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THE MUSCULATURE OF THE AGING MOUSE LUNG 

A Light and Electron Microscope Study 

A. G. HEPPLESTON, M.D.* 

(From the Department of Pathology, University of Wales, Cardiff ) 

A reduced quantity of muscle in the bron- 
chial tree seems to be a factor in the patho- 
genesis of some forms of chronic pulmonary 
emphysema (3, 4), and alterations in the fine 
structure of muscle may also play a part. 
Emphysema afflicts older individuals and it 
was therefore essential to ascertain if increasing 
age affected in any way the musculature of the 
lung. Because mice have a relatively short 
lifespan, they were chosen to study, by electron 
and light microscopy, the ultrastructure and the 
distribution of muscle fibers in pulmonary 
blood vessels and in the bronchial tree. It 
soon became evident that in this species the 
type of muscle differed in veins as opposed to 
arteries situated within the lung substance. 

MATERIALS AND METHODS 

Normal CBA mice were used; their age and 
sex distribution are given in table 1. Fixation 
for electron microscopy was by gentle intra- 
tracheal injection of buffered osmium tetroxide 
(2) under intraperitoneal barbiturate anaesthe- 
sia. Portions of lung from different zones were 
embedded in methacrylate (19 parts n-butyl 
to 1 part methyl). Formalin-fixed tissue was 
used for conventional histology. 

RESULTS 

Pulmonary Veins (fig. 1).—The nucleus of 
the muscle cell was separated from the sarco- 
lemmal membrane by myofibrils, which 
showed prominent cross striations, representing 

dense Z bands. Occasionally there was a 
suggestion of an I band, but this was usually 
absent, no doubt due to muscular contraction. 
In the A band it was rarely possible to detect 

TasLe 1. AGE AND Sex DistRIBUTION OF THE CBA Mice. 

Age in Months Male Female 

2 0 2 

6 8 4 

9 2 0 

12 9 2 

18 5 3 

21-27 8 1 

Total 32 12 

* Present address, Department of goog University of Durham, 
Royal Victoria Infirmary, Newcastle upon Tyne 1, United Kingdom. 
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a faint H band. The myofilaments ran longi- 
tudinally without evidence of abrupt changes 
in direction. A few intercalated discs were 
identified. The endoplasmic reticulum con- 
formed to that occurring in striated muscle (1, 
6). These tubules pursued a somewhat tortuous 
course, but for the most part were disposed 
longitudinally between myofibrils. Tubules 
also ran obliquely or transversely to the myofi- 
brils and seemed to form a connected system. 
Mitochondria were large, prominent structures 
and they too tended to lie mainly between 
myofibrils. The mitochondria varied in size 
and shape and their cristae were arranged at 
various angles to the wall. Some mitochrondria 
occurred beneath the plasma membrane, where 
pinocytotic vesicles were also observed. Large, 
intensely osmiophilic bodies with no clear 
structure lay in close proximity to the mito- 
chondria. No differences were observed in the 
ultrastructural features of the muscle in old as 
opposed to young adult mice. 

Light microscopy confirmed that the striated 
muscle cells had a predominantly circular 
disposition around the intrapulmonary veins, 
and, depending on their size, the muscle layer 
was one or two cells thick. Peripheral tribu- 
taries of the pulmonary venous system were 

devoid of muscle fibers. A single layer appeared 
abruptly in the walls of veins after several 
successive junctions occurred, that is, at a point 

approximately midway between hilum and 
pleura. Hilar and extrapulmonary veins, how- 
ever, seemed to contain more muscle with less 
tendency to a circular arrangement. Age did 
not influence the distribution or the size of 
striated muscle in pulmonary veins, but the 
number of fibers at the same level varied some- 
what between different individuals, although 
there was no apparent relation to age. 

Pulmonary Arteries (fig. 2).—The elongated 
nucleus, which may be deeply indented, lay 
more or less centrally in the nonstriated muscle 
cell and seemed to possess more pores in its 
double limiting membrane than the nucleus of 
striated muscle. Fine and often ill-defined 
myofilaments ran longitudinally through most 
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of the cytoplasm, but there was no grouping 

into myofibrils. Endoplasmic reticulum was 

seen at the periphery of the cell and also near 

the nucleus, while mitochondria occurred 

mainly at the nuclear poles or near the plasma 

membrane but without any particular orienta- 

tion. In the latter situation pinocytotic vesicles 

also seemed to be present. The tubules of the 

reticulum and the mitochondria were both 

smaller than the corresponding structures in 

striated muscle. Smooth muscle cells were 

usually in close apposition but sometimes con- 

nective tissue fibrils lay between them. The 

fine structure of the muscle was apparently 

unaffected by the age of the mouse. 

Arterial muscle fibers mostly lay transversely 

to the long axis of the vessel, although some 

fibers were placed obliquely. In proximal 

Fig. 1. Part of a cardiac muscle fiber from a murine pulmonary vein. For description see text. 
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arteries there were usually two and occasion- 
ally three layers of cells, but only one layer 
occurred in distal arteries and arterioles. The 
peripheral limit of muscle fibers corresponded 
approximately to the level of the terminal (i.e., 
final nonrespiratory) bronchiole. The amount 
of muscle and the size of the fibers at particular 
levels of the arterial tree showed no appreciable 
variation with age. 

HEPPLESTON 

Bronchial Tree.—The ultrastructure of the 
smooth muscle in this situation resembled that 
in the arterial system and was uninfluenced by 
the age of the animal. Basement membrane 
and sometimes connective tissue fibrils sepa- 
rated the muscle from the epithelium. The 
muscle fibers were disposed in a spiral or 
circular fashion and usually extended as far 
peripherally as the origin of the terminal 

Fig. 2. Portions of smooth muscle fibers from a murine pulmonary artery. For description see text. 
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bronchiole in a layer which ultimately was only 
one cell thick. However, the peripheral extent 
of the muscle and the number of fibers in the 
layer at particular levels of the bronchial tree 
may vary between animals, but these variations 
bore no consistent relationship to age. Fiber 
size showed no significant change in aged mice. 

DISCUSSION 

The observations establish that, in the 
mouse, the pulmonary veins possess cardiac 
muscle. Striated muscle, thought to be cardiac 
in type, was recognized by Stieda (7) in this 
site as long ago as 1877. Karrer (5) recently 
gave the first electron-micrographic account of 
the muscle in murine pulmonary veins and his 
ultrastructural findings are here confirmed. In 
addition, the present study shows that the 
pulmonary arterial system and the bronchial 
tree of the mouse possess smooth muscle, like 
other mammals. Muscle was not found else- 
where in the lung. 

The fine structure of cardiac and smooth 
muscle was similar in young and old mice. 
However, throughout the age range, variation 
occurred between different animals of similar 
age in the amount of muscle at corresponding 
levels of the bronchial tree and, to a lesser 
degree, of the veins. Variations were also 
noticed between different strains of mice. In an 
inbred albino strain, studied as a separate series, 
pulmonary muscle fibers in all locations 
appeared smaller by light microscopy than in 
CBA mice, bronchial muscle did not extend so 
far to the periphery, while venous muscle was 
less well developed and cross-striations were 
less distinct. Observations were confined to 
adults so that growth would not affect the 
fibers. Although relatively few female mice 
were studied, sex differences were not noted. 
The evidence derived from normal mice thus 
accords with the findings in man (3), namely, 
that qualitative and quantitative variations in 
the musculature of the bronchial tree are indi- 
vidual matters unrelated to the age of the 
subject. Age alone is therefore unlikely to be 
responsible for the reduction in bronchiolar 
muscle often seen in human pulmonary emphy- 
sema. 
The reason for the presence of cardiac muscle 

in the larger pulmonary veins of mice cannot 
be decided on anatomical grounds, but the 
functional effect may well depend on the route 
of excitation. Contact evidently exists between 

auricular and venous muscle, and if, as seems 
likely, excitation spreads peripherally from the 
heart, the return of oxygenated blood might be 
impeded by venous narrowing during the later 
part of auricular systole. If, however, excitation 
commences peripherally, the venous return 
would be assisted. Stieda (7) examined a 
variety of mammals, but only bats and mice 
possessed cardiac muscle in their pulmonary 
veins. Perhaps cardiac muscle also occurs in the 
lung veins of other small mammals, such as 
shrews, which have particularly high metabolic 
requirements and possibly an augmented pul- 
monary blood flow. 

SUMMARY 

In a study of 32 male and 12 female CBA 
mice (age range 2-27 months), it was found 
that murine intrapulmonary veins possessed 
cardiac muscle, while the arterial system and 
the bronchial tree contained smooth muscle. 

The fine structure, the size, and the number 
of muscle fibers in these three locations showed 
no consistent alteration with increasing age of 
the mouse. 

Quantitative variations in the -musculature 
of the bronchial tree nevertheless occurred in 
mice and are probably individual matters 
uninfluenced by the age of the subjects. 

It is considered that age alone does not 
account for the reduced musculature of the 
bronchial tree often present in chronic pul- 
monary emphysema of man. 
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THE EFFECT OF AGE AND FASTING ON BLOOD SUGAR LEVEL 

IN NORMAL AND ADRENALECTOMIZED RATS 

MLADEN VRANIC, M.D., AND NIKSA POKRAJAC, M.D. 

(From the Institute of Physiology, University of Zagreb, Medical Faculty, Zagreb, Yugoslavia) 

The influence of age on the regulation of 
blood sugar in man has been systematically 
studied by many investigators. From the review 
of Shock (13) it seems that glucose tolerance in 
man is impaired in old age. Recently it was 
shown that the fasting venous blood sugar 
levels are increased in aged subjects (11, 15). 
A decreased sensitivity to insulin in the same 
age group has also been reported (7, 15). 
Differences in the morphology of the islets of 

‘Langerhans are found between various age 
groups. During the development of humans 
and animals (2, 8), the ratio between the B- 
and the a- cells changes in favor of the f-cells. 
In adult humans and animals, the ratio remains 
constant, and a functional significance has been 
attributed to this ratio (2). It has been reported 
that in old age, the percentage of B-cells de- 
creases significantly both in humans (12), 
guinea pigs (1), and rats (9). In rats, the low- 
est percentage of B-cells was found in 20-day- 
old animals and the highest in those 60 days 
old; in aged animals, a decrease was again ob- 
served. The percentage curve of the B-cells in 
relation to age shows similarity to that of the 
growth rate (10). 

In the experiments to be reported, the levels 
of blood sugar during fasting in normal and 
adrenalectomized rats of different ages have 
been studied. It was believed that data could 
be obtained regarding equilibrium of carbohy- 
drate metabolism in different age groups. Data 
obtained on human material are dependent on 
certain variable factors such as nourishment 
and physical activity. Moreover, it is difficult to 
select a representative sample of the population, 
since potential mild diabetics might be included 
in the sample (11). Therefore it seemed useful 
to obtain similar data on rats, because in these 
animals a spontaneous diabetes has not been 
described. 

The authors wish to thank Professor N. Allegretti and the scientific 
staff of this Institute for interest and encouragement and Mrs. Ivanka 
Bekavac for technical assistance. 

Presented in part at the llth monthly meeting of the Croatian 
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METHODS 

Seventy-six male albino rats were divided in 
three age groups: 1) 34 young animals (20 days 
old), 2) 22 young adult animals (60 days old), 
and 3) 20 old adult animals (14-18 months 
old). In previous experiments (9) significant 
differences in percentage of B-cells were ob- 
served in these age groups. Blood samples were 
obtained from the tail vein under light ether 
anaesthesia. Blood sugar values were deter- 
mined by the Hagedorn-Jensen method. The 
control value of blood sugar was determined in 
animals with free access to food; then blood 
sugar concentration was determined at various 
intervals during a 24-hour fasting period. Total 
adrenalectomy was then carried out (4). After 
the operation the animals received a standard 
laboratory diet and 0.9% solution of NaCl 
ad lib. Rats of this strain recover quickly after 
such operation. Five days after adrenalectomy 
blood sugar values were again determined at 
various intervals during a 24-hour fasting pe- 
riod. All experiments were performed at room 
temperature. The animals of all three age 
groups were subjected to experiment on the 
same day and at the same time. Weight records 
were obtained on fed rats before adrenalectomy 
and 5 days following the operation. 

Data analysis—In order to analyze differ- 
ences in body weights before and after adrenal- 
ectomy, the mean difference and the standard 
error of the mean difference were calculated. 
Differences between average values of blood 
sugar for each hour of fasting and for each age 
group were evaluated by the t-test (3). 

RESULTS 

Table 1 shows mean body weights with 
standard errors of the mean of fed rats before 
and after adrenalectomy. Five days after adre- 
nalectomy a significant increase in body weight 
was found in young rats. This increase corre- 
sponded to the normal growth rate as found in 
animals of this strain in the same age group. 
Young adult rats did not show any significant 
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weight gain, while in old adult rats a signif- 
icant decrease in the body weight was observed. 

Figure | illustrates mean blood sugar values 
during a 24-hour fasting period in normal and 
adrenalectomized rats in the three age groups. 
Table 2 shows a statistical analysis of the 

differences in blood sugar values between nor- 
mal and adrenalectomized rats. In all age 
groups and at each time interval during fasting, 
adrenalectomized rats had significantly de- 
creased blood sugar values. 

In each age group the control value of blood 
sugar was compared with values at different 
hours of fasting. Thus, statistical data concern- 
ing the influence of fasting on blood sugar level 
in normal and adrenalectomized rats were ob- 
tained. In normal young and young adult rats 
the decrease of blood sugar was found to be sig- 
nificant in the llth hour of fasting (p < 
0.001). In adrenalectomized young rats this de- 

TaBLeE 1. MEAN Bopy WEIGHT BEFORE AND 5 Days AFTER 
ADRENALECTOMY IN DIFFERENT AGE GROUPS. 

| Body Weight (Gm.) | | 
Number | with Standard Error | Mean of | 

Age of —__—_—__—_——_———| Differen- t | p 

Group | Animals| Before | 5 Days ces with 

| Adrenal- | After Ad- Standard | 

| ectomy renalec- | Error 

| tomy 

Youngrats) 34 | 334+ 0.9} 4041.1 | 7-40.56) 12,500 | 0.001 
Young 
adult rats | 22 | 163+ 3.3) 16644.3 | 341.88 | 1.595 | 
Old | | | 
adult rats 14 | 355-:83.8) 34147.9 |-14+3.73 | 3.753 | 0.001 

BLOOD SUGAR MGM % 

T 

r hen 
eae ee eae oe ee Barina = | 

. ¢€ ¢€ ’ 24 0 6 8 

FASTING HOURS 

i NORMAL i" ADRENALECTOMIZED | 

4 
FASTING HOURS 

Fig. 1. Mean blood sugar values with standard errors 
of the mean (7) during a 24-hour fasting period in 
normal (left side) and in adrenalectomized (right side) 
rats in three age groups. 0..... o young, ©&—————- ® 

young adults, and A ------- A old adult rats. In pa- 
rentheses the number of individual observations is shown. 

crease was found to be significant as early as the 
2nd hour, while in young adult adrenalecto- 
mized rats this response came in the 5th hour 
of the fast. In old adult rats different data were 
obtained. In normal old adult rats, a signif- 
icant increase in the blood sugar level (P < 
0.025) has been observed after the first 5 hours 
of fasting and the decrease of blood sugar values 
in the 11th and the 24th hour of fasting was 
probably significant (P < 0.05). In old adult 
adrenalectomized rats during the first 5 hours 
of fasting there were no changes in the blood 
sugar levels, but after that there was a marked 
and significant decrease of the blood sugar 
value (in the 24th hour, P < 0.001). 

It seems that the slope of decrease of blood 
sugar values after the fifth hour of fasting is 

similar in various age groups if normal and 
adrenalectomized animals are compared sepa- 
rately. A marked difference occurred in young 

adrenalectomized rats. In this group the de- 
crease of blood sugar was particularly rapid. 

Figure 1 shows, moreover, that the level of 
glycemia was different in the three age groups. 
Blood sugar values of young and old adult rats 

TasLe 2. VALUES OF “t’” SHOWING SIGNIFICANCE OF THE 
DIFFERENCES IN BLoop SuGaR LeEvELS BETWEEN NORMAL 
AND ADRENALECTOMIZED Rats IN EacH Hour oF FastinG 

AND FOR EacH AGE GROUP. 

Age Group Hours of Fasting 

Normal Versus 

Adrenalectomized Rats 0 5 il 24 

Young rats 2.464* 9.408 

Young adult rats 4.361t 4.372 3.938f 9.064f 

Old adult rats. 2.675* | 2.990T 2.562* 4.881f 

*P < 0.02 tP < 0.01 ~P < 0.001 

Taree 3. VaLueEs oF “t” SHOWING SIGNIFICANCES OF THE 
DIFFERENCES IN BLoop SuGAR LEVELS COMPARING YOUNG 
AND Otp ADULT wiTH YouNG ADULT Rats aT EacH 

Hour oF FAstiNc. 

Age -—— . — — 

Group | Normal Ad-enalectomized 

0 5 1 | 4] O 5 ll | 24 

Young rats— | | 

Young adult | | 

rats.. | 1.310)1.122 |2.434*|3. 768§/3. 721§| —6. 223§ =e 

Old adult rats} | | | | | 
Young adult | | | | 

are |-1.565)/2. 489t|4. 062§)3.5864)-1.77 | 2.102* Spas er 

| | 
*P < 0.05 tP < 0.01 
~P < 0.02 §P < 0.001 
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have been statistically compared (table 3) with 
values in young adult rats. 

Old adult rats, normal and adrenalectomized, 
beginning from the fifth hour of fasting onward, 
exhibited a significantly higher blood sugar 
level than the corresponding group of young 
adult rats. This was also true of normal young 
rats, except that the increase began from the 
llth hour of fasting. Young adrenalectomized 
rats had a significantly higher blood sugar level 
before fasting but during the fasting period 
there was a rapid and significant decrease of 
blood sugar compared with young adult rats. 
These rats died within a short period in severe 
hypoglycemia. By the llth hour of fasting 
about 70% of the young adrenalectomized rats 
were dead and none survived the 24th hour of 
fasting. All old adult and young adult rats sur- 
vived the 24th hour of fasting. Survival time 
of adrenalectomized rats during a fasting period 
longer than 24 hours has not be followed. 

DISCUSSION 

The blood sugar level is a parameter, which 
in the living organism depends on many fac- 
tors. Therefore it is difficult to suggest an ade- 
quate explanation for results reported in the 
present study. 

Comparison between old and adult rats.— 
Data presented here demonstrate that normal 
and adrenalectomized fasting old adult rats ex- 
hibited a higher level of blood sugar than the 
corresponding groups of young adult rats. In 
old rats a decrease of the percentage of B-cells 
has also been found (9). It may be questioned 
whether these results could be attributed to in- 
sufficiency of the islets of Langerhans. The fact 
that in fed animals there are no differences in 
blood sugar levels and that age difference be- 
comes apparent only during fasting is hardly 
possible to associate with an insufficiency of 
B-cells. It is a well-known fact that in diabetes 
hyperglycemia is particularly pronounced in fed 
animals and decreases during fasting. In expe- 
riments reported in the present study adrenalec- 
tomized old adult rats also showed a higher 
blood sugar level than the corresponding group 
of young adult rats. It is generally accepted that 
adrenalectomy improves hyperglycemia in a 
diabetic state. Therefore it is difficult to asso- 
ciate these results either with an insufficiency 
of the endocrine pancreas or with an altered 
function of the adrenal gland. From the labora- 
tory of Shock (15) age differences regarding 

glucose tolerance and sensitivity to insulin have 
been reported. Observations from the same 
laboratory (14) have indicated that a gradual 
loss of metabolizing tissue occurs with increas- 
ing age. It was believed (15) that at least part 
of the age differences could be ascribed to a de- 
creased metabolic effectiveness and response of 
the functioning cells in old age. It seems rea- 
sonable to associate our results with this sugges- 
tion. 

It is well known that the level of glucose in 
blood is dependent on the rate of removal of 
glucose and on the amount of glucose which 
is released from the liver per unit of time. 
Therefore it seemed worth while to investigate 
blood sugar levels during fasting in hepatecto- 
mized rats of different ages. 

It is interesting that in the first 5 hours of 
fasting old adult rats have shown a paradoxical 
behavior. In normal old adult rats there was a 
significant increase in the blood sugar level, but 
adrenalectomized rats of this age exhibited no 
difference. Further experiments might be nec- 
essary to clarify this phenomenon. 

Comparison between young and young adult 
rats—A tendency to hypoglycemia in fasting 
children has been described (5). This has not 
been proved in young rats (6), which is in 
agreement with our results. The concentration 
of blood sugar in fasting young rats was even 
higher than in the young adult animals. In 
this respect young normal rats behaved simi- 
larly to the old adult animals. They have also a 
low percentage of B-cells. It seems unlikely, 
however, that the cause of this could be the 
same in both groups, because after adrenalec- 
tomy young rats, in contrast to the old, went 
very quickly into a state of deep hypoglycemia. 
It seems therefore justified to emphasize the im- 
portance of the adrenal gland in young fasting 
rats for regulation of the blood sugar level. It 
is well known (4) that in rats accessory adre- 
nals are frequently found after adrenalectomy. 
It might be questioned whether the difference 
between young and other age groups of adre- 
nalectomized rats can be ascribed to a different 
amount of functioning accessory adrenal tissue. 
Records of body weight, however, showed that 
after adrenalectomy young animals had the 
greatest absolute and relative weight increase. 
It seems unlikely too that in these experiments 
the time interval after adrenalectomy was suffi- 
ciently long to allow hypertrophy of the acces- 
sory tissue. 
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SUMMARY 

Normal and adrenalectomized old adult 
male rats from the 5th to the 24th hour of fast- 
ing exhibited a significantly higher level of 
blood sugar than did the corresponding young 
adult rats. Normal young male rats had a sig- 
nificantly higher level of blood sugar from the 
llth to 24th hour of fasting than young adult 
rats. After adrenalectomy young fasting rats 
showed a significantly lower blood sugar than 
young adult rats, and all died by the 24th hour 
of fasting. Seventy-six animals were included in 

the study. 
It is proposed that the higher level of blood 

sugar in old male rats is related to reduction of 
functioning protoplasm in old age. The impor- 
tance of the adrenal gland in fasting young rats 
for the regulation of glycemia has been outlined. 
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LIPOLYTIC ACTIVITY OF AORTA OF YOUNG AND OLD RATS 

AND INFLUENCE OF HEPARIN IN VIVO 

ABRAHAM DURY, Ph.D.* 
(From Research-in-Aging Section, General Medical Research, Veterans Administration Hospital 
and Department of Anatomy, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania) 

Lipids in the blood plasma are found loosely 
conjugated with protein-forming macromole- 
cules of varying size and density referred to as 
lipoproteins (5). Following a fatty meal the 
chylomicrons, which contain a relatively high 
percentage of triglyceride and a very small 
amount of protein, are abundant in blood and 
impart to plasma its lactescent appearance. It 
was found (3) that heparin injection “clears” 
the lipemic plasma occurring with absorption of 
a fatty meal; but the mechanism responsible for 
this physiological process is uncertain (7). 
Accumulated evidence indicates that the 
heparin injection induces or activates a lipopro- 
tein lipase which hydrolyzes triglycerides of 
lipid-bearing macromolecules in plasma with 
the release of glycerol and non-esterified fatty 
acids (NEFA) (6). Presence of lipoprotein 
lipase in extracts of a variety of animal tissues 
has been demonstrated (4). 

Robinson and associates (8, 9) have recently 
emphasized the almost immediate appearance of 
“clearing activity” in perfusates of isolated 
limbs of the rat and the rabbit after an injec- 
tion of heparin. Recently, Zemplenyi and 
Grafnetter (10) reported that incubation of 
various tissues, including aorta of rat, guinea 
pig, and rabbit, with lipemic human serum 
resulted in the appearance of NEFA in the in- 
cubation medium. It is established that the 
aorta of many animal species is capable of 
accumulating lipids and also synthesizing 
cholesterol and phospholipid. This report pre- 
sents experiments demonstrating aorta lipolytic 
activity in vitro and the effect of heparin injec- 
tion in vivo upon the lipolytic activity of aortic 
tissue of young and old rats. 

METHODS AND MATERIALS 

Carworth-Wistar male rats 3-4 months and 
15-18 months old were used (4 young controls, 
4 young heparin-treated, 4 old controls, and 
4 old heparin-treated). Rats under light ether 
anesthesia were exsanguinated by cardiac punc- 

* (With technical assistance of Howard M. Berman) 
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ture. The aortas then were rapidly excised 
and rinsed in ice-cold Ringer’s solution. The 
blood vessel was transferred to ice-cold Ringer’s 
solution in a Petri dish packed in cracked ice 
and after removal of the peri-aortic tissue, it 
was slit longitudinally and cut into small pieces. 
After blotting the tissue on filter paper, the 
sample was weighed on a Roller-Smith balance. 
The aortic tissue was subsequently transferred 
to incubation flasks containing 4.0 ml. of incu- 
bation medium comprised as follows: 1.0 ml. of 
coconut oil emulsion (1:100 dilution of 

Ediol®t in 0.1 M phosphate buffer, pH 7.35) 
and 3.0 ml. of 1.4% solution of recrystallized 
bovine serum albumin in buffer solution. The 
tissue was incubated at 37 C. under air using 
a Dubnoff metabolic shaker. After 0, 30, and 
60 minutes’ incubation two 1.0 ml. aliquots of 
the medium were removed and NEFA deter- 
mined in duplicate by the method of Dole (1) 
using Nile Blue indicator solution. Reagent 
blanks were similarly incubated for 0, 60, and 
120 minutes with each series of incubated tis- 
sue. The NEFA determined in the blanks 
were subtracted from those found in the 
experiments with the aortic tissue. The lipoly- 
tic activity of the aorta is expressed as micro- 
equivalents of non-esterified fatty acids released 
per gram of tissue. 

RESULTS 

Relation between NEFA released and incu- 
bation time (fig.1).—When young rat aortas of 
constant weight (50-52 mg.) were incubated, 
the NEFA appearing in the medium generally 
increased almost linearly over a 2-hour period. 
The experiment was repeated with a medium 
lacking the triglyceride substrate to check 
whether NEFA increments were resultant of 
a “leaching out” from the tissue. The results 
in this case were negative, being the same as 
those found in the reagent blanks. It was con- 
cluded that increase of NEFA during incuba- 
tion of entire medium with aortic tissue is the 
result of enzymatic hydrolysis of the triglyceride 

~ { Ediol supplied by Schenley Laboratories. 
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Figure 1. Relation between non-esterified fatty acids 
(NEFA) released and aorta incubation time. Each point 

is average of duplicate determinations on two aortas. 
Lipolysis expressed as micro-equivalents/Gm. fresh tis- 
sue. Determinations performed on 1.0 ml. aliquots of 
incubation medium. See text for details. 
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Figure 2. Non-esterified fatty acid (NEFA) production 
as a function of aorta weight. Young rat aorta (e); Old 
rat aorta (_ ). Each point is average of duplicate deter- 
minations on two aortas. Incubation time = 120 min. 
Lipolysis expressed as micro-equivalents. Determina- 
tions performed on 1.0 ml. aliquots of incubation me- 
dium. See text for details. 
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Figure 3. Participation of albumin in the proportion- 
ality between non-esterified fatty acids (NEFA) produc- 

tion and weight of incubated aorta. Albumin content 
of medium: (e) 42 mg., (9) 150 mg. Incubation time: 
60 minutes ; 120 minutes - - - - . Each point is 

average of duplicate determinations on two aortas. Li- 
polysis expressed as micro-equivalents. Determinations 
performed in 1.0 ml. aliquots of incubation medium. See 
text for details. 

substrate and not due to a leaching of NEFA 
from the tissue. 

NEFA production as a function of amount of 
incubated aorta (fig. 2).—Aortic tissue in 
amounts of 50 mg. to 244 mg. obtained from 
young and old rats was incubated for 120 min- 
utes. NEFA released in the medium was 
greater with aortic tissue from the old rats 
than with the same amount of aortic tissue 
from the young rats. An explanation of the 
different levels of lipolytic activity by aortic 
tissue from the 2 age-groups of rats will require 
further studies. It may be seen from the curves 
that NEFA production was proportional to 
amount of tissue incubated up to approximately 
150 mg. while with a greater amount of tissue 
the NEFA production seemed to fall off. In 
considering the latter finding it seemed possible 
that this was due to a relative deficiency of 
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TasBie 1. Errect OF HEPARIN ADMINISTRATION IN YOUNG AND OLD Rats ON THEIR 
Aorta Lipotytic Activity 1n Vitro. 1 

a agr 
Non-esterified Fatty Acids Released (Micro-Eq./Gm. of aorta) i 

Treatment . = Gre 

Incubation Time (Min.) sys' 

60 120 60 120 a 8 
stn niall w 
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1.38 1.89 2.46 4.04 h 
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Statistical Analysis of Data he} 
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re 3.11 02 3.74 -01 
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albumin in the incubation medium. This mined in duplicate 1.0 ml. aliquots of the tiv 
hypothesis was tested in another experiment, incubation medium. The aortic tissue was 7” 
which is described in the next section. kept relatively constant (75-80 mg.), and incu- tes 

Albumin participation in NEFA production bation of aortic tissue of both age groups of ex 
in relation to aorta weight (fig. 3).—It has been control and heparinized rats was performed at Gc 
established (6) that albumin has an essential the same time. Inspection of table 1 shows that 
role as an acceptor of NEFA released in the NEFA production by aortas of heparinized . 
degradation of triglycerides and its deficiency young rats was 100% more than that of the 
results in depression of the lipolytic process in control tissues, while NEFA production was the th 
vitro and in vivo. It may be seen from figure 3. same by the aortas from control and heparin- om 
that by changing the albumin content of the ized old rats. To test the possibility that the - 
incubation medium from 42 mg. to 150 mg. the heparin administration might somehow have 
proportionality between aorta weight and affected the permeability properties of the aorta, . 
NEFA released became practically linear up to which would facilitate a leaching out of NEFA - 
250 mg. of incubated aortic tissue. during its incubation, the aortas of heparinized po 

Lipolytic activity of aortas from heparinized rats were incubated in a medium containing ih 
animals (table 1).—Heparin (1% solution) at albumin but lacking the triglyceride substrate. 
dose of 1.0 mg./100 Gm. of rat was injected In this case, no difference was found between at 
into the femoral vein of young and old rats. NEFA content in blanks and in incubated he 
The controls received the same amount of tissue samples. Evidently, the lipolytic capacity : 
physiological saline (0.1 ml./100 Gm. of rat). of aortic tissue is readily enhanced following - 
The animals were sacrificed 15 minutes after heparin administration, at least in the young 
the injection and the aortas handled in the rat. The significance of the lack of respon- 
same manner as described in Methods. NEFA  siveness of aortic tissue of old rats to heparin de 
production at 60 and 120 minutes was deter- administration will have to await future studies. 
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DISCUSSION 

The findings in this study are generally in 
agreement with the report of Zemplenyi and 
Grafnetter (10) indicating that an in vitro 
system may be used to determine lipolytic 
activity of aortic tissue. These authors used 
human lipemic serum, while in the present 
study an artificial fat emulsion was used as 
the substrate. We believe that the latter type 
of incubation medium provides a better system 
for investigation of factors affecting lipolytic 
activity of aortic tissue. 

Robinson proposed (7), on the basis of a very 
rapid appearance of clearing activity in per- 
fusates of tissues following an injection of 
heparin, that the blood vessel wall is at least 
one site of the lipoprotein lipase reaction. In 
the present study it was found that in vivo 
heparin injection indeed did enhance the pro- 
duction of NEFA from an artificial substrate 
with incubation of aortic tissue, at least in 
young rats. The results are suggestive support 

of the hypothesis of Robinson regarding the 
locus of the heparin-activated lipoprotein lipase 
reaction. 

After this paper was sent to publication, Gore 
and Larkey (2) reported that intravenous 
administration of an extract of human aortic 
mucopolysaccharides induced lipid-clearing ac- 
tivity in rat plasma. These authors also ob- 
served in vitro clearing of an Ediol-substrate 
test emulsion following admixture with a saline 
extract of human aortic tissue homogenate. 
Gore and Larkey interpreted these findings as 
indicating the presence of lipoprotein lipase in 
human blood vessel wall. 
Numerous reports have called attention to 

the fact that any acceptable hypothesis on the 
mechanism of atherogenesis must take into 
consideration the functional properties of the 
aortic wall. It is of interest in this regard that 
heparin injection in old rats did not cause 
accelerated lipolytic activity of the aorta. A 
possible explanation of this failure is a change 
in cellular permeability with increasing age of 
the rat, preventing heparin from reaching the 
site of the lipolytic enzyme. Also to be con- 
sidered is a relatively rapid inactivation of 
heparin by heparinase in tissues of the older 
rat. 

SUMMARY 

The lipolytic activity of aortic tissues was 
determined in vitro by measurement of pro- 

duction of non-esterified fatty acids (NEFA) 
during incubation with an artificial triglyc- 
eride substrate. A relationship was shown to 
exist between weight of aortic tissue and NEFA 
production and the amount of NEFA released 
with time of incubation of a constant amount 
of aortic tissue. Albumin participation in NEFA 
production was also confirmed. 

Carsworth-Wistar male rats 3-4 months and 
15-18 months old were administered saline or 
heparin intravenously (4 young controls, 4 
young heparin-treated, 4 old controls, and 4 
old heparin-treated). Heparin injection of 
young rats resulted in accelerated NEFA re- 
leased by the aorta in vitro, while hepariniza- 
tion of old rats did not affect the rate of NEFA 
released by the aorta. 

The results are discussed as suggestive of a 
role of vascular tissue, specifically that of the 
aorta, in the mechanism of fat transport. 
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ALLERGIC CONTACT SENSITIVITY IN THE AGED* 
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(From the Departments of Dermatology and Medicine, University of Miami School of Medicine, 
Miami 36, Florida) 

Delayed sensitivity of some types is known 
to decrease with age. Tuberculin, coccidioidin, 
histoplasmin, and blastomycin sensitivity (5, 7, 
8) may be lost with the passage of time. Poison 
ivy sensitivity is the best studied of all the forms 
of allergic contact dermatitis and has repeatedly 
been shown to decrease in incidence with age 
(4, 6). 
The present study was undertaken to investi- 

gate whether the loss of delayed hypersensitivity 
is a general function of aging or is peculiar to 
certain types of sensitivity and related only to 
lack of re-exposure to the antigen. 

For this reason, groups of elderly individuals 
were compared with young control subjects in 
relationship to their sensitivity to 3-pentadecyl- 
catechol (hydrourushiol), a saturated, stable 
antigen occurring in poison ivy, and with 
regard to their susceptibility to sensitization 
with two potent sensitizers to which previous 
exposure had not occurred. 

MATERIALS AND METHODS 

1. Seventy-six white individuals, aged 66 to 
96 years, residing in a Jewish Home for the 
Aged in Miami, were patch tested to 1% and 
0.1% 3-pentadecylcatechol (PDC) in plasti- 
base. 

2. One month later all individuals non- 
reactive to these patch tests were re-tested to 
determine the incidence of sensitization. 

3. Sixty-six white medical students, aged 21 

to 41 years, were patch tested to the same anti- 
gen. The results of these patch tests were 
reported previously by Blank (1). 

4. One year later, 80 white residents of the 
same home for the aged, aged 66 to 97 years, 
were exposed to two strong sensitizers, 2, 4 

dinitrochlorobenzene (DNCB) and paranitro- 
sodimethylaniline (NDMA). The technique 
used was that of Epstein (2). For sensitization 
0.25 ml. of 0.005 molar DNCB and 0.005 molar 
NDMA dissolved in acetone were applied to 

* This work was performed during the tenure of a special post- 
doctoral fellowship from the National Institute of Arthritis and 
+ gg oS = gee ee ag B paca Faring | nag A a ae 7 ats Grant 

t Dr. Smith’s present address: Division of he tg Miseniees 
of Medicine, Duke University Medical Center, Durham, North 
Carolina. 
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separate sites on the skin inside a cup 2.9 cm. 
in diameter. The acetone was evaporated by a 
stream of air from a small portable hair dryer. 
Thirty days later all subjects were re-tested 
using the same concentrations of the sensitizers 
in the same manner at different sites on the 
skin. 

Thirty-six white males, aged 18 to 42 years, 
from Dade County, Florida, and 17 white males, 
aged 20 to 35 years, from the San Francisco 
area,{ were sensitized and challenged in the 
same manner as outlined above. 

All reactions were observed at 72 hours and 
one week. They were examined for erythema, 
edema, vesicles and bullae. Reactions were 
considered to be positive only if erythema with 
palpable edema was present. Reactions with 
erythema alone were considered doubtful and 
not included in the tabulations. 

RESULTS 

Table 1 compares the medical students with 
the aged subjects. There was no significant 
difference in the reaction to 1% PDC between 
the two groups. The proportion of subjects 
reacting to 0.1% PDC was significantly dif- 
ferent (P < .05), however. At the time of 
challenge of the non-reactive aged subjects one 
month after the initial patch tests, two devel- 
oped positive reactions to 0.1% PDC. One of 
these subjects had previously been sensitive to 
1% PDC and reacted at the time of challenge 
also; the other reacted to both 1% and 0.1% 
for the first time at the time of challenge. 

Table 2 indicates no significant differences 
in the ability of the aged subjects to develop 
sensitivity to DNCB and NDMA as compared 
with the youthful controls. 

Table 3 compares the relationship of PDC 
sensitivity to DNCB and NDMA sensitivity in 
the 52 elderly persons included in both studies. 
There is no significant relationship between 
PDC and DNCB sensitivity or between PDC 
and NDMA sensitivity, but those individuals 
sensitive to DNCB showed a highly significant 
reactivity to NDMA (P < .02). 

t These subjects were tested by Dr. W. L. Epstein using the same 
antigenic solutions used in this study. 
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Taste |. Patcu Tests to PDC. 

Young Adults Aged Adults 

(21-41 Years Old) (66-96 Years Old) P-value 

1:100 PDC 30/66 (45%) 38/76 (50%) Not significant 

28/66 (33%) 13/76 (17%) P<.05 1:1000 PDC 

Tas_E 2. SENSITIZATION TO DNCB anp NDMA. 

Aged Adults Young Adults 

(18-42 Years Old) (66-97 Years Old) P-value 

DNCB 32/53 (60%) 48/80 (60%) Not significant 

Not significant NDMA 23/52 (44%) 41/80 (51%) 

TABLE 3. REACTIONS OF 52 AcED Susjects To 0.1% PDC, 

DNCB, anp NDMA. 

PDC 

a. Positive Negative p-value 

DNCB-positive 10 (27%) 27 (73%) 

negative 2 (18%) 13 (87%) 5>p>.3 

PDC 

b. Postive Negative p-value 

NDMA-positive 8 (25%) 24 (75%) 

negative 4 (20%) 16 (80%) 1.0>p>.9 

DNCB 

e Positive Negative p-value 

NDMA-positive 27 (84%) 5 (16%) 

negative p<.02 10 (50%) 10 (50%) 

DISCUSSION 

Elderly subjects when compared with youth- 
ful controls are less sensitive to patch tests with 
0.1% PDC in plastibase (P < .05). The lack 
of any significant difference between elderly 
subjects and young ones when patch tested to 
1% PDC in plastibase may be due to primary 
irritancy of 1% PDC. The susceptibility of 
elderly skin to primary irritants has not been 
clearly delineated, but the data suggest that 
elderly skin is slightly more susceptible to 
primary irritation than young skin. The occur- 
rence of sensitivity in only two of the 63 elderly 
individuals previously found insensitive to 0.1% 
PDC would confirm Kligman’s (4) comment: 
“It would appear that new antigenic stimula- 
tions of a moderate kind do not ordinarily 
revive a waning or lost sensitivity.” 

The loss of sensitivity to PDC apparently 
does not represent a general loss on the part of 

the aged individual of the ability to develop 
sensitivity to new antigens to which exposure 
has not previously occurred. This is evidenced 
by the remarkable similarity of the incidence 
of reactivity developed in the young and elderly 
alike to DNCB and NDMA. Epstein and Jessar 
(3) in a study of 119 subjects aged 60 to 97 
years also found no diminished susceptibility to 
sensitization with DNCB and NDMA. 

It was not possible to relate susceptibility to 
PDC sensitivity with DNCB or NDMA sensi- 
tivity in the elderly. However, a significant 
correlation (P < .02) between DNCB and 
NDMA sensitivity was demonstrated in the 
elderly subjects. 

SUMMARY 

In a study of 275 white individuals aged 18 
to 97 it was found that sensitivity to 3-penta- 
decylcatechol (PDC), an antigenic component 
of poison ivy, was lost with age. This sensitivity 
was not recalled to a significant degree follow- 
ing a single re-exposure to 1% PDC. Aged 
individuals, on the other hand, were able to 
develop sensitivity to potent sensitizers, not 
previously encountered, to the same degree as 
youthful subjects. 
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QUANTITATIVE BONE STRENGTH MEASUREMENTS 

IN SENILE OSTEOPOROSIS* 

GEORGE P. VOSE, M.S., B. J. STOVER, AND PAULINE BEERY MACK, Ph.D. 

(From The Nelda Childers Stark Laboratory for Human Nutrition Research, 
Texas Woman’s University, Denton, Texas) 

Although the increased fragility of bones of 
older people has long been recognized, the 
decreased bone mass resulting from osteoporosis 
is not ordinarily diagnosed prior to fracture 
except coincidentally in routine radiography. 
As seen on the radiograph, the skeletal struc- 
ture of osteoporotic bone is more radiolucent, 
the cortices of long bones are thin, and the 
trabeculae are fine and sparse. In senile osteo- 
porosis the vertebrae and pelvic bones are most 
severely involved, although the long bones also 
undergo an over-all thinning which is more 
pronounced near the ends of the shaft. This 
thinning of the cortex occurs on the endosteal 
surface when the osteoblasts fail to lay down 
new bone matrix, while the exterior dimensions 
of the bones remain constant. Thus the mass 
of compact bone to medullary volume is greatly 
decreased and this results in increased fragility 
of the bone as a whole. 

Studies of the strength of non-pathological 
bone have been made with increasing frequency 
in recent years (2, 3, 7), but no work involving 
quantitative strength measurements of osteo- 
porotic bone has been reported. In the investi- 
gation which is the subject of the present 
report we have measured the strength of osteo- 
porotic femurs by two methods: (a) by pro- 
ducing transverse fractures by bending of whole 
bones by applying force to the middle of the 
shaft perpendicular to the long axis, and (b) 
by measuring the breaking load of uniformly 
machined samples of normal and osteoporotic 
cortical bone. Since bone morphology, as well 
as bone composition, will affect its over-all 
strength, the two methods permit a comparison 
of the strength of both the intact bone and the 
intrinsic strength of the bony material. 

MATERIALS AND METHODS 

Six osteoporotic human femurs from dissect- 
ing room cadavers were obtained for breaking 
stress and bone composition determinations. 

* This work supported in part by Grant A-2641 from the National 
Institute of Arthritis and Metabolic Diseases, The National Institutes 
of Health, United States Public Health Service. 
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Although the sex of the individuals had not 
been recorded, all were of advanced age and 
showed evidence of varying degrees of osteo- 
arthritis. 

Strength determination—Method I.~—As in 
the earlier investigation of the strength of non- 
pathological bone (7) the breaking load of the 
femur was obtained by suspending it horizon- 
tally in a specially constructed 8000-pound 
capacity hydraulic testing device and then 
applying force tangential to the longitudinal 
axis upon the center of the posterior surface. 
When fracture occurred the breaking load in 
pounds (subsequently converted into kilo- 
grams) and the maximum bending in milli- 
meters before fracture were read directly from 
the corresponding gauges. The breaking load 
obtained in this manner is a measure of the 
strength of the bone as a whole without regard 
to size. In order to have meaning, therefore, 
the breaking load must be converted into 
breaking stress or force per unit area. In the 
case of hollow cylinders this may be calculated 
by the usual engineering formula: 

a ww § DP 

— 8{_=_ (BD - bd’) | 
| 64 

S = Breaking stress by bending 
W = Breaking load 

= Span of femur shaft 
B = External width at stress point 
b = Internal width at stress point 
D = External depth at stress point 
d = Internal depth at stress point 

Strength determination—Method II.—Since 
long bones do not have true cylindrical dimen- 
sions, the breaking stress obtained by use of 
the foregoing formula is not a precise indication 
of the strength of the bone material. Conse- 
quently the intrinsic strength of the bone was 
determined by use of sections removed from the 
anterior cortex of the 6 osteoporotic femurs 
and 6 control femurs at a site approximately 3 
cm. below the center of the shaft (fig. 1). 
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Three rectangular pieces were then cut from 
each section by use of a jeweler’s saw having 
a #6/0 blade, and each piece was finished to 
4 x 4 x 30 mm. In this manner 3 nearly 

identical samples of each bone were obtained. 
The breaking load of each machined sample 
was then determined by use of a lever arm 
having various combinations of sliding weights 
and a maximum capacity of 50 Kg. at the point 
at which force was applied. Since identical 
machined pieces were used, the size variable 
among bones was eliminated, and the breaking 
load thus was proportional to breaking stress. 
Ash determinations—The soft components 

within the medullary cavity do not contribute 
materially to the strength of the bone. Conse- 
quently, ash determinations were made of the 
femur cortex only. As illustrated in figure 1, a 
2-cm. section was taken at the midpoint of each 
one-third of the femur shaft, and all material 
within the medullary cavity was removed. 

The compact bone was broken into small pieces 
and pulverized in a Waring Blendor, and each 
sample was dried to constant weight in an 

Ohaus Moisture Determination Balance. 

/ PROXIMAL 
ONE THIRD 

MIDOLE 
ONE THIRD N 

eRAMERERPGAN. vue ARR ARIA 

DISTAL 
ONE THIRD 

Fig. 1. Sites from which samples were removed from 
each one-third of the femur shaft for ash analysis (cross 

hatched), and for breaking load determinations 
(stippled). 

The ratio of organic and inorganic com- 
ponents of the bones was obtained by the use 
of an x-ray absorption technique described in 
earlier reports (6, 7, 8). The method has been 
found to be more accurate than the usual dry 
ash method chiefly because the effects of varia- 
tions in time and temperature are eliminated 
during the ashing process. With small samples 
of dried pulverized bone, or bone in solution, 
the ash concentration is related exponentially 
to the per cent x-ray transmittance. 
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Fig. 2. Relationship between stress and cortical ash 
content of 25 intact non-pathological femurs and 6 
osteoporotic femurs. 

Taste I. Corticat AsH CoNnTENT, BREAKING Loap, BREAK- 
ING STRESS, AND BENDING AT FRACTURE OF Six INTACT 

OsTEOPOROTIC FEMURS 

X-ray 

Bone Determined Breaking Breaking Bending at 

Number | Cortical Ash Load Stress Fracture 

Content (%) (Kg.) (Kg./mm.*) (mm.) 

1 67.2 165 5.2 6.0 

2 67.7 277 10.8 5.0 

3 72.6 207 15.1 7.1 

4 76.6 292 10.8 7.1 

5 71.7 213 8.0 ° 

6 70.9 250 10.4 7.9 

Average 

of 6 osteo- 71.0 234 10.2 6.6 

porotic 

femurs 

Average 

of 25 

normal 67.5 374 14.6 9.4 

femurs | 

*Bending at fracture not recorded for bone number 5, 
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RESULTS 

The results of plotting x-ray determined ash 
content vs. breaking stress of non-pathological 
femurs revealed that the 2 factors are related 
in an exponential manner (7). However, figure 

2 indicates that the 6 osteoporotic bones used 
in this investigation did not agree with the 
exponential relationship of ash content vs. 
breaking stress that is demonstrated by normal 
bones. 

Table 1 gives the x-ray-determined cortical 
ash content, the breaking load, breaking stress, 
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Fig. 3. Breaking loads of uniformly machined 
samples from osteoporotic and normal femurs as a 
function of ash content. 

and bending at fracture of each of the intact 
osteoporotic femurs. In all but | of the 6 cases 
the osteoporotic femurs had cortical ash con- 
tents higher than the normal 67.5% for non- 
pathological adult bone. 

All of the intact osteoporotic bones had lower 
breaking loads than normal bones of the same 
external proportions, and all but one of the 
bones had breaking stresses lower than that of 
normal bones. The | bone having the higher 
than normal breaking stress also had a high 
ash content (72.6%) which, in theory, should 
account for a much higher breaking stress than 
its actual 15.1 Kg./mm.? 

In addition to lower breaking loads, all of 
the osteoporotic femurs exhibited correspond- 
ingly low degrees of bending at the instant of 
fracture. This is not a result of decreased 
elasticity, but is a natural result of the inherent 
low breaking loads, since, in dry bone, the 
stress-strain curve to failure is essentially linear. 
The osteoporotic femurs had a tendency to 
fracture obliquely near the more fragile distal 
end, while normal femurs ordinarily fractured 
at the center of the shaft at the point of 
loading. 

From figure 3 it may be seen that the intrin- 
sic strength of the 6 osteoporotic femurs was 
higher than that of an equal number of non- 
pathological bones as indicated by the higher 

Fig. 4. Section of osteoporotic bone removed from the 
distal one-third level of the femur (left) and from the 

same site in a normal femur (right). 
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loads of machined samples removed from each 
femur at sites illustrated in figure 1. For this 
comparative measurement, 6 of the 25 non- 
pathological bones were selected which were 
evenly distributed within the limits of normal 
ash content—approximately 65 to 71%. The 
osteoporotic femurs had an average ash content 
that was significantly higher than that of non- 
pathological bone (p < 0.01). This is in agree- 
ment with the earlier findings that bone break- 
ing stress is a function of its ash content. The 
figure indicates that the 6 osteoporotic bones 
examined using machined samples had an 
average ash content of 71.0% and an average 
breaking load of 20.5 Kg.; while the normal 
bones had an average ash content of only 
67.1% and a corresponding low average break- 
ing load of 13.4 Kg. Thus it is indicated that 
while osteoporotic bones lack the mass of 
normal bones and are about 40% more fragile, 
the intrinsic strength of osteoporotic bone is 
approximately 30% higher than normal bone. 
In addition, the cortex of osteoporotic bone, 
although thinner, has an ash content about 
5% above that of normal bone. 

DISCUSSION 

The radiographic manifestations of osteo- 
porosis are (a) thin cortices in long bones, (b) 
delicate and sparse trabeculae, and (c) in- 
creased radiolucency of the skeletal structure. 
The latter 2 effects may be used as criteria for 
diagnosing osteoporosis only if the x-ray beam 
quality is kept constant. The softer x-rays 
produced at low kilovoltages with sufficient 
intensity will often give the illusion of increased 
x-ray absorption by the bone. 

Radiographic examination alone is often in- 
sufficient to show a distinction between osteo- 
porosis and osteomalacia, and microscopic ex- 
amination is needed to furnish a precise distinc- 
tion (4). In contrast to the comparatively high 
incidence of osteoporosis, however, osteomalacia 
is extremely rare. The abnormal thinning of 
the cortices from the interior surface is a 
symptom of both osteoporosis and osteomalacia, 
although in the latter disease there is an over- 
all softening of the cortex which is the reverse 
situation from that of osteoporosis. Osteoma- 
lacia is a disease of mineralization with normal 
production of organic matrix, while osteoporosis 
is a disease of organic matrix formation in 
which normal mineralization would occur if 
matrix production were sufficient (1). 

The 6 osteoporotic femurs used in the present 
study were differentiated from normal femurs 
by both visual :nspection of radiographs, taken 
at 100 kvp. on Eastman Type AA x-ray film, 
and by macroscopic analysis of bone structure. 
Figure 4 contrasts normal and osteoporotic 
defatted bone and illustrates the thinning cor- 
tex and sparse trabeculae which are characteris- 
tic of osteoporosis. As stated previously, the 
thickness of the cortex is one indication of 
osteoporosis. In the present investigation the 
average thickness of the cortical wall at the 
distal sampling site was measured from radio- 
graphs by use of a vernier caliper. It was noted 
that all of the osteoporotic femurs had wall 
thicknesses of less than 0.120 that of the over- 
all diameter of the femur at the same site, while 
in normal bone the ratio ranged from 0.125 to 
0.212. 

The density of osteoporotic bone is decreased 
from that of normal bone. Since the volume 
of the femurs used in the study was not deter- 
mined, the exact densities could not be calcula- 
ted. It was found, however, that normal femurs 
have an average linear dry mass of 14.5 
Gm./cm., while osteoporotic femurs have a 
mass of only 11.5 Gm./cm. Other investiga- 
tions have reported that bones showing marked 
osteoporosis have low total ash contents (5). 
It is clearly evident that, although the cortex 
of osteoporotic long bones has a relatively high 
ash content, the density of the bone as a whole 
is less than that of non-pathological bone. 

At present it is not known whether the in- 
creased density of the cortical bone in osteo- 
porosis is a result of a thinning of the softer 
internal cortex, leaving only the more compact 
outer layers, or whether the bone composition 
is altered. Microscopic and microradiographic 
analyses of osteoporotic bone are needed in 
order to clarify this point. 

A discrepancy occurs in the measurement of 
intrinsic bone strength by the 2 measurements. 
when the whole bone is loaded as a beam, the 
mathematically-derived breaking stress is higher 
than that obtained by use of machined samples. 
Since the human femur is not a true cylinder, 
the formula used in Method I undoubtedly 
would not be valid in the case of highly mal- 
formed bones. The formula assumes that there 
is a constant cross-sectional area and shape 
along the shaft and that the walls are of uni- 
form thickness. Since none of these criteria 
can be expected in human long bones, the 
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breaking stresses obtained by use of the 
engineering formula obviously are related to the 
true intrinsic bone strength only when all of 
the bones examined have the same proportions. 
It seems that the strength of finite areas within 
the bone may be ascertained more accurately 
by the use of machined samples than by the 
use of whole bones. Nevertheless, the fact that 
osteoporotic bone can withstand less static 
loading than non-pathological bone, in spite 
of its greater intrinsic strength, is of more 
practical etiological importance. 

SUMMARY 

The cortex of the 6 osteoporotic femurs used 
in this investigation had ash content approxi- 
mately 5% higher and an intrinsic strength 
factor about 30% greater than the cortex of 
non-pathological femurs. 

- In spite of this increase in cortical strength 
per unit volume, the over-all strength of the 
osteoporotic femur under static loading was 
approximately 40% less than that of normal 
bone. Hence, the extreme fragility of the femur 
in osteoporosis is accountable to atrophy of the 
cortical wall and not to a decrease in intrinsic 
bone strength. 

In addition to their inability to withstand 
normal static loads, osteoporotic femurs ex- 

hibited lower degrees of bending at the instant 
of fracture than normal bones. 

The writers are indebted to Dr. John A. Cameron of the Baylor 
College of Dentistry, Dallas, Texas, for providing the bones used in 
this study; and to James Barton for technical assistance. 
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STUDIES OF HUMAN LOW DENSITY LIPOPROTEINS IN AGED, 

ATHEROSCLEROTIC, AND DIABETIC INDIVIDUALS* 

JUDY A. SPITZER, M.S., AND JOHN J. SPITZER, M.D. 

(From the Department of Physiology, Hahnemann Medical College & Hospital, 
235 North 15 Street, Philadelphia 2, Pennsylvania) 

It is generally agreed that essentially all 
lipids normally found in tissues and fluids 
exist in association with proteins in lipid-pro- 
tein complexes and as lipoproteins (14). 
Immunochemical methods, because of their 
high degree of specificity and sensitivity lend 
themselves particularly well to the study of 
lipoproteins. These methods can serve not only 
for quantitative estimation of lipoproteins where 
other methods are not too reliable (2) but also 
provide sensitive procedures for the detection of 
qualitative changes in the molecules. 

Certain classes of lipoproteins have been 
shown to be elevated in a variety of pathological 
states (7, 8, 10, 11). Changes in composition 
and in binding between the lipid and protein 
moieties of the lipoprotein molecule have also 
been implicated in some diseases (9). Although 
the concentration of low density lipoproteins is 
elevated in atherosclerosis (10), a casual rela- 
tionship between lipoprotein concentration and 
atherosclerosis has not been demonstrated. It is 
conceivable that some of the subtle changes 
occurring within a broad band of lipoproteins 
may defy chemical detection and yet give some 
immunochemical indication. 

This paper describes experiments performed 
with the technique of quantitative complement 
fixation in a study of in vitro and in vivo be- 
havior of human low density lipoproteins. 

MATERIALS AND METHODS 

Purified lipoproteins were prepared from 
outdated human plasma by bringing its density 
to 1.063 with an appropriate amount of a NaCl 
solution of density 1.135 Gm./ml., centrifug- 
ing for 16 hours at 81,000 x g in celluloid tubes, 
removing the top fraction by aspiration, bring- 
ing its density to 1.10 with NaCl solution of 
density 1.35 Gm./ml. and centrifuging as be- 
fore. The top fraction was used after dialysis 
against physiological saline solution for 24 
hours.* 

~ ® Supported by grants from the National Heart Institute, National 
Institutes of Health, and The Heart Association of Southeastern 
Pennsylvania. 

Antisera were produced in rabbits by intra- 
venous injection of the purified alum-precipi- 
tated lipoproteins (12). Sixteen injections, 3 
per week, were given. The doses were increased 
gradually from 0.5 mg. to 7.5 mg. of the 
protein. The rabbits were exsanguinated 5 or 
6 days after the last injection. The sera were 
cleared by centrifugation and heated for 30 
min. at 56 C. to inactivate the complement. 
One volume of lipoprotein-free plasma was 
added to each 10 volumes of the antiserum. 
The mixture was kept at 0-2 C. for 24 hours 
and centrifuged at that temperature. The 
absorbed antiserum was tested for immuno- 
chemical homogeneity by double diffusion on 
an agar plate (15). The absorption process 
was repeated when necessary until only one 
band appeared. The quantitative complement 
fixation method of Mayer and associates (13) 
was used for all complement fixation measure- 
ments. Complement fixation curves were ob- 
tained using constant amounts of rabbit anti- 
lipoprotein serum and increasing amounts of 
low density lipoproteins of freshly drawn 
human serum. Triglycerides were determined 
in quadruplicate analyses (18). Total choles- 
terol determinations were also done in quad- 
ruplicate (4). 

Sixty-one normal subjects were arbitrarily 
divided into 3 age groups: young—age up to 35 
years, middle-aged—35-65 years, and old—65- 
98 years. Samples of normal blood were 
collected mostly from laboratory personnel and 
from other persons free of any manifest meta- 
bolic or heart disease. Blood samples from 24 
diabetic and 20 patients with atherosclerotic 
heart disease were provided by clinic material 
from Hahnemann Hospital. Blood for the study 
of the 65-98 year group came almost exclusively 
from residents of the Home for the Jewish Aged 
of Philadelphia. 

t Dialysis of the lipoproteins for 24 hours in the absence of EDTA 
may have caused changes in the lipid portion of these molecules (16). 
However, these preparations were used only to elicit antibody pro- 
duction. Since the role of lipids in antigenicity is still equivocal and 
since the same antiserum was used in all the studies reported here, 
it is believed that omission of EDTA may bear little or no influence 
on the observed results. 
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RESULTS 

In-vitro changes.—Figure 1 shows comple- 
ment fixation curves of low density lipoproteins 
of fresh plasma (FP), of lipoproteins purified 
from Cohn’s Fr. 111-0*, and a curve of the 
same lipoprotein as in (FP), after standing at 
0-2 C. for 4 weeks. All of these curves were 
obtained by plotting the amount of complement 
(C’) fixed in terms of 50% hemolytic units 
(C’H;) against increasing concentrations of 
lipoproteins. The curve of the aged plasma 
(AP) resembles that of a chemically purified 
lipoprotein (Fr. 111-0), with much wider 
equivalence zone and less inhibition in anti- 
gen excess. 

Studies with normal subjects—Complement 
fixation curves of fresh sera from normal young 
subjects closely resembled each other in the 
ascending portion of the curve as well as in the 
equivalence zone and in antigen excess. It 
has been observed that a gradual change occurs 
in the shape of the complement fixation curve 
with increasing age of the individual. The 
change consists of a flattening of the region of 
peak fixation and a gradual decrease of inhi- 
bition in the antigen excess zone. An example 
of a middle-aged individual’s complement fixa- 
tion curve is shown in figure 1. The gradual 
change with aging results in an increasing 
incidence of flat or irregular curves in the aged 
group (table 1). Similar curves could be ob- 
served in the younger age groups after an acute 
coronary occlusion. 

a gon | supplied by Dr. Ray K. Brown of the Division of Labora- 
tories and Research, New York State Dept. of Health, Albany, New 
York. 
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Fig. 1. Complement fixation curves by low density 
lipoproteins of fresh plasma (FP), plasma aged in vitro 
(AP), Fraction 111-0 (111-0), and serum of a middle- 
aged person (middle aged). 

Patients with diabetes mellitus and athero- 
sclerotic heart disease—In addition to normal 
sera, samples from diabetic and coronary 
atherosclerotic patients were also examined. 
The average age of the diabetic patients studied 
was 55 years. Diabetics usually showed a normal 
fixation curve, i.e., normal for that age group 
(table 1). The two juvenile diabetics we had 
occasion to study showed flat curves and very 
little fixation. 

Sera from most of the patients with coronary 
atherosclerosis, as evidenced by myocardial 
infarction, exhibited flat, or irregular comple- 
ment fixation curves (table 1); zones of antigen 
excess, equivalence, and antibody excess becom- 
ing hardly discernible. The average age of these 
patients was 47 years. Because of the limited 
number of atherosclerotic patients in the young 
and old groups, the importance of the age 
factor cannot be evaluated. An example of the 
irregular curves is shown in figure 2. 

It is not known to what extent, if at all, the 
lipid portion of the molecule influences the 
immunological behavior of lipoproteins. Total 
cholesterol, triglyceride, and unesterified fatty 

Taste I. DistRIBUTION OF COMPLEMENT FIXATION CuRVES. 

Type of Curve 

No. in %, of Nor- 

Group Normal Flat Irregular |mal Curves 

Normal 

Young 15 il 3 1 73 

Middle-aged 14 8 6 0 57 

Old 32 8 13 11 25 

Atherosclerotic 

Young. . 2 0 0 2 0 

Middle-aged 17 2 10 5 12 

Old 1 0 1 0 0 

Diabetic 

Average age: 

55 yrs. 22 } 15 6 1 68 

Juvenil s 2 0 2 0 0 

30} MYOCARDIAL INFARCT 4 
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Fig. 2. Complement fixation curve by low density 
lipoproteins of serum of an atherosclerotic subject. 
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acid concentrations were determined in a 
majority of the samples used for complement 
fixation. There seems to be no correlation be- 
tween these lipid levels and the characteristics 
of the complement fixation curves. The lack of 
correlation with cholesterol levels is not sur- 
prising, since it has been shown that at identical 
serum cholesterol levels lipoprotein distributions 
may be grossly different (9). 

DISCUSSION 

Complement fixation curves of low density 
lipoproteins seem to change as the individual 
grows older, inhibition of fixation becoming 

less and less in antigen excess. Similar changes 
in the nature of the curves can be seen with 
lipoproteins of atherosclerotic patients, but not 
with diabetics. Lipoproteins are very labile 
molecules prone to denaturation by a variety 
of physical and chemical means. Complement 
fixation and diffusion in agar are sensitive 
procedures for measuring lipoprotein dena- 
turation. In earlier work with low density 
lipoproteins the differences in half lives of fresh, 
untreated, and purified lipoproteins were 
pointed out (17). The ability to fix comple- 
ment and immuno-diffusion constants are 
altered when high density lipoproteins are 
used (6). Agar diffusion and precipitin ring 
tests had been used to investigate the effects 
of aging, freezing and thawing, and heating 
on immunological properties of human low 
density lipoproteins (3). 

Studies on the distribution of concentra- 
tions of the various human serum lipoprotein 
classes have disclosed the prominent role of age 
and sex in these determinations (9). Comple- 
ment fixation by low density lipoproteins does 
not seem to be influenced by sex. Age of the 
individual, however, seems to influence the 
immunological behavior of lipoproteins as re- 
flected by the gradually altered complement 
fixation curves. 

Of the diabetic patients studied, none had 
been comatose. In all cases some degree of 
insulin therapy had been in use. Complement 
fixation curves of diabetics did not differ from 
those of normal individuals in the same age 
group. This is perhaps best explained in view 
of the fact that although the lipoprotein system 
is sensitive to variations in diabetic control, the 
changes in lipoprotein levels and distribution 
are rather acute and can be reversed with 
correction of the acidosis (9). 

A vast amount of evidence has been accumu- 
lated through the efforts of many workers 
which demonstrates significant disturbances in 
serum lipid levels and certain lipoprotein 
classes in patients with coronary heart disease. 
The low density lipoprotein rabbit antilipo- 
protein system consistently failed to demon- 
strate immunochemical heterogeneity by quan- 
titative precipitation, quantitative complement 
fixation, and single and double diffusion in 
agar (12). A “pre-B-lipoprotein” was observed 
on filter paper electrophoresis by Dangerfield 
and Smith (5), and confirmed by Besterman 
(1). This pre-f-lipoprotein traveled ahead 
of, but overlapped, the main f peak and 
was found in high concentration in patients 
with coronary disease by both of these authors. 
It is reasonable to assume that all of the normal 
and abnormal low density lipoproteins par- 
ticipate in the immunochemical system used in 
this study. The possibility, therefore, becomes 
plausible that an abnormal lipoprotein, perhaps 
related to the pre-f-lipoprotein of Besterman, 
is present in the sera of the present coronary 
patients, accounting at least partially for the 
abnormalities of the complement fixation 
curves. Whether the abnormality is due to a 
pre-B-lipoprotein or to a d < 1.006 lipoprotein 
moving with a-2 globulins has not been 
decided. 

SUMMARY 

The quantitative complement fixation tech- 
nique was used to study human low density 
lipoproteins in vitro and in vivo. The work 
done in vivo included 61 normal subjects as 
well as 24 patients with diabetes mellitus and 
20 with atherosclerotic heart disease. Comple- 
ment fixation curves of low density lipoproteins 
seem to change as the individual grows older, 
inhibition of fixation becoming less and less 
in antigen excess. Low density lipoproteins of 
diabetics show complement fixation curves 
similar to those of normal individuals in the 
same age bracket. The incidence of flat and 
irregular complement fixation curves is much 
higher in atherosclerotic patients than in 
normal individuals. 
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BOOK REVIEWS 

HANDBOOK OF AGING AND THE INDIVIDUAL: 
Psychological and Biological Aspects, edited by James 
E. Birren, The University of Chicago Press, 1959, 939 
pages, $12.50. 

Although the changes in the latter part of life, follow- 
ing maturity, are proceeding at a slower pace than dur- 
ing the preceding period, they are pervasive and pro- 
found, resulting—eventually—in the coming to a stop 
of all the biological clocks wound up at conception. 
The unity of the science of gerontology, as a goal and 
as a guide post, serves to compensate for the compart- 
mentalization of knowledge resulting from a steadily 
growing scientific specialization. In an omnivorous field, 
such as gerontology, in which—furthermore—the pri- 
mary literature is widely scattered, systematic and fairly 
definitive secondary sources of information are essential 
as pedagogical and research tools. The present volume 
was designed to fulfill this double duty. 
The table of contents indicates that some 30 individ- 

uals participated in writing the 24 chapters constituting 
this hefty volume. In his Preface the editor tells us that 
the total duration of the gestation period was close to 
a decade. While the date and the precise circumstances 
of conception would be difficult to establish, the Hand- 

book represents an outcome of activities of the inter- 
locking intellectual directorates of the Gerontological 
Society and of Division 20 (Maturity and Old Age) of 

the American Psychological Association. Formal plans 
were initiated in 1956 with the help of a grant from the 
National Institutes of Health. 

In view of the fact that it took 30-odd people to write 
the book, it would be absurd to attempt a “critical” 
review of their handiwork. This reviewer, at any rate, 
will attempt to delineate for the reader the territory 
covered in the Handbock; to outline the structure of the 

content; to place the volume in a historical perspective; 
and to venture a comment on the volume’s significance 
as a reference book and a potential textbook. 

In regard to the Handboook’s aim, we may cite the 
editor’s statement directly: “The major concern of the 
book is with the biological and psychological bases of 
aging: the bases of changes in behavior and capacities 
of the individual organism which occur with advancing 
age. Specifically, the purpose was to prepare ... an 
authoritative technical summary of the scientific and 
professional literature on the individual or behavioral 
aspects of human aging, with supporting information 
from infrahuman species” (p. v). 

Unlike Caesar’s Gaule, the volume is divided into 4 

parts. Of course, a point could be made that Part | 
(Foundations of Research on Aging) constitutes an ex- 

tended preface, which it does. We sympathize with the 
editor’s plight in attempting to group the chapters and 
to provide labels for the 4 parts but believe that the 
present grouping and labeling does not represent the 
happiest of solutions. Thus one has to stretch the rub- 

ber band holding together the chapters in Part 3 (Aging 
in Environmental Settings) to a breaking point if one 
wishes to include psychopathology in the bouquet, espe- 
cially since the treatment is not decidedly and one- 
sidedly “environmentalistic.” As would be required in 

any treatment of the psychopathology of the older indi- 
vidual, due attention is paid to the organic brain dis- 
orders. 

Let us try to play the classification game somewhat 
differently, realizing that a clean-cut scheme is made 
impossible by the unavoidable partial overlap between 
different chapters. In addition to the general considera- 
tions, we may group the remaining chapters into 3 sec- 
tions dealing, respectively, with biomedical topics (minus 
neurobiology), neurobiology, and psychology. Since the 
latter would contain the largest number of the chapters, 
a further subdivision may be called for. 

General considerations—A limited historical review 
of views of aging is provided in the context of the de- 
scription of the socioeconomic and cultural background 
of aging in modern man. The philosophers’ analysis of 
time and aging and their relations, included in the 
Handbook as a part of the theoretical foundations of 
gerontology, will be found as too abstract by most read- 
ers. The cream of the “general considerations” is Bir- 
ren’s introductory chapter on the principles of research 
on aging. Most of the present research on aging is data- 
oriented and we share the author’s hopes that “broader 
conceptualizations and theoretical models will be ad- 
vanced as a wider scope of variables is included in the 
explanatory matrix” (p. 15). The Research Evaluation 
Outline, appended to the chapter and dealing with the 
major issues (problem, design, sampling of subjects or 
materials, controls, measurements, treatment of data, 

conclusions) will be found useful by many other read- 
ers than graduate students having to evaluate critically 
a reported piece of research. 

Biomedical topics (minus neurobiology).— Some of 

the basic phenomena and theories of aging of the adult 
organisms are discussed in the chapter on the general 
biology of senescence. Senescence, a term more specific 
than aging and preferred by the chapter’s author, is de- 
fined as “that process or group of processes which, in 
the absence of external causes of death, terminate life.” 
A chapter deals with the treatment of problems of aging 
in terms of mathematical models, designed to summa- 
rize compactly the data and to provide some insight into 
the underlying mechanisms. The role of genetic con- 
cepts and mechanisms in interpreting the individual 
variations in the patterns of aging are discussed in de- 
tail, with brief reference to systems of body-build de- 
scription. Bodily changes with age are considered in 
some detail (pp. 401-418) in a paper placed in Part 3 
(Aging in Environmental Settings) and devoted, in its 
second half, to environmental factors. A chapter on 

health, morbidity, and mortality may be regarded as the 
last bead on the biomedical rosary, unless one would 
wish to include also the summary of the symptoms, eti- 
ology, and pathology of mental disorders, organic and 
functional, which have special significance in the ad- 
vanced years of life. 
Neurobiology—The reference to “biological aspects” 

in the subtitle of the Handbook is likely to be mislead- 
ing, since only a fraction of biological problems was 
considered. In regard to biology, the Handbook’s 

strength is in its treatment of neurobiology. Three of 
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the chapters are specific and deal, respectively, with the 
morphology of the aging system, its chemical character- 
istics, and its functional properties. In regard to neuro- 
physiology, the author of the chapter comes out with 
a “double negative”: In his opinion, no adequate inves- 
tigations of alterations due to aging have been carried 
out on central neurophysiological mechanisms in ani- 
mals of suitable size and degree of organization. At 
the same time he is skeptical regarding the likelihood 
that objective evidence of aging changes in the func- 
tional properties of the nervous system, peripheral or 
central, will soon come from physiological studies in 

man. The last chapter in the neurobiological cycle con- 
siders the aging of complex systems, with emphasis on 
the role of the nervous system—the integrator par excel- 
lence. The author points out that the complex systems 
are more apt to age than the simple ones “because of 
the greater number of individual links that might fail, 
loss of proper meshing between the several links or 
parts, failure of regulating mechanisms, and disturbance 
of the information channels” (p. 268). 

Psychology—The remaining 11 chapters deal with 
sensation and perception (with | chapter each), learn- 
ing (3 chapters), and intelligence, motivation and per- 
sonality (including a chapter on aging and life adjust- 
ment), and performance. The 3 chapters on perform- 

ance are concerned with laboratory analysis of psycho- 
motor performance, with performance of the older 
worker in ind istry and transportation, and age changes 
in the use of time and energy. 

This is the heart of the Handbook. The material 
dealt with in some of the chapters has been reviewed, 
at least in part, elsewhere, but the majority of the chap- 
ters represent thorough, informative, original syntheses 
of the literature on a given subject. They are well docu- 
mented and, in their totality, constitute a unique and 
impressive “progress report.” 

Bibliographies are appended to each chapter of the 
Handbook. While the overlap between chapters in re- 
gard to literature cited is not large, for some purposes 
a single list of reference would have been preferable. 
The citation system (by author and year) used in the 
handbook makes feasible such a combination of refer- 
ences. But we realize that this would have represented 
an additional load on the editorial staff and we are 
aware of the potentially deadly serious consequences of 
heaping straws upon editors’ backs. 

The volume will serve effectively as source of selected 
supplementary reading in undergraduate courses con- 
cerned with human development, as a textbook in grad- 
uate courses on the psychobiology of aging, as a reliable 
summary of facts and a stimulating outline of the theo- 
retical framework for the use of the scientific special- 
ists, and as a reference book for all who are profession- 
ally concerned with the various facets of the biology and 
psychology of aging. For reference purposes the detailed 
indexes of names (pp. 905-917) and of subjects (pp. 
918-939, with close to 2,000 entries) will be most val- 

uable. 
Comparison of previous volumes on the psychobiology 

of aging with the content of the Handbook shows elo- 
quently the advances made in the coverage of the liter- 
ature on the neurobiological and behavioral aspects of 
aging. The Handbook should facilitate, in a significant 
manner, the advancement of research on aging by: (1) 

spelling out the numerous aspects of the neurobiology 

and psychology of aging that have been investigated 
and making clear the need for further exploration, and 
(2) providing reliable, well-informed summaries of em- 
pirical evidence and theoretical considerations. 

JOSEF BROZEK, PxD. 
Lehigh University 
Bethlehem, Pennsylvania 

INTRODUCTION TO CELLULAR THERAPY, by 
Paul Niehans, Pageant Books, Inc., New York, 1960, 
119 pages, $3.75. 

Since 1931 D. Niehans has been treating a variety of 
disease states by successive intramuscular injections of 
suspensions of fetal sheep cells prepared from specific 
organs. He claims to have made more than 12,000 in- 
jections without losing a patient. This volume is a loose 

description of the general method followed, but lacks 
the details necessary to follow the procedures even in 
animal experiments. The book is rich in folklore and 
striking pronouncements, such as, “It (the spleen) de- 
fends the organism against cancer.” A large number of 
brief reports of success in treating old and young pa- 
tients for a wide variety of disease states ranging from 

mental retardation and melancholia to cardiac and kid- 
ney disease is presented, without objective documenta- 
tion or data. No references to the literature are in- 
cluded. The book makes interesting reading but is with- 
out scientific merit. 

N. W. SHOCK, Px.D. 
Baltimore City Hospitals 
Baltimore, Maryland 

TRANSCRIPT OF THE WORKSHOP ON BONE 
DENSITOMETRY HELD AT THE STONE HOUSE, 
National Institutes of Health, Bethesda, Maryland, De- 

cember 4-5, 1959. Stanley M. Garn, Conference Chair- 

man. Fels Research Institute for the Study of Human 
Development, Yellow Springs, Ohio, 1960, 240 pages, 
paper bound. 

This is a stenotyped transcript of a conference, omit- 

ting blackboard formulas and curves and lantern slides. 

There were papers on the relation of radiographic film 
density to bone density and difficulties caused by scatter- 
ing, by Russell H. Morgan, limitations of films, by Her- 
man E. Seemann, and techniques, by George P. Vose 
and Harald Schraer (Appendix B.) Frederich P. 
Ellinger suggested neutron activation analysis. Paul T. 
Baker discussed the relation of radiography to skeletal 
weight and mineral content, and Richard Yalman, Ca 

and P analysis. Mildred Trotter presented tables of vol- 
ume, weight, and ash of fat-free dry human bones of 

different ages and sex (reproduced in Appendix A). 
Paul D. Saville made drill cores of the iliac crest, 5 mm. 
in diameter and 10 mm. long, and determined the fat- 

free dry weight. The only data on nutrition were that 
alcoholics showed osteoporosis. There was decreased 
bone density associated with the climacteric in both 
women and men. Laura M. Odland described western 
regional surveys of bone density which showed no gen- 
eral trend of os calsis density with age or sex from 9 to 
95 years (there were few between 20 and 50 years). 

There was increase in density of phalanx 5-2 center 
from 9 to 20 years. 
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Robert A. Robinson stated that grav*s of hydroxyapa- 
tite per cubic centimeter of bone organic matrix is 0.9- 

1.4 in humans, 1.0-1.5 in dogs, 1.4-1.7 in rats, and 1.2- 
1.4 in mice. 
Pauline Beery Mack found that Negroes had higher 

bone density than Chinese or whites. Substitution of 
33 Gm. of margarine containing 1,100 units of vitamin 
A for sweets per ration, substitution of meat-liver for 
legumes, and adding calcium and B complex were 
found to increase bone density. The supplement of 
orange juice to the diet for 5/4 months had no effect, 
but during a second period of 9 months adding orange 
juice increased bone density of grade school children. 

Harald Schraer studied laying hens which had medul- 
lary bone from which to draw calcium for egg shell 
production. Bone density was determined every 3 or 4 
hours day and night. There followed 15 pages of dis- 
cussion of what is meant by the words “bone density.” 

D. Mark Hegsted discussed adaptation to low calcium 
diets. 

G. Donald Whedon reported calcium balance studies 
up to 42 days on 5 osteoporotics. In one case increasing 
calcium intake from 400 mg. to 2,400 mg. per day pro- 
duced a positive balance of 600 mg. per day. He sug- 
gested that osteoporotics could not adapt to a low cal- 
cium intake. 

Felix Bronner gave a glass of milk containing Ca*® 

to out-patients with osteoporosis, who were found to ab- 
sorb not over 15%. 

Harold E. Harrison stated that the percentage of cal- 
cium in human bone ash and the percentage of bone 

ash in fat-free dry bone show very little variance in 

osteoporosis. Cow’s milk fed to 10-month-old infants 
weighing 9 Kg. produced 100-120 Gm. of calcium in the 
skeleton, whereas breast-fed infants of the same weight 
had only 60-70 Gm. He suggested that further work 
is desirable. 

J. F. McCLENDON, M.D. 
Albert Einstein Medical Center 
Philadelphia, Pennsylvania 

BOOKS RECEIVED 

Adrenergic Mechanisms, Ciba Foundation Symposium, 

G. E. W. Wolstenholme, M. O’Connor, and J. R. 

Vane, eds. Little, Brown, and Company, Boston, 
1950, 632 pages, $12.50. 

Enzymology in the USSR, a Review of the Literature, 

by C. W. DeLong. U. S. Department of Health, 

Education, and Welfare, Public Health Service, Di- 
vision of General Medical Sciences, Russian Transla- 

tion Program, 189 pages; distributed free of charge to 

medical and other academical institutions and re- 
search organizations. 

Essential Hypertension, an International Symposium, 
K. D. Bock and P. T. Cottier, eds. Springer, Berlin, 
1960, 392 pages; price not listed. 

Nurses Can Give and Teach Rehabilitation, by M. J. 
Allgire and R. D. Denney. Springer Publishing Com- 

pany, New York, 1960, 61 pages, $1.25. 

La Sénescence Prematurée et Ses Traitements, by L. F. 
Fichez and A. Klotz. Féderation Internationale des 

Résistants, Vienna, 1961, 166 pages; price not listed. 
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THE MEASUREMENT OF LIFE SATISFACTION’ 

BERNICE L. NEUGARTEN, Ph.D., ROBERT J. HAVIGHURST, Ph.D., AND 

SHELDON S. TOBIN, M.A. 

(Committee on Human Development, University of Chicago) 

There have been various attempts to define 
and to measure the psychological well-being of 
older people, usually with the goal of using 
such a measure as an operational definition of 
“successful” aging. Different terms have been 
used in approaching this problem (terms such 
as adjustment, competence, morale, or happi- 
ness); and different criteria, as well as different 
techniques of measurement, have been em- 
ployed. A number of cogent criticisms have 
been made of these attempts at definition and 
‘measurement, largely because they are inextri- 
cably involved with value judgments. (e.g., 
Rosow, in press). 

In many researches on aging, however, it 
becomes necessary to establish some measure 
of success or well-being in relation to which 
other social and psychological variables can be 
studied. In such research undertakings, there- 
fore, rather than forego a measure of psycho- 
logical well-being, it becomes the goal instead 
to construct as refined and as valid a measure 
as possible. Once the investigator makes his 
value judgments explicit by the choice of his 
terms and his criteria, furthermore, the actual 
construction and validation of such a measure 
can go forward in relatively straightforward 
and value-free manner. 

In earlier approaches to this problem, there 
have been two general points of view. One 
focuses upon the overt behavior of the indi- 
vidual and utilizes social criteria of success or 
competence. Studies that fall within this cate- 
gory tend to be ones in which level and range 
of activities and extent of social participation 
are the variables to be measured; and in which 
the assumption is made, implicitly or explicitly, 
that the greater the extent of social participa- 
tion, and the less the individual varies from the 
pattern of activity that characterized him in 
middle age, the greater is his well-being. 

*A partial report of this research was included in a paper by 
R. J. Havighurst, Successful aging: definition and measurement, pre- 
— at the International cs Seminar on the Social and 

wil be published "a volutes oditod Uy Richeod H.Williers, Jerse: i 
Birren, Wilma Donahue, and Clark Tibbitts, Psychologica and 

Eiet processes of aging: an international seminar. 
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The other point of view focuses upon the 
individual’s internal frame of reference, with 
only secondary attention given to his level of 
social participation. Here the variables to be 
measured have been the individual’s own evalu- 
ations of his present or past life, his satisfaction, 
or his happiness. The assumptions are, whether 
or not explicitly stated, that the individual 
himself is the only proper judge of his well- 
being; that the value judgments of the investi- 
gator can thus be minimized; and, perhaps most 
important, that it is not appropriate to measure 
well-being in old age by the same standards 
that apply to middle age, namely, standards 
based upon activity or social involvement. 

As an example of the first point of view, 
Havighurst and Albrecht (1953), using public 
opinion as the criterion, developed a scale for 
measuring the social acceptability of the older 
person’s behavior. Another example is the 
activity score on the schedule, “Your Activities 
and Attitudes” (Cavan, Burgess, Havighurst, 
& Goldhamer, 1949; Havighurst & Albrecht, 
1953); a score which sums up a person’s par- 
ticipation in a number of different activities. 

Most of the measuring instruments used in 
previous studies do, in fact, combine elements 
from both general approaches. For instance, 
in the Chicago Attitude Inventory (Cavan et 
al., 1949; Havighurst & Albrecht, 1953; Havig- 
hurst, 1957) a person is asked about his econ- 
omic situation, work, family, friends, health, 
and so on, and about his happiness and feelings 
of usefulness. While the emphasis is upon feel- 
ings of satisfaction, a high score depends in- 
directly upon a high level of activity. 

A second such measure is the Cavan Adjust- 
ment Rating Scale (Cavan et al., 1949; Havig- 
hurst, 1957). This is a rating based on inter- 
view data which takes into account not only the 
person’s associations with family, friends, and 
formal and informal groups, but also his feel- 
ings of importance and satisfaction and _ his 

emotional stability. 

Another measure that combines elements of 
both approaches is the social role performance 
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measure used by Havighurst (1957). Here 
competence in the social roles of worker, parent, 
spouse, homemaker, citizen, friend, association 
member and church member is rated from 
interview data; with the ratings based not only 
upon extent of reported activity, but also upon 
the individual’s investment in and satisfaction 
with his performance in each role. 

As part of a larger study of psychological and 
social factors involved in aging, the Kansas City 
Study of Adult Life,’ the present investigators 
sought to develop a measure of the second 
general type—one that would use the indi- 
vidual’s own evaluations as the point of 
reference; and one that would be relatively 
independent of level of activity or social partici- 
pation. There have been other attempts to 
devise a measure with these general character- 
istics. For example, a few investigators (Kuh- 
len, 1956; Lebo, 1953; Rose, 1955; Pollak, 1948) 
have used direct self-reports of happiness. Al- 
though they are extremely vulnerable to con- 
scious and unconscious psychological defenses, 
such self-reports have not usually been checked 
for validity against a more objective criterion. 
Another example is Kutner’s Morale Scale 

(Kutner, 1956), which is based upon responses 
to seven items such as, “On the whole, how 
satisfied would you say you are with your way 
of life today?” This instrument was not 
regarded as satisfactory for our purposes for 
several reasons: 1) It has not been validated 
against an outside criterion; 2) it is based upon 

the assumption that psychological well-being 
is a unidimensional phenomenon, for the scale 
has been constructed to form a scale of the 
Guttman type; 3) there have been scaling 
difficulties when the items have been used with 
populations other than the one originally 
studied. Thus, one of the seven items had to 
be scored differently for a New York City 
population than for an Elmira population 
(Kutner, 1956, p. 303); and an even greater 
effect of this type was seen when the scale was 
adapted for use with rural residents of South 
Dakota (Morrison & Kristjanson, 1958). In 
short, the items which are successful in pro- 
ducing a Guttman scale for one population are 
not altogether the same for another popula- 
tion. 

1 The Kansas City Study of Adult Life is financed by Grant 3M9082 
from the National Institute of Mental Health to the Committee on 
Human Development of the University of Chicago. It is under the 
Supervision of William E. Henry (Principal Investigator), Robert J. 
avighurst, and Bernice L. Neugarten. e Study Director has been 

Elaine Cumming, and the Field Director, Lois R. Dean. The present 
Field Director is Wayne Wheeler. 

Most recently, a Morale Index was developed 
by our collaborators on the Kansas City Study 
of Adult Life (Cumming, Dean, & Newell, 
1958) consisting of four questions of which 
one was, “Do you wish you could see more of 
your relatives than you do now? Less? Your 
neighbors? Your friends?” (R is scored posi- 
tively if he answers “Things are all right as 
they are.”). 

At the time the present investigators began 
work on this problem, that Index seemed 
unsatisfactory for several reasons.*? It was based 
on so few items that scores might prove highly 
unreliable; the Index had been validated against 
only a small sample of cases; and, most impor- 
tant, it appeared to be a unidimensional meas- 
ure reflecting, for the most part, resignation or 
conformity to the status quo. The Index 
seemed, therefore, not to reflect our own con- 
cepts of psychological well-being. 

The research reported here had two purposes, 
each requiring a somewhat different set of 
procedures. The first, as already indicated, was 
to devise a measure of successful aging for use 
in the Kansas City Studies, a measure that 
would be derived relatively independently from 
various other psychological and social variables. 
The second purpose was to devise a short, 
easily-administered instrument that could be 
used in other studies and to validate that 
instrument against Kansas City data. 

After a description of the study population, 
the report that follows deals with the deriva- 
tion and validation of the Life Satisfaction 
Ratings (LSR) and the scales upon which the 
ratings are based; then with the derivation and 
validation of two short self-administered in- 
struments, the Life Satisfaction Index A (LSIA) 
and the Life Satisfaction Index B (LSIB). 

THE STUDY POPULATION 

Table | shows the distribution of the study 
population by age, sex, and social class. In 
brief, the upper-middle class represents busi- 
ness and professional levels; lower-middle, 
white-collar occupational levels; and the upper- 
lower represents blue-collar levels. 

This population was composed of members 
of two groups. The first, referred to as the 
panel group, were persons aged 50 to 70 at the 
time of the first interview in 1956. The panel 
represents a stratified probability sample of 

2 The Morale Index, in its most recent form, is described by Cum- 
ming and Henry (in press). 
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middle and working class white persons of this 
age range residing in the metropolitan area of 
Kansas City. Excluded were the chronically 
ill and the physically impaired. The method 
by which the panel was selected resulted in a 
group that is biased toward middle class—in 
other words, that is better educated, wealthier, 
and of higher occupational and _ residential 
prestige than the universe of 50-to-70-year- 
olds. 

The second group, referred to as the quasi- 
panel, were persons aged 70-90 who joined the 
Kansas City Study two years after field work 
had begun. This older group was built up on 
the basis of quota sampling rather than prob- 
ability sampling. The group consists of middle- 
and working-class persons, none of them 
financially deprived and none of them bed- 
ridden or senile. 

While the panel probably has a greater 
middle-class bias than the quasi-panel, it is 
likely that the older members of the study 
population are less representative of their uni- 
verse than is true of the panel members. Not 
only are these older persons better off finan- 
cially, but they are in better health than most 
70- to 90-year-olds, and thus represent an 
advantaged rather than a typical group. 

Of the original panel, 74 per cent remained 
as cooperating respondents by the end of the 

Taste 1. Tue Srupy Popuration: sy AGE AT First 
INTERVIEW, SEX, AND SociAL CLass. 

| | 
Age group 

Social class ———| Total 

50-56 | 57-63 64-70 71-79 80-89 

Upper-middle: 

a 6 7 5 2 2 22 

Women..... » 4 6 6 6 3 28 

Lower-middle: | 

Men......... | 4 4 7 7 6 28 
Women...... 6 3 5 7 6 27 

Upper-lower: 

re 8 7 4 17 5 41 

Women....... 5 7 6 10 3 31 

Tetd; .... 36 34 33 49 25 177 

Nore.—Social class placements for panel members (the first three 
age groups in the table) were based upon an Index of Social Char- 
acteristics in which occupation (or former occupation), level of edu- 
cation, and area of residence were the three main factors. For the 
quasi-panel (the last two age groups in the table) this Index is less 
useful, since, with advancing age of R, neither educational level nor 
former occupation can be assumed to have the same social-class values 
as for the group who are presently middle-aged. (For example, the 
semi-skilled worker today generally occupies a lower position in the 
social system than years ago). We are indebted to Dr. Wayne 
Wheeler, present Field Director of the Kansas City Study, for his 
assistance in analyzing the social data available on these older persons 
and in arriving at their class placements. Because this whole problem 
of social-class placements for aged persons remains a difficult one, 
however, we may still have placed a disproportionate number into the 
upper-lower class. 
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fourth round of interviews, at which time the 
Life Satisfaction Ratings described below were 
made. Of the original quasi-panel, 83 per cent 
remained at the same point in time, after two 
rounds of interviews. Thus, in addition to the 
various biases operating in the original selec- 
tion of the two groups (for instance, 16 per | 
cent of those contacted refused to join the 
panel), there is an unmeasurable effect on the 
present study due to sample attrition. 
the attrition, 15 per cent was due to deaths; 
10 per cent, to geographical moves; and the 
rest, to refusals to be interviewed the second, 
third, or fourth time. There is evidence also 
that persons who were relatively socially 
isolated constituted a disproportionate number 
of the drop-outs. 

OF | 

All these factors should be kept in mind in | 
considering the range of Life Satisfaction 
Ratings obtained for this study population and 
in considering the generalizations that emerged 
regarding age differences. 

The data. 
and repeated interviews covering many aspects 
of the respondent’s life pattern, his attitudes, 
and his values. Included was information on 
the daily round and the usual week-end round 
of activity; other household members; relatives, 
friends, and neighbors; income and _ work; 
religion; voluntary organizations; estimates of 
the amount of social interaction as compared 
with the amount at age 45; attitudes toward 

old age, illness, death, and immortality; ques- 
tions about loneliness, boredom, anger; and 
questions regarding the respondent’s role 
models and his self-image. The first interview 
for the quasi-panel was a special schedule 
combining questions from the first three panel 
interviews. Both groups had the same fourth- 
round interview. 

THE LIFE SATISFACTION RATINGS 

The first problem was to analyze our con- 
cept of psychological well-being into a sufficient 
number of components to represent its com- 
plexity, and then to find ways of measuring 
these components from interview data. Work- 
ing with a group of graduate students in a 
research seminar, the investigators began by 
examining the measures of adjustment and 
morale that had been used in previous studies, 
and by defining distinguishable components. 
Definitions were tried out against case material; 
independent judgments of the cases were com- 
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pared; the concepts were redefined; and so on.° 
Finally operational definitions of the following 
components were obtained: Zest (vs. apathy); 
Resolution and fortitude; Congruence between 
desired and achieved goals; Positive self con- 

| cept; and Mood tone. More detailed definitions 
| appear in the scales reproduced below, but in 

brief, an individual was regarded as being at 
the positive end of the continuum of psycho- 
logical well-being to the extent that he: A) 
takes pleasure from the round of activities that 
constitutes his everyday life; B) regards his 
life as meaningful and accepts resolutely that 
which life has been; C) feels he has succeeded 
in achieving his major goals; D) holds a 
positive image of self; and E) maintains happy 
and optimistic attitudes and mood. 

Each of these five components was rated on 
a five-point scale (with 5, high); and the 
ratings were summed to obtain an overall rating 
with a possible range from 5 to 25. 

We then sought a suitable term by which to 
refer to this overall rating; or, in other words, 
the best name for the five scales. The term 
“adjustment” is unsuitable because it carries 
the implication that conformity is the most 
desirable pattern of behavior. “Psychological 
well-being” is, if nothing else, an awkward 
phrase. “Morale,” in many ways, captures 
best the qualities here being described, but 
there was the practical problem that there are 
already in use in gerontological research two 
different scales entitled Morale. The term 
Life Satisfaction was finally adopted on grounds 
that, although it is not altogether adequate, it 
comes close to representing the five components. 

In making the Life Satisfaction Ratings, all 
the interview data on each respondent were 
utilized. Thus the ratings are based, not on 
R’s direct self report of satisfaction (although 
some questions of this type were included in 
the interviews), but on the inferences drawn by 
the raters from all the information available 
on R, including his interpersonal relationships 
and how others reacted toward him. 

The four rounds of interviewing had been 
spaced over approximately two and one-half 
years. In those few cases where marked changes 
had occurred in R’s life situation within that 
interval of time, and where psychological well- 

The investigators were aided by Dr. Lois Dean, who was then 
Field Director of the Kansas City Study. Dr. Dean had interviewed 
certain of the respondents at great length, and had made an analysis 
of morale in the aged. Several of the components later incorporated 
into the LSR stemmed from her analysis. 
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being seemed to have changed accordingly, 

the rating represented the situation at the most 
recent point in time, at Interview 4. 

Lire SATISFACTION RatiINnG ScALEs* 

A. Zest vs, apathy. To be rated here are enthusiasm 
of response and degree of ego-involyement—in any of 

various activities, persons, or ideas, whether or not these 

are activities which involve R with other people, are 
“good” or “socially approved” or “status-giving.” Thus, 
R who “just loves to sit home and knit” rates as high 

as R who “loves to get out and meet people.” Although 
a low rating is given for listlessness and apathy, physical 
energy per se is not to be involved in this rating. Low 

ratings are given for being “bored with most things”; for 
“I have to force myself to do things”; and also for 
meaningless (and unenjoyed) hyper-activity. 

. Speaks of several activities and relationships 
with enthusiasm. Feels that “now” is the best time 
of life. Loves to do things, even sitting at home. 
Takes up new activities; makes new friends readily, 
seeks self-improvement. Shows zest in several areas 
of life. 

Shows zest, but it is limited to one or two spe- 
cial interests, or limited to certain periods of time. 

May show disappointment or anger when things go 

wrong, if they keep him from active enjoyment of 
life. Plans ahead, even though in small time units. 

— 

Has a bland approach to life. Does not seem 
to get much pleasure out of the things he does. 
Seeks relaxation and a limited degree of involve- 
ment. May be quite detached (aloof) from many 
activities, things, or people. 

w 

......Thinks life is monotonous for the most part. 
May complain of fatigue. Feels bored with many 
things. If active, finds little meaning or enjoyment 
in the activity. 

i) 

ae Lives on the basis of routine. Doesn’t think any- 
thing worth doing. 

B. Resolution and fortitude. The extent to which R 

accepts personal responsibility for his life; the opposite 

of feeling resigned, or of merely condoning or passively 
accepting that which life has brought him. The extent 
to which R accepts his life as meaningful and inevit- 
able, and is relatively unafraid of death. Erikson’s “in- 
tegrity.” Not to be confused with “autonomy” or the 
extent to which R’s life has been self-propelled or char- 
acterized by initiative. R may not have been a person 
of high initiative, but yet he may accept resolutely and 
relatively positively that which life has been for him. 
R may feel life was a series of hard knocks, but that 
he has stood up under them (this would be a high 
rating). 

There are two types of low ratings; the highly intro- 
punitive, where R blames himself overly much; and the 

extra-punitive, where R blames others or the world in 
general for whatever failures or disappointments he has 
experienced. 

4 Other investigators may use the Scales and Indexes reproduced in 
this report without permission from either the present investigators or 
the Journal of Gerontology. 
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5........ Try and try again attitude. Bloody but un- 
bowed, Fights back; withstanding, not giving up. 
Active personal responsibility—take the bad and the 
good and make the most of it. Wouldn’t change 
the past. 

4.......Can take life as it comes. “I have no complaint 
on the way life has treated me.” Assumes respon- 
sibility readily. “If you look for the good side of 
life, you'll find it.” Does not mind talking about 
difficulties in life, but does not dwell on them 

either. “You have to give up some things.” 

3 Says, “I’ve had my ups and downs; sometimes 

on top, sometimes on the bottom.” Shows a trace 
of extrapunitiveness or intropunitiveness concerning 

his difficulties in life. 

2 Feels he hasn’t done better because he hasn’t 
gotten the breaks. Feels great difference in life now 
as compared to age 45; the change has been for the 
worse. “I’ve worked hard but never got anywhere.” 

Talks of hard knocks which he has not mastered 
(extrapunitive). Feels helpless. Blames self a great 
deal (intropunitive). Overwhelmed by life. 

_— 

C. Congruence between desired and achieved goals. 
The extent to which R feels he has achieved his goals 

in life, whatever those goals might be; feels he has 
succeeded in accomplishing what he regards as impor- 

tant. High ratings go, for instance, to R who says, “I’ve 

managed to keep out of jail” just as to R who says, “I 
managed to send all my kids through college.” Low 

ratings go to R who feels he’s missed most of his oppor- 

tunities, or who says, “I’ve never been suited to my 

work,” or “I always wanted to be a doctor, but never 
could get there.” Also to R who wants most to be 

“loved,” but instead feels merely “approved.” (Expres- 
sions of regret for lack of education are not counted be- 
cause they are stereotyped responses among all but the 
group of highest social status. ) 

eet Feels he has accomplished what he wanted to 
do. He has achieved or is achieving his own per- 
sonal goals. 

4....... Regrets somewhat the chances missed during 
life. “Maybe I could have made more of certain 
opportunities.” Nevertheless, feels that he has been 
fairly successful in accomplishing what he wanted 
to do in life. 

3.......Has a fifty-fifty record of opportunities taken 
and opportunities missed. Would have done some 
things differently, if he had his life to live over. 
Might have gotten more education. 

2........Has regrets about major opportunities missed 
but feels good about accomplishment in one area 
(may be his avocation). 

]........Feels he has missed most opportunities in life. 

D. Self-concept. R’s concept of self—physical as well 
as psychological and social attributes. High ratings go 
to R who is concerned with grooming and appearance; 
who thinks of himself as wise, mellow (and thus is com- 

fortable in giving advice to others); who feels proud of 
his accomplishments; who feels he deserves whatever 
good breaks he has had; who feels he is important to 

someone else. Low ratings are given to R who feels 
“old,” weak, sick, incompetent; who feels himself a 
burden to others; who speaks disparagingly of self or of 
old people. 

5........Feels at his best. “I do better work now than 

ever before.” “There was never any better time.” 
Thinks of self as wise, mellow; physically able or 
attractive; feels important to others. Feels he has 
the right to indulge himself. 

4 Feels more fortunate than the average. Is sure 

that he can meet the exigencies of life. “When I 

retire, I'll just substitute other activities.” Compen- 
sates well for any difficulty of health. Feels worthy 
of being indulged. “Things I want to do, I can do, 
but I'll not overexert myself.” Feels in control of 
self in relation to the situation. 

w Sees self as competent in at least one area, e.g,, 
work; but has doubts about self in other areas, 

Acknowledges loss of youthful vigor, but accepts it 
in a realistic way. Feels relatively unimportant, but 
doesn’t mind. Feels he takes, but also gives. Senses 
a general, but not extreme, loss of status as he 

grows older. Reports health better than average. 

Zz Feels that other people look down on him. 
Tends to speak disparagingly of older people. Is 
defensive about what the years are doing to him, 

] Feels old. Feels in the way, or worthless. Makes 
self-disparaging remarks. “I’m endured by others.” 

E. Mood tone. High ratings for R who expresses 

happy, optimistic attitudes and mood; who uses spon- 
taneous, positively-toned affective terms for people and 
things; who takes pleasure from life and expresses it. 

Low ratings for depression, “feel blue and lonely”; for 

feelings of bitterness; for frequent irritability and anger. 
(Here we consider not only R’s verbalized attitudes in 
the interview; but make inferences from all we know 
of his interpersonal relationships, how others react to- 
ward him.) 

— 
5 “This is the best time of my life.” Is nearly 

always cheerful, optimistic. Cheerfulness may seem 
unrealistic to an observer, but R shows no sign of 

“putting up a bold front.” 

4 Gets pleasure out of life, knows it and shows it. 

There is enough restraint to seem appropriate to a 
younger person. Usually feels positive affect. Opti- 
mistic, 

3 Seems to move along on an even temperamental 
keel. Any depressions are neutralized by positive 
mood swings. Generally neutral-to-positive affect. 
May show some irritability. 

bt Wants things quiet and peaceful. General neu- 
tral-to-negative affect. Some depression. 

Pessimistic, complaining, bitter. Complains of 

being lonely. Feels “blue” a good deal of the time. 
May get angry when in contact with people. 

Reliability of ratings. Ratings were made on 
every case by two judges working indepen- 
dently. The judges were members of a student- 
faculty research seminar. A system was fol- 
lowed by which judges and groups of cases were 
systematically varied. In all, 14 judges rated 
the 177 cases, and all but one judge maintained 
a high level of agreement with the others with 
whom he was paired. The coefficient of corre- 
lation between two LSR ratings for the 177 
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cases was .78. (Since, in all subsequent steps, 

the average of the two ratings was used, the 
Spearman-Brown coefficient of attenuation can 
be employed to raise the coefficient to .87.) Of 
885 paired judgments, 94 per cent showed 
exact agreement or agreement within one step 
on the 5-step scale. (On the same basis, inter- 
judge agreement varied only slightly from one 
component to the next. It was 97 per cent for 
Zest; 96 per cent for Resolution; 92 per cent 
for Congruence; 96 per cent for Self-concept; 

and 92 per cent for Mood tone.) 

For the 177 cases, LSR scores ranged from 8 
to 25, with the mean, 17.8, and the standard 
deviation, 4.6. 

Intercorrelations between components. Table 
2 shows the intercorrelations between the five 
components of Life Satisfaction. While posi- 
tively interrelated, they nevertheless show a 
fair degree of independence, supporting the 
assumption that more than one dimension are 
involved in the scales. Without submitting 
these coefficients to a factor analysis, it appears 
that Zest, Mood tone, and possibly Self-con- 
cept involve one factor, with the probability of 
one or two other factors operating in the 

matrix. 

Characteristics of the LSR. For this sample 
of 177 cases there was no correlation between 
Life Satisfaction and age (r was —.07). (It is 
likely that, with a less advantaged group of 
people, there will be a negative relationship 
between the two variables. ) 

Using an Index of Social Characteristics 
(ISC) based on three factors, level of education, 

area of residence, and occupation (or former 
occupation), the correlation between LSR and 
ISC was .39. Thus, there is a positive, but not 
marked relationship between Life Satisfaction 
and socioeconomic status. 
There was no significant sex difference on 

LSR scores. The mean for the women was 17.9 
(S. D., 3.58); and for the men, 17.5 (S. D., 

4.04). 

TaBLe 2. INTERCORRELATIONS OF THE COMPONENTS OF 
Lire SatisFactTion (N 177). 

Resolution | Congruence Self-concept Mood Tone 

Lest i aie oi 84 
Resolution | .70 83 48 

Congruence crn 73 57 

Self-concept 82 
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With regard to marital status, the non- 
married (the single, divorced, separated, and 
widowed) had significantly lower LSR scores. 
This relationship held true for both sexes, and 
for both younger and older subgroups in the 
study population. 

Validity of the ratings. The LSR depended 
on scoring by judges who had read all the 
recorded interview material, but who had not 
themselves interviewed the respondent. In 
seeking to establish an outside criterion by 
which these ratings could be validated, the 
investigators thought it desirable to have an 
experienced clinical psychologist interview the 
respondents and then make his own ratings of 
Life Satisfaction, 

For various practical reasons, it was not 
until some 18 to 22 months had elapsed after 
Interview 4 that these clinical interviews were 
begun.” By this time, a fifth and sixth wave 
of interviewing had intervened, and there had 
been further attrition of the study popula- 
tion due not only to deaths and geographic 
moves, but also to refusals. Nevertheless, over 
a three-month period, 80 respondents were 
interviewed at length by the clinical psycholo- 
gist; and it is his ratings (LSR-Cl) that consti- 
tute a validity check on the LSR. These inter- 
views and ratings were made by the clinician 
without any prior knowledge of the respondent 
—that is, without reading any of the earlier 
interviews and without discussion of the case 
with other members of the research staff. 

The 80 cases were representative of the 177 
as regards sex, age, and social class. They had, 
however, a slightly higher mean score on the 
LSR. (Mean LSR for the 177 cases was 17.8; 
for the 80 cases seen by the clinician, it was 

18.9. Twenty-five per cent of the total 177, 
but only 15 per cent of the 80 cases, were 
persons with LSR scores of 14.5 or less.) In 
other words, a disproportionate number of 
drop-outs in the 18 to 24-month interval were 
persons who were low on Life Satisfaction. 

Using the average of the two judges’ ratings 
for the LSR score, the correlation between LSR 
and LSR-Cl for the 80 cases was .64. Of 400 
paired judgments, 76 per cent represented exact 
agreement or agreement within one step on the 
5-step scale. (On the same basis, agreement 
between LSR and LSR-Cl varied somewhat 
from one component to the next. It was 86 

5 We are indebted to Mr. William Crotty for obtaining these 80 
interviews and making the LSR-Cl ratings. 
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per cent for Zest; 76 per cent for Resolution; 
73 per cent for Congruence; 78 per cent for 
Self-concept; and 69 per cent for Mood tone). 

Further study was made of several cases for 
whom there was marked disagreement between 
the LSR and the LSR-Cl. As anticipated, 
these cases were of two types: 1) There were a 
few who had been rated higher on LSR, and 
where it seemed a reasonable explanation that 
the clinical psychologist had succeeded in prob- 
ing beneath the respondent’s defenses and had 
obtained a truer picture of his feelings. 

Mrs. B, for instance, was a woman whose facade was 
successful throughout the first four interviews in con- 
vincing the judges reading the interviews that she was a 
person who had achieved all her major goals; that she 
was resolute, competent, happy, even in the face of re- 
peated physical illnesses. In the more intensive inter- 
view, however, she broke down and wept, and said she 

felt life had been unjust and that she had been an un- 
lucky person. It.was the clinician’s interpretation that 
she had long been depressed, and that the somatic ill- 
nesses had been a defense against the depression. She 
was a woman with a strong moral code and with tre- 
mendous pride; who went through life feeling that at 
no time must she reveal her disappointments. 

2) There were a few cases where the respon- 
dent’s life situation had changed drastically in 
the interval of time between the LSR and the 
LSR-Cl ratings. The respondent had suffered 
severe illness, or had been widowed, and the 
crisis had brought on a depression. In a few 
instances, however, the change had been for 
the better, as reflected in a higher LSR-Cl 
rating. 

One man, at the time of Interview 4, had just been 

widowed. A year earlier he had been retired from his 
job as a salesman, and he was worried about money 
as well as being depressed over the death of his wife. 
When seen by the clinical psychologist, however, he 
freely discussed the fact that two years earlier he had 
experienced a depression, but that now he was recovered. 

He had found a new job selling, door to door, and he 
enjoyed what he called his “contacts with the public.” 
He was living in a small apartment near his daughter’s 
family, and he described with enthusiasm his grand- 
children and the outings he had with them on week- 

ends. 

In general, the correlation of .64 between 
LSR and LSR-C1 was interpreted by the inves- 
tigators as providing a satisfactory degree of 
validation for the LSR, given the various fac- 
tors already mentioned: 1) the lapse of time 
between the two ratings; 2) the fact that a 
number of persons low on Life Satisfaction had 
dropped out of the study, thus narrowing the 
range of LSR scores for the 80 cases—a fact 
that, in turn, tended to lower the coefficient of 
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correlation; 3) the fact that the LSR was based 
only on recorded interview data; the LSR-Cl, 
on face-to-face interaction; 4) the greater depth 
of the clinical psychologist’s interviews. 

It is of some interest in this connection that 
the correlation between LSR and LSR-Cl was 
higher for the older members of the sample. 
For 30 cases aged 70 and over, r was .70; for 

the 50 cases aged 69 and below, r was .53. It 
may be that the aged individual has less of a 
tendency to give conforming or “normative” 
responses in the regular interview situation 
than does the younger individual; thus pro- 
viding fewer instances in which the clinical 
psychologist’s depth questions revealed a 
different level of functioning than shown by 
replies to the more structured interviews. It 
might be, on the other hand, that in some 
manner of which the investigators were un- 
aware, they devised interview questions and 
rating scales for Life Satisfaction that are more 
appropriate for the very old respondent than 
for the somewhat younger respondent and that, 
as a result, different judges were more likely 
to agree in their evaluations of persons over 
70.° Whatever the explanation, age differences 
such as these should be explored further in 
future studies. 

THE LIFE SATISFACTION INDEXES 

While the LSR is likely to prove useful in 
other studies where the amount of information 
about a respondent is less extensive than in 
the Kansas City Study, the LSR will require 
at least one long interview with the respondent. 
It may therefore be too cumbersome to be used 
on a large scale. Consequently, using the LSR 
as the validating criterion, the investigators 
attempted to devise a self-report instrument 
which would take only a few minutes to admin- 
ister. Two such instruments were devised, to be 
used separately or together. 

The derivation of the Indexes. From the 
larger group on whom LSR scores were avail- 
able, a sample of 60 cases were selected that 
represented the full range of age, sex, and social 
class. Of these 60 cases, the high scorers and 
the low scorers on LSR were used as criterion 
groups. A long list of items and open-ended 
questions from Interviews 1 through 4 were 
then studied to select those that differentiated 

® In this connection, it is not uncommon for psychiatrists to remark 
that a half-hour interview is sufficient to evaluate the adjustment or 
mental health of an old person; but that it takes considerably more 
time to make a similar evaluation for a younger person. 
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these two groups. (Some of these items had 
originally been taken from Kutner’s Morale 
Scale.) In addition to this item analysis, cer- 
tain new items were written which reflected 
each of the five components of Life Satisfaction. 
Two preliminary instruments then emerged. 

The first, called the Life Satisfaction Index A 
(LSIA) consisted of 25 attitude items for which 
only an “agree” or “disagree” response is 
required. The second, the Life Satisfaction 
Index B (LSIB) consisted of 17 open-ended 
questions and check-list items, to be scored 
on a three-point scale. 

These two instruments were then adminis- 
tered to 92 respondents along with Interview 
6. (A number of respondents had already been 
interviewed in this sixth wave of field work by 
the time these instruments were ready. Because 
92 seemed a large enough N for our purposes, 
no attempt was made to return and administer 
these instruments to those who had already 
been interviewed. ) 
When 60 of the 92 cases were in, preliminary 

computations were made. Scores on LSIA 
correlated .52 with LSR; scores on LSIB cor- 
related .59 with LSR. These results seemed 
to warrant further efforts at refining and 
trimming the instruments. When all 92 cases 
were in, therefore, an item analysis was under- 
taken whereby each item of the Indexes was 
studied for the extent to which it differentiated 
the high and low LSR groups among the 92. 
(Top and bottom quartiles on LSR were used 
as criterion groups.) 

As a result of this analysis, five items of 
LSIA and seven items of LSIB were discarded. 
In their final form, these Indexes are given 
below, together with their scoring keys.’ 

LirE SATISFACTION INDEX A 

Here are some statements about life in general that 
people feel differently about. Would you read each state- 
ment on the list, and if you agree with it, put a check 
mark in the space under “AGREE.” If you do not agree 
with a statement, put a check mark in the space under 
“DISAGREE.” If you are not sure one way or the other, 
put a check mark in the space under “?.” PLEASE BE 
SURE TO ANSWER EVERY QUESTION ON THE 
LIST. 

(Key: score 1 point for each response marked X.) 
DIS- 

AGREE AGREE ? 

1. As I grow older, things seem 
better than I thought they 
would be. 

———— 
™See Footnote 4, page 137. 

2. I have gotten more of the 
breaks in life than most of the 
people I know. ES 

3. This is the dreariest time of 

my life. 

4. I am just as happy as when I 
was younger. ee 

ul . My life could be happier than 
3 eee am Sneseree 

6. These are the best years of my 
life. oe 

7. Most of the things I do are 
boring or monotonous. REUeEE a 

8. I expect some interesting and 
pleasant things to happen to 
me in the future. _~ 

9. The things I do are as inter- 
esting to me as they ever were. ....x.... 

10. I feel old and somewhat tired. .......... ....x.... 

11. I feel my age, but it does not 

bother me. ee 

12. As I look back on my life, I 

am fairly well satisfied. i. 

13. I would not change my past 
life even if I could. a ae 

14. Compared to other people my 
age, I’ve made a lot of foolish 

decisions in my life, 

15. Compared to other people my 
age, I make a good appearance. ....x..... ......... 

16. I have made plans for things 
I'll be doing a month or a 
year from now. a 

17. When I think back over my 
life, I didn’t get most of the 
important things I wanted. 

18. Compared to other people, I 
get down in the dumps too 
often. 

19. I’ve gotten pretty much what 
I expected out of life. a 

20. In spite of what people say, 
the lot of the average man is 
getting worse, not better. 

Lire SATISFACTION INDEX B 

(with scoring key) 

Would you please comment freely in answer to the 
following questions? 

1. What are the best things about being the age you 
are now? 
Res a positive answer 
0.......nothing good about it 

2. What do you think you will be doing five years 
from now? How do you expect things will be dif- 
ferent from the way they are now, in your life? 

2........better, or no change 
sect contingent—“It depends” 
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3. What is the most important thing in your life right 
now? 

2........anything outside of self, or pleasant inter- 
pretation of future 

: eee “Hanging on”; keeping health, or job 
0........getting out of present difficulty, or “nothing 

now,” or reference to the past 

4. How happy would you say you are right now, com- 
pared with the earlier periods in your life? 

2.......this is the happiest time; all have been 
happy; or, hard to make a choice 

Pas some decrease in recent years 
0........earlier periods were better, this is a bad time 

5. Do you ever worry about your ability to do what 
people expect of you—to meet demands that people 
make on you? 
aaa no 
| ee qualified yes or no 
0.......-yes 

6. If you could do anything you pleased, in what part 
of would you most like to live? 
| ee present location 
ane any other location 

7. How often do you find yourself feeling lonely? 
2.......never; hardly ever 
coos sometimes 
0........fairly often; very often 

. How often do you feel there is no point in living? 
2.......never; hardly ever 
Rc sometimes 
0........fairly often; very often 

9. Do you wish you could see more of your close 
friends than you do, or would you like more time 
to yourself? 
i O. K. as is 

co 

10. How much unhappiness would you say you find 
in your life today? 

almost none 

0........a great deal 

11. As you get older, would you say things seem to be 
better or worse than you thought they would be? 

12. How satisfied would you say you are with your way 
of life? 

2........very satisfied 
= fairly satisfied 
0.......not very satisfied 

As shown in Table 3, the coefficient of 
correlation between the final form of LSIA and 
LSR was .55. The mean score on LSIA was 
12.4, and the standard deviation, 4.4). The cor- 
relation between the final form of LSIB and 
LSR was .58. (The mean score for LSIB was 
15.1, the standard deviation, 4.7). For com- 
bined scores on the two Indexes, the correlation 
with LSR was .61. (The mean for the combined 
scores was 27.6; the standard deviation, 6.7). 

Validity of the Indexes. As just described, 
the derivation and validation of the Indexes 
proceeded as a single set of operations; and the 
LSR cannot be regarded as an outside criterion. 
It is noteworthy, despite this fact, that the cor- 
relations between Index scores and LSR are 
only moderate in size. 

It is true that the sixth wave of interviewing 
began about 14 months after the fourth wave, 
so that the interval of time between LSR and 
the two Index scores for the same respondent 
was, in some instances, as much as 18 to 20 
months. This lapse of time probably operated 
to lower somewhat the congruence between the 
measures. 

Nevertheless, the more important point is 
undoubtedly that direct self-reports, even 
though carefully measured, can be expected to 
agree only partially with the evaluations of life 
satisfaction made by an outside observer (in 
this case, the judges who made the LSR 
ratings. ) 

Certain additional steps were carried out in 
respect to validation. Scores on the two In- 
dexes, for instance, were compared with 
LSR-Cl (the ratings made by the clinical 
psychologist). Of the 80 cases on whom 
LSR-Cl scores were available, only 51 had 
LSIA scores; 52, LSIB. For this relatively 
small number of cases, the _ correlations 
with LSR-Cl were .39 and .47 respectively. 
These correlations were probably lowered by 
the fact, already mentioned, that the respon- 
dents interviewed by the clinical psychologist 
constituted a superior group with regard to 
Life Satisfaction, thus providing a narrow range 
of scores on which to assess these correlations. 

The question was also raised regarding the 
extent to which LSIA and LSIB were more 
reflective of Mood Tone alone than of the 

TasBLeE 3. COEFFICIENTS OF CORRELATION FOR VARIOUS 
MEAasuRES OF LIFE SATISFACTION. 

| 

1 | 2 3 4 | « 

1) LSR..... —— | .64 (80) | .55 (89) | .58 (89) | .39 (177) | -.07 (177) 

2) LSR-C1 .. —— | .39 (51) | .47 (52) | .21 (80) .09 (80) 

3) LSIA..... —— |.73 (91)| .36(79) | -.10 (86) 

4) LSIB — -41 (80) ~-.07 (86) 

5) Socio- 

economic 

status — . 

6) Age...... — 

Nore.—The number of cases on which the correlation is based is 
shown in parentheses. 

® This relationship is zero by definition, since the sample was 
deliberately selected to control for age and socioeconomic status. 
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other components of LSR. Scores on each of 
the two Indexes correlated no higher, however, 
with ratings on Mood Tone alone than with 
LSR ratings. 

Age differences. We have already commented 
on the fact that, in rating Life Satisfaction 
(LSR and LSR-Cl), agreement between the 
clinical psychologist and the other raters was 
greater for the older respondents than for the 
younger. A parallel phenomenon was true with 
regard to scores on the two Indexes. For per- 
sons under 65, LSR-Cl correlated .05 with 
LSIA, and .32 with LSIB. For persons over 65, 
the correlations were .55 and .59 respectively. 
While the Ns on which these correlations are 
based are small, the finding parallels the earlier 
one with regard to greater consistency between 
measures for respondents of advanced age. 

The question once more arises as to whether 
this greater consistency is an artifact of the 
measures themselves, or whether it reflects an 
increasing consistency in psychological behavior 
in aged persons. 
Whatever the explanation, a review of all 

the relationships here reported between LSR, 
LSR-Cl, LSIA and LSIB seems to warrant the 
conclusion that the Indexes are more successful 
instruments for persons over 65 than for 
younger persons. 

SUMMARY 

This paper reports the derivation of a set of 
scales for rating Life Satisfaction, using data 
on 177 men and women aged 50 to 90. The 
ratings were based on lengthy interview 
material, and were validated against the judg- 
ments of a clinical psychologist who re-inter- 
viewed and rated 80 cases. The scales appear 

to be relatively satisfactory and may prove use- 
ful to other investigators interested in a meas- 

ure of the psychological well-being of older 
people. 

In addition, two short self-report Indexes 
of Life Satisfaction were devised and validated 
against the Life Satisfaction Ratings. While 
considerable effort was expended in refining 
these instruments, the effort was only moder- 
ately successful. If used with caution, the 
Indexes will perhaps be useful for certain group 
measurements of persons over 65. 

The rating scales and the two Indexes are 
reproduced here. . 
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THE PSYCHOLOGICAL ECOLOGY OF OLD PEOPLE IN 

MIDWEST, KANSAS, AND YOREDALE, YORKSHIRE* 

ROGER G. BARKER, Ph.D., AND LOUISE SHEDD BARKER, M.A. 

(University of Kansas Midwest Psychological Field Station, Oskaloosa, Kansas) 

This paper reports an ecological study of the 
old people of a Kansas and of a Yorkshire town. 
It deals, in particular, with the place of old 
people in the two community systems. The 
study is a part of a more comprehensive, com- 
parative investigation of psychological ecology 
in America and England (Barker, 1960; Barker 
& Barker, 1961). 

The town of Midwest is a county seat in 
eastern Kansas; Yoredale is a market town of 

North Yorkshire and the location of a Rural 
District Council. Both towns are rural distri- 
bution centers, comparable in industry, govern- 
mental institutions, and in nearness to cities. 

Midwest has a population of 715; Yoredale, a 
population of 1300. By careful selection the 
investigators aimed to eliminate community 
differences with which the study was not con- 
cerned. 

The data to be reported were gathered from 
September, 1954 through August, 1955. The 
methods and concepts used will be briefly 
described, since they are in some ways unique. 

METHOD 

Behavior Settings 

The community behavior systems of Midwest 
and Yoredale have been described in terms of 
the behavior setting. The following description 
of this unit has been adapted from a previous 
study (Barker & Wright, 1955). 
When a mother writes, “There is a baseball 

game in progress on the playground across the 
street,” she does not refer to any individual’s 
behavior, but to the behavior of the children 
en masse. The same is true of a newspaper 
item which reports, “The annual fete held in 
the St. Ambrose Church garden was a great 
success.” These are behavior settings. 

Behavior settings are highly visible behavior 
phenomena; laymen mention them in conversa- 
tion and in writing as frequently as they do 
individual persons. The ten behavior settings 

*The collection and analysis of the data reported herein was 
aided by grants from The Carnegie Corporation of New York, The 
Ford Foundation, and The National Institute of Health (M1513). 
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of Midwest in which the old people of the town 
spend the greatest amount of time are: Streets 
and Sidewalks; Poole’s Grocery; Kane’s Grocery 
& Feed Store; The Midwest Weekly Newspaper 
Office; Murray’s Grocery Store; Cabell Depart- 
ment Store; Mack’s Shoe Repair Shop; Gra- 
ham’s Lumber Yard; French & French, 
Attorneys & Abstract Co.; and Pearson’s Dairy 
Farm. The ten behavior settings most exten- 
sively inhabited by Yoredale’s old people are: 
Streets and Sidewalks; Market Day; Webber 

Bakery; Maynard, Milk Retailer & Dairy; Dale’s 
Cafe; Harbor & Lawson, General Draper; Red 
Lion Pub & Dining Room; Kings Arms Pub & 
Dining Room; Three Tuns Pub & Dining 
Room; and Pied Bull Pub. 

Behavior settings such as these are entities 
with features which can be identified as pre- 
cisely as those of organisms, mountain ranges, 
or gas jets. 

Behavior settings are behavior entities, but 
their laws of operation are not the laws of 
individual psychology. In the functioning of 
the Pearl Cafe in Midwest, for example, the 
availability and the price of food, the season 
of the year, the prevailing temperature, the 
size, lighting and ventilation of the building, 
the state laws concerning hygienic practices, the 
customers, and the employees are all involved. 
We have only the beginning of an understand- 
ing of how these incommensurate phenomena 
are combined into the reliable, nonerratic en- 
tity known so well to Midwest residents. None 
the less, behavior settings are, even now, useful 
units for the ecological study of behavior. 

The research reported here deals only with 
public, non-family behavior settings, i.e., with 
settings outside the homes of Midwest and 
Yoredale. 

Measures of Involvement in Behavior Settings 

The basic data used to measure the impact 
of the behavior settings of the towns upon their 
aged residents were: 

1. Territorial range. Territorial range refers 
to the number of behavior settings a person or 
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a group of persons inhabits in any capacity 
during a year. Data to be presented will show 
that the 162 old people of Midwest had a 
territorial range of 462. This means that some 
Midwest residents 65 years of age or older were 
observed to be present in 462 of the behavior 
settings of Midwest during the year of the 
study. It is sometimes convenient to express the 
territorial range as a per cent of the total num- 
ber of settings in the town. This per cent is 
called the territorial index. 

2. Occupancy time. Occupancy time refers 
to the number of hours a person (or the mem- 
bers of an identified class of persons) spends in 
a behavior setting, or a territorial range of 
settings, during a year. During the year of 
study, Midwest old people spent 89,050 hours 
in the 462 behavior settings of their territorial 
range. The occupancy time of Midwest by its 
aged was, therefore, 89,050 hours, or 9.5 per 
cent of the total occupancy time of all Midwest 
behavior settings by all the town’s residents. 

3. Exposure time. The occupancy time di- 
vided by the number of persons in the class 
under consideration provides a measure of the 
average amount of time each person is exposed 
to the influence of settings within the territorial 
range in question. For the old people of Mid- 
west, the exposure time was 550 hours per year. 
This is the mean amount of time the old people 
of Midwest spent in the town’s behavior set- 
tings. 

4. Zones of Penetration. The residents of 
Midwest and of Yoredale not only inhabit 
settings for different amounts of time, but also 
participate in them in different capacities and 
with different degrees of involvement and re- 
sponsibility. Six degrees of the latter have been 
defined, and are represented as zones of increas- 
ing centrality. The more central the zone, the 
deeper the penetration and the greater the in- 
volvement and responsibility of its occupants in 
the functioning of the setting. These zones are 
as follows (adapted from Barker & Wright, 
1955): 

Zone 0. Stranger. Settings which the person, or class 
of persons, does not inhabit. 

Zone 1. Onlooker. This is the most peripheral be- 
havior setting zone; persons within it are inhabitants of 
the behavior setting, but they take no active part in the 
standing pattern of behavior. 

Zone 2. Audience or Invited Guest. The inhabitants 
of this zone have a definite place; they are welcome, but 
they have little power in the setting. At most they can 
applaud or express disapproval. 

Zone 3. Member or Customer. Occupants of Zone 3 
have great potential power, but usually little immediate 

power. They are the voting members, or the paying 
customers who ultimately make or break the setting. 

Zone 4. Active Functionary. The inhabitants of this 

zone have an active part in the operation of the setting, 
but they do not lead it. Included here, for example, are 
store clerk, church deacon, organization secretary. Ac- 
tive functionaries have direct power over a limited part 
of the setting. 

Zone 5. Joint Leaders. Persons who enter Zone 5 lead 
the setting jointly with others; they have immediate au- 
thority over the whole setting, but their power is shared 
with others. Examples: Mr. and Mrs. Cabell who 
jointly own and operate the Cabell Department Store; 
the president of the high school drama club and the 
sponsoring teacher. 

Zone 6. Single Leader. Zone 6 is the most central 
zone. Here are the positions of all persons who serve as 
single leaders of behavior settings. These single leaders 

may have helpers or subordinate leaders in Zone 4 

Persons in Zone 6 have immedia‘e authority over the 
whole setting. 

In the data to be presented, we have for cer- 
tain purposes combined penetration zones | and 
2, which incorporate the more passive positions 
within settings, into a single onlooker-guest 
zone; and we have combined zones 4 to 6, which 
include the more active, responsible positions, 
into a single performance zone. Persons who 
penetrate a setting to zones 4, 5, or 6 are termed 
performers. These are the people who carry 
the responsibility of seeing that the setting 
functions. 

5. Action Pattern Characteristics. The stand- 
ing behavior patterns of behavior settings have 
many discriminable features. We have rated 
them on 13 variables called action patterns. 
The action patterns are as follows (the ab- 
breviations used in the figures are given in 
parentheses): Art (Art), Business (Busi), Edu- 
cation (Educ), Government (Gov't), Nutrition 
(Nutr), Orientation (O), Personal Appearance 
(Pers App), Philanthropy (Phil), Professional 
Leadership (Prof Lead), Physical Health (Phys 
Heal), Recreation (Recr), Religion (Relig), 
Social Interaction (Soc). The ratings, ranging 
from 0 to 14, indicate the degree to which the 
behavior described by a variable occurs within 
a setting. The ratings of the behavior setting 
Presbyterian Worship Service, for example, are: 
Art, 6; Business, 0; Education, 3; Government, 

1; Nutrition, 0; Orientation, 1; Personal Ap- 

pearance, 2; Philanthropy, 3; Professional 
Leadership, 1; Physical Health, 0; Recreation, 
1; Religion, 8; Social Interaction, 6. 

Action pattern ratings of 6 and above have 
special significance, for within this range an 
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action pattern is so prominent a feature of the 
total behavior pattern of a setting that it is 
commonly seen as one of the major “purposes” 
of the setting. We have called these ratings 
prominent action patterns. Examples of be- 
havior settings receiving ratings of 6 or greater 
on the action pattern Recreation are: High 
School Boys Basketball Game; Circus; Town 
Band Concert. 

The degree to which an action pattern occurs 
within a single setting is indicated by the rating 
just described. When all the behavior settings 
of a town, or of a particular territorial range, 
are considered, one of the following measures 
is used: 1) The territorial range (or index) of 
an action pattern refers to the number (or 
per cent) of settings within which the action 
pattern occurs. The territorial index of the 
action pattern Recreation in Midwest was 81, 

. meaning that 81 per cent of Midwest’s 579 
settings received some rating for Recreation. 2) 
The occupancy time of an action pattern is the 
sum of the occupancy times of the settings 
within which the action pattern occurs. Oc- 
cupancy time can be expressed, too, as a per 
cent of total occupancy time of all settings in 
the town or territorial range. The occupancy 
time of Recreation in Midwest was 84, mean- 
ing that 84 per cent of the occupancy time of 
all of Midwest settings, namely, 938,636 hours, 
occurred in settings that received some rating 
for Recreation. 3) The exposure time of an 
action pattern is obtained by dividing its oc- 
cupancy time by the total number of persons 
who inhabit the territorial range involved. The 
occupancy time of Recreation in Midwest was 
135,138 hours. Midwest’s 715 inhabitants, 
therefore, experienced an average exposure to 
this action pattern of 189 hours per year. The 
exposure time tells us nothing about the distri- 
bution of exposure times among Midwest in- 
habitants. 

RESULTS 
Territorial Range 

The territorial ranges of the old people, and 
of all other age groups in Midwest and Yore- 
dale, are given in Table 1. According to these 
data: 1) the old people of Midwest have a 
larger territorial range, and index, than those 

of Yoredale; 2) this relationship holds true, 

too, for other age groups; 3) the relative deficit 

in the territorial range, and index, of Yoredale 

age groups decreases from infancy to adult- 

hood, and increases again in old age to almost 
exactly that occurring in adolescence; and 4) 
the old people of Midwest and Yoredale stand 
in almost identical relationships to the other 
age groups of their towns with respect to the 
extent to which they range over the behavior 
areas of the towns. 

In interpreting these data, it is essential to 
bear in mind that the smaller territorial ranges 
of Yoredale age groups occur in spite of greater 
populations at each age. The question arises 
why Midwest’s 162 old people inhabit a greater 
number (and greater per cent) of Midwest's 
579 settings than Yoredale’s 178 old citizens 
inhabit of Yoredale’s 494 settings. On the 
basis of population pressure one might expect 
the contrary to occur, for there are 3.6 be- 
havior settings for each Midwest old person to 
inhabit, on the average, and 2.8 for each Yore- 

dale old person. In spite of this, Yoredale old 
people live within 67 per cent (332) of the 
settings of their town, while Midwest old people 
inhabit 80 per cent (462) of the settings of 
theirs. Thus, the range of behavior settings is 
more restricted both absolutely and relatively 

for the aged of Yoredale than for the aged of 

Midwest. 

Depth of Penetration 

Data regarding depth of penetration by aged 
citizens into the behavior settings of Midwest 

and Yoredale are shown in Table 2. 
These data refer to maximal penetration, and 

tell nothing about the frequency with which old 
people enter zones peripheral to the zone of 

maximal penetration. Old people may or may 

not inhabit the more peripheral zones. Table 2 
is not, therefore, a frequency distribution of 

Taste 1. PoputatTion (P), TerriroriAL Rance (TR), 
AND TERRITORIAL INDEX (TI) oF AGE GROUPS IN 

MIDWEST AND YOREDALE. 

Midwest Yoredale 

Age Group P TR TI P TR TI 

Aged (65 years and over)......| 162 | 462 80 178 | 332 67 

Adult (18-64 years)...........| 375 578 99 770 491 99 

Adolescent (12-17 years)...... 50 | 464 80 | 107 | 329 67 

Older School (9-11 years)... . . 26 | 389 67 51 274 55 

Younger School (6-8 years)... . 28 | 359 62 72 251 51 

Preschool (2-5 years)......... 50 | 363 63 81 214 43 

Infant (under 2 years)........ 24 | 329 57 41 125 25 

SE ee eer 715 | 579 100 | 1300 | 494 100 

zon 

Mic 
sett 
and 
mol 
dal 
nur 
Yor 

mo! 

pen 
oth 

tha 

out 

oth 
of | 
or 
sett 

pec 

too 

eve 

are 

qué 

citi 

un 
res 

ap} 
pet 

Bel 



o almost 

and 4) 

lle stand 

1e other 

t to the 
behavior 

ntial to 

1 ranges 
greater 

Nn arises 

| greater 

lidwest’s 
citizens 

On the 
t expect 

3.6 be- 
erson to 
h Yore- 

lale old 

of the 
1 people 
tings of 

tings is 
latively 

aged of 

by aged 
Nidwest 

on, and 
lich old 

zone of 

or may 

Table 2 

tion of 

E (TR), 
IPS IN 

PSYCHOLOGICAL ECOLOGY OF OLD PEOPLE 147 

zone occupancy; it refers only to maximal 

penetration depth. 
These data tell us that the old people of 

Midwest penetrate their town’s behavior 
settings to peripheral levels (zones 1 and 2), 

and to performance levels (zones 4, 5 and 6) 
more frequently than do the old people of Yore- 
dale. This is true in terms of both absolute 
numbers of settings and per cent of settings. 

Yoredale old people, on the other hand, are 
more frequently noninhabitants of the town’s 
behavior settings (zone 0), and more frequently 
penetrate to Zone 3, the level of members. In 
other words, Yoredale old people are more often 
than Midwest old people either solidly within 
behavior settings as members, or completely 
outside of settings. Midwest old people, on the 
other hand, are more often either on the fringes 
of behavior settings (as onlookers and guests) 
or active, responsible functionaries within the 
settings. 

These differences between towns are not 
peculiar to the old inhabitants. Data that are 
too extensive to be presented here show that at 
every age (except adulthood) Midwest citizens 
are more frequently performers, and more fre- 
quently onlookers and guests than Yoredale 
citizens; and that they are less frequently mem- 
bers (except in infancy) and strangers. The 
unreported data show, too, that in all of these 
respects the old people of both towns closely 
approximate adolescents in behavior setting 
penetration. 

Behavior Setting Exposure Time in Old Age 

Behavior setting exposure time, it will be 
recalled, is the number of hours per year a 

TaBLeE 2. PENETRATION OF BEHAVIOR SETTINGS BY THE 

Acep CITIzENs OF MIDWEST AND YOREDALE. 

| 

Midwest Yoredale 

Maximal Number of | Per cent of | Number of | Per cent of 

Penetration Zone Settings Settings Settings Settings 

0 (Stranger). ..... 117 20 162 33 

1 (Onlooker).. . . . 65 11 1 0+ 

2 (Guest)......... 80 14 41 8 

3 (Member)... ... 176 30 212 43 

4 (Functionary).. . 64 11 44 9 

5 (Joint Leaders). . 49 8 27 5 

6 (Single Leader). . 28 5 7 1 

Note.—The table is to be read as follows: Old “pry do not enter 
117 (20 per cent) of Midwest’s behavior settings and do not enter 162 
(33 per cent) of Yoredale’s settings; they are onlookers only in 65 
(II per cent) of Midwest’s settings and in 1 (0 per cent) of Yoredale’s 
Settings; and so on. 

person, or the average number of hours the 
members of a class of persons, is exposed to 
whatever occurs within the behavior settings 
of a town, or territorial range within a town. 
The exposure times of the old people of the 
towns, of other age groups, and of the total 
populations are given in Table 3. 

These data show that the aged citizens of 
Midwest are exposed to the behavior settings 
within their territorial range for an average of 
550 hours per year, and that the exposure time 
for the old people of Yoredale is 415 hours. 
The lower exposure time of Yoredale old people 
is in accord with that of the other age groups 
and of the whole population, but the degree of 
the deficit is greater. The exposure time of 
Yoredale old people is 75 per cent as great as 
that of Midwest old people, instead of 91 per 
cent when all citizens are included. In other 
words, insofar as behavior setting exposure time 
is concerned, Yoredale old people differ from 
Midwest old people relatively more than Yore- 
dale differs from Midwest. 

The deficit of Yoredale old people is greater 
relative to the level of exposure for all ages, 
also. In Yoredale the exposure time of old 
people is 35 per cent as great as that of the 
community as a whole, while in Midwest it 
is 42 per cent as great. Yoredale old people 
differ from the town as a whole relatively more 
than Midwest old people differ from Midwest 
as a whole. 

In both towns the regression in behavior 
setting exposure time is approximately to the 
level of preschool children. 

Action Pattern Exposure Time in Old Age 

The exposure times of the aged of Midwest 
and of Yoredale to the 13 different action 
patterns studied are shown in Figure | for 

Taste 3. BeHavion SetTrinc Exposure Time By AGE 

GrouP, AND FOR ALL AGES, IN MIDWEsT AND YOREDALE. 

Exposure Time 

Age Group 

Midwest Yoredale 

Ei nisirns 46a. daieeerarnaunenertasteeness 550 415 

ES EE ee ee a ee eee ete 1526 1322 

SE bctdskcbstdiaccupense sien eet 2808 1978 

PE rivccnconcticavesndmeamaasen 2190 1577 

on cout aide kawsaueneed 1900 1558 

ad ee bin madasawnserrenesnt 413 547 

Cech Cini eenbeninchsuakni abe eres 211 359 

Es vad icbnebaktekee tena ietamabaiens 1313 1195 
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ratings of 1 and greater (i.e., action pattern 
present) and for ratings of 6 and greater (i.e., 
action pattern prominent). The correlations 
between action pattern exposure times in the 
two towns is .96 for ratings of 1 and greater, 
and .93 for ratings of 6 and greater. There is 
clearly great similarity between the old people 
of Midwest and Yoredale in the relative degree 
of their exposure to different action patterns. 

The data of Figure | show, too, that the old 
people of Midwest are exposed to most action 
patterns for a greater length of time than are 
the old people of Yoredale. On only one action 
pattern, Nutrition, is the Yoredale exposure time 
greater than the Midwest at both rating levels. 
In the case of Art, the Yoredale aged have 
greater exposure at the lower rating level and 
less exposure at the higher rating level than the 
aged of Midwest. 

Exposure of the aged and of the total popula- 
tions to action patterns rated 1 and greater are 
presented in Figure 2. The correlations be- 
tween the exposure times of the aged and of the 
total populations on action pattern ratings of | 
and greater are .96 and .99 for Midwest and 
Yoredale respectively; they are .98 for both 
towns on action pattern ratings of 6 and 
greater. It is evident that the old people of 
Midwest and Yoredale mirror the total popula- 
tion of the towns so far as exposure to action 
patterns is concerned. Data which are too 
extensive to be presented here indicate that this 
is also true, in general, for other age groups. 

It was pointed out earlier that regression in 
old age occurs to the level of adolescents in the 
case of territorial range and behavior setting 
penetration, while in the case of behavior 
setting exposure time regression occurs to the 
preschool level. Other data not presented here 
show that exposure to most action patterns 
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Fig. 1. Exposure of aged citizens to action patterns. 

regresses in old age to the level of preschool 
children. It appears that the old people of both 
Midwest and Yoredale maintain their contacts 
and positions within behavior settings on a 
higher level than they maintain the duration of 
their contacts. Our field observations lead us 
to believe that the lower exposure times in old 
age occur because a smaller proportion of aged 
than of adults inhabit settings, and those aged 
who do inhabit settings stay a shorter length 
of time. 

Summary of Results 

The aged citizens of Midwest and Yoredale 
live in environments that are much alike in 
the relative magnitudes of their behavior setting 
measurements (territorial range, penetration, 
and action patterns). This means that, despite 
differences in absolute magnitudes (i.e., despite 
differences in the size of environments) the 
measurements show that the environments of 
the old people of Midwest and Yoredale are 
quite similar. 

The environments of the old people of both 
communities differ from their respective com- 
munities in the same direction. The measures 
are all smaller than either the corresponding 
total community measures or the measures for 

the adult citizens. In this respect, the environ- 
ments of the old people of both towns “regress,” 

i.e., differ from the community at large and 

from adults in the same way that the environ- 
ments of children differ. Such regression in old 
age is indicated in both Midwest and Yoredale 

by all of the measures used. The regression 
occurs in both towns to the preschool levels 

in the case of behavior setting exposure times, 
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Fig. 2. Exposure of all citizens and of aged citizens to 
action patterns. 
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and to adolescent levels in the case of territorial 
range and penetration variables. 
The environment of the old people of Mid- 

west is greater in territorial range (extent), in 
penetration (depth), and in exposure to be- 
havior settings and action patterns (duration) 
than the environment of Yoredale old people. 
The absolute amount of regression in all 
environmental measures is greater in Yoredale 

than in Midwest. 
These differences in the environments of the 

aged inhabitants of the towns are not peculiar to 
this age group. The same sorts of differences 
occur at almost all ages, but the degree of the 
difference is greater at the youngest ages and in 
old age. It appears, therefore, that most of the 
differences in the environments of the old 
people of Midwest and Yoredale are due to 
conditions common to all ages, conditions which 
operate in proportion to the extent to which 
persons deviate in age from adulthood. 

DISCUSSION 

The data assembled on the psychological 
ecology of the citizens of an American and an 
English town reveal systematic differences that 
invite theoretical explanation. According to 
a theory of behavior-setting dynamics outlined 
elsewhere which appears to be promising 
(Barker, 1960; Barker & Barker, 1961), Mid- 

west citizens are under greater pressure than 
Yoredale citizens to participate widely and 
deeply in the behavior settings of the town. 
This difference in pressure is exhibited with 
special clarity in deviant groups, such as old 
people and children, which are in varying 
degrees unsuited to the demands of the be- 
havior settings. This may be the source of the 
wider, deeper, and temporally longer environ- 
ment of Midwest old people, and of the lesser 
regression of Midwest old people from the com- 
munity norms, as compared to Yoredale aged. 
According to this theory, Midwest old people 
are not different from Yoredale old people in 
their motives, abilities, and basic ideologies, and 
they would behave as Yoredale old people 
behave under the lesser pressures of Yoredale. 

The data make it clear, however, that in the 
environments actually prevailing, life is 
different for the aged citizens of Midwest and 
Yoredale. 
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PROGNOSTIC FACTORS IN ELDERLY MENTAL PATIENTS 

N. CHARLES BOURESTOM, Ph.D.,* ROBERT J. WOLFF, Ph.D., AND 

HOWARD R. DAVIS, Ph.D. 

(Minnesota Follow-up Study, Duluthf ) 

Of eighty-eight published studies on prog- 
nosis in mental illness, none has been concerned 
exclusively or even primarily with the aged. 
This finding is disconcerting in light of the fact 
that elderly psychotic patients constitute over 
one-third of the patient population in our 
neuropsychiatric hospitals, with the number 
steadily mounting. Two explanations for this 
neglect suggest themselves. First, investigators 
may assume that mental illness in old age does 
not differ in essential respects from mental 
illness in the population at large; and that 
factors predictive of adjustment for young 
mental patients will also be predictive for 
elderly mental patients. The second possibility 
is that professional and lay persons, alike, have 
assumed such a hopeless attitude toward reha- 
bilitating the aged mental patient that inquiry 
into factors which militate for or against his 
adjustment appears unrealistic and therefore 
unworthy of exploration. 

Neither of these assumptions is tenable. It 
seems logical to assume that prognostic indices 
for the young and for the elderly will differ, at 
least in some respects, solely by virtue of the 
many unique problems old people present both 
diagnostically and therapeutically. With regard 
to diagnosis, for example, there is a preponder- 
ance of chronic brain disorders and affective 
reactions among elderly psychotic patients, as 
contrasted with younger psychotic patients for 
whom the predominant disorder is schizo- 
phrenia. Treatment efforts with elderly psycho- 
tic patients frequently meet with failure because 
of the patient’s extreme withdrawal and nega- 
tive attitude toward therapy of any kind, in 
contrast to the younger psychotic patient who 
is generally more amenable to therapy. Fur- 
thermore, elderly patients very often differ from 
younger patients with respect to degree of 

* Dr. Bourestom is presently with the Mental Health Institute, 
Independence, Iowa. 

t The Minnesota Follow-up Study, of which this investigation was 
a part, is administered by the ent of Public Welfare, State 
of Minnesota, and is su ‘eo by a Grant (OM-29) of the National 
Institute of Mental Health, United States Public Health Service. The 
authors wish to express their gratitude to Miss Wynn Tabbert for her 
assistance in analyzing the data. 
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intellectual deterioration, with respect to kind 
and degree of emotional problems, and with 
respect to the extent of social and economic 
difficulty encountered in their return to the 
community. 

The point of view that psychopathology in 
old age is irreversible no longer appears tenable 
in view of the findings of such investigators as 
Barker (1942), Grannick (1950), Rockwell 
(1945), and others. Newer techniques such as 
pharmacologic agents (Kent & Gitman, 1957) 
and group-centered action methods (Linden, 
1953; Bourestom, 1958; Bourestom & Brasic, 
1958) have produced encouraging results indi- 
cating that many psychoses in old age can be 
significantly reversed. In many cases rehabili- 
tation of this group of severely disturbed people 
has met with striking success (Lovell, 1958; 
McGraw, 1949; Silver, 1950; Bourestom & 
Cooper, 1960.) 

PURPOSE AND SUBJECTS 

This study reports an experimental attempt 
to identify prognostic factors in elderly mental 
patients. The subjects for the study consisted 
of 55 unselected mental patients over 60 years 
of age (average age, 65.0) who had been dis- 
charged from Moose Lake (Minnesota) State 
Hospital between December, 1958, and October, 
1959. To assure comparability of results, the 
follow-up period was held constant for all 
subjects by utilizing only those data obtained 
six months after discharge. These subjects had 
been hospitalized for an average of four months 
on an open ward housing 60 elderly mentally 
ill patients of the same sex. The group included 
17 males, 38 females. In terms of formal diag- 
noses, there were nine schizophrenic reactions, 
20 chronic brain disorders, 21 affective reac- 
tions, including involutional melancholia, two 

paranoid reactions, and three psychoneurotic 
disorders. Thus, psychotic reactions constituted 
by far the largest diagnostic category. 

During the course of their hospitalization, 
these patients received routine hospital care. 
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Drugs and sedatives were used extensively; 
convulsive therapies were used minimally. 
Occupational therapy was conducted on and off 
the ward, and a rather sedentary recreational 
program was maintained. Because of small 
staff, counseling and/or psychotherapy were 
extremely limited. In general, psychiatrists 
referred the patient for discharge planning 
when the psychotic symptoms had abated and 
when the patient was making a satisfactory 
adjustment in the hospital. 

At the time of referral for discharge planning 
the patient was assigned on a random basis to 
either an experimental or a control group. 
Patients assigned to the control group received 
the usual planning provided by the hospital 
social service department. Patients in the ex- 
perimental group received discharge planning 
above and beyond that provided the control 
group. Prior to the experimental patient’s 
departure from the hospital, a thorough study 
of his background and hospital course was 
made. Definite plans for living and working in 
the community were formulated and, where 
they existed, relatives were interviewed to help 
them understand the nature of the patient’s 
problems, and to prepare them for the patient’s 
return to the community. The patient was also 
seen in a series of eight group meetings in 
which instruction was given on medical matters, 
leisure time activities, and the availability of 
service and welfare agencies in the community. 

The interval between referral for discharge 
planning and actual release from the hospital 
for the experimental group varied from one to 
178 days, with an average of 62 days. The 
interval for the control group varied from one 
to 108 days, with an average of 37 days. 

CRITERION OF ADJUSTMENT 

A factor of central importance in the study 
was the development of suitable measures of 
patients’ post-hospital adjustment. The crite- 
rion chosen was essentially a multi-factor meas- 
ure of “well-being.” A single score was derived 
from scores obtained on five criterion scales, 
each of which compressed a number of items 
along a certain dimension of behavior or per- 
ception. All items were part of a_ highly 
structured, standardized interview conducted by 
volunteers specifically trained for this purpose. 
The scores on the criterion scales were obtained 
from information contained in three interviews: 
an interview with the subject, an interview with 

a relative or significant other, and a rating form 
filled out by the interviewer. All three data- 
gathering devices reached a satisfactory level of 
inter-interviewer reliability (Minnesota Follow- 
up Study, 1960). 

The five criterion scales are as follows: 

A. Non-instrumental performance. Items in this scale 
refer to the extent and kind of subject’s social activ- 
ities, his church attendance, and his pattern of visit- 

ing with friends. 

B. Instrumental performance. Items in this scale refer 
to the extent to which the patient works, helps with 
chores about the home, or assists in the operation 
and maintenance of the home. 

C. Fulfillment of role expectations. Items in this scale 
refer to the extent to which the subject meets the 
behavioral expectations that exist in his immediate 
environment. 

D. Function impairment. This is a compound rating 
expressing the interviewer’s judgment as to the ab- 
sence or presence of observable psychiatric symptoms 
and the gross observable impairment of functioning 
in the home, community, and job. 

E. Subjective well-being. This is the patient’s estimate 

of how he feels and how well he thinks he is doing. 

As indicated above, a single well-being score 
was obtained by combining the unweighted 
scores on all five criterion scales. It should be 
stressed that the Total Well-being Score was a 
measure of the patient’s overall adjustment to 
his environment, and did not include a measure 
of psychiatric or clinical well-being as judged 
by an independent professional person. The 
non-instrumental performance scale probably 
comes closest to expressing the current concept 
of social adjustment as the subject’s behavior in 
terms of certain cultural expectations (such as: 
a person is “healthy” if he belongs to a number 
of social clubs, goes to church regularly, has 
many friends). It was held, however, that 
adjustment in the true sense of the word should 
include adjustment not only to such broad cul- 
tural expectations, but also to the expectations 
existing in the patient's more immediate 
environment. 

METHOD 

Scores on the Total Well-being Scale were 
derived from responses to the six-month follow- 
up interviews. They ranged from | to 6, with 1 
indicating “good” or “high” level adjustment. 
We were unable to obtain adequate information 
on 13 patients because they had either moved 
from the area or refused to cooperate with the 
interviewer. One patient had died. Thus, ade- 
quate follow-up data were available on 41 
patients, or 75 per cent of the original sample. 
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The 41 patients were divided into three 
criterion groups. The first consisted of those 
12 patients who had obtained well-being scores 
of 1, 2, or 3, indicating a good social adjustment 
in the community (“good” group). The second 
group wes comprised of I7 patients who had 
obtained well-being scores of 4, 5, or 6, indi- 
cating a poor social adjustment in the com 
munity (“poor” group). The third group 
consisted of 12 patients who had returned to 
the hospital before six months had elapsed 
(“hospital” group). These data are presented 
in Table 1. 

The three outcome groups were then com- 
pared with regard to: (a) diagnostic type; (b) 

length of hospitalization; (c) age; (d) sex; (e) 
psychiatrists’ ratings of psychiatric impairment 
at the time of referral for discharge planning; 
(f) place of residence immediately following 
discharge; and (g) patient’s designation for 
experimental or control group. 

In addition to these factors, measures were 
devised to obtain estimates of the patient’s level 
of activity in the community and the degree of 
understanding and acceptance by relatives or 
significant others with whom the patient 
resided following his discharge. These neasures 
were labeled Size of Personal Universe and 
Differential Tolerance of Deviance. The first 
consisted of a global rating by the interviewer 
and was defined as the person’s life space (the 
boundaries within which a person’s existence is 
limited). For example, a severely restricted 

personal universe or low activity level would be 
found for the person who does not move beyond 
the confines of the home, does not establish 

relationships with other people, and does not 
participate in any social activities. Conversely, 
a person with an unrestricted personal universe 
would be active, have a number of meaningful 
interpersonal relationships, would participate in 
social activities, and would perceive himself as 
leading a full life. 

Taste 1. Wett-Beinc Scores or Etperty Patients 6 

Montus AFTer DISCHARGE. 

Well-Being Score N Group 

= Te ; ; | 12 } “Good” 

oe : | 17 | “Poor” 

Rehospitalized . . He P 12 “Hospital” 

Deceased........ oa | 1 

Inadequate information . bonene 13 

Total... } 55 

Differential Tolerance of Deviance consisted 
of five questionnaire items designed to measure 

relationships between the patient and his rela- 
tives or significant others in his immediate 
environment. These items were geared to 

uncover the relatives’ or significant others’ 

awareness, understanding, and acceptance of 
mental illness in general, and the patient’s 

mental illness in particular. For example, a 
high tolerance of deviance would be found for 
the significant other who was aware of the 
patient’s “odd” behavior, but understood it as 
a part of the illness and was not particularly 
disturbed by it. Conversely, a low tolerance of 

deviance would be found for the significant 

other who may or may not have been aware ol 
the patient’s “odd” behavior, had made no 

attempt to understand the patient, and was 

upset by the patient’s presence. The scale scores 
for this measure ranged from | (high tolerance 
of deviance) to 8. 

RESULTS 

Table 2 presents the major findings with 
respect to various personal and social character- 
istics. 

As regards diagnostic type, in the 
group the largest percentage of cases was classi- 
fied as affective reactions, whereas the most 

common disorder among the “poor” group was 
chronic brain syndrome. With respect to these 
diagnostic categories, the 
reliably different from the “poor” (x? 5.31; 
p < .02). From the standpoint of diagnosis as 
a predictor of adjustment, then, those with 

affective reactions made significantly more 

successful post-hospital adjustments than those 
with diagnosis of either schizophrenia or brain 
syndrome. Rehospitalization appeared unre- 
lated to diagnostic type. 

“good” 
Zoo 

“good” group was 

The “good” group had a significantly lower 
mean age at the time of discharge (and a more 

restricted age range) than did either of the 
other groups (y%* = 6.80; p < .01). 

With regard to sex differences, the “good” 
and “poor” groups together were reliably dif- 
ferent from the hospital group (y* 6.04; p 
< .01). The men returned to the hospital at a 
greater rate than the women (y* = 5.33; p < 
02). 

Residence patterns showed reliable differences 
between groups. Of those patients returned to 
the hospital within six months, significantly 
more lived in their own homes with spouses 
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following discharge than in the “good” and 

“poor” groups combined (y* — 4.31; p < .03). 

The “good” group was also different from the 

“hospital” group in this respect, with most 

patients in the “good” group living in foster or 

nursing homes with unrelated others (y° 

3.74; p < .05). 

As might be expected, relatives or significant 
others with whom patients in the “hospital” 
group resided following discharge without ex 
ception were rated as having a low tolerance of 
deviance. The “hospital” group is reliably 
differentiated from the community 
(“good” and “poor” combined) in this respect 
(yx? ~ 3.22; p < .05). Interestingly, the “poor” 
group had a significantly higher tolerance ol 

3.60; p 

In terms of this variable, therefore, 

groups 

deviance than the “good” group (y° 

“& 05). 

the “good” and “hospital” groups were more 

alike than were the “poor” and “hospital” 

groups. 

Taste 2. Posr-Hosprra Wei.-Brinc IN RELATION ‘TO 

Various PERSONAL AND SOCIAL CHARACTERISTICS 

| 

| “Good” | “Poor” | “Hos Total 
° 

(N12) | (N17) pital” (N41) 

N = 12) 

Diagnostic Classification: 

Affective Reaction 8 } 5 4 16 

Chronic Brain Syndrome: 9 1 5 

Schizophrenic Reactions | 1 4 2 7 
Paychoneurotics | 1 1 ) 

Personality Pattern 

Disturbances 1 l 

Median Age at Discharge “3 66 66 65 

Age Range 61-405 62 84 62-74 61 84 

Sex: Male 3 | 1 6 10 

Female iT) 16 6 31 

Median Length of Hospitaliza- 

tion (in months) 3 17.5 3.5 4 

Range (in months) 2-009 | 2-09 2.15 209 

Residence: 
Own Home with Spouse 1 3 7 11 

Foster or Nursing Home 5 i) { 18 

Alone 3 1 0 4 

Own Home with Relatives 1 0 0 1 

Relatives’ Home with 

Relatives 2 4 1 7 

Tolerance of Deviance: High 2 ll | 0 13 

Low. 10 | 6 | 12 28 

Degree of Restriction: 

Unrestricted . | 4 | 1 | 0 5 

Restricted . 8 16 12 36 

Although the differences did not reach statis 
tical significance, there was an obvious trend 

for the “good” group to be less restricted and 
more active than either the “poor” group or the 
“hospital” group (y" 2.09; p < .10). The 
concept of positive relationship between activity 
and adjustment in old age received some con 
firmation in these results. However, the vast 
majority of all discharged persons in this study 
remained ensconced behind their walls of re 
stricted interpersonal relationships. 

Table 3 shows outcome data for those patients 
who received extra pre-discharge planning (ex 
perimental group) and those who received the 
usual planning (control group). Whereas 10 of 

the 28 patients in the experimental group were 
rehospitalized within 6 months, two of the 13 
patients in the control group were rehospitalized. 
At the same time the data show that 10 of the 
28 patients in the experimental group who were 
not rehospitalized fall in the “poor” group, and 
7 of the 13 control patients fall in the “poor” 
group. No significant differences were obtained, 
but there were indications of a “poorer” ad 

justment among patients not receiving the extra 

predischarge planning, although such extra 
planning does not prevent rehospitalization. 

Psychiatrists’ ratings of gross psychiatric 
impairment and ability to adjust at the time 
they referred the patient for discharge planning 
did not show reliably different frequencies for 
the three outcome groups. It is apparent, there 
fore, that the subsequent adjustment of these 
patients was not reflected in their condition at 
the time of discharge. 

DISCUSSION OF RESULTS 

The study revealed that far more older 
patients in the sample suffered from depression 
than from schizophrenic derangement, and that 
even organic brain involvements were less fre- 
quent than feeling disturbances as a primary 
problem. In view of the preponderance of 
schizophrenic disorders over affective distur- 
bances in state hospital populations as reported 

TasLe 3. Postr-Hosprra Wrii-Betnc In RELATION TO 

Extra’ Pre-DiscHarGe PLANNING 

| 

Group “Good” | “Poor” “Hospital” Total 

(N=12) (N =17) N=12) N=41) 

Experimental Group. . . | 8 10 10 28 

Control Group 4 7 2 13 
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by Malzberg (1959), it is of interest to note 
the reversal in this aged group. Assuming that 
most of the affective reactions are reactive 
depressions, perhaps mental illness among the 
aged is precipitated by situational disturbances 
more frequently than among younger mental 
patients. These findings suggest a vast psycho- 
therapeutic opportunity in working with the 
mentally ill aged. The significantly better post- 
hospital outlook for those with affective dis- 
turbances is in keeping with reports by Hunt 
and Appel (1936) and Rupp and Fletcher 
(1940) on the better prognosis for younger 
patients in this diagnostic group. In the present 
sample, unfortunately, relapse requiring rehos- 
pitalization was as frequent for patients with 
affective disturbances as among those with 
schizophrenic reactions or chronic brain syn- 
dromes. 

The results demonstrate that post-hospital 
adjustment is more difficult for older patients. 

Of those patients remaining in the com- 
munity at least six months following discharge, 
men were found to be getting along somewhat 
better than women. This finding may be asso- 
ciated with the likelihood that when aged men 
fail to adjust well in the community, they are 
returned to the hospital with dispatch; whereas 
aged women remain in the community even 

though their adjustment level may be as low as 
that of rehospitalized males. There may be 
greater “tolerance” for poorly adjusting females, 
attributable to their presumed superior ability 
(in contrast to that of a male) to carry on 
household duties, either caring for themselves 
or contributing to the welfare of their house- 
holds. 

Since most of the patients returning to the 
community reside in their own homes with 
spouse or in a foster or nursing home, differen- 
tial adjustments among the other living 
arrangements were difficult to ascertain. It is 
suggested, however, that those who are able to 
live alone adjust more effectively than those 
who must live with relatives in the relatives’ 
home. With respect to ex-patients living with 
spouse, as contrasted with those living in a 
foster or nursing home, the unavoidable conclu- 
sion is that return to the hospital is much more 
swift if the patient resides with relatives. In 
these data, no combination of variables signaled 
imminent return to the hospital as surely as 
“male living with spouse.” These results are of 
considerable interest, for they are in contrast 

to the findings of other investigators (Freeman, 
1959; Davis, 1951). They raise serious ques- 

tions as to the desirability of the home and 

family unit as opposed to the more impersonal 
living arrangements found in a foster or nursing 
home. 

The data support the contention that a 
weighty factor in determining adjustment alter 
discharge is the tolerance of unusual behavior 
on the part of person(s) living with the patient. 
In no instance in which tolerance for deviance 
was high did a patient return to the hospital. 
Interestingly, however, tolerance was found to 
be significantly lower for patients who were 
doing well than for those in the “poor” group. 
This may be accounted for by the fact that 
tolerance of deviance was measured by means 
of contrasting awareness of deviance with atti- 
tudes toward that deviance. Commonly, rela- 

tives and significant others associated with 
patients in the “good” group seemed not to 
observe deviance because they did not expect 
it. It is possible that this very non-expectancy 
of deviance helped to elicit non-deviant be- 
havior from the patient. The high tolerance for 
the “poor” group may be contributed largely to 
foster and nursing homes. In these settings the 
personnel may have been set to perceive deviant 
behavior, but prepared to be objective and 
accepting toward it. It is conceivable, though 
undemonstrated, that such a set may contribute 

to a poor level of adjustment. Furthermore, 
since the majority of patients in the poor group 
lived in foster or nursing homes where the 
tolerance may be high, these patients were 
allowed to remain in the community. The high 
percentage of low tolerance of deviance for the 
total sample demonstrates the negative attitude 
prevailing in the community toward the older 
patient in general. 

The results show clearly that withdrawing 
behavior is exceedingly common in discharged 
aged patients. It appears that those who move 
out toward activities and toward other people 
get along better in the community. The proba- 
bility is, of course, that outgoingness is a 
consequence of relative freedom from. illness 
rather than a contributor to health. 

Somewhat embarrassingly, the results sug- 
gested that patients who receive special case- 
work planning return to the hospital at a faster 
rate than those receiving no such service. Yet 
the experimental patients in the community 
seemed to be doing better. One might hypothe- 
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size that patients receiving intensive casework 

at discharge are helped to return when relapses 

occur rather than being left to their own devices 
in the community as their problems intensify. 
In the context of other results in this study, it 
may also be hypothesized that attempts to 
modify the patient’s environment and corre- 
sponding attitudes of significant others results 
in greater therapeutic efficacy than attempts to 
bring about changes in the patient himself. On 
an empirical level this viewpoint has been 
stressed by Gilbert (1952) who stated that the 
important parts of psychotherapy for older 
psychotic patients are support, reassurance, and 

acceptance in a manipulated environment 
rather than face-to-face contacts designed to 
resolve specific conflicts. Further investigation 

is required to test these hypotheses. 
The absence of relationship between psy- 

chiatrists’ ratings and post-hospital course 
indicates the limited predictive value of gross 
observable symptomatology. This finding also 
attests to the subtlety of factors which determine 
post-hospital adjustment. 
The data provide promise that 

identification of problem areas and also of 
factors lending themselves to therapeutic exploi- 
tation, planning and service may be initiated 
that will yield important benefits to aged 
mental patients. 

through 

SUMMARY 

A group of 55 elderly mentally ill patients 
was evaluated 6 months after release from the 
hospital with respect to the significant items 
which seemed related to “good” or “poor” post- 
hospital adjustment, or return to the hospital. 
The following items were characteristic of 
patients making a “good” post-hospital adjust- 
ment: hospital diagnosis of affective reaction, 
including involutional melancholia; age range 
between 60 and 65; greater understanding and 
acceptance by relatives or “significant others” 
with whom the patient resided; and residence 
in foster or nursing homes with unrelated 
others. The following items were characteristic 
of patients returning to the hospital within 6 
months from the date of discharge: male 
patients; residence in own home with spouse; 
and a lack of understanding and acceptance on 
the part of spouse, relatives, or “significant 
others” with whom the patient resided follow- 

ing discharge. Patients’ length of hospitaliza- 
tion, psychiatrists’ ratings of patients’ psychi- 
atric impairment and ability to adjust at the 
time of referral for discharge planning, and 
patients receiving “extra pre-discharge plan- 
ning” were not reliably different among the 
three outcome groups. Results are discussed in 
terms of their relevance for discharge planning 
with the elderly patient. 
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EXPECTATIONS FOR OLDER PERSONS IN A RURAL COMMUNITY: 

LIVING ARRANGEMENTS AND FAMILY RELATIONSHIPS* 

JOSEPH H. BRITTON, Ph.D., WILLIAM G. MATHER, Ph.D., AND ALICE K. LANSING, M.S. 

(Committee for Study of Adulthood, The Pennsylvania State University) 

Two reviews (Streib & Thompson, 1960; 
Williams, 1960) have emphasized the impor- 
tance of social norms in determining the roles, 
status, and relatio:.ships of older adults. This 
paper reports one part of an investigation of 
social norms in the areas of living arrangements 
and family relationships, work and retirement, 
community participation, and solving of per- 
sonal problems for older residents of a rural 
community (Britton, Mather, & Lansing, 1956; 

Lansing, 1956). This paper is addressed to 
these questions: What are the preferred living 
arrangements for older persons and under what 
conditions must the preferred arrangement be 
foregone? What is appropriate behavior for 
older persons in relation to members of their 
families? 

The study was conducted in a community 
located in central Pennsylvania. The com- 
munity is rural, not suburban, and consists of 
the village, which is the county seat, and the 
surrounding township. The borough itself is 
the main shopping and trading center for the 
area, and the center of a joint school district. 
A small private school for boys is located in 
the community. Mental health facilities are 
easily available to residents of the area. 

In 1950, the population of the study area was 
1,932, of whom 1,098 lived in the village. The 
population is largely native white, and with 
regard to marital status, labor force participa- 
tion, and in-migration, is similar to the popula- 
tion of the state. The per capita income in the 
county is somewhat less than in the state as a 
whole (Byrn, 1953). The farms in the county 
are worth about one-third less than those in 
Pennsylvania generally, and the average value 

* Authorized for publication on October 24, 1958, as paper No. 2307 
in the journal series of the Pennsylvania Agricultural Experiment 
Station, and submitted as College of Home Economics Research Pub- 
lication 166, The Pennsylvania State University. @ project was 
carried out through cooperation of the Department of Agricultural 
Economics and Rural Sociology, College of Agriculture, and the De- 
a of Child Development and Family Relationships, College of 

lome Economics. The investigators are indebted to the interviewers, 
Ruth Anderson, Mrs. Mary Alice Gorman Hubert, Mrs. Lucile Hurley, 
Matthew J. Levy, and . Virginia Rohrer; to Mrs. Theola F. 
Thevaos, who su ised the field work; and to Dr. Jean O. Britton, 
Mrs. Catherine E. Cameron, Mrs. Mary Clarke Harrison, and Grady 
White who helped in the analysis of data. 
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of agricultural products sold is less than the 
state average (Pennsylvania State University, 
1955). 

Census data for 1950 show that of the 
population of the state, 8.4 per cent, and of the 
county, 9.2 per cent, were 65 years old and over. 
Of the borough, however, 11.8 per cent were 
in this age group, of whom 58 per cent were 
women (U. S. Bureau of the Census, 1952). A 

fair proportion of the older population of the 
borough consisted of retired farmers or their 
widows and small business or professional men 
and women, some of whom were involved in 
county governmental activities. The surround- 
ing township included persons who worked in 
the borough, in state government, or on the 
railroad; others were engaged in farming. 

THE STUDY POPULATION 

The original study population consisted of 
one adult in each of the 540 households in the 
community. Schedules were obtained from 
adults in 487 households, or 90.2 per cent. Of 

these respondents, 102 were men and 385 were 
women. An additional 24 persons gave partial 
information, 10 refused altogether, and 19 were 
not located even with repeated visits to the 
home. 

Background information concerning the 487 
respondents showed that the men tended to be 
somewhat older than the women (median age, 
59.1 compared to 49.2 for the women). On the 
whole women had had more years of schooling 
than the men. Twenty-seven per cent of the 
women and 13 per cent of the men had grad- 
uated from high school; 20 per cent of the 
women and 15 per cent of the men had had 
some college. 

About one-half of the respondents were 
membé#s of families where the wage earner 
was (or before death or retirement had been) 
in a middle-status occupation. About one- 
eighth of the wage earners were farmers or 
farm managers. Eighty per cent of the respon- 
dents had lived in the community over five ) 
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years. More men than women had older per- 
sons living in the family, and the great majority 
of both men and women were married and 

living with their spouses. 

PROCEDURE 

An interview schedule was organized around 
problems of older persons and ways to meet 
these problems: retirement, living arrange- 
ments, social relationships, community partici- 

pation, and the solution of personal problems. 
Two kinds of items were used: open-ended 
questions and anecdotal questions. Following 
each anecdote, the interviewer asked the 

respondent to tell what he thought about the 
behavior just described. 

To analyze the data concerning preferences 
for living arrangements, three seven-point 
rating scales were devised: Scale A, preference 
for living alone; B, preference for living with 
the family; and C, preference for living in a 
home for the aged. Three scales were used 
since it was possible for respondents to feel 
quite positively about living alone, for instance, 
if the individual was in good health and also 
financially independent; the respondent could 
prefer one of the other arrangements if these 
conditions were not met. On Scale A a rating 
of 7 indicated the respondent felt older persons 
should live alone in any case, almost no matter 
what the circumstances, while a rating of | 
indicated that he strongly disapproved of older 
persons living alone. A subject’s score on each 
scale consisted of the mean of the ratings 

(multiplied by 10) assigned by the judge. For 
a sample of 50 subjects, two judges rated the 
interviews and Pearson product-moment cor- 

relations were computed to show inter-judge 
reliability. For Scale A, r was .86; B, 75; and 

C, .98. 

For the analysis of opinions concerning 

appropriate behavior for older persons in rela- 
tion to their families, six rating scales were 
constructed. Scale D was concerned with the 

extent to which older parents should give 

freedom and respect to their grown children; 
Scale E, older parents should give help to’ their 
children; Scale F, older persons should be 

responsible for themselves but not for others; 
Scale G, grandmothers should enjoy their 

grandchildren; Scale H, remarriage is appro- 
priate; and Scale I, children should provide for 
their older parents. The reliability coefficients 

for these scales were .86 for Scale D, .40 for E, 
.48 for F, .83 for G, .89 for H, and .76 for I. 

Background information about the respon- 
dents was analyzed in relation to their scores 
on these attitude scales. Chi-square tests were 
used to note if respondents differed significantly 
(at the 5 per cent level) when analyzed accord- 
ing to sex, age, education, occupation, and 
place of residence. Comparisons were made for 
three groups of occupations of the family wage 
earner: A. Professional and technical workers, 
managers, officials, and proprietors (N 111); 
B. Farmers, clerical and sales workers, crafts- 
men, foremen, and operators (N 247); and 
C. Laborers, service, and private household 
workers (N 24). An analysis was made also 

for farmers as a separate group (N = 69). 

RESULTS 

Living arrangements 

Respondents were asked directly, “What do 
you think are the best living arrangements for 
an older person?” Several anecdotes also per- 
tained to living arrangements, for example: 

Because she is pretty lonesome after the death of her 
husband, Mrs. Sayles rented out her own home and 

moved in with her married daughter. (Q. What do you 

think of this?) 

Emily lives alone. Although her hands are swollen 
she manages most things pretty well. The heavier 

housekeeping jobs, however, are practically impossible 
for her. (Q. What do you think of this?) 

The answers were rated according to how 
much they supported a preference for each of 
three arrangements. The findings are presented 
in Table 1. According to the median scores, 
the respondents preferred living alone over 
living in a home for the aged or living with the 
family. The percentage distribution of scores 
on Scale A showed that over one-half of the 
interviewees had scores of 50 or higher— 
indicating fairly strong agreement that oider 
adults should live alone in their own homes. 
An additional 39.2 per cent kad mid-scores of 
40 to 49. Thus, nine out of ten respondents 
held moderate to very positive attitudes about 

the advisability of living alone. 

The preference for living alone was expressed 

often-times to the unstructured question which 

asked about the best living arrangements. Some 
respondents replied that older people should 
live alone “if at all possible” or “as long as 
you can.” Others explained why they thought 
that living alone was desirable: “Older people 
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are happier being independent,” and “Conflicts 
result when old folks move in with the family.” 

In reply to the anecdote about the lonesome 
widow, many said that she should stay in her 
own home rather than move in with her 
married daughter. Some said simply that for 
her to move in with the daughter is bad. To 
a question about a couple who retired and 
moved away, some remarked that they might 
well move away “because they will get along 
better with the family by living alone.” 

The distribution of scores on Scale B showed 
that three-fourths of the group had scores 
ranging from 30 to 49, which indicated neutral 
or disapproving attitudes about living with 
one’s family. Many qualified their answers, 
saying that older persons may live with their 
families if they are no longer able to care for 
themselves or if they can have separate quarters. 
A number of respondents said that it probably 
depends upon the individual’s personal circum- 
stances. 

A fair number, however, felt older persons 

should live with their families even without 
extenuating circumstances. Nearly 16 per cent 
had scores of 50 or above on Scale B. When 
asked about the best living arrangements, 12 
per cent said categorically that older people 
should live with their families. In reply to an 
anecdote, a few said it was in fact wrong for a 
feeble man to go to a home for the aged when 

Tasce 1. Atrirupes Towarp Living ARRANGEMENTS FOR 

Oper ApuLts (N=487). 

| 
Scale 

Score ‘i - ae _ - 

| | B. Live with | C. Live in 

A, Live alone | family | home for aged» 

60-70 (Agree). . 6.4% 1.0% 6% 

50-59...... ue 46.6 14.6 8.8 

40-49¢.. : 39.2 44.0 76.6 

30-39...... “rears 7.0 30.4 13.6 

Ee -6 | 9.4 4 

10-19 (Disagree) . . . | .2 6 0 

Total........ | 100.09 100.0% 100.0% 

MID sy ccece dee 17-67 18-65 24-61 

Median , 50.0 41.5 43.5 

Standard deviation 7.5 8.7 5.4 

® Respondents differed on this scale according to place of residence: 
2 analyses showed that village residents received higher scores than 

rural residents. 
> Respondents differed on this scale according to age and occupation: 

those aged 40-59 received higher scores than those younger or older, 
and those in occupational groups A and B higher scores than those 
in group C. 

© The scale mid-point could mean either that the respondent had 
taken a neutral position on the attitude or that his responses referred 
to another scale. 

he had a daughter with whom he could live, 

A widow’s living with her daughter was 
approved for reasons of lonesomeness or 
finances or to share the work. 

With Scale C, used to measure attitudes 
about living in a home for the aged, opinions 
included residential homes for the aged, as 
well as nursing homes, hospitals, and other 
institutional programs of care. Three-quarters 
of the group, having scores of 40-49, were 
neutral toward or held only slight preference 
for this arrangement. About nine per cent 
definitely preferred a home for the aged. Such 
preference was shown in comments to the direct 
question about the best arrangement. Thirteen 
per cent said, “Older people should go to a 
home; the children can’t or won’t care for 
them and there’s no other place to go.” Others 
suggested living in a home when one could no 
longer care for himself in his own home. 

Comments to anecdotal situations showed 
that to live in a home for the aged is desirable 
only when a person becomes unable to take 
care of himself: when he becomes senile, too 
old or feeble, unable to do the housework, or 
when he is lonesome or out of money. Twenty- 
one per cent, however, approved living in a 
home because it provides good care and com- 
panionship for older adults. 

What kinds of respondents preferred each 
living arrangement? Significantly often those 
who preferred living alone were residents of the 
village, rather than those who lived in the open 
country. Those who preferred living in a home 
for the aged were significantly often middle- 
aged, rather than younger or older, or they 
were persons in the higher status occupations 
(occupational groups A and B rather than C). 
No statistically significant differences were 
found among respondents who preferred living 
with members of the family. 

Background information for persons giving 
the most frequent types of responses was also 
analyzed. Some 28 per cent had said that “older 
people should live alone if at all possible.” 
This response was given to a significant extent 

by those aged 60 or over, rather than by 
younger persons. Forty-three per cent had 
commented about the advisability of a widow’s 
living alone, but women gave this response 
significantly more often than men, and village 
residents more often than those living in the 
rural area. Thus, older persons were more 
impressed with the value of living alone than 
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younger ones, and when women were referred 

to specifically, women respondents were more 

convinced of the idea than men. Apparently 
those nearest to the problems were likely to 
value living alone. Some middle-aged adults, 
who would likely be responsible for caring for 
an aged relative, were prone to suggest that 
older persons should live in a home for the 

aged. 
To show more clearly the preference for one 

living arrangement over the others, each sub- 
ject’s scores on Scales A, B, and C were ranked. 
Of the 458 persons whose scores on the scales 
were not tied, 65 per cent ranked living alone 
over the other two arrangements; 23 per cent, 
living with the family; and 12 per cent, living 
in a home for the aged. The latter two were 
suggested often when the individual’s health 
or financial circumstances precluded living 
alone; but some respondents definitely thought 
older adults should live with members of the 
family or in a home for the aged regardless of 
their ability to live alone. The great majority 
of the respondents, however, preferred living 
alone in their own homes. A statistical analysis 
of these rankings showed that village residents 
significantly often preferred living alone, while 
rural residents tended to prefer the other two 
arrangements. 

The same order of preferences—first for 
living alone, second with the family, and third 
in a home for the aged—was shown by 
tabulating first responses to the open-ended 
question on best arrangements: 81 per cent 
preferred living alone, 13 per cent with the 
family, 4 per cent in a home for the aged. 

The results from the rating procedure, the 
ranking of scale scores, and the analysis of 
interviewees’ statements are generally consis- 
tent. Great preference has been shown for 
older persons living alone in their own homes. 
Although the advantages of living in a home 
for the aged were mentioned frequently, 
especially in reference to problem situations, 
living with the family is probably the second- 
best arrangement in respondents’ eyes. 

Family Relationships 

What are the expectations with regard to 
older persons’ relationships to members of their 
families? What is considered appropriate be- 
havior? No open-ended questions were used, 
but anecdotal questions presented a variety of 
situations, for example: 

A man I know stopped working, but decided to stay 
around to advise his son. (Q. What do you think of 
this?) 

When Beth’s husband died he left her fairly well off. 
But rather than spend the money, she lives as cheaply 
as possible so she can pass it on to her children. (Q. 
What do you think of this?) 

Mrs. Cutler insists that her married children spend 
all the holidays at her house. She likes to have the 
whole family together at these times. (Q. What do you 

think of this?) 

The data are presented in Tables 2 and 3. 

The extent to which respondents agreed that 
parents should respect their grown children 
and permit them to govern themselves is shown 
by scores on Scale D, Table 2. Over one-half 

the respondents were scored about the scale 
mid-point. The statistical analysis showed that 
respondents under 40, the better educated, and 
those in the highest occupational group signifi- 
cantly often held this view. The attitude is 
illustrated by some of the interviewees’ state- 
ments, such as the one made by four out of ten 
respondents: “Parents should advise their 
children only if asked.” Other adults in the 
community believed that advice-giving depends 
upon the quality of the advice and the chil- 
dren’s willingness to take it. A retiree shouldn’t 

Tasie 2. Arrirupes TowarDs OLDER Persons’ RELATION- 

SHIPS WITH FAmiLy MemBers (N = 487). 

Scale 

D. Give freedom | E. Give help to | F. Be responsible 

Score and respect to children for self, not 

children* children‘ 

60-70 (Agree) 15.5% 2% 14.0% 

50-59 26.8 6.1 50.9 

40-494 31.0 63.9 31.6 

30-39 16.0 25.3 3.5 

20-29 8.4 4.5 0 

10-19 (Disagree) 2.3 0 0 

Total ‘ 100.0% 100.0% 100.0° 

Range 15-70 22-60 30-80 

Median 46.9 41.3 51.4 

Standard deviation 12.0 5.7 7.2 

Respondents differed on this scale according to age, education, and 
occupation: x analyses showed that those under 40 received higher 

scores than those 40 and over, high school graduates higher scores 
than non-graduates, and those in occupational group A higher scores 
than those in groups B and C. 

> Respondents differed on this scale according to education, occu- 
pation, and place of residence: non-graduates received higher scores 
than high school graduates, those in occupational groups B and C 
higher scores than those in group A, farmers higher scores than non- 
farmers, and rural residents higher scores than village residents. 

¢ Respondents differed on this scale according to age, occupation, 
and place of residence: those aged 40-59 received higher scores than 
those younger or older, farmers higher scores than non-farmers, and 
rural residents higher scores than village residents. 

4 The scale mid-point could mean either that the respondent had 
taken a neutral position on the attitude or that his responses referred 
to another scale. 
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stay around to advise his son, it was stated, 
“for they wouldn’t get along.” In general the 
interviewees disapproved of parents giving un- 
solicited advice to their children. That grown 
children should be permitted to do what they 
wish was shown, too, by the 57 per cent who 
said that children cannot always come home 
on holidays: “Mothers must consider the fact 
that children have plans of their own.” 

A good many persons in the community felt 
that older parents should help their grown 
children, but most made this help conditional. 
The distribution of scores shows only moderate 
agreement with this opinion (Scale E). The 
chi-square results showed significant differences 
by education, occupation, and place of resi- 
dence: the less well educated, the lower status 
occupation groups, farmers, and rural residents 
tended to approve of this idea more than did 
other groups. 

Contrary to the general viewpoint which dis- 
approved of parents “helping” their children by 
giving advice, 25 per cent of the respondents 
said, “It’s all right for parents to advise, and the 
children should listen; it may help them.” To 
another question, 18 per cent felt a father’s 
advice would be of aid to his son. To help a 
son by giving him a start in business was 
mentioned approvingly by approximately one- 
quarter of the community respondents. Direct 
financial support was given some endorsement. 
Other interviewees attached conditions to the 

help parents should give their children: the 
request for help and the quality of the help. 
Fourteen per cent said, “An older person 

shouldn’t deny herself, but being careful with 

her money shows that she is thinking of the 

ch'ldren’s welfare.” The less well educated, 
lower status individuals favored “help”; the 

better educated respondents in higher status 
jobs, those who lived in the village, and the 

younger respondents favored respect and free- 
dom rather than help from the parents. 

If interviewees agreed that older adults ought 

to be responsible for themselves but not for 
others, they were given high scores on Scale F. 

On this scale the median scores were relatively 
high. Replies to a question concerning the 

woman who denies herself in order to leave 

money to her children showed that such denial 
was not approved; older persons should try to 
continue to be responsible for themselves with- 
out carrying the burdens of their children. The 

same was true regarding care of grandchildren 

and responsibility for the family gatherings, 

Data concerning a grandmother’s role with 
grandchildren are shown in Table 3. The study 
group tended to believe that grandmothers 
should enjoy their grandchildren and should 
not be about their up-bringing, 
Women agreed more often than men, younger 
persons more often than middle aged or older 
ones, and village more than rural residents, 
Some respondents stated their opinions cate- 
gorically: 42 per cent said, “Most grandmothers 
love their grandchildren!” Other adults 
(usually the middle-aged) said that sometimes 
grandmothers cannot really enjoy their grand- 
children. Still others said that often grand- 

mothers cannot cope with the grandchildren’s 
boisterousness and that they are not able to 
take care of them for long. 

anxious 

Community members generally approved of 
remarriage for an older person who is widowed. 
As shown in Table 3, the great proportion of 
the scores on Scale H were in the upper part 
of the distribution. ‘Those who favored re- 
marriage tended to be younger adults, rather 
than older persons themselves, as well as those 
with more schooling. Some 82 per cent of the 
respondents remarked that remarriage was 

Taste 3. Arrirupes Towarp Oper Persons’ RELATION 

SHIPS WITH FAmMiLy Members (N = 487). 

f 
Scale 

Score G. Grandmothers | H. Remarriage 11. Children should 

should enjoy is all right provide for older 

} grandchildren parents 

60-70 (Agree) | 40.8% 60.107 2%, 

50-59 | 18.0 18.0 6.6 

40-494 19.4 7.8 70.4 

30-39 10.0 3.5 21.6 

20-29 6.1 3.9 1.0 

10-19 (Disagree) | 5.7 6.7 2 

Total 100.0% | 100.0% 100.0°; 

Range | 10-70 10-70 11-60 

Median. . 52.6 61.3 | 42.4 
Standard deviation 15.8 15.9 4.9 

® Respondents differed on this scale according to sex, age, and place 
of residence: x analyses showed that women received higher scores 

than men, those under 40 higher scores than those 40 and over, and 
village residents higher scores than rural residents. 

> Respondents differed on this scale according to sex, age, and edu- 
cation: women received higher scores than men, those under 60 higher 
scores than those 60 and over, and high school graduates higher scores 
than non-graduates. 

© Respondents differed on this scale according to place of residence: 
rural residents received higher scores than village residents. 

4 The scale mid-point could mean either that the respondent had 
taken a neutral position on the attitude or that his responses referred 
to another scale. 
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appropriate, but they often mentioned factors 

which they thought should be considered— 

availability of “someone suitable,” age, health, 

finances, and the opinions of one’s children. 

Some said, “It depends, but they shouldn’t 

marry for money.” A few said that “remarriage 

just wouldn’t work out.” 
Scale I was devised to measure attitudes 

toward children providing for their older 
parents. As shown in Table 3, the median 
score for this scale was 42.4, indicating a neutral 
position for the group. While the group varied 
little from this position, 27 per cent said the 
family must take care of a senile older person 
the best they can. Also, family members should 
help an older member who finds housekeeping 

jobs too difficult. 

Family members should assist older persons 
in financial difficulty, according to 25 per cent 
of the respondents. Some volunteered the com- 
ment that children should visit their parents or 
entertain them. A daughter might be worried 
about her widowed mother if she lived alone, 
according to 12 per cent. 

A number of statements, then, showed that 
grown children and other family members are 
expected to provide for the needs of the older 
members. Rural more often than village resi- 
dents expressed this attitude. Middle-aged and 
older adults and the less well-educated respon- 
dents tended to suggest the family as the source 
of help to the senile oldster. Younger indi- 
viduals, rather than the older persons them- 
selves, tended to point out that family members 
could help older adults in need of physical or 
financial assistance. 

Sex, age, and status differences among re- 
spondents were inter-related. Actually the older 
respondents tended to be men who also tended 
to be of lower status; younger respondents 
tended to be women of higher status. Women 
respondents, who as a group were younger, 
better educated and of higher status than the 
men, valued independence and autonomy for 
themselves and for older adults in general. 
These kinds of respondents more than others 
valued resources outside the family when family 
members were in need. 

DISCUSSION 

The findings might be interpreted as they 
shed light on the parental role. The role is a 
complex one, incorporating, as Parsons and 
Bales (1955) said, both “instrumental” and “ex- 

pressive” aspects. What is expected of the 
older parent seems similar in some ways to what 
is expected of the parent of a young child. The 
young parent must almost simultaneously be 
supportive and restrictive, loving and exacting, 
permissive and instructive, accepting and 
admonishing—often with feelings of ambi- 
valence and discomfiture. As shown in the 
present research, the older parent must be 
responsible for himself as long as he is able, 
but willing to accept the help of others. He 
must be willing to help his children, but not 
given to impose his aid or advice. He must be 
supportive but not controlling, loving but not 
doting. He must be considerate of others, but 
also of himself. He may enjoy a certain amount 
of freedom to do as he wishes and yet he must 
be prepared to take the consequences. 

The role of an adult child is almost as com- 
plex as the role of an aging parent, as suggested 
perhaps by the term itself—an adult child. The 
adult child of aging parents is expected to be 
supportive but not controlling, helpful and 
considerate, but also willing to be helped by 
and to learn from his elders. He is expected to 
be responsible for himself and his children but 
at the same time willing to profit from the wis- 
dom of his parents. Later he may be required 
to arrange his parents’ personal and domicillary 
care. Presumably, he becomes the wise adult 
and decision-maker, almost by default of his 
elders. In fact, through the senility of his 

parents, he and they have been cast in reverse 
roles. 

A variety of behavior is apparently condoned 
in this small community, a fact which probably 
makes it a more comfortable place to live than 
one offering more restrictions. To some extent 

older family members are valued for their wis- 
dom and experience; and their help and com- 
panionship—both past and present—are 
apparently appreciated. The older adult is also 
seen as being able to look after himself. The 
stress on autonomy of adult generations is 
shown by a kind of “live-and-let-live” attitude, 
plus a willingness to help each other in case of 
need. At times there is an I-don’t-care-what 
they-do quality in the response, which then 
reflects a more unfavorable attitude. 

It could be theorized that social norms and 
expectancies become part of the motivational 
scheme of the older person himself. He has 
basic needs to belong and to periicipate in his 
social group with a minimum of punishment 
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and a maximum of satisfaction. As component 
parts of the cultural pattern, expectancies then 
become important determinants of motivation 
and behavior. 

SUMMARY 

This investigation was designed to discover 
the expectations which residents of a rural 
community have for older people, with regard 
to living arrangements and family relationships. 
Data were provided by interviews with 487 
adults of varying ages, one adult for each 
household in a small Pennsylvania community. 

On the whole respondents believed that older 
people should live alone in their own homes. 
Should they become unable to care for them- 
selves, get into a difficult financial situation, or 
become lonesome, it is appropriate for them to 
live with the family or in a home for the aged. 
Living in a home for the aged is seen most often 
as a contingency arrangement. 

With regard to family relationships, the data 
showed no single approved or expected pattern 
of behavior. An older person is expected to 
allow his grown children to lead their own 
lives and to function without his help or advice; 
however, if he can give help easily or if unusual 
need exists, the older person is expected to be of 
assistance. He should maintain responsibility 
for himself, enjoy his children and grandchil- 
dren, and often do quite as he wishes for his 
own enjoyment. When it is necessary he should 
be willing to accept help from others, including 
his children. It appears that higher status 
members of the community were likely to em- 
phasize the autonomy of both adult generations. 
In varying degrees grown children and other 
family members should assume responsibility for 
the older person who is senile, who is in physical 
or financial stress, or who is without friends. 

The findings show the complexities of the 
role of the parent of grown children as well 
as the role of the adult child. Interviewees’ 
responses suggest many qualifications and con- 
ditions surrounding the behavior of older per- 
sons. It is possible that the data imply an 
understanding and acceptant attitude toward 
the aged or perhaps an indifferent attitude of 
live-and-let-live. 
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SOURCES OF SATISFACTION IN THE LIVES OF WORKING WOMEN* 

MARY W. LAURENCE, Ph.D. 

(Department of Psychology, University of Toronto, Canada) 

The present investigation has a_ threefold 
purpose: 1) to study the sources of satisfaction 

in living for working women of different age, 
income and marital status groups; 2) to obtain 

a partial ranking of the relative importance 
of life areas which provide that satisfaction; 
and 3) to get a prediction of the life areas in 
which problems are anticipated in the future. 
Apart from the intrinsic interest of these com- 
parisons, they provide a basis for looking ahead 
to the expected sources of satisfaction or prob- 
lems as a woman worker approaches the period 
of retirement. 

It was felt that such a study would be 
especially useful in view of the paucity of data 
on the meaning of work and retirement to 
women workers. In this connection there has 
been, to our knowledge, only one study of a 
small group of female retail sales personnel by 
Friedmann and Havighurst (1954). Since 
women are coming to represent an increasingly 
large proportion of the working population, 
it seems timely to have a look at their attitudes 
and feelings, not only about work and retire- 
ment, but also with respect to other aspects of 
their lives from which satisfactions and prob- 
lems stem. 

PROCEDURE 

The investigation was conducted by means 
of a questionnaire mailed to known groups of 
working women. The questionnaire was in 
three parts, plus a personal data sheet which 
requested information concerning age (in five- 
year intervals), annual income (in $1000 in- 
tervals up to $4000, then in $2000 intervals), 
marital status, education, occupation, and gen- 

eral attitude to retirement. Name and address 
were also requested, though it was clearly indi- 
cated that the respondent could remain 
anonymous if she so wished. In the total study 
only about 4 per cent chose anonymity. 

Part A consisted of 14 questions, asking the 
subject to check on a five-point scale the degree 
of satisfaction currently being experienced with 

* This study was supported by a grant from the Soroptimist Federa- 
of the Americas to the University of Toronto. 

health, financial security, family relationships, 
friendships, housing arrangements, hobbies, 
club memberships, religious faith, church activ- 
ities, work, esteem of other people (recognition, 

prestige), past accomplishments, sense of use- 
fulness, ability to keep busy (leisure activities). 
The five points on the scale were: (1) very 
satisfied, (2) satisfied, (3) indifferent, (4) dis- 
satisfied, (5) very dissatisfied. 

In Part B, the same 14 areas were listed and 
the respondent was asked to rank the five which 
she considered most important for her satisfac- 
tion. 

In Part C, the 14 areas were again listed with 
the request to choose and rank the five which 
she anticipated would present the greatest 
difficulty to her in five years’ time. It was felt 
that this section would reveal those areas most 
frequently thought of as potential problem 
areas by working women as a group. The five- 
year period was selected as being sufficiently 
far in the future that a change from the present 
could be expected to occur in the natural course 
of life’s development. For older respondents, 
especially, the five-year period would bring 
them closer to, or actually into, retirement; 
thus the answers to Part C may reveal the 
prominent problems which they anticipate with 
retirement. 

THE SAMPLE 

Of questionnaires sent to 907 working women 
resident in Metropolitan Toronto, 383 were 
returned (42 per cent). Subjects were drawn 
by random selection from five sources (the 
number of usable returns is shown in paren- 
theses): high school teachers (105), nurses 
(69), employees of a large public utilities com- 
pany (110), University of Toronto alumnae 
lists (39). In addition, all members of a busi- 
ness and professional women’s service club were 
contacted (60). 

It was obvious that this sample population 
was not representative of working women 
generally, since it omitted sales clerks and 
factory workers who constitute a large propor- 
tion of the female labor force. Neither was it 
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representative of the actual distribution of the 
various work categories included. Thus the 
focus is upon business and professional women. 
The median age of respondents falls in the 40- 
49 range; median income is at the $6000 level; 
and there is nearly a 2:1 ratio of single to 
married women in the group. 

RESULTS 

It would have been eminently desirable if 
equal-size groups with respect to age, income 
and marital status could have been obtained so 
that an analysis of variance could have been 
conducted on the data. However, the design 
of the survey, wherein the choice of whether to 
respond or not was left up to the subject, ren- 
dered such control over response distribution 
virtually impossible. Nor can it be assumed 
that the data have been drawn from a normally 
distributed population when fewer than half 
of the potential subjects responded and no 
information on the factors which encouraged 
or discouraged response is available. 

In the face of these limitations, separate 
analyses were made of each of the three parts 
of the questionnaire by age, by income, and by 
marital status. 

The 383 subjects were divided into six age 

groups, six income groups, and into single 
(i.e., never married) or married, as shown in 

Tables 1, 2, and 3. (The 26 widowed, divorced, 

LAURENCE 

or separated were omitted.) The tables show 
the percentage of subjects in each group who 
report feelings of present dissatisfaction with 
each of the 14 life areas (Part A in each table): 
who rank the indicated area as one of the five 
most important to their satisfaction (Part B) 
and who rank the indicated area as one of the 
five most likely to be a problem to them in five 
years time (Part C). 

As seen from the tables, similarities among 

groups are far more frequent than differences, 
but significant differences occur in all parts of 
the questionnaire. The three variables under 
consideration operate with a differential in- 
fluence in the different parts of the question- 
naire. In Table | there is very little variability 
with age in the degree to which different life 
areas are judged presently unsatisfying, or in 
the designation of relative importance of these 
areas. Six of the 14 life areas, however, show 
a significantly different problem potential for 
subjects when age is taken as the independent 
variable. Tables 2 and 3 show the opposite 
trend; i.e., when income and marital status are 
the independent variables, more differences 
between groups are observed in evaluating 
areas presently unsatisfying and important. 

DISCUSSION 

Age. Table | shows striking similarity in the 
degree to which subjects, regardless of age, 
endorse the 14 aspects of living as presently 

Part A 

Presently dissatisfied 

Life areas Age Group 

-25 25-29 30 40 50 =660+ 

Number* 

48 62 69 89 81 25 

Health... .. owe 8 10 9 6 15 24 

Finances..... =i 19 26 10 7 20 8° 

Family... .. , 17 10 17 16 17 16 

Housing. . ; 10 18 20 12 12 12 

Friends... . ae 6 ll 12 5 12 8 

Hobbies. . . es 27 10 22 19 17 16 

Ra SA ee 46 56 41 37 31 40 

Religion Se eae ee 37 48 36 29 23 32° 

Church Activities» 60 63 65 49 56 64 

Work... $a 10 ~ 12 7 7 4 

Recognition ; s 26 22 17 22 29 

Past Accomplishments. . | 23 35 32 25 30 24 

Usefulness ae 10 13 13 7 5 - 

Keep Busy (Leisure) 29 26 32 27 31 20 

' 

to a 

Tasie 1. Sources OF SATISFACTION BY AGE (PERCENTAGES). 

Part B 

Important to satisfaction 

Part C 

Potential problem in next five years 

Age Group Age Group 

25-39 30 40 50 = 60+ 25 25-29 30 49 50 «60+ 

Number* Number* 

58 69 85 77 23 47 58 69 85 77 24 

67 71 65 75 61 13 16 25 41 44 67° 

54 61 65 53 52 40 26 29 29 43 3 

71 68 59 61 61 30 19 39 25 27 1 

14 16 22 17 17 45 28 36 33 34 2¢ 4 

74 65 68 71 65 21 10 17 14 14 4 

’ 

8 
28 13 20 14 9 32 14 23 12 17 25 

_ 2 5 5 - 28 17 19 6 9 

38 46 47 53 52 30 24 19 11 4 iw” 

7 10 6 6 4 - - 

50 49 60 58 52 23 21 32 29 27 21 

16 12 13 12 4 30 16 12 3 1 8° 

9 3 6 4 22 28 14 17 13 6 4 

59 48 36 51 43 32 22 25 27 35 46 

17 29 32 21 61* 15 17 14 14 29 54° 

* Differences between age grou significant at the .05 level or beyond. 
® Ns vary due to the failure of some subjects to answer all the questions. 
> Church Activities item omitted from Part C in error. 
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SATISFACTION IN 

unsatisfying and as important to their satisfac- 

tion. All age groups express minimal dissatis- 

faction with health, family relationships, 

friendships, work and feelings of usefulness. At 

the same time, these are the aspects of living 
which, along with financial security and 
religion, are judged overwhelmingly as the most 
important sources of satisfaction. There is 
probably a strong cultural factor involved in 

directing these response patterns. For example, 
a woman may not like to admit (even though 
she may feel) that she doesn’t have a sense of 
usefulness, or that her friendships are not 
emotionally rewarding. Such admissions may 
be too threatening to self-esteem and too sug- 
gestive that the fault may be hers rather than 
due to circumstances. The findings reflect the 
emphasis which our society places on the 
attainment of satisfying adjustments in these 
areas, and perhaps it is only a brave or insensi- 

tive woman who admits failure. On the other 
hand, there is no strong social pressure which 
says that one must obtain satisfaction from 

clubs or church activities; expression of a lack 
of satisfaction here does not run especially 

counter to cultural prescription. This may well 
account for the greater frequency with which 
dissatisfaction is freely admitted in these latter 
areas by all age groups. 

The uniformity with which these women 
evaluate the life areas as important is even 
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more striking. Some of the 14 aspects represent 
fundamental conditions for survival or neces- 
sities of socialized living and, as such, would 

be expected to take precedence over other 
phases of life. Thus, it is not surprising to see 
the consistency with which good health, 
financial security, religious faith, family ties, 
friends and congenial work are ranked as fore- 
most requisites to satisfaction. The results 
suggest very clearly the extent to which our 
subjects, regardless of age, have been influenced 
by social and cultural factors to accept society’s 
designation of what is important as their own 

standard. Only one area elicits a significantly 
different pattern of endorsement for different 
age groups—the importance attached to being 
able to keep busy, i.e., being able to fill one’s 
leisure hours. Even in this area there is very 
little age difference until age 60. Then its 
importance skyrockets, coincident with the im- 
minent advent or arrival of retirement. 

Apparently the regulatory effect of social 
stereotype loses its power when women consider 

likely problem areas in the future. Here 6 of 
13 life areas reflect reliable age differences. The 
older the subjects, the more they anticipate 
problems with health, and with keeping con- 
structively busy. The second of these problems 
probably reflects their feeling that our society 
has no clearly defined role for its older citizens 
in which they can involve themselves usefully 

TABLE 2. Sources OF SATISFACTION: BY INCOME (PERCENTAGES). 

Part A 

Presently dissatisfied 

Income Group 

Life areas 3000 3000-— 4000- 6000- 8000- 10,000 
3999 5999 7999 9999 

Number* 

18 53 104 67 70 62 |} 

Health 2 i 0 0 OW 6 | 
Finances 44 28 16 12 4 8* 

Family 19 18 21 10 13 

Housing 22 17 17 12 13 11 

Friends ) 8 8 11 18 

Hobbies 17 13 21 16 24 16 

Clubs 39 43 35 46 43 45 

Religion 33 28 30 34 39 47 

Church Activities! 67 36 61 61 60 > 

Work 17 13 8 6 7 6 

Recognition 11 2 2 ol 24 19 «11 
Past Accomplishments 50 63634 25 26 16* 

Usefulness 33 11 14 3 1 3* 

Keep Busy (Leisure) 33 26 29 31 33 23 

* Differences between income groups significant at the .05 level or beyond. 

Part B 

Important to satisfaction 

Part C 

Potential problem in next five years 

Income Group Income Group 

3000 =3000- 4000— 6000- 8000- 10,000 -3000 3000- 4000— 6000- 8000- 10,000 

3999 5999 7999 9999 + 3999 5999 7999 9999 

Number* Number® 

28 52 100 65 70 62 29 52 100 66 70 62 

75 81 70 65 67 63 28 31 35 33 34 2¢ 

43 46 58 52 61 66 59 42 43 23 26 23° 

71 65 59 58 63 71 17 31 30 33 24 18 

7 12 21 20 16 24 52 54 35 26 27 21° 

79 63 70 78 76 63 17 12 17 8 10 23 

18 19 15 22 20 13 28 10 26 14 20 19 

4 2 6 3 3 2 17 19 17 9 13 16 

7 52 50 42 53 34 17 19 14 14 17 23 

7 10 10 6 3 5 

39 56 43 58 66 55° 21 42 30 20 23 21 

25 12 15 17 11 8 7 19 13 of) ll 5 

4 . 13 5 3 10 21 25 11 9 14 8 

39 52 41 42 41 60 38 33 32 20 30 29 

32 27 29 29 17 27 28 21 20 q 20 29 

® Ns vary due to the failure of some subjects to answer all the questions. 
» Church Activities items omitted from Part C in error. 
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and consistently. It probably also reflects the 
quandary in which these women expect to find 
themselves when retirement removes the role 
which normally occupies their time—i.e., work. 
It is possible to infer from such findings that 
a large number of working women as yet have 
no clearly defined program of activity planned 
for their retirement; and in this regard they 
parallel men (Hall, 1953). These results sug- 
gest further that work may not hold nearly so 
secondary a meaning for women (after home 
and family) as has sometimes been suggested. 
(An examination of the meaning of work and 
retirement to women along the lines of Schaf- 
fer’s study [1953] on men would be worth- 
while. ) 

The significant decrease with age in the ex- 
pression of concern about the degree of recog- 
nition from others and the level of one’s past 
accomplishments represents quite a different 
pattern. It is interesting to note that it is the 
youngest age group who are primarily con- 
cerned about recognition and past accomplish- 
ments. Their forecast of problems seems built 
upon an anticipatory fear that their careers 
might not develop sufficiently quickly to ensure 
the recognition and pride in past accomplish- 
ments which they seem to equate with success 
and satisfaction. The older our subjects, the less 
such considerations are seen as problem areas, 
either because events have proven their fears 
groundless or because other, more personally 
vital, areas of life have overshadowed them. 

With increasing age, there appears to be a 

resolution of doubts or indecisions about 
religion and its role in a person’s life. This is 

seen by the fact that fewer women mention 
religion as an area in which they anticipate 
problems in the next five years. 

Income. When the subjects are divided by 
income, similarity rather than difference be- 
tween groups is again the dominant feature. 
Intangible social pressures again seem the prime 
factors in shaping uniform attitudes. The only 
major difference is in the “work” area—one 
that has an obvious connection with finances 
in that it is the source of economic security. 
The higher the reward from work, the more 
important work is judged to be. It should not 
be overlooked, of course, that higher reward 
usually entails more responsibility, challenge, 
and opportunity for creativity and that these 
factors probably contributed also to the greater 
importance ascribed to work by the highly 
paid subjects. 

Income differences as root factors in deter- 
mining likely problems in the future are limited 
again to life areas with an intimate relation- 
ship to money—financial security itself and 
housing, the nature, extent and luxury of which 
financial position is usually the determinant. 
The lower the income, the less likelihood of 
future security in either of these spheres and 
the more probable that they will become sources 
of concern. 

Marital Status. Marital status shows its 
influence in Part A of the questionnaire where 
an expression of feelings of present satisfaction 

TaBLe 3. SOURCES OF SATISFACTION: BY Marita Status (PERCENTAGES). 

| Part A 

Presently dissatisfied 
Life areas —_—_— - — 

} Single Married 

| (N =234) (N=123) 

Health.......... | 12 6 
eee | 16 12 

‘al 18 8* 
I es sioiee scien select | 18 14 

ae 7 13 

Hobbies............ | 17 23 

ERE ere 35 54* 

| ee . 32 43 
Church Activities*. . xeheal 56 66 
_ POR eee } 9 8 
Recognition.......... sl 20 20 

Past Accomplishments......... | 35 20* 
oo, ae poll 10 4 
Keep Busy (Leisure)... .. . 28 31 

| 

Part B 

Important to satisfaction 

Part C 

Potential problem in next five years 

Married Single | Single Married 
(N=234) (N=123) |  (N=234) (N =123) 

69 70 36 22° 

53 60 34 32 
58 76* | 33 17° 

13 20 37 28 
80 58° 16 4 
20 15 20 21 
4 8 14 16 

48 46 17 20 
11 2° — : 
55 47 27 25 

14 14 13 10 
5 10 17 10 

41 54° 31 27 
25 26 20 21 

* Differences between marital status grou 
® Church Activities items omitted from Part C in error. 

significant at the .05 level or beyond. 
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or dissatisfaction derived from the 14 life areas 

is sought (see Table 3). Single women express 

significantly greater lack of satisfaction from 

family relationships than do married subjects. 

It is not clear from these data whether this is 

dissatisfaction due to lack of family ties through 
death of parents and/or lack of husband and 
children, or irritation with parent and sibling 
ties which are prolonged because the individual 
has not married. Single women also express 
significantly more dissatisfaction with the level 
of their past accomplishment. This may have 
its genesis in either of two quite different 
sources, a feeling of insufficient advancement 

in their job or, more intangibly, a vague feel- 
ing that they have failed to achieve the basic 
female adult roles of wife and mother. 

More easily understood is the greater feeling 
of dissatisfaction expressed by the married sub- 
jects with regard to clubs. The married women, 
who have a home, husband and children to look 
after in addition to their job, have less time to 
spend on such activities than do the single 
women. The frustration which accrues from 
not being able to do everything in the time 
available is evidenced by the subject’s own 
comment: “no time”; “haven’t enough time”; 
“family must be looked after first.” 

The most trenchant difference between 
married and single women in the ranking of 
important life areas (Part B) is the dominant 

position given to family by the married and to 
friendships by the single subjects. Both imply 
close interpersonal relationships as a necessary 
condition to satisfaction. The fact that the 
single subjects do not turn first to the family 
may be part of the same constellation of atti- 
tudes which leads them to express more present 
dissatisfaction with family (Part A) than do the 
married women. The significantly greater 
importance of church activities as a source of 
satisfaction to single women probably indicates 
not only more time available to the single per- 
son for such pursuits but also that church 
groups are a source of friendships. 

The fact that the single women should 
expect more problems in the family area than 

do the married subjects (Table 3, Part C) 
indicates that “family” is a term which em- 
braces the parental generation as well as 
husband and children. Single women may 
carry greater responsibility for aging parents 
than do married women. Without husbands to 
assist them in this task, the prospect of problems 
in the family area can become quite a realistic 
concern. The same general line of interpreta- 
tion may account, at least in part, for the single 
woman's greater concern over future health 
problems (Part C). Any illness or injury not 
only affects her health but may serve to cut 
off her income and place her in a position of 
needing care without having sufficient financial 
resources. The married woman faces neither of 
these contingencies as frequently since she has 
a husband to lend both financial and moral 
support. 

SUMMARY 

Three hundred and eighty-three working 
women replied to a three-part questionnaire 
which furnished information about (A) the 
feelings of satisfaction or dissatisfaction ex- 
perienced with 14 different aspects of life; (B) 
the relative importance of these in the subject’s 
life and (C) the areas in which they anticipated 
problems in five years’ time. The data were 
analyzed by age, by income, and by marital 
status. 

Considerable uniformity of attitudes was 
found among subgroups. Age differences 
appear to be most influential with regard to 
predictions of future problem areas; income 

and marital status differences, with regard to 
present feelings of satisfaction and judgments 
concerning relative importance of the different 
life areas. 
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BOOK REVIEWS 

Aging .. . Some Social and Biological Aspects. Symposia 

Presented at the Chicago Meeting of the American Asso- 
ciation for the Advancement of Science, December 29- 

30, 1959. Edited by NarHan W. SuHocx. Washington, 
D. C.: AAAS, 1960. Pp. iv + 427. $8.50. 
Two symposia on aging were included in the 1959 

AAAS meetings. This book contains 23 papers presented 
in both symposia. 
The aim of the first symposium (Sections I through 

IV) was to review the current status of research on 

various aspects of aging and to identify problem areas 

for research. Participants were asked to place primary 

emphasis on the development of ideas, rather than on 
detailed reviews of the literature. The contributors 
have fulfilled these intentions admirably. 

In Section I (Implications for Society) there are 

papers by John McConnell on economics: Joseph Free- 
man on general biological aspects; Robert Havighurst 

on work and retirement; and Chauncy Leake on utiliza- 
tion of the aged. In the summary of discussion which 
follows the last paper, participants consider the imple- 
mentation of their ideas. 

Section II (Aging in Tissues and Cells) contains 

papers on genetics by Bently Glass; development by 
James Ebert; structural changes by Geoffrey Bourne; and 

biochemical aspects by Abraham White. 

In Section III (Aging in the Total Organism) there 

are papers by Milton Landowne and John Stanley on 
the cardiovascular system; Gregory Pincus on steroid 

hormones; Philip Handler on radiation; and Ewald 

Busse on personal relationships. The reader who desires 
an up-to-date report on research in these diverse fields 
will find these papers more than adequate. 

Section IV (Theories of Aging) offers the reader an 
opportunity to examine hypotheses which attempt to 
integrate broader areas of information. After Nathan 

Shock briefly and effectively reviews the current litera- 
ture concerning many of the facts of aging, H. Selye 
(with P. Prioreschi as co-author) succinctly explains 
his theory of stress. In a fairly technical paper, Bernard 
Strehler discusses the dynamic theories in which the 
living organism is approached as an energy transducer. 

James Birren reviews behavioral theories and offers a 

counterpart theory: “Biologically based order in late- 
life changes must arise in association from counterpart 
characteristics of development which were subject to 
pressures of selection.” In the final paper of this section, 
Samuel Strumpf makes an illuminating analysis from 

the philosopher’s point of view. 
Of the four papers presented in the second symposium 

(Section V of this book), three are highly technical 

(John Nalbandian and Reidar Sognnaes, “Structural 

Age Changes in Human Teeth”; Jules Kingsberg, Louis 

Cancellaro and Earl Butcher, “Effects of Age and Ey- 
teriorization on the Hamster Cheek Pouch”; and J. R. 
Ring, “Histological and Histochemical Age Changes in 

Oral Subepithelial Connective Tissue”). The fourth 

paper (Albert Dahlberg, “Clinical Aging Patterns in 
Teeth of Different Population Groups”), written from 

an anthropological point of view, should prove stimu- 
lating not only to those in the dental sciences, but also 
to those interested in interdisciplinary aspects of geron- 
tology. 

The value of this book lies in the fact that it pre- 

sents in one volume opinions and theories of leading 

gerontologists, together with evaluations of the latest 

research in various areas. This would have been an 
even more valuable collection, however, if it contained 
an equally good paper on personality. 

SHELDON S. TOBIN 
University of Chicago 
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Guide to Social Survey Methods. (Ref. No. 579) 
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ford Square, 1960. Pp. 24. 2/6. (paper) 
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1959. (Public Health Service Publ. No. 736) Wash- 

ington, D. C.: U. S. Govt. Print. Off., 1960. Pp. 51. 

25 cents. (paper) 

U. S. Concress. Senate. The Aged and Aging in the 

United States: A National Problem. 86th Congress, 

2nd Session, Report No. 1121. Washington, D. C.:: 

U. S. Govt. Print. Off. 1960. Pp. 186 + A153. 
(paper) 

U. S. Concress. SENATE. COMMITTEE ON LABOR AND 

Pusiic WexrareE. Health Needs of the Aged and 
Aging: Hearings Before the Subcommittee on Prob- 

lems of the Aged and Aging. Washington, D. C:: 
U. S. Govt. Print. Off., 1960. Pp. 370. Printed for 
the use of the Committee on Labor and Public Wel- 

fare. (paper) 

U. S. Concress. SENATE. COMMITTEE ON LABOR AND 

Pustic WeFare. Health Needs of the Aged: High- 
lights of Testimony Before the Subcommittee on 

Problems of the Aged and Aging. Washington, D. C.: 

U. S. Govt. Print. Off., 1960. Pp. 10. Printed for the 
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Biological and Medical Sciences 

THE USE OF A PROTOZOAN FOR STUDIES ON AGING 

I. Differences between Young and Old Organisms of Tokophyra 

infusionum as Revealed by Light and Electron Microscopy 

MARIA A. RUDZINSKA, Ph.D.* 

(From the Rockefeller Institute, New York, Neu 

It is well known that the majority of Protozoa 
reproduce by binary fission; the parent body 
divides and transforms itself into 2 young 
daughter organisms. Theoretically there seems 
to be no place for individual aging or individual 
death in such a system. There are, however, 
Protozoa which do not multiply by binary 
fission but by unequal division, and only a part 
of the parent body gives rise to the offspring. 
This way of reproduction is known as budding 
and it may imply an identifiable lifespan some- 
what similar to that in higher organisms. Al- 
most no attention has been given to this very 
interesting phenomenon despite the fact that 
budding is not uncommon among Protozoa. 

Tokophrya infusionum is a classical example 
of a protozoan with an identifiable lifespan. It 
reproduces by endogenous budding, a process in 
which a small portion of the organism forms an 
internal bud, the embryo, which undergoes 
metamorphosis after leaving the parent body. 
The parent organism retains its identity and 
continues to reproduce and live for a period of 
about 10 days. During this time it changes and 
apparently ages, for it ultimately stops multi- 
plying and dies. 

A one-celled organism with an identifiable 
lifespan lasting only about a week seemed most 
desirable for studies on changes due to age and 
to differences between young and old organisms. 
The short lifespan secures not only fast results 
but also easy repetition of experiments and ob- 
servations. Of greater importance is the fact 
that the whole organism consists of a single cell, 
for changes induced by age can be followed with 
greater certainty in a unicellular animal than 
in higher organisms where one is usually con- 
fronted with a mixed population of young and 
old cells. 

* Supported by grants from the United States Public Health Service, 
(E 1407), the National Institute of Allergy and Infectious Diseases, 
and (H 1350), the National Heart Institute. 

York ) 

MATERIAL AND METHODS 

Tokophrya infusionum, a sessile, fresh water 
protozoan has been kept in culture since 1948. 
The studies reported here were performed on 
several strains of this organism, the majority 
derived from ponds in the vicinity of Laurelton, 
New York (and obtained through the courtesy 
of Dr. Daniel M. Lilly) and one from a pool at 
the Rockefeller Institute. Bacteria-free stock 
cultures of Tokophrya were grown in screw- 
capped pyrex tubes (125 mm. » 20 mm.) in a 
0.5%, yeast medium (7). The food organism, 

axenic Tetrahymena pyriformis grown in ,the 
same kind of tubes in a proteose-peptone agar 
medium, was introduced into the stock cul- 
tures 3 times weekly. Subcultures were made 
once a week from thriving cultures of Toko- 
phrya. 

For light microscopy studies Tokophryaj was 
cultured in hanging drops on cover glasses in 

Maximov slides, according to the methods |used 
for tissue culture. A single embryo was iptro- 
duced into a hanging drop containing home 
Tetrahymena. Every second day food | was 
added. Such microcultures could be maintained 
for about 2 weeks, thus permitting studids on 
the reproduction rate of a single Tokophrya 
throughout the lifespan. The hanging jdrop 
method was used also for observations on djffer- 
ences between young and old living organjisms. 
This method was very convenient also fof the 
preparation of organisms of a known agp for 
fixing and staining purposes. As a fixative 
vapors of 2% OsO, were used and the fixed ma- 
terial was stained with Feulgen’s fuchsirj-sul- 
phurous acid reagent. 

For electron microscopy and thin sectioning, 
large amounts of Tokophrya were needed be- 
cause of their small size. To meet this require- 
ment Tokophrya was grown in the same kind 
of tubes as the stock cultures. 3 Two to 3 tubes 

213 
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Fig. 1. Photomicrograph of living Tokophrya showing numerous tentacles (t), stalk 

(s), dise (d), contractile vacuole (cv). X 1,200. 

contained enough supply for embedding. Toko- 
phrya in the adult state is sessile and firmly at- 
tached to the walls of the culture vessel (23). 

For electron microscopy it was necessary to 
scratch off the organisms from the walls and 
collect them on the bottom of the culture tube 
by centrifugation. After the removal of the 
supernatant they were fixed with 1% OsO, at a 
pH 8.5 (10) for 30 minutes, dehydrated with 
alcohol, and embedded in n-butyl methacrylate. 
The organisms were centrifuged down before 
each change of the fluid or handled as a pellet 
(20). For polymerization they were left in the 
incubator at 45 C. or 60 C. overnight or for 24 

hours. Thin sections were cut with a Porter- 
Blum microtome (17) and examined with an 

RCA, EMU-2c, or Philips EC-100 electron 
microscope. 

For the study on differences in the fine struc- 
ture of young and old organisms 2 types of cul- 
tures were needed, each uniform as to the age 
group. While a culture 3-4 days old repre- 
sented a good supply of young organisms, cul- 
tures about 10 days old contained a mixture of 
young and old organisms. To prepare cultures 
composed of old Tokophrya about 8-10 days 
old it was necessary to separate the young or- 
ganisms which appear in the culture each time 
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after feeding takes place. It became known 
from observations that the embryos tend to 

settle down during metamorphosis close to the 

surface of the medium. Once attached they re- 

main in place throughout the entire lifespan. 
The simplest way, therefore, for segregating 
young organisms developing in the culture ves- 
sel was to add culture medium at each feeding. 
The original fluid level of the culture was 
marked with a red pencil. The young organisms 
accumulated above the mark. When the culture 
was 9-10 days old the medium above the mark 
was removed several hours before fixation and 
the young organisms dried out leaving in the 
culture only old organisms. 

RESULTS 

Tokophrya infusionum is a small fresh water 
protozoan 17-50 wu in diameter, belonging to the 
class Suctoria. The adult form of the organism 
is sessile, supported by a thin stalk, which is 
attached to the substrate by a disc (fig. 1). The 
most characteristic features of Tokophrya and 
all Suctoria are the manner of feeding and re- 
production. Tokophrya feeds on living ciliates, 
the content of which is sucked in by means of 

Fig. 2. Reproducing Tokophrya with a fully 

formed embryo (E) in the brood pouch (bp). 

Note 2 macronuclei; 1 smaller belonging to the 

embryo (ma,), the other larger, belonging to the 

parent (ma). OsO, fixed and Feulgen stained 

preparation. X 1,700. 
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long, thin tentacles, extending on both sides of 

the body (fig.1). Tokophrya reproduces by en- 
dogenous budding, a very complicated process 
which leads to the formation of a so-called em- 
bryo (fig. 2) located within a brood pouch (fig. 

4). The brood pouch is formed by an invagi- 
nation of the membranes of the body and, as 
this process progresses, it encircles a part of the 
cytoplasm together with | of the 2 mitotically 
produced micronuclei and a small portion of 
the macronucleus (fig. 3). Finally, the embryo 
is pinched off as an oval body with a girdle of 
several rows of cilia. By means of these cilia 
the embryo rotates inside the completed brood 
pouch for about 10 to 20 minutes until it is 
ejected to the outside. The liberated embryo 
swims for several minutes to several hours; it 
then becomes attached to the substrate by the 
formation of a disc. A stalk and tentacles start 
to grow, the cilia disappear, and within a re- 
markably short time of about 5 to 10 minutes 
the embryo undergoes a complete metamor- 
phosis, acquiring all the characteristic features 
of the parent. The young organism once at- 

tached to the substrate remains in place through- 

out the whole lifespan (23). It is, therefore, 

Pa 3 

Fig. 3. Endogenous budding in Tokophrya. 

The macronucleus (ma) is in an advanced stage 

of division. Its smaller part (ma,) will be 

incorporated into the embryo (E) which is not 

yet fully formed. OsO, fixed and Feulgen 
stained preparation. X 2,250. 
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easy to make observations on each individual 
from the moment of attachment when it starts 
metamorphosis till the last day of life. 

The metamorphosis Tokophrya undergoes 
and its identifiable lifespan permit the distinc- 
tion of more or less clearly defined age stages. 
Five such stages were established. The first 
Stage is represented by the ciliated motile em- 
bryo, unable to feed or reproduce. It may last 
from several minutes to several hours. The, sec- 
ond stage is represented by the sessile adolescent 
organism, lasting for about 12 hours, capable of 

feeding immediately after metamorphosis but 
not yet able to reproduce. A lapse of at least 10 
hours is needed before the first embryo is pro- 
duced. The third stage represents the adult 
feeding and reproducing organism. At this 
state, lasting for about 4 to 5 days, 6 to 12 em- 

bryos may be produced during 24 hours. The 
fourth stage represents the older organism which 
feeds more or less normally but reproduces at a 
greatly reduced rate, producing | to 3 embryos 
daily. This stage may last for | to 2 days. The 
filth stage is represented by the senile organism 

Fig. 4. Low power electron micrograph of 

Tokophrya with an embryo (E) inside the brood 

pouch (bp); ma:—macronucleus of embryo 

X 5,400. 

Fig. 5. Adolescent Tokophrya with tentacles (t), 

stalk (s), and disc (d). X 800, 

Fig. 6. Young adult Tokophrya with tentacles (t), 
stalk (s), and disc (d). X 800 

Fig. 7. Old Tokophrya with a few short tentacles 

(t). X 800. 
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which is unable to feed or reproduce and dies 

within a day or two. The second and _ third 
stages may be regarded as characteristic of the 

young individual; the fourth and fifth stage of 
the old. 

Differences Between Young and Old Organisms 

A. Living Tokophrya 

Some of the differences between young and 
old organisms may be clearly seen in living 
Tokophrya. The shape of the body is spherical 
in the adolescent organism (fig. 5), becomes 

pyriform in the adult (figs. 1, 6), and ovoid or 
irregular in the old individual (fig. 7). The 
diameter of the adolescent Tokophrya averages 
25 w, of the adult 40 w, and of the old organism 
50 wu. The number of tentacles, the feeding 
apparatus, is about 10 in the adolescent indi- 
vidual, 50 in the adult, and only 15 or less in 
the old organism. The functional efficiency of 
the tentacles changes greatly with age. The 
prey once caught by the tentacles of a young 

organism is unable to get detached. However, 
in the old organism detachments of the prey are 
very frequent. The tentacles in the senile 
Tokophrya lose the ability to catch the prey, 
and no ciliate gets attached to the tip of the 
tentacles. The time needed for sucking in the 
content of | food organism, Tetrahymena, 

changes considerably during the lifespan. A 

prey is sucked in by a young Tokophrya within 

15 to 20 minutes and the same process lasts for 

almost 1!/, hours in the old organism. As men- 

tioned earlier, the reproduction rate undergoes 

great variations during the lifespan. The adoles- 

cent organism is unable to reproduce. After the 

first embryo has been produced in the aduit, it 

may be followed by the formation of a bud 

every 2 hours; this may amount to 12 embryos 

In the old organism the reproduction 

rate is very low and only | or 2 embryos are 

daily. 

produced daily. Finally the senile organism is 

unable to reproduce. 

Fig. 8. Low power electron micrograph of young 

Tokophrya showing the pellicle (p) and the plasma 

membrane (pm). In the cytoplasm, mitochondria (m) 
can be seen and the beginning of formation of a brood 

pouch (bp). In the center of the body is the macro- 
nucleus (ma) and the micronucleus (mi). Two 

tentacles (t) are cut obliquely. X 4,000. 

Fig. 9a and 9b. High power electron micrographs 

to show the structure of limiting membranes. Note the 

pellicle (p) composed of 2 membranes, the plasma 
membrane (pm) composed of 3 membranes, and the 

papilla (pa) formed by the pellicle which is hooked 
into the plasma membrane. Outside the pellicle there 
is a layer (1) of homogeneous material. X 79,000. 
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B. Fixed and thin sectioned Tokophrya. 

Limiting membranes.—Thin sections through 
Tokophrya show that the body is covered by 
2 sheaths, the pellicle and plasma membrane 
(figs. 8-10). At higher magnifications each of 
the sheaths shows a composite structure (figs. 
9a, 9b). The pellicle is composed of 2 mem- 
branes, an external denser and thicker about 75 
A and an internal less dense about 50 A thick. 
The space between the 2 membrances is about 
100 A. The plasma membrane is composed of 
3 membranes each about 63 A thick. Interesting 
is the relationship between the 2 sheaths. There 
is quite a distance between them, measuring 

from 250 to 630 A. In places, both sheaths are 
firmly connected by projections which protrude 
from the pellicle into the plasma membrane, a 
type of union resembling the mortice and tenon 
of the cabinetmaker (fig. 9a). This relationship 
between the 2 sheaths is common among young 
as well as old organisms. Occasionally some of 
the pellicular papilla detach themselves in the 
old organisms. Outside the pellicle there is an 
additional layer of less dense homogeneous ma- 
terial about 760 A thick with a fuzzy outline 
(figs. 9a, 9b). This layer is closely applied to 

| 
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the pellicle and varies as to its thickness and 
density. Since it is absent in embryos and ado- 
lescent organisms and present at all other stages, 
it seems obvious that it represents a deposition 

which accumulates with age. It was expected, 
therefore, that the thickness and density of this 

layer should be greatest in old organisms. The 

variation does not seem, however, to be con- 

sistent and so far no convincing evidence for its 

increase with age was found in electron mi- 
crographs. 

Mitochondria.—The cytoplasm beneath the 
plasma membrane undergoes changes during 
the lifespan and differences in its structure may 
be seen in young and old organisms (figs. 8, 10), 

The most prominent cytoplasmic organelles, the 
mitochondria, generally disclose the same struc- 

ture as described by Palade for mammalian cells 
(11). As in higher organisms each mitochon- 
drion is surrounded by 2 membranes and the 
intramitochondrial structure is formed from the 
internal membrane. There are, however, dif- 

ferences; whereas in mammalian cells the in- 

ternal mitochondrial membrane forms folds, 

cristae mitochondriales, which in sections appear 
as oblong profiles, in Protozoa the intramito- 

Fig. 10. Low power electron micrograph of old Tokophrya showing large cytoplasmic oval areas 
(a) deprived of organelles and filled with small particles. The body is covered by the pellicle (p) 
and plasma membrane (pm). Outside the pellicle is a homogeneous layer (1). Many large pig- 
ment granules (pi) can be seen in association with mitochondria (m). In the center of the body 

is the macronucleus (ma). X 4,000. 
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Fig. 11. Electron micrograph of portion of cytoplasm of a young Tokophrya to show mitochondria 

(m), vesicles of the endoplasmic reticulum (er), piles of vesicles (pv), and Palade’s small particles 

(Pp). X 31,000. 

Fig. 12. Electron micrograph of portion of cytoplasm of old Tokophrya, showing mitochondrion 

(m), pigment (pi), pellicle (p), plasma membrane (pm), papilla (pa), and layer of homogeneous 

substance (1) outside the pellicle. X 31,000. 
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chondrial structure is composed of microvilli, 
which are finger-like projections of the internal 
membrane and in sections look like circular or 
oval profiles (27). Mitochondria in Tokophrya 
display the typical protozoan pattern. Although 
the mitochondria look similar in young and old 
organisms, some differences are readily appar- 
ent. In young organisms the internal mitochon- 
drial structure seems to be rich in microvilli, 
while in old ones a number of mitochondria 
may be found with the internal structure greatly 
reduced. These can be seen in figures 11 and 12. 
Figure || is an electron micrograph of a young 
Tokophrya. Several mitochondria present in 
this figure are cut at different levels. In all of 
them the whole intramitochondrial space is 
packed with microvilli, which appear here in 
the form of oval profiles. Figure 12 is an elec- 
tron micrograph of an old organism. The sec- 
tion of the mitochondrion shows only a few 
microvilli, and most of the intramitochondrial 

space is deprived of this structure. In addition, 
there is a decrease in number of mitochondria 
in the old organism and also a change in their 
distribution. In the young organism mito- 
chondria are scattered at random throughout 
the cytoplasm (fig. 8); in old Tokophrya, there 
is a tendency to concentrate near the periphery 

of the cell (fig. 10). 

Lipid-like pigment granules—In the cyto- 
plasm of old organisms a great number of very 
dense large pigment bodies may be found (fig. 
10). They are absent in very young Tokophrya 
(fig. 8) and small numbers are present in adult 
individuals. The pigment bodies are usually 
irregular in shape (figs. 10, 12), and their size is 

about 0.5 to | w in shorter diameter. In aged 
organisms the pigment tends to form aggregates 

and accumulates near the periphery of the cell 
in the same region as mitochondria (figs. 10, 12). 
Very often a close association between both 
structures can be seen, and in some instances | 

or more pigment granules may be found inside a 
mitochondrion. In figure 13, two pigment bodies 

seem to derive from a mitochondrion. One is 
almost outside the mitochondrion, the other is 
still embedded in it. The presence of pigment 
bodies in mitochondria was reported by a num- 

ber of investigators and led to the conclusion 

that they originate from mitochondria (2, 4). 

Endoplasmic reticulum.—This interconnected 

vacuolar system was first observed and de- 

scribed in electron miscroscopy by Porter (18) 

in avian cells cultured in vitro. It was there- 
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after identified in thin sections by Porter (17), 
Palade and Porter (14), and by a number of 
investigators in animal and plant cells. In 

Tokophrya the endoplasmic reticulum appears 
in the form of vesicles; only rarely are canali- 
culi found. They often are disposed in clusters 
and are smooth or rough-surfaced (14). The 
latter have on their surface small particles which 
most probably represent Palade’s particles con- 
taining ribonucleoprotein (12, 15). Of special 
interest are groups of smooth surfaced vesicles 
which are arranged in closely packed piles com- 
posed of 2 to 19 oval vesicles (fig. 11). It is as- 

sumed that they collect fluids from the cyto- 
plasm, contributing to diastole of the contractile 
vacuole (22). Both types of vesicles are very 
well developed in young organisms and_ they 
may be found in all parts of the cytoplasm. In 
the older organism vesicles of the endoplasmic 
reticulum are present also but their number is 
small. This applies also to the piles of vesicles 
which are more abundant in young than in old 
organisms of Tokophrya (figs. 11, 12). 

Particulate components.—In the ground sub 
tance of the cytoplasm, small particles about 

Fig. 13. Electron micrograph of portion of cytoplasm 

with a mitochondrion (m) containing 2 pigment bodies 
(pi). X 34,700. 
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150 A in diameter are present (fig. 11). They 
represent also Palade’s small particles contain- 

ing ribonucleoprotein but differ most probably 

from those attached to the membranes of the 

endoplasmic reticulum (28). The particles are 

abundant in young organisms and only loosely 

scattered in the cytoplasm of old individuals. 
In addition to Palade’s small particles, larger 

granules about 300 A in diameter were found 
to be present in the cytoplasm (21). They ap- 
pear in old organisms, in dense accumulations 

occupying large oval or circular areas (figs. 12, 
14). Figure 12, which is a section through an 

old organism, shows 5 such large vacuoles 
around the centrally located macronucleus. The 
size of these vacuoles is about 5 by 7.5 w. They 
contain small particles and are deprived of any 
other structure as may be seen to better advan- 
tage in figure 14. In this electron micrograph a 
circular area of a matrix of lower density than 
that of the cytoplasm is filled exclusively with 
dense particles about 300 A in diameter. In 

ty ng? 
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senile organisms they seem to be a major com- 

ponent of the cytoplasm. In young organisms 
the occurrence of this type of particles is only 
occasional and limited to very small areas. It 
is assumed that the particles represent insoluble 
waste products, which most probably cannot be 
removed from the body. 

DISCUSSION 

The study of living, stained, and sectioned 
organisms of young and old Tokophrya sup- 
plied an appreciable volume of information as 
to differences between the 2 age groups. Among 

cytoplasmic components a number of changes 
were found to occur, the most significant being 
the accumulation of large, very dense lipid-like 
pigment bodies. Such deposits in certain mam- 
malian tissues of aged organisms are well known 
as old age pigment or senility pigment, and are 
considered “the most reliable morphologic 
correlate of aging” (1). The appearance of the 
senility pigment in the central nervous system 

Fig. 14. Electron micrograph of a large circular cytoplasmic area filled exclusively with small 

particles. X 36,000. 
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of old mammals is of particular interest because 
lost nerve cells are not replaced by division of 
the remaining cells and therefore are subject 
to aging. The presence of a similar deposition 
in old Tokophrya, a unicellular organism, on 
the one hand, and in old mammalian (includ- 
ing human) neurons on the other hand, seems 
to indicate the basic nature of this symptom of 
aging. It is remarkable that changes due to age 
in a protozoan are so very similar to those 
which occur in highest organisms. 

One is tempted to speculate as to the meaning 
of the senile pigment. It may be that it repre- 
sents poorly soluble waste products. Waste 
products in the form of pigment are well known, 
for instance, in malaria parasites (26). The 
accumulation of poorly soluble depositions might 
be due to a decreased capacity of the cell to 
dissolve and to eliminate them. This hypo- 
thesis seems to find some support in the work 
of Strehler and associates (29) on the presence 
and distribution of the age pigment in the hu- 
man myocardium at different ages. These in- 
vestigators found that the age pigment is ab- 
sent in the first decade of life and after its ap- 
pearance in the second there is a steady linear 
increase reaching the largest accumulation in 
old age, regardless of sex, race, and cardiac 
pathology. Similar observations were made on 
human nerve cells in which pigment is never 
present at birth but increases with age (30). 
In Tokophrya as in human cells the pigment is 
always absent in the very young individual and 
present in great amounts in the old organism; 
but it is found also in limited amounts in the 
adult organism. An additional assumption 
seems to be necessary that the first signs of 
changes in the dissolving and eliminating ca- 
pacity of the cell begin quite early in life and 
increase gradually until senility, resulting in 
great accumulations of non-soluble depositions. 

A number of investigators tried to correlate 
the senility pigment with other structures in 
cells. Some looked for their genesis in the 
Golgi apparatus (1), others tried to show that 
they originate from mitochondria (2, 4). The 
findings in Tokophrya favor the latter supposi- 
tion. There is a close spacial relationship be- 
tween both structures, and the pigment appears 
often in association with and sometimes inside 

mitochondria. In addition, the number of 
mitochondria decreases with age, while an in- 

crease in the amount of pigment becomes ob- 

vious. Similar observations as to the numbers 

of both structures in neurons of aged mice were 
reported by Duncan and associates (2). 

In old Tokophrya, in addition to a decrease 
in the number of mitochondria, there is also 

a change in their structure. The intramito- 
chondrial structure shows a substantial loss in 
the amount of microvilli. Changes in the mito- 

chondrial structure were found also in some 

tissues of old mammals (4, 31). Since mito- 
chondria are the most important source of 
energy for the cell, the decrease in their number 
and the loss of intramitochondrial membranes 
is an expression of diminished activities of the 
cell. The reduced volume of the endoplasmic 
reticulum seems to indicate the same. 

Most of the cytoplasmic area in old organ- 
isms of Tokophrya is taken over by large vac- 
uoles, densely filled with small particles of a 
diameter twice as large as Palade’s ribonucleo- 
protein particles. In such vacuoles no orga- 
nelles are present. It seems most probable that 
the particles represent also a kind of waste 
product. Since in young organisms small vacu- 
oles with such particles were found only occa- 
sionally, it might be assumed that in the latter 
they are transient structures and represent a 

stage in digestion. In the old organism they 
seem to remain as a permanent structure. It is 
suggestive to assume, as previously mentioned, 
that some changes might occur in the enzy- 
matic set-up of old cells which make it difficult 
to dissolve and to remove poorly soluble waste 
products. These depositions are taking over 
more and more of the cytoplasmic area, and 
their excessive accumulation, comprising roughly 
more than half of the cell volume, might lead 
to autointoxication, a term introduced by Kor- 

enchevsky (5). A number of investigators re- 
gard the accumulation of insoluble materials 
as one of the causes of aging (3, 5, 6, 8, 9). 

It seems in this regard that the external layer 
which was found on the surface of the pellicle 
might prove to be of significance. This layer is 
homogeneous in its structure without a limiting 
membrane with a fuzzy outline. There remains 
no doubt that it represents a kind of deposit 
which accumulates during the lifespan of the 
organism, because it is not present in the em- 
bryo or in the adolescent individual but was 
found in all other stages. The origin of this 
layer is unknown; it could come from the out- 
side of the organism or from its inside, but it 

could well be a product of both. The presence 

of a kind of a capsule around the body must 
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play some important role in the life of the or- 

ganism. It seems reasonable to assume that 

such a permanent coat of considerable thickness 

might impair in some way the free exchange of 

ions between the inside and outside of the cell 

and its growth during the life of the organism 

might increase its deleterious effect and be 

one of the causes of aging. One would expect 

an increase in density and width with age in 

such a deposition. Unfortunately no evidence 

for such a process was found so far. Since the 

deposition is not surrounded by a membrane, it 

might be that it is exposed to drastic changes 
during fixation, dehydration, and polymeriza- 
tion. It is hoped that the use of some other 
media for preparatory processings for electron 
microscopy might help in its better preservation. 

SUMMARY 

Tokophrya infusionum, a protozoan with an 
identifiable lifespan and with well defined age 
stages, presents some special values for studies 
on aging, the most important being the fact that 
the whole organism is a single cell. 

Special culturing methods were applied for 
observations on living organisms and for the 

preparation of great amounts of organisms ol 
the same age for electron microscopy. 

Differences between young and old Toko 
phrya were found in the size and shape ©: the 
body; in the number and functional efficiency 
of the tentacles, and in the reproductive activity. 

In electron microscopy significant changes 
were detected in the fine structure of the cyto- 
plasm in old organisms. Large areas were ‘ound 
to be filled exclusively with small particles about 
300 A in diameter, leaving little space for the 
major cytoplasmic organelles. It is assumed that 
the small particles represent insoluble waste 
products. There is a decrease in the volume of 
the endoplasmic reticulum and in the relative 
number of mitochondria. The same applies to 
the number of microvilli. 

Great accumulations of pigment in the vi- 
cinity and in association with mitochondria are 
strikingly similar to the old age pigment found 
in cells of some tissues in aged mammals. The 
presence of a similar deposition in old Toko- 
phrya, a protozoan, and in old mammals seems 

to indicate the basic nature of this symptom of 
aging. 
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HISTOLOGICAL AND HISTOCHEMICAL CHANGES IN 

INTESTINES OF MICE WITH AGING* 

V. SUNTZEFF, M.D., AND P. ANGELETTI, M.D. 

(From Division of Cancer Research, Department of Anatomy, 
Washington University Medical School, St. Louis, Missouri) 

A review of the literature concerning the 
process which takes place in the digestive tract 
with aging indicates that the intestine, like other 
organs, manifests physiological senescence (1, 
2, 4, 6). However, all the investigators in this 
field agree on the necessity to distinguish be- 
tween the functional and structural changes 
due to aging per se and to disease (3). As An- 
drew (2) points out, it is very difficult to obtain 
reliable information concerning the histological 
changes in man, mainly because the degree of 
inanition preceding death leads to marked modi- 
fications of structure (2). 

It seemed therefore desirable, in an attempt 
to study the morphological changes of the in- 
testine associated with the aging processes un- 
complicated by pathological events and post 
mortem changes, to use a number of healthy 
mice, divided into groups according to strain, 
sex, and age. In the present paper we shall re- 
port the results of this type of investigation re- 
garding the general tissue constituents of the 
intestinal wall and the distribution of alkaline 
phosphatase activity in various sections of the 
small and large intestine in old mice. 

MATERIALS AND METHODS 

Mice of both sexes of strains CE, 129, and 
Swiss were used. Strains CE and 129 were ob- 
tained from the Roscoe M. Jackson Laboratory. 
The Swiss strain mice had been inbred in our 
laboratory more than 10 years. The animals 
were kept in an air-conditioned room and were 
provided with identical food rations. The ex- 
perimental animals were divided according to 
age and put into 2 groups for each strain. 
1) Young Group—from 3 to 6 months of age. 
2) Old Group—from 22 to 27 months of age. 
The number of animals used in this experiment 
were 13 young (9 males, 4 females) and 14 old 
(10 males and 4 females) mice of Strain CE, 
and 6 young (4 males and 2 females) and 8 old 
(6 males, 2 females) of the Swiss mice, and 7 

young (5 males and 2 females) and 8 old (6 
males and 2 females) of Strain 129. Mice which 

* This investigation was supported by United States Public Health 
ate Research Grant RG-4220 from the National Institutes of 

ealth. 

had any pathological condition were excluded 
from the experiment. The animals were killed 
by breaking the spinal cord, and 5 specimens of 
intestines were removed immediately and placed 
in cold saline. To assure the uniformity of 
the specimens, a caliper was used for measuring. 
The first specimen of duodenum was cut 0.5 
cm. from the pylorus. A piece of ileum was 
taken 4 cm. from the pylorus. The third speci- 
men represents the colon and was cut 1.5 cm. 
distal to the ileo-colic junction. The fourth sig- 
moid specimen was cut 2 cm. from the anus, 
and the fifth specimen was taken from the lower 
part of the rectum. 

After a brief, delicate washing in cold saline, 
these specimens were fixed for histological in- 
vestigations in Bouin’s solution and 80% alco- 
hol. Sections of 6 microns were stained with 
hematoxylin-eosin, Mallory and PAS. For al- 
kaline phosphatase activity the alcohol-fixed 
sections were processed according to the Gomori 
method as modified by Ruyter and Neumann 
(5). Because of the very high activity of this 
enzyme in the small intestine the incubation 
time was 20 minutes and the incubation time 
for the sections from the large intestines 3 hours. 

RESULTS 

Histological findings.— We shall describe 
briefly the typical feature of the intestine as it 
appeared in the first group of the experimental 
animals, which included young mice of both 
sexes from all 3 strains. 

The small intestine is characterized by the 
presence of the villi, tall and leaf-shaped in the 

duodenum, slightly shorter and cone-shaped in 
the ileum, covered with high cylindric epithe- 
lium striated on the tip. The tubular glands 
are very numerous and lie close to one another. 
Goblet cells are scattered in the epithelium of 
both villi and glands. The tissue between the 
epithelium and the inner circular muscle layer 
(tunica propria) is very cellular with lympho- 
cytes and plasma cells (fig. 1). The large in- 
testine, devoid of villi, presents numerous tubu- 
lar glands, close to one another, covered with 

simple columnar epithelium. Here the goblet 
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Fig. 1. Cross section of duodenum of young male mouse at 3 months of age, of the 
CE strain. Characteristic tall and leaf-shape villi are seen. X 40, 

Fig. 2. Cross section of duodenum of 22-month-old male CE strain mouse. Shows very 
dense connective tissue in lamina propria of intestine. X 40. 

Fig. 3. Cross section of colon of young male mouse 3 months of age, of the CE strain. 

Number of tubular glands close to one another, covered with simple columnar epithelium 
X 75. 

Fig. 4. Cross section of colon of 22-months-old male CE strain mouse. The tubular glands 
are separated from each other by dense connective tissue. X 75. 
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TABLE 1. PERCENTAGE OF GosLet CELLs 1n EpirHeLIum oF DuopENUM 
AND ILEUM oF YouNG AND Op Mice or CE Srrain. 

Males Females 

Young Old Young Old 

Duodenum Tleum Duodenum Tleum Duodenum Tleum Duodenum Tleum 

11.3 10.3 11.3 7.4 14.5 11.8 18.5 11.3 

11.0 8.4 11.4 No Count 12.2 11.5 13.1 11.7 

11.2 9.8 10.4 9.7 10.2 8.2 13.5 11.5 

11.4 12.7 12.3 10.8 8.8 11.6 | 15.4 12.5 

10.2 8.2 11.9 11.6 | 

8.8 11.6 11.1 14.2 
14.0 2.4 13.6 12.8 

13.2 15.4 14.9 10.7 
11.2 | 10.4 13.5 13.9 

13.2 12.9 | 

Average | | 

11.4 11.0 12.4 11.6 11.2 10.8 14.8 11,8 

cells are present in large numbers. The lamina 
propria fills the spaces between the glands and 
is composed of reticular tissue containing many 
lymphocytes and plasma cells (fig. 3). In the 
rectum the muscular layers are larger and the 
muscularis mucosae well developed. In our 
experiments all the young animals showed the 
same picture, regardless of sex or age or strain, 

with no appreciable differences in the various 
strains. 

In the second group the histological feature 
of the small as well as the large intestine 
showed marked modifications in all the mice of 
CE and Swiss strains. There is a considerable 
amount of fibrous connective tissue in the tunica 
propria in all the sections examined. In the 
duodenum and ileum the crypts are separated 
from each other by this type of connective tissue 
which also forms a conspicuous layer between 
the glands and the inner muscular layer (fig. 

wy, igs PS 

v7 

Fig. 5. Cross section of the colon of 8-month-old male CE mouse stained by the Gomori 
method for alkaline phosphatase. X 40. 

Fig. 6. Cross section of the colon of 24-month-old male CE mouse, stained by the Gomori 
method for alkaline phosphatase. X 40. 
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2). The changes were more pronounced in the 
duodenum than in the ileum. This connective 
tissue is fibrous in type and poor in cells. In 
some areas it appears in coarse blocks without 
any visible structure. The villi appear reduced 
in number and shorter in length, but goblet 
cells, as shown by the PAS staining, are present 
in the epithelium of both young and old ani- 
mals in large numbers. 

To obtain a more accurate idea of the number 
of goblet cells, we counted between 550 and 600 
cells for each specimen of duodenum and ileum 
of strain CE mice under oil immersion. Table | 
shows that the percentage of goblet cells is 
slightly higher in the old animals than in the 
young animals in both the duodenum and 
ileum, but the difference is not significant. 

The same type of changes found in the sub- 
mucosa of the small] intestine was observed in 
the various sections of the large intestine. Here 
was evident a marked increase of the connective 
tissue in the tunica propria and in the sub- 
mucosa associated with signs of atrophy of the 
mucosa. The tubular glands do not lie close 
together but are separated from each other by 
the connective tissue (fig. 4). This is still cellu- 
lar in some areas although a tendency to change 
toward a type of fibrous, sclerotic tissue is seen. 

The modifications mentioned above were then 
observed at a higher degree in all the oldest 
animals. The tubular glands are very reduced 
in number and separated by large amounts of 
fibrous connective tissue. Atrophy of the mu- 
cosa, accompanied by increase of fibrous con- 
nective tissue in the tunica propria, also is evi- 
dent in various sections of the large intestine. 
The sclerotic tissue appears almost devoid of 
cells and is disposed in coarse blocks which 
replace the normal structures. 

The above modifications in the structure of 
the intestinal wall were observed in CE mice as 
well as in Swiss. In mice of strain 129, of the 
same age, these alterations were also present but 
to a less marked degree than in other old ani- 
mals. These differences may be partially ex- 
plained by the fact that strain 129 is a relatively 
long-lived strain and at the age of 24-26 months 
these mice have not yet reached senility. 

Histochemical findings—The alkaline phos- 
phatase is readily evidenced in the sections of 
small intestine of young animals and the reac- 
tion was very positive after 20 minutes of in- 
cubation in the glycerophosphate medium. The 
activity is present in the cytoplasm of the epi- 
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thelial cells and mainly localized along the 
brush border of the cells. The localization of 
the enzyme is the same in all the animals of the 
experimental groups. The intensity of the his- 
tochemical reaction, however, seemed to de- 
crease with aging. 

In the large intestine a moderate alkaline 
phosphatase activity was localized in the epithe- 
lium of the colon but not in the epithelium of 
the sigmoid and rectum. After 3 hours of in- 
cubation a positive reaction was detected in the 
connective tissue cells of the tunica propria (fig. 
5). A consistent increase of this reaction was 

noted in the old mice where a larger number of 
cells in the submucosa were stained by the 
Gomori method (fig. 6). Maximum intensity 

of the alkaline phosphatase reaction in the 
lamina propria was found in mice 20 to 24 
months old and was correlated with a signifi- 
cant increase of connective tissue in the intes- 
tinal wall at this age. 

DISCUSSION 

The results demonstrated an age involution 
in the various portions of intestine. This is 
mainly characterized by a progressive replace- 
ment of young normal tissue by a coarse fibrous 
tissue which develops in the tunica propria and 
gradually replaces the original stroma. The 
process seemed to begin when the animals 
reached the third part of their lifespan and 
increased gradually with further aging. No 
significant differences were found between males 
and females. The increase of alkaline phos- 
phatase activity in the tunica propria of the 

large intestine, as observed in the early stages 
of the senile intestine, seems to indicate an 
active process of proliferation of the connective 
cells which later on yields to the formation of 
a fibrous sclerotic tissue. 

SUMMARY 

The small and large intestines of mice of 
different ages and strains were studied in regard 
to the general histological features and the dis- 
tribution of the alkaline phosphatase activity. 

A fibrotic process took place with aging in the 
tunica propria and gradually led to the replace- 
ment of the original delicate stroma by a type 
of sclerotic connective tissue. 

Alkaline phosphatase activity decreases in 
the mucosa of the small intestine where it is 
present in a very high concentration. On the 
other hand, only slight alkaline phosphatase 
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AGING PROCESSES IN THE GUINEA PIG OVARY* 

MARCO BATALI, B.S., JAMES B. ROGERS, M.D., AND HERMAN T. BLUMENTHAL, Ph.D., M.D. 

(From the Department of Anatomy, University of Louisville, School of Medicine, Louisville, Ken- 

tucky, and the Institute of Experimental Pathology, The Jewish Hospital, St. Louis, Missouri) 

Because of certain innate cyclic phenomena, 
the ovary is an organ in which it is possible to 
study the aging of cells with a relatively short 
lifespan while at the same time affording an 
opportunity for studying aging phenomena in 
the organ as a whole. Furthermore, since vari- 
ous species differ in respect to duration and 
character of these ovarian cycles, such studies 
are of interest from the standpoint of compara- 
tive gerontology. Beginning about a half cen- 
tury ago Loeb and associates (2, 9-14) have 
pointed out that there are 3 basically different 
types of ovarian cycles as exemplified by the 
guinea pig, rat, and rabbit. The guinea pig 
ovulates spontaneously and maintains a defi- 
nite ovulatory cycle. With each ovulation there 
is an involution of all non-ovulating maturing 
follicles, regardless of their size just preceding 
ovulation. The rabbit ovulates only after copu- 
lation, at which time the non-ovulatory follicles 
also undergo involution, but in this species the 
latter process is limited only to those follicles 
which possess an antrum. The rat, like the 
guinea pig, has cyclic spontaneous ovulation, 
but, as in the rabbit, involution is limited only 
to those non-ovulating follicles which have an 
antrum. In all 3 species corpus luteum forma- 
tion follows within the ovulating follicles and 
this structure also undergoes an involutionary 
process during succeeding cycles. 

The cellular changes which occur in these 
involutionary processes may be considered an 
aging phenomenon, the principal changes of 
which occur with each cycle, but the total in- 
volutionary process of both the non-ovulating 
follicles as well as the corpus luteum extends 
well into succeeding cycles. Loeb and asscciates 
(11, 13) showed that these atretic follicles per- 
sist for a time as nodules of theca interna cells, 
which subsequently become dispersed through 
the general ovarian stroma. The formation of 
the corpus luteum he considered a growth proc- 
ess similar to that which occurs in wound heal- 
ing and noted that in the guinea pig (10, 11) it 
undergoes regression and eventual disappear- 
ance. 

* This study was supported by P.H.S. Grants H-1541 and H-2638, 
National Heart Institute, National Institutes of Health. 
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Other senescent changes in the ovary do not 
occur on such a rigid cyclic basis. Thus, in the 
mouse Thung and associates (21) described 
proliferation of germinal epithelium which in- 
vades the stroma to form coiled masses of cells, 
which probably represent anovular follicles, but 
no similar process has been described in the 
guinea pig. Loeb (13) as well as Thung (21) 

observed an increase in the interstitial gland 
with age in the mouse, which they believe to be 
derived from atretic follicles. On the other 
hand, the spontaneous formation of interstitial 

gland in the guinea pig seems to be a weak one, 
although Loeb’s studies did not include sene- 
scent animals. Thung and associates (21) and 
Loeb (13) described cyst formations in the 
mouse which seem to be derived from rete tu- 
bules, as well as germinal epithelium; these 
have also not heretofore been described as a 
prominent phenomenon in the guinea pig. 
There are, in addition, changes in the general 
ovarian stroma and in vascular structures which 
have evidently not received sufficient attention. 

The present report deals with a study of these 
various aging phenomena in the guinea pig. 

To an extent it constitutes an extension of pre- 

vious studies in this species, although it includes 

an age span considerably greater than in pre- 
ceding investigations, since these guinea pigs 

range in age up to almost 7 years. Both the 
short-range and long-range aging processes have 
been compared in 2 strains of guinea pigs, | of 
which frequently develops a toxemia of preg- 
nancy and the other of which is resistant to this 
complication (17, 18). 

MATERIAL AND METHOD 

The 2 strains of guinea pigs utilized in this 
study were provided from a colony, the deriva- 

tion of which has been described by Rogers and 
associates (17). The number of guinea pigs in 
each age group which were studied are shown 
in table 1. Multiple 6 w paraffin sections of each 
ovary were stained with hematoxylin and eosin, 
but in a few instances in older age groups sec- 
tions were also stained by the Mangin technique 
(15) which purports to demonstrate cellulose. 



y do not 

is, in the 
lescribed 

hich in- 
of cells, 

icles, but 

1 in the 

ing (21) 

al gland 
ve to be 
1e other 

terstitial 

eak one, 

le sene- 

21) and 

in the 
rete tu- 

n; these 

ed as a 

lea pig. 

general 
»5 which 
tention. 

of these 
lea pig. 
of pre- 

includes 

in pre- 
lea pigs 

oth the 

ses have 

igs, 1 of 
if preg- 
t to this 

in this 
deriva- 

ers and 

pigs in 
shown 
of each 
1 eosin, 

ips sec- 
shnique 
Ilulose. 

AGING PROCESSES IN GUINEA PIG OVARY 231 

TasLe 1. AGE DisTRIBUTION OF THE Two STRAINS OF 
Guinea Pics. 

Age Group Toxemia Resistant | Toxemia Susceptible 

0-30 days 11 14 

31-400 days 14 15 

401 - 800 days 16 16 

801 - 2000 days 1l 17 

2001 - 2500 days 2 8 

RESULTS 

0 - 30-Day Group.—Attached to the hilus of 
the ovary, but otherwise lying loosely over it, is 
the serosa consisting of a layer of thin, elongated 
fibroblasts facing toward the ovary and an outer 
supporting layer of loose areolar tissue. The 
ovary proper is covered by a layer of low cu- 
boidal cells, which makes up the germinal epi- 
thelium. Within the substance of the ovary 
there is a stroma consisting of tightly arranged 
plump fusiform fibroblasts in which there are 
numerous small primordial follicles. In the 
hilum of the ovary there are numerous tubular 
structures lined by epithelium similar to that 
seen in the germinal layer and these represent 
the rete tubules. Also in the hilum several ves- 
sels are usually seen which are composed of a 
single layer of flattened endothelial cells sepa- 
rated from a thin medial layer of smooth muscle 
by a single internal elastic lamella. There is no 
difference between the two strains as regards 
these histological features, which are shown in 
figure 1. 

31 - 400-Day Group.—This group shows no 
significant change in the serosa. The germinal 
epithelium is slightly larger than in the pre- 
ceding group and is separated from the stroma 
by a thin collagenous layer, the tunica albu- 
ginea. The supporting stroma still consists of 
plumb fibroblasts, but in addition a_pink- 
staining, acellular matrix is present between 
these cells in some areas. Numerous maturing 

follicles are usually seen and between these 
many round nodules composed of closely packed, 
small spindle (theca) cells. An occasional cor- 

pus lutéum is present, forming a nodule which 

protrudes out from the surface of the ovary (fig. 

2). The vessels in the hilum are somewhat 

larger than in the preceding group, although 

the wall retains the same characteristics. The 

rete tubules in the hilar portion of the ovary 
show moderate cystic dilatation with flattening 
of the epithelium; they are usually supported by 

loose areolar tissue which is quite distinct from 

the more compact supporting stroma of the 

ovary proper (fig. 3). Again, there are jno dis- 
tinguishing features between the 2 straihs. 

401 - 800-Day Group.—In this group {he ma- 
turing follicles seem to have a more prqminent 
theca interna than in the preceding group, while 
the theca nodules are less well demarcated as 
the theca cells seem to be dispersed by ‘the in- 
growth of connective tissue stroma (fig. 4). 
Corpora lutea are often present in various stages 
of involution, but no areas of hyalinization can 
be found which indicate the formation of cor- 
pora albicantia. In involuting corpora lutea 
many of the cells contain a brown or yellow 
granular cytoplasmic pigment and progressively 
diminish in size. The mass of corpus luteum cells 
becomes progressively more infiltrated with 
spindle-shaped connective tissue cells of the 
stroma, and the individual cells dispersed. 
Eventually the latter disappear completely and 
no vestige of the corpus luteum remains. Again, 
while the hilar vessels appear more prominent, 
they show no evidence of intimal thickening or 
medial degeneration (fig. 5). The serosa shows 
no change, but the supporting connective tissue 
shows occasional focal areas of hyalinization. 
The tunica albuginea has become slightly more 
prominent. The germinal epithelium remains 
cuboidal in character. In almost all of the ova- 
ries of this age group the hilum is occupied by 
fairly large multiloculated cysts evidently de- 
rived from the rete tubules, with the ovary often 
forming a crescentric mass partially covering 
these cysts. (fig. 6). Again there is no difference 
between the 2 strains. 

801 - 2000-Day Group.—The inner surface of 
the serosa remains unchanged, although the 
hyaline areas of the supporting tissue become 
larger and more prominent. The germinal epi- 
thelium and tunica albuginea remain essentially 
unchanged from that seen in the preceding age 
group. The thecal layer of maturing follicles 
becomes even more prominent than in the 401- 
800-day group (fig. 7), so that when the gran- 
ulosa of involuting follicles degenerates there 
remain areas of thecal cells which are larger 
than in younger age groups. These often be- 
come organized into cords with hyperchromatic 
or vesicular nuclei and vacuolated cytoplasm 
(fig. 8). Such cells often have thickened promi- 

nent cell walls and, following the staining tech- 

nique reported by Mangin (15), they often give 

reactions suggestive of cellulose. Sometimes 

loose areolar connective tissue containing a de- 

generating ovum is surrounded by more com- 
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Fig. 1. Ovary of newborn guinea pig. Mag. approx. 50X. GE indicates germinal epithelium, PF 

primordial follicles, S stroma, RT rete tubules. 

Fig. 2. Ovary of guinea pig approx. 1 year old. Mag. approx. 100X. CL indicates corpus luteum, 

AF atretic follicles. 

Fig. 3. Ovary of guinea pig approx. 1 year old. Mag. approx. 100X. F indicates a graafian 

follicle, CL a corpus luteum, RT rete tubules and RTC rete tubular cysts. 

Fig. 4. Ovary of guinea pig approx. 600 days old. Mag. approx. 250X. AF indicates atretic 
follicle in process of being diffused by ingrowing stromal connective tissue. 
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Fig. 5. Ovary of guinea pig approx. 600 days old. Mag. approx. 150X. Section shows normal 

hilar vessels. 

Fig. 6. Ovary of guinea pig approx. 750 days old. Mag. approx. 250X. RT indicates rete 

tubules and RTC markedly enlarged rete tubular cysts. A rim of remaining ovarian tissue can 

be seen at the lower right-hand corner. 

Fig. 7. Ovary of guinea pig approx. 1800 days old. Mag. approx. 500X. A graafian follicle is 

present in the center, showing a prominent theca interna. 

Fig. 8. Ovary of guinea pig approx. 1800 days old. Mag. approx. 500X. Section shows a mass of 
thecal cells separated by thin connective tissue strands forming columns in some areas. Many 

of these cells are enlarged, ovoid, with vacuolated and centrally located nuclei, forming inter- 

stitial gland. 
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i 

Fig. 9. Ovary of guinea pig approx. 1800 days old. Mag. approx. 250X. A large atretic follicle 
is present in the center, with the granulosal layer replaced by loose connective tissue and a 
degenerating ovum. 

Fig. 10. Ovary of guinea pig approx. 2400 days old. Mag. approx. 500X. In the center there is 
a large hyaline nodule containing a small hyalinized artery. 

Fig. 11. Ovary of guinea pig approx. 2400 days old. Mag. approx. 500X. Section shows 2 
markedly thickened arteries in an atretic follicle. Note hyalinization of stromal connective tissue 
at lower right-hand corner. 

equ 

0-30 



CHANGES IN INTESTINES OF MICE WITH AGING 235 

pactly arranged thecal cells, suggesting that 
sometimes as the granulosal cells degenerate 

they are replaced by organizing, relatively un- 
differentiated connective tissue cells rather than 
by the more definitive theca cells (fig. 9). How- 
ever, hyalinizing connective tissue is not seen in 

the ovary even in this age group. Hilar cysts 
are present as in the preceding group. Again 
there is no characteristic change which might 
serve to differentiate one strain from the other, 
and there is no evidence of vascular degenera- 
tion. 

2001 - 2500-Day Group.—For the first time 
hyaline masses resembling corpora albicantia 
appear in the ovary in this age group (fig. 10). 
While maturing follicles are rare, they are occa- 
sionally encountered, as are corpora lutea. In 
most ovaries the rete tubular cysts occupy al- 
most all of the ovary, leaving only a thin rim of 
ovarian tissue. The pressure of these cysts evi- 
dently leads to compression atrophy of the in- 
terstitial gland, which is seen only rarely. For 
the first time, too, there is marked thickening 
of arteries of all sizes. Small arteries and ar- 
terioles trapped within hyalinizing nodules show 
hyaline thickening of the wall (fig. 10), while 
larger arteries in other areas show a thickening 
which consists of concentric rings of fusiform 
cells with marked narrowing of the lumen (fig. 
11); in such arteries only occasional focal areas 
of hyalinization are seen. These changes appear 
equally in both strains. 

DISCUSSION 

The principal changes described in the pre- 
ceding section are summarized in table 2, in 
which an estimate of quantitative changes is 
also included. The number of maturing follicles 
reaches a peak in the 401 - 800-day group, fol- 
lowing which there is a decline. As would be 

TABLE 2. AGING PRoceEssEs IN THE GUINEA Pic Ovary. 

expected, the changes in the number of cprpora 
lutea follow a parallel curve. The theca ijtterna 
of maturing follicles becomes progressively more 
prominent and reaches a peak in the 801 -}2000- 
day group and then declines as the number of 
maturing follicles also decreases. As |noted 
above, corpora albicantia do not appear until 
the oldest age group. Distinct atretic nodules 
reach a maximum number in the 401 - 80-day 
old group, and as they diminish through con- 
nective tissue ingrowth and dispersion af cells 
the interstitial gland increases in quantity. Rete 
tubules are present in all age groups, but their 
tendency to form cysts reaches a maximum in 
the 2 oldest age groups. Vascular changes were 
found only in the oldest age group, indicating 
that these changes are not the result of impair- 
ment of the blood supply. While this study in- 
cludes guinea pigs of an older age than has 
heretofore been reported, maturing follicles and 
corpora lutea are occasionally found even in the 
oldest age group and occasional animals as old 
as 6 years have borne litters. It was therefore 
not possible to determine at which age-period 
all guinea pigs cease ovulation, but it would 
seem that there is some slowing in the frequency 
of this phenomenon during the fifth year, with 
complete cessation in most animals by the end 
of the sixth year. 

The most striking age-related alteration in 
the follicles is the progressively increasing prom- 
inence of the theca interna. Loeb and associates 
(10-12) have pointed out that both the granu- 

losa and theca interna participate in the forma- 

tion of the corpus luteum, but the present ob- 

servations suggest an earlier progressive loss of 

growth potential with aging of the granulosa 

cells and a compensatory reaction on the part of 

the theca interna cells, which evidently do not 

| 

| Maturing 

| | Follicles 

Age | with Promi- | 

Group Maturing | nent Theca Corpora Corpora Atretic Interstitial Rete Rete | Arterial 

(Days) Follicles Interna Lutea Albicantia Nodules Gland Tubules Cysts | Thickening 

0-30 - ae ial 

31-400 ; + 4 4. + m | — 
401-800...... veel tHE | ++ +++ ++(CT) + + + = 
801-2000 : ; ++ } +++ eo +(DISP) | ++ (CELL) + ++ } —_ 

2001-2500. . pas Rare | Rare | Rare + — — + ++ + 

CT=Connective tissue ingrowth into atretic follicles. 

DISP= Dispersion of cells of atretic follicles through connective tissue ingrowth. 

CELL= Appearance of cellulose wall around interstitial gland cells. 

MD= Moderate Dilatation. 
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age as rapidly. Such a view is consistent with 
the observation of Harrison (8), who found 

that granulosa cells have a much shorter life 
in tissue cultures than do fibroblasts and certain 
other types of cells. 

While the development and maintenance of 
the corpus luteum of the guinea pig as well as 
the earlier phases of its regression have been 
extensively studied by Loeb and _ associates 
(10-12) and, more recently, by Rowlands (19), 
the ultimate fate of this structure has received 
little attention heretofore. Rowlands’ studies in- 
dicate that vascular changes may be responsible 
for the early organizational processes which 
occur in the corpus luteum and that these vas- 
cular changes are probably estrogen-induced 
since they are coincident with new ovulations. 
The actual degeneration of corpus luteum cells 
is, however, a progressive one characterized by 
shrinkage and the appearance of brown granules 
in the cytoplasm (probably lipofuscin) as well 
as dispersion by connective tissue and eventual 
disappearance. The formation of the corpus 
albicans may be more directly related to vas- 
cular disease accompanied by structural changes, 
since in the present study they were found only 
in the oldest age group, where these vascular 
changes appeared coincidentally. The latter 
process is similar to that observed by Thung 
and associates (21) in mice, but unlike the 

latter they show no evidence of calcification. 
The occurrence of the corpus albicans in guinea 
pigs only in the oldest age group suggests that 
this species exhibits a greater potential for 
growth of the ovarian stromal connective tissue 
than is present in other species. 

The earlier investigations of Loeb and asso- 
ciates (9-14), and the more recent ones of Wil- 

liams (22) are in essential agreement that the 
atresia of follicles in the guinea pig consists first 
in the degeneration of granulosa cells bordering 
the antrum, with some shrinkage of the follicle, 
followed by a proliferation of the inner thecal 
cells, which then take on a fibrocytic appear- 
ance. Meanwhile the ovum also degenerates 
and what remains is a nodule of altered thecal 
cells. Such nodules persist for some time, giv- 
ing the interstitial tissue a nodular appearance, 
until the nodules are dispersed by the ingrowing 
connective tissue of the general ovarian stroma. 

While our observations are generally consistent 

with those of Williams (22), we have been able 

to show that even following such loss of nodu- 

larity there remains a columnar arrangement of 

these thecal cells, which then constitutes the 
interstitial gland of the ovary. 

The older observations of Loeb and associates 

(9-14) as well as the more recent ones of Aron 
and Aron (1) have shown that crude extracts of 

anterior hypophysis can produce atresia of virtu- 
ally all of the follicles in the ovary of the guinea 

pig, and Loeb and associates (14) have even 

suggested that this is accomplished through the 
medium of a specific hypophyseal hormone 
which he called atresin. Loeb and associates 
(9-14) showed further that such hypophyseal 
treatment also leads to the production of much 
interstitial gland at the expense of late atretic 
follicles and the connective tissue of the medulla 
of the ovary. That such interstitial cells retain 
an endocrine function has been shown by Bram- 
bell and Parkes (3), Claesson and Hillarp (4), 
Deane (5), Dempsey and Bassett (6), and 
Parkes (16). The present study shows that the 
interstitial gland increases spontaneously with 
advancing age until the oldest age group, when 
it diminishes somewhat in amount, perhaps due 
to secondary pressure from enlarged rete cysts 
(see below). Thus for a time at least, there is 
an inverse relationship between the ability of 
the ovary to ovulate and the quantity of inter- 
stitial gland, the latter increasing as the fre- 
quency of ovulation diminishes. Thus it would 
seem that the ovary retains some endocrine 
activity even in the post-menopausal period. 

The changes in the cell membrane of these 
interstitial cells, as noted in the present study, 
are particularly interesting since they probably 
represent a late senescent phenomenon. While 
such thickened membranes give a staining reac- 
tion consistent with cellulose, and while Hall 
and associates (7) have shown that a cellulose- 
like material is present in certain mammalian 
tissues, further study is necessary to definitely 
determine this point. However, it is evident 
that there is an increase in a carbohydrate- 
containing substance in these thickened cell 
membranes of the interstitial gland, which prob- 
ably alters their permeability characteristics and 
leads to their eventual degeneration. By this 
mechanism also, the interstitial celis may even- 
tually disappear. 

As regards senescent changes in the ovary 
which are not under cyclical hormonal in- 
fluences, Thung and associates (21) have de- 

scribed a proliferative process of the germinal 

epithelium of the mouse which invades the 

ovarian stroma to form coiled masses of cells. 

This 

ent | 

shov 

the 
cysts 

Thu 
strai 

seco! 

of tk 

gres: 

grou 

sure 

of tl 

g i 

est ¢ 

can¢ 

time 

and 

stro! 

have 

of tl 

com 

O 

cept 

was 

ferei 

whic 

in Oo 

sup} 

Fi 

in tl 

pres 

spor 

whi 

cula 

shov 

ther 

totic 

tion 

of tl 

are 

stud 

ence 

hun 

duc 

the 

peri 

dire 

min 

repr 

it is 

tisst 

cell: 

tha 



utes the 

ssociates 

of Aron 

tracts of 

of virtu- 

> guinea 

ve even 

ugh the 
lormone 

ssociates 

physeal 
of much 
» atretic 

medulla 

Ss retain 

y Bram- 

irp (4), 
»), and 

hat the 
ly with 
), When 

aps due 
te cysts 

there is 

ility of 
f inter- 

he fre- 

would 

docrine 

riod. 

f these 

study, 
‘obably 
While 

g reac- 

e Hall 

lulose- 

malian 

finitely 
vident 

/drate- 

d cell 

| prob- 
ics and 

yy this 

even- 

ovary 

al in- 

ve de- 

‘minal 

25 the 

cells. 

) 

AGING PROCESSES IN GUINEA PIG OVARY 

This phenomenon was not observed in the pres- 

ent study and, indeed, the germinal epithelium 

showed remarkably little senescent change. On 

the other hand, the rete tubules or medullary 
cysts described in mice by Loeb (13) and by 
Thung and associates (21) occur also in these 
strains of guinea pigs. They play an important 

secondary role in the loss of growth potential 
of the tissues of the aging ovary, since they pro- 
gressively increase in size, until in the older age 
groups they evidently exert considerable pres- 
sure on the ovarian tissue, leading to atrophy 
of the latter. 

The occurrence of vascular lesions in the old- 
est age group seems also to be of some signifi- 
cance, particularly since it coincides in point of 
time with the occurrence of corpora albicantia 
and the loss of growth potential of the ovarian 
stromal connective tissue. Such vascular changes 
have evidently not been heretofore noted in any 
of the rodents, presumably because animals of 
comparable age have not been studied. 

Our purpose in comparing the toxemic sus- 
ceptible strain with the nonsusceptible strain 
was that a previous study (18) had shown dif- 
ferences in placental reactions during pregnancy 
which might conceivably be due to differences 
in ovarian activity. The present study does not 
support such a view. 

Finally, a comparison of age-related changes 
in the human ovary with those observed in the 
present study might be useful in dissociating 
spontaneous (primary) processes from those 
which may be secondary to an impaired vas- 
cular supply. Sauramo’s studies (20) have 
shown that already at the time of menopause 
there are advanced fibrohyaline and fibroelas- 
totic changes along with considerable diminu- 
tion in the caliber of the ovarian arteries. Many 
of the age-related changes in the human ovary 
are similar to those described in the present 
study, but there are also some striking differ- 
ences. Corpora albicantia are present in the 
human ovary during the whole of the repro- 
ductive period of life, while they are present in 
the guinea pig only at the very end of this 
period. The difference is probably not related 
directly to vascular changes, since the latter are 
minimal during the earlier phases of the human 
reproductive period. It seems more likely that 
it is related to the growth potential of connective 

tissue, which causes dispersion of corpus luteum 

cells; evidently this is greater in the guinea pig 

than in the human until vascular impairment 
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occurs in the former species to diminish this 
growth potential. There is also a tendency (20) 
in the human to form a variety of cystic struc- 
tures other than rete cysts in the aging ovary, 
and this is not seen in the guinea pig. This may 
be related to vascular changes, as may be also 
various changes in the germinal epithelium 
which are seen in the human but not in the 
guinea pig ovary. 

SUMMARY 

Aging processes of the guinea pig ovary have 
been studied in 2 strains of guinea pigs, | sus- 
ceptible to a toxemia of pregnancy and the other 
non-susceptible. It has been pointed out that 
there are 2 types of tissues as regards the rate 
of aging: 1) those with cells which are under 
the cyclical influence of anterior hypophyseal 
hormones and which undergo involutionary 
changes after a relatively short period of growth; 
as well as 2) those which are not under cyclical 
influences but play an important role in the 
over-all aging of this organ. The first is ex- 
emplified by the cells composing the ovarian 
follicles, particularly the granulosa, theca in- 
terna, and corpus luteum cells, and the second 
by the general ovarian stroma, the germinal 
epithelium, and the rete tubules. The develop- 
ment of the interstitial gland from the theca 
interna of involuting follicles has also been 
studied and its age-related changes pointed out. 
A degenerative vascular lesion has been observed 
in the oldest age group, and its possible rela- 
tion to diminished growth potential of connec- 
tive tissue and the formation of corpora albi- 
cantia discussed. 
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RICHARD H. SWIGART, Ph.D., H. SCHIRMER RILEY, M.D., 

JOSEPH WITHERS, M.D., AND JAMES B. ROGERS, M.D. 

(From the Department of Anatomy, University of Louisville School of Medicine) 

In the course of an investigation designed to 
study some constituents of cardiac muscle from 

senescent guinea pigs, several histochemical 
staining procedures were carried out on tissue 

sections of atria and ventricles from young and 
old animals. When sections prepared to dem- 
onstrate glycogen were studied, it appeared that 
in both age groups the muscle of the atria con- 
tained more glycogen than that of the ven- 
trices and that the atria in the old animals 
contained more glycogen than the atria in the 
young. Furthermore, a review of the literature 
revealed that species differences are present 
when the concentrations of glycogen in the var- 
ious heart chambers of frogs (4), pigeons and 
rabbits (5), dogs (3, 10), and rats (6, 12) are 
compared. 

Therefore, the present study was undertaken 
with the purpose of determining quantitatively 
the distribution of glycogen in the guinea pig 
heart and comparing the distribution in young 
and old animals. 

METHODS 

Mature, male and female guinea pigs from a 
colony established and maintained in this de- 
partment for the past 17 years were used in 
this study. Nineteen animals from 5-23 months 
formed the young group, and 14 animals from 
25-42 months formed the old. 

Hearts were quickly removed from the ani- 
mals following a sharp blow to their occipital 
region. Specimens of the right and left atrium 
and right ventricle were incised and frozen in 
wells drilled in a cake of dry ice and lined with 
aluminum foil cups. Bottle caps covering the 
wells prevented moisture from condensing on 
the samples. 

Since a study of histochemical preparations 
had revealed, in addition to the observations 
described above, that the inner portion of the 

left ventricular musculature very frequently 
contains more glycogen than the outer portion, 
the left ventricle was divided with a Stadie- 
Riggs hand microtome as follows: a thin slice 

* This study was supported by Grants-in-Aid from the National 
sere Institute (U.S.P.H.S. H2638) aid from the Kentucky Heart 
Association. 

A COMPARISON OF THE DISTRIBUTION OF CARDIAC 

GLYCOGEN IN YOUNG AND OLD GUINEA PIGS* 

from the pericardial surface was incised and 
discarded because it contained predomirjantly 
pericardial connective tissue; a second adjacent 
slice was removed and taken for the outer}myo- 
cardial sample. Since the endocardial cannec- 
tive tissue is very thin, a slice removed frojm the 
inner surface of the left ventricle was taken as 
the inner myocardial sample. These samples 
were also frozen. 

All specimens were quickly weighed in the 
frozen state on a Roller-Smith torsion balance 
before thawing occurred. The tip of the for- 
ceps used to transfer the tissues was burjed in 
powdered dry ice when not in use. Neyt, the 
tissues were immersed in 0.3 ml. of 30%|KOH 

in a boiling water bath to be analyzed far gly- 
cogen according to the microprocedure adapted 
by Walaas and Walaas (13) from the Good, 
Kramer, Somogyi (8) technique. After digest- 
ing for 30 minutes at 100 C., 0.1 ml. of 2% 
Na.SO, was added, followed by absolute etha- 

nol to a final concentration of 65-70%. The 

tubes were stoppered and placed in the refrig- 
erator overnight. The precipitate obtained was 
separated by centrifugation, washed once with 
0.5 ml. of 65% ethanol, and recentrifuged. It 
was then dissolved in 0.4 ml. of 1.0 N H.SO, 
and hydrolyzed for 3 hours at 100 C. The acid 
hydrolysate was neutralized with 1.0 N NaOH 
using phenol red as an indicator. Glucose de- 
terminations were carried out by the Nelson 
(11) method. 

RESULTS 

Table | shows the glycogen concentrations in 
the 4 heart chambers of all experimental ani- 
mals. Figure 1 shows the mean values in the 4 
heart chambers for comparison. The probabil- 
ities of the differences found between the mean 
concentrations obtained for a particular heart 
chamber in both age groups being due to 
chance were calculated, and the P values are 
given beneath the bars indicating the concen- 
trations found in that chamber. 

It is seen that the mean glycogen concentra- 
tion for each cardiac chamber of the old ani- 
mals is greater than the concentration for the 
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corresponding chamber of the young animals. 
However, this difference is significant (at the 
0.05 level) for the right atrium and right ven- 

tricle only. 
When the mean concentrations for the cham- 

bers of each age group are compared, the cham- 
bers listed in the decreasing order of their gly- 
cogen concentrations are the same for both 
groups, i.e., right atrium > right ventricle > 
left atrium > left ventricle (inside) > left ven- 
tricle (outside). P values for the differences 
between the chambers within each group were 
calculated. The results are similar for both 
groups. The right atrial values are significantly 
higher (P < 0.01) than all other values; the 
right ventricular values are significantly higher 
(P < 0.01) than the outer left ventricular val- 

ues; other values compared are not significantly 
different. 

DISCUSSION 

Microscopically, the cardiac muscle in the 
atria and ventricles appears identical. Physi- 

TABLE 1. GLYCOGEN CONTENT (EXPRESSED AS MG. “% GLUCOSE) OF THE HEART CHAMBERS OF THE GUINEA PI. 
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Fig. 1. Mean concentration of glycogen in the 

chambers of the hearts of young and old guinea pigs, 

The vertical lines at the tops of the bars indicate the 

standard error. 
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INCREASE IN CARDIAC GLYCOGEN WITH AGE 

ologically, these chambers differ considerably. 
Berblinger’s (1) observation in 1912 that in 
man the concentration of glycogen in the atria 
exceeded that in the ventricles was one of the 

earliest clues that the atria and ventricles are 

hiochemicallly different. Subsequently, Cruick- 
shank and Shivastava (3) observed in the dog 

and Davies, Francis, and Stoner (5) in the rab- 

bit that not only did concentrations in the 

atria exceed concentrations in the ventricles, 

but that the right ventricle contained more gly- 
cogen than the left. More recently Weisberg 

and Rodbard (12) studied all 4 chambers of the 
rat heart. According to their data the cham- 
bers listed in the decreasing order of their con- 
centrations are right atrium, left atrium, right 
ventricle, and left ventricle. In the present 
study the right atrium and left ventricle of the 
guinea pig heart contain the highest and low- 
est concentration of glycogen, respectively, as 
found by Weisberg and Rodbard, but the values 

for the left atrium and right ventricle of the 
guinea pig are reversed in magnitude from 
those in the rat. However, the difference in 
the latter 2 values in the guinea pig is neither 
statistically significant nor is the relationship 
highly constant from heart to heart; the value 

for the right ventricle exceeded that for the left 
atrium in only 61% of the 33 hearts examined. 

It would seem that glycogen is | of a number 
of metabolically significant substances (2, 5, 7, 
9) varying significantly in concentration in dif- 
ferent areas of the heart. Perhaps the concen- 
tration differences are related to the different 
work loads of the 4 heart chambers. If this is 
80, it is interesting that the concentration of 

glycogen is inversely proportional to the work 
load. 

The physiological and chemical activity of 
the myocardium differs considerably from that 
of skeletal muscle. For example, Evans (6) has 

shown that injections of insulin or adrenalin, 
exercise, and changes in the acid-base reaction 

of the blood, all of which greatly alter the con- 
| centration of skeletal muscle glycogen, have lit- 

tle or no effect on cardiac glycogen. However, 
he, as well as many subsequent workers, ob- 
served that hypoxia or anoxia rapidly depletes 
it. The suggestion by Evans that cardiac gly- 
cogen serves as a safety reserve for survival un- 
der conditions of oxygen deprivation seems to 
be a good working hypothesis. The higher con- 
centration of cardiac glycogen observed in old 
guinea pigs may be related in some way to its 
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physiological activity. Perhaps the higher ¢on- 
centration of glycogen in the senescent anjmal 
represents a case of specific organ adaptatioh as 
the animals’ total capacity for adaptation to| the 
stressful (hypoxia?) situation is decreasing. 

SUMMARY 

In order to determine the distribution of 
diac glycogen in the guinea pig and to d¢ter- 
mine if senescence alters this distribution, #ach 
cardiac chamber of 19 male and female gujinea 
pigs under the age of 2 years and 14 malejand 
female animals over the age of 2 years | was 
analyzed for glycogen. In both groups, the jight 
atrium had the highest concentration, folldwed 

by the right ventricle, left atrium, and left ven- 
tricle, decreasing in that order. Each charaber 
of the old animal contained a higher mean (on- 
centration than the corresponding chambér in 
the younger animals. The possible significance 
of these observations is briefly discussed. 

Car- 
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THE PURINE NUCLEOSIDE PHOSPHORYLASE ACTIVITY OF 

ARTERIAL TISSUE IN INDIVIDUALS OF VARIOUS AGES* 

J. E. KIRK, MD. 
(From the Division of Gerontology, Washington University School of Medicine, St. Louis, Missouri) 

The presence of purine nucleoside phospho- 
rylase, an enzyme which catalyzes the phos- 
phorolysis of inosine to hypoxanthine and 
ribose-1-phosphate, has been demonstrated in 

several mammalian tissues, but no observations 

have previously been made on the activity of 
this enzyme in arterial tissue. In the present 
publication the purine nucleoside phosphoryl- 
ase activities of human aortic, pulmonary ar- 
tery, and coronary artery samples from indi- 
viduals of various ages are reported. In the 
case of the aorta and coronary artery, the activ- 
ity determinations were made separately on 
normal and arteriosclerotic tissue portions of 
the same blood vessels. 

MATERIALS AND METHODS 

The generally used procedure for determina- 
tion of the purine nucleoside phosphorylase ac- 
tivity of mammalian tissues consists of the incu- 
bation of the tissue homogenate with inosine in 
the presence of an excess of added xanthine oxi- 
dase, thus making purine nucleoside phospho- 
rylase the limiting enzyme of the reaction. The 
hypoxanthine formed through the action of 
purine nucleoside phosphorylase on the inosine 
substrate is converted quantitatively by xan- 
thine oxidase to uric acid. After the enzyme ac- 
tivity has been stopped and the tissue protein 
precipitated through addition of perchloric acid, 
the uric acid present in the supernatant of the 
centrifuged sample is determined spectrophoto- 
metrically. In the present investigation a mod- 
ification of the method reported by Robins, 
Smith, and McCaman (5) was employed, the 
main difference being that in the present pro- 
cedure the uric acid was determined by differ- 
ential enzymatic spectrophotometry instead of 
by direct measurement of the optical density of 
the supernatant at 292.5 millimicrons. The dif- 
ferential enzymatic spectrophotometric proce- 
dure has been established as the most accurate 
and specific method for uric acid determination, 
and its application to supernatants of homo- 
genates of vascular samples has the advantage 

* Studies on Arterial Metabolism 33. The investigation was sup- 
ported by a grant from the National Institutes of Health, Public 
Health Service (PHS-891). 

that the spectrophotometric measurement ifs not 
influenced by the presence of slight or mpder- 
ate turbidity, which occasionally is encounjered 
in supernatants of connective tissue samples be- 
cause of the rather high tissue concentration 
required for accurate performance of the plirine 
nucleoside phosphorylase assays. 

One hundred and ten samples of the faorta 
(thoracic descending), 92 samples of the} pul- 
monary artery, and 49 samples of the cor@nary 
artery were included in the study. The sainples 
were obtained fresh at autopsy at the St. Louis 
City Morgue from subjects ranging in age|from 
1 month to 87 years. After removal of thp ad- 
ventitia and brief rinsing of the surface af the 
blood vessels with isotonic sodium chlorid¢: sol- 
ution, 2% aqueous homogenates were maide of 

the intima-media layers of the samples far use 
in the activity determinations. 

Procedure for purine nucleoside phosp 
ase measurement—1.0 ml. of a 12.5 millimolar 
inosine solution, 2.8 ml. of distilled water, 4.0 
ml. of 125 millimolar phosphate buffer, pH 7.35, 
and 0.2 ml. of xanthine oxidase solution| were 
pipetted into a small flask. After 5 minutes’ pre- 
heating of the sample at 38 C. in an Ebe 
shaking water bath, 2.0 ml. of 2% tissue 
genate were added to the flask. Immedjately 
after addition of the homogenate to the} sub- 
strate-buffer solution, and after 20 minutds’ in- 
cubation of the sample in the shaking water 
bath at 38 C., 4.0 ml. aliquots were removed 
and added to 0.5 ml. of 0.5 N perchloric acid 
contained in test tubes. In order to assure ade- 
quate precipitation of the protein, the perchlo- 
ric acid-treated homogenate samples were 
quickly mixed and were then placed for 30 min- 
utes in a water bath at 38 C. The samples were 
subsequently centrifuged and the supernatants 
employed for uric acid determination. The per- 
formance of reagent blank tests revealed no 
measurable formation of uric acid, thus proving 
the absence of hypoxanthine and xanthine in 
the employed inosine preparation. 

Approximately 500 units of xanthine oxidase 
were contained in the 0.2 ml. of xanthine oxi- 
dase solution added to each sample. The xan- 
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thine oxidase solution used in the test was pre- 
pared by diluting a stock xanthine oxidase solu- 
tion (Nutritional Biochemicals Corporation, lot 
+7804) with saturated ammonium sulfate sol- 

ution to obtain the appropriate enzyme concen- 
tration. The xanthine oxidase activity of the 
stock solution was checked once every week by 
means of the procedure decribed by Price, Otey, 
and Plesner (3). The use of 500 units of xan- 
thine oxidase in the assay of the purine nucleo- 
side phosphorylase activity of each homogenate 
sample assured during the period of incubation 
the presence of a xanthine oxidase activity which 
was 7 to 10 times higher than that exhibited by 
the purine nucleoside phosphorylase of the vas- 
cular tissue contained in the sample. The con- 
centration of xanthine oxidase used in the test 
did not cause any inhibition of the purine nu- 
cleoside phosphorylase activity and the em- 
ployed ratio between the concentrations of the 
two enzymes is in agreement with that recom- 
mended by Price, Otey, and Plesner (3). 

The determination of the uric acid content 
of the supernatants was made essentially as de- 
scribed by Praetorius (1, 2). 2.0 ml. of the 
supernatant of the perchloric acid-treated ho- 
mogenate samples were pipetted into a silica 
cuvette; 0.135 ml. of 1 N NaOH was added to 

the sample, followed by 0.5 ml. of 0.5 M glycine 
buffer, pH 9.4, and 1.0 ml. of distilled water 
(total volume, 3.635 ml.; final concentration of 

neutralized perchloric acid, 0.0305 N). The 
enzymatic reaction was started by the addition 
of 10 cu. mm. of a suspension of freshly recon- 
stituted lyophilized “Leo” Uricase (supplied by 
Henley and Co., New York City). The sample 
was then immediately mixed with the use of a 
plastic stirrer, and readings of the optical den- 
sity were made at 292.5 millimicrons in a Beck- 
man DU spectrophotometer at 20, 40, 60, 90, 

and 120 seconds after the uricase addition, to 
permit extrapolation to zero time. The readings 
were then continued at intervals of a few min- 
utes until no further change in optical density 
was observed over a 15-minute period. The 
quantity of uric acid present in the sample was 
calculated on the basis of the recorded differ- 
ence between the initial and final readings. 
Uric acid added to samples of supernatants was 
recovered quantitatively, and similar values 

were obtained when measurements were made 

on standard solutions of uric acid prepared with 

distilled water and with neutralized, 0.02 to 

0.05 N perchloric acid. 

KIRK 

Purine nucleoside phosphorylase kinetics. — 
The final millimolar concentrations of inosine 

and of phosphate buffer present during the in- 
cubation of the samples (total volume, 10.0 
ml.) were, respectively, 1.25 and 50.0. The 
observed K,, for inosine under the conditions 

of the test was 0.9 x 10°* M. 

A study of the correlation between time of 
incubation and recorded enzyme activities re- 
vealed linearity over a period of at least 90 
minutes, indicating a reaction of the zero order 
type. Proportionality was also demonstrated 
between the quantity of tissue present in the 
sample and observed purine nucleoside phos- 
phorylase activities over a 20 to 100 mg. tissue 
range. 

RESULTS 

The mean purine nucleoside phosphorylase 
activities of aortic, pulmonary artery, and coro‘ 
nary artery samples observed for various age 
groups have been listed in table 1. 

Aortic samples.—The average purine nucleo- 
side phosphorylase activity of normal aortic 
samples was 11.5 micromoles of inosine metab- 
olized/Gm. wet tissue/hour; the corrresponding 
value expressed on the basis of the tissue nitro- 
gen content was 295. No statistically signif- 
icant variation with age in the enzyme activity 
of the normal aortic tissue was recorded (table | 

2). 
The results of comparisons between the pu- 

rine nucleoside phosphorylase activities of arte- 
riosclerotic and normal tissue portions of the 
same aortic samples are listed in table 3. The 
statistical analysis of the data revealed the in- 
teresting fact that the mean activity of the 
arteriosclerotic tissue was found to be signifi- 
cantly higher than the activity of the normal 
aortic tissue, both when calculated on the basis 
of wet tissue weight and tissue nitrogen con- 
tent, the average activity of the arteriosclcrotic 
tissue being, respectively, 127% and 142%, of 
that of the normal tissue. 

A comparison was also made of the purine 
nucleoside phosphorylase activities of arterio- 
sclerotic tissue portions, which, on the basis of | 
macroscopic examination, were classified as 

lipid, fibrous, and fibrous-lipid samples. The | 
enzyme activities of these three types of arterio- | 
sclerotic tissue were of the same order of mag- 

nitude, the mean values being, respectively, 
14.4, 14.9, and 13.6 micromoles of inosine me- 

tabolized/Gm. wet tissue/hour; the correspond- 

TABLI 
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Group 

Years 

9 
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2-29 

Y-39 
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-69 
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Grand 

Mean 
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Age Cholesterol, | of Inosine of Inosine 

Group N % of Metab. /Gm. s.d. Metab. /Gm. s.d. 

Years Wet Wet of Tissue of 

Weight Tissue/Hour distr. N /Hour distr. 

Normal Aortic Tissue 

+9 7 0.17 10.8 4.7 223 81 

10-19 5 0.24 13.3 3.5 296 65 

0-29 8 0.40 10.8 6.5 262 139 

0-39 = 16 0.42 11.9 4.0 294 110 

HH49 19 0.51 11.3 4.1 318 106 

05 2% 0. 66 10.9 4.9 277 100 

Om 25 0.56 13.7 3.1 324 83 

70-87 7 0.85 3.7 4.5 368 97 

Grand 

Mean 11.5 4.3 295 103 

Arteriosclerotic Aortic Tissue 

10-19 1 0.67 15.2 366 

Dw 29 3 0.73 12.7 285 

0-39 5 1.10 16.5 4.2 410 100 

49 «#14 1.70 13.3 4.2 404 176 

59 820 2.04 13.2 4.7 448 196 

ono 23 2.05 14.8 6.0 471 188 

70-87 7 2.78 18.0 5.7 606 181 

Grand 

Mean 14.3 5.1 445 184 

Pulmonary Artery Tissue 

0-9 4 0.16 16.6 425 

10-19 1 0.15 16.8 418 

2-29 2 0.32 15.0 408 

w-39 «14 0.20 15.2 5.3 440 167 

$0-49 18 0.27 15.3 5.9 463 180 

0-59 22 0.33 15.3 6.7 435 193 

9 24 0.49 16.6 7.6 520 296 

70-87 7 0.35 13.8 3.8 426 133 

Utand 

Mear 15.5 6.2 465 212 

Normal Coronary Artery Tissue 

~9 2 0.15 23.8 672 

10-19 2 0.13 17.9 546 

2-29 1 0.30 18.0 600 

H+ 39 6 0.38 29.6 8.7 44% 280 

49 5 0.24 26.1 5.7 965 165 

W-59 6 0.35 23.4 6.6 798 272 

0-49 4 0.67 27.8 1234 

70-87 7 0.45 19.3 610 

Grand 

Mean 24.3 8.4 856 345 

Arteriosclerotic Coronary Artery Tissue 

W-39 4 1.31 30.4 1062 

0-49 5 2.60 32.2 10.8 1220 359 

M59) 5 1.43 27.8 9.8 1100 540 
69 i) 2.07 26.9 9.8 1077 320 

70-87 + 1.87 16.5 555 

Grand 

Mean 29.2 10.7 1030 415 

PURINE NUCLEOSIDE PHOSPHORYLASE ACTIVITY OF ARTERIAL TISSUE 

TABLE 1. MEAN PURINE NUCLEOSIDE PHOSPHORYLASE 

ACTIVITIES OF HUMAN ARTERIAL TISSUE IN VARIOUS 

AGE GROUPS 

Micromoles Micromoles 
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TABLE 2. COEFFICIENTS OF CORRELATION — 

AGE AND PURINE NUCLEOSIDE 

ACTIVITIES OF ARTERIAL SAMPLES. 

PHOSPHORYLAS E 

Wet Tissul 

Tissue Nitrojren 

r t r t 

Normal aortic tissue +0.04 0.41 +-0.21 2.08 

Pulmonary artery tissue —0.02 0.16 +0.01 0.07 

Normal coronary artery tissur 0.05 0.26 +0.09 0.47 

TABLE 3. MEAN PURINE NUCLEOSIDE PHOSPHORYLASE 

ACTIVITIES OF ARTERIOSLEROTIC TISSUE EXPHESSED 

IN PERCENTAGES OF ACTIVITIES OF NORMAL ‘J'ISSUE 

OF THE SAME AORTIC SAMPLES. 

Wet Tissue Tissue inet 0 

Age Group t of tof 

Years N by diff. Gj diff 

30-49 19 124 2.94 133 3.18 

50-59 20 130 2.70 155 4.10 

60-87 27 27 2.93 138 3.68 

30-87 66 127 4.75 142 6.42 

ing activities calculated on the basis df the 
tissue nitrogen content were 401, 428, and 481. 

Pulmonary artery samples—The mean pu- 
rine nucleoside phosphorylase activity observed 
for the pulmonary artery samples was 15.5 
micromoles of inosine metabolized/Gm| wet 
tissue/hour (465 micromoles/Gm. tissue Mitro- 
gen/hour). A comparison of the enzyme kactiv- 

ity values of pulmonary artery samples and 
normal aortic samples from the same subjects 
showed that the purine nucleoside phosphoryl- 
ase activity of the pulmonary artery tissue in 
72%, of the cases was higher than that ¢xhib- 

ited by the aorta and on the average was 142% 
of the aortic activity value (t of difference 
4.85). As seen from table 2. no certain change 

with age in the activity of the pulmonary artery 
tissue was observed. 

Coronary artery samples —The performance 
of assays of the purine nucleoside phosphorylase 
activity of 30 samples of normal coronary artery 
tissue revealed an average activity of 24.8 mi- 
cromoles of inosine metabolized/Gm. wet |tissue 
hour (856 micromoles/Gm. tissue nitrpgen 

hour). In all instances where samples of nprmal 
coronary artery tissue and normal aortic |tissue 
were available from the same individuals, the 
activity of the coronary artery tissue was found 
to be higher than that of the aortic tissue] The 
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average activity value of the coronary artery 
samples was 219% of the activity of the aortic 
samples (t of difference = 9.45). 

The purine nucleoside phosphorylase activ- 
ity of the coronary artery samples showed no 
definite change with age (table 2). The differ- 
ence between the activities of normal and arte- 
riosclerotic coronary artery tissue samples was 
less pronounced than that observed for the 
aortic samples. 

DISCUSSION 

Although the metabolic process catalyzed by 
purine nucleoside phosphorylase has been sub- 
stantiated by many investigations, the knowl- 

edge about the physiological significance of 
such activity still remains somewhat limited. 
The activity of the enzyme in monkey brain 
tissue was reported by Robins and his associ- 
ates (4) to be between 0.83 and 1.58 moles of 
substrate metabolized/Kg. dry tissue/hour, 
which represents an activity approximately 25- 
30 times higher than that recorded for human 
aortic tissue. The purine nucleoside phospho- 
rylase activities reported for other mammalian 
tissues have generally been expressed only in 
arbitrary units, and for that reason a reliable 

comparison with the values observed for human 
arterial tissue is not possible 

- In the present investigation, the finding of 
a tendency to significantly higher purine nucle- 
oside phosphorylase activity of arteriosclerotic 
aortic tissue than of normal tissue may be of 
significance, since the increased enzyme activity 
of the arteriosclerotic tissue may represent a 
factor related to the pathogenesis of arterioscle- 
rosis. 

SUMMARY 

Determinations were made of the purine nu- 
cleoside phosphorylase activity of 110 samples 
of the thoracic descending aorta, 92 samples of 
the pulmonary artery, and 49 samples of the 
coronary artery obtained fresh at autopsy from 
individuals ranging in age between | month 
and 87 years. In the case of the aortic and 
coronary artery samples, the enzyme measure- 

KIRK 

ments were made separately on normal and 

arteriosclerotic portions of the same blood ves- 
sels. 

The average purine nucleoside phosphorylase 
activities of normal aortic, pulmonary artery, 
and coronary artery samples, expressed as mi- 
cromoles of inosine metabolized/Gm. wet tis- 
sue/hour, were, respectively, 11.5, 15.5, and 

24.3. The corresponding values, calculated on 
the basis of the tissue nitrogen content, were 
295, 465, and 856. No statistically significant 
variation with age in the enzyme activities of 
these three types of arteries was observed. 

The mean purine nucleoside phosphorylase 
activity of arteriosclerotic aortic tissue portions 
was found to be significantly higher than the 
activity of normal tissue from the same sam- 
ples, both when calculated on the basis of wet 
tissue weight (127%; t of difference 4.75) 

and tissue nitrogen content (142%; t of differ- 
ence = 6.42). The increased purine nucleoside 
phosphorylase activity of the arteriosclerotic tis- 
sue may be a factor related to the pathogenesis 
of arteriosclerosis. 
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PROLONGATION OF THE NORMAL LIFESPAN AND 

INHIBITION OF SPONTANEOUS CANCER BY ANTIOXIDANTS 

DENHAM HARMAN, M.D., Ph.D. 

(From the University of Nebraska College of Medicine, Omaha, Nebraska) 

Aging may be due in part to the action of 
endogenously produced free radicals, such as 
HOe and HO.e (1). In the first test of this 

hypothesis (2), mice were given 0.5-2.0% w 

of various free radical inhibitors in their diet; 

some of the treated groups were found to live 
about 20% longer than the controls. 

The present experiment was designed to 
check the positive results of the initial study 
and to evaluate another antioxidant, hydroxyl- 
amine. A pellet diet (to which the chemicals 
were added before pelleting) was fed, both for 
convenience and because of the possibility that 
the period of daily food intake might be spread 
over a longer time. The impression had been 
gained in the first experiment that mice on a 
powdered diet tended to eat most of their daily 
food within a few hours after it had been placed 
in the cage. Hence, it was anticipated that on 
a pellet diet the tissue concentration of inhibi- 
tors might be maintained at an elevated level 
for a longer period of time than on the pow- 
dered diet, although on the latter the peak in- 
hibitor concentration might be greater. 

MATERIALS AND METHODS 

AKR (males), C3H (females), and Swiss 
(males) were obtained from the Jackson Me- 
morial Laboratory of Bar Harbor, Maine, im- 
mediately after weaning. They were fed ad lib. 
a pelleted mouse food to which, before pelleting, 
had been added (with the exception of the con- 
trols) 1 of 4 reducing agents: 1) cysteine hydro- 
chloride, 2) 2-mercaptoethylamine hydrochlo- 
ride, 3) 2,2’-diaminodiethyl disulfide dihydro- 
chloride, and 4) hydroxylamine hydrochloride; 
the first 3 compounds were added to the extent 
of 1% w. while the last was added at 1% w 

and 2% w. The pelleted foods were prepared 
in batches at intervals of 1 to 2 months. 

The average weight of the mice in each cage 
was determined monthly. In the case of the 
C3H and Swiss mice, the number of tumors 
were also recored; gross tumors were not seen 

We should like to acknowledge our indebtedness to Dr. Leland 
Short and Dr. Charles Riggs for their assistance in the care of the 
mice and to Dr. Hardin B. Jones and Dr. John H. Lawrence for 
their support of the lengthy experiment conducted at the Donner 
Laboratory of the University of California, Berkeley, California. 

in the AKR mice. After the experiment] had 
been in progress for 6 months, dead AKR{| mice 
were autopsied tou determine if they had |lym- 
phatic leukemia, while dead C3H and bwiss 
mice were examined (not autopsied) fo} the 

presence or absence of gross tumors; unfprtu- 
nately the data collected on the dead |mice 
through the 15th month were lost. The] data 
obtained after the 15th month on dead jC3H 
and Swiss mice (no AKR’s since they had all 
died ) reflected the tumor incidence in the Jiving 

mice. Thus, most of dead C3H controlg had 
tumors, while virtually none were found if the 
hydroxylamine groups. 

The number of mice in each group at age of 

4 months are shown in table 1. 

RESULTS AND DISCUSSION 

In tables 2, 3, and 4 are presented the Bver- 
age weights of the mice, the number living 
(corrected for losses due to causes other |than 
unavoidable death by subtracting the nulmber 
so lost from the number living in each of the 
months preceding the loss) and of the} per- 
centage of the original group—for the purpose 
of computation this was taken as the number 

living at 4 months, still living as a functipn of 

time in months.* In addition, tables 3 and 4 

give the number of animals with tumors in| each 
group as well as the percentage of tumprous 
mice each month. Table 5 gives the half-sur- 
vival times (HST) (age at which 50% of the 
mice are dead) along with corresponding} data 

from the first experiment. In figures 1, |2, 3, 
the number of living in the controls and 2- 
mercaptoethylamine, cysteine, and 1% hydrox- 

ylamine groups (2% hydroxylamine algo in 
the case of the AKR mice) are plotted jas a 
function of age on a semilog scale, while} cor- 
responding data from the first experiment are 

presented in figures 4 and 5 for comparison 

purposes. 

The half-survival time of AKR mice was| pro- 
longed 14.5% by 1% w cysteine hydrochlpride 
(P < 0.1),* 8.3% by 1% hydroxylamine, hy- 

* Chi-square test. 

| 047 
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TABLE 1. NUMBER OF MICE IN EACH GROUP AT AGE OF 4 MONTHS 

2,2’-Diaminodiethy| 

disulfide 

2-Mercapto- 

ethylamine Cysteine 

hydrochloride dihydrochloride hydrochloride Hydroxylamine hydrochloride 

Controls 1%w 1%w 1%w 1%w 2%w 

AKR 60 42 43 47 38 40) 

C3H 92 49 48 49 36 24 

Swiss 60 48 51 46 51 37 

TABLE 2. AKR MICE. EFFECT OF ANTIOXIDANTS ON 

THEIR LIFESPAN. ADJUSTED MORTALITY DATA AND 

Percent surviving 
100 = T T T a 

5 Be: 
WEIGHTS. E ¥ e. 4 

: 80+ , WX AKR MICE 4 

2,2’-Diaminodiethy] a 7 7 4 

Controls 2-Mercaptoethylamine Disulfide > \ 

Hydrochloride, 1% Dihydrochloride, 1% 60+ 4 2 

Age | No. % Aver. | No. Q Aver. | No. Y Aver. a J 

(Mos.)| Liv. Sur- Wt. | Liv. Sur- Wt. Liv. Sur- Wt. 

ing viving (Gm.)) ing viving (Gm.) ing viving (Gm. 

' 40} _1 % NH, OH Z 
4 1 
? 4 2 . 
‘ 3 ;1i 2% NH, OH 
H 4 | 60 100.0 30.2) 42 100.0 21.4| 43 100.0 25.2 a i | i 7 
* 5 ” me ne 39 = ms 40 a = 2-Mercapto- i. : Cysteine 
* 6 91.7 29.5 31 74.2 24.2) 36 3.8 28.0 . a7 

; 7 | 50 83.5 30.5] 27 64.5 27.3] 35 81.5 27.4 ethylamine_ 
Wy 8 | 42 70.0 28.8] 22 52.5 28.4] 31 72.2 26.2 

9 35 58.5 30.0) 20 47.6 26.8| 28 65.2 26.4 20F 4 
10 27 45.0 29.4) 16 38.2 26.6 20 46.5 24.4 

11 | 22 36.7 24.8] 12 28.6 25.4] 13 30.2 25.8 
12 | 17 28.4 27.6] 11 26.2 26.8] 11 25.6 23.2 
13 | 11 18.3 26.8] 11 26.2 25.9] 2 4.7 20.0 
4 9 15.0 27.2 19.1 25.6 0 0.0 
15 8 13.4 29.4| 7 16.6 24.3 
16 3 5.0 26.6 5 10.9 23.0 

- 10 1 1 i l 

ie) 6 12 18 24 30 
Hydroxylamine Hydrochloride 

Cysteine Age »months 

Hydrochloride, 1% 1.0% 2.0% a = si . 
Fig. 1. Effect of antioxidants on the lifespan of 

Age | No. % Awver.| No. % Aver.| No. % Aver. AKR (male) mice. 
(Mos.)| Liv- Sur- Wt. | Liv- = Sur- Wt. | Liv- viving Wt. 

ing viving (Gm.) ing viving (Gm.)| ing Sur- (Gm.) 

drochloride (P > 0.1), and 17.0% by 2% w 

2 ine rochloride 05). hydroxylami hydrochloride (P <_ 0.05) 
3 Unlike in the first experiment, 2-mercapto- 
4 | 47 100.0 27.4) 38 100.0 29.6] 40 100.0 27.8 Delian did gps. nomen ag a aol 
‘ie Wate ss aie ae es OO oe Oe Pee oe Sere 
6 | 46 98.2 28.4] 36 95.0 30.2| 40 100.0 29.2 time. Inspection of figure | indicates that 2- 
7 | 43 91.6 29.1) 32 84.5 30.4| 38 95.2 26.3  mercaptoethylamine hydrochloride may have 
8 | 38 81.2 29.9) 28 74.0 31.8] 34 85.2 27.0 : / 
9 | 35 74.6 2991 24 633 31.2! 32 80.2 256 also had a beneficial effect on the lifespan, 

10 | 28 59.7 30.0) 21 55.4 28.3 | 24 60.0 27.6 although there apparently was an inordinately 
11 | 23 49.0 29.2] 16 42.2 28.2] 21 52.5 28.0 . pe : : Sa 2 | a 44.8 20.2| 11 29.0 28.6| 16 40.0 29.6 high loss of animals in this group (every cage 
13 | 16 341 29.2) 6 15.8 30.8| 14 35.0 30.6 Was involved) during the first few months, sug- 
. | 11 23.3 26.8) 6 15.8 27.6 | 14 — os gesting that their food additive was toxic; no 
1 7 14.9 25.7| 3 7.9 26.6] 10 25.0 29.0 ih a 
is | 5 16 270! 2 83 20! 3 7.5 399 such effect was noted however with the C3H 

or Swiss mice, although in the case of the latter, 

~ 

Cosmo es wee | 
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TABLE 3. C3H MIcE. EFFECT OF ANTIOXIDANTS ON THEIR LIFESPAN. 

ADJUSTED MORTALITY DATA. WEIGHTS AND TUMOR DATA. 

Controls 2-Mercaptoethylamine Hydrochloride, 1% 

% Aver. No. With % With No. % Aver. No. With % With 

Surviving Wt. (Gm.) Tumors Tumors Living Surviving Wt. (Gm.) Tumors Tumors 

100.0 20.8 0 0.0 44 100.0 21.2 0 D.0 
100.0 21.6 0 0.0 44 100.0 21.8 0 ).0 

100.0 21.6 0 0.0 44 100.0 21.6 0 D.0 

100.0 22.2 0 0.0 44 100.0 21.8 0 D.0 

97.2 23.0 0 0.0 43 97.8 23.2 0 D.0 

93.8 23.2 1 1.3 41 93.2 22.6 0 p.0 

92.5 23.0 5 6.5 41 93.2 23.4 0 .0 
91.5 23.2 8 10.5 41 93.2 23.8 2 4.9 
86.5 23.6 il 15.3 40 91.0 24.0 1 2.5 

73.4 23.6 11 18.0 38 86.5 23.2 1 2.6 
51.7 24.6 7 16.3 36 82.0 23.6 2 5.6 
48.2 24.0 8 20.0 32 72.8 23.8 3 9.4 
32.4 23.5 4 14.8 30 68.2 23.4 3 0.0 
26.4 24.4 3 13.7 26 59.2 23.2 2 7.7 
25.2 23.6 3 14.3 23 52.3 23.6 4 7.4 
20.4 24.2 3 17.5 20 45.5 23.4 4 0.0 
16.8 27.8 3 21.4 15 34.2 21.4 3 0.0 
15.6 19.0 2 15.4 13 29.5 21.2 2 5.4 

C3H Mice. EFFECT OF ANTIOXIDANTS ON THEIR LIFESPAN. 

ADJUSTED MORTALITY DATA. WEIGHTS AND TUMOR DATA. 

Diaminodiethyl Disulfide Dihydrochloride, 1% Cysteine Hydrochloride, 1% 

% Aver. No. With % With No. % Aver, No. With  % With 
Surviving Wt. (Gm.) Tumors Tumors Living Surviving Wt. (Gm.) Tumors Jumors 

100.0 20.4 0 0.0 49 100.0 21.2 0 0.0 

100.0 21.6 0 0.0 48 98.0 21.8 0 0.0 

98.0 21.6 0 0.0 47 96.0 21.2 0 0.0 
96.0 21.4 0 0.0 47 96.0 21.4 0 ' 0.0 
90.0 21.2 1 2.3 45 91.8 22.0 0 0.0 
83.5 21.2 1 2.5 42 85.6 22.4 2 4.8 
75.0 22.4 1 2.8 40 81.6 22.2 2 4.8 
71.0 22.8 1 2.9 35 71.5 4 1 2.9 
64.6 21.4 1 3.2 31 63.2 .0 1 3.2 
48.0 20.4 0 0.0 25 51.0 3 3 12.0 
35.4 20.0 0 0.0 21 42.8 8 4 19.0 

14.6 15.8 0 0.0 18 36.7 22.2 4 | 22.2 
0.0 — — — 15 30.6 24.2 5 | 33.3 

. 13 26.5 24.6 3 | 23.0 
11 22.4 21.8 1 9.1 
6 12.2 21.6 0 0.0 
6 12.2 22.4 3 50.0 
3 6.1 20.0 0 0.0 
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TABLE 3. (CONTINUED) 

C3H Mice. EFFECT OF ANTIOXIDANTS ON THEIR LIFESPAN. 
ADJUSTED MORTALITY DATA. WEIGHTS AND TUMOR DATA. 

Hydroxylamine Hydrochloride 

1% 

Age No. % Aver, No. With 

(Months) Living Surviving Wt. (Gm.) Tumors 

1 

2 

3 

4 36 100.0 20.0 0 

5 35 97.3 21.5 0 

6 35 97.3 20.8 0 

7 33 791.6 21.4 0 

8 33 91.6 21.6 0 

9 32 89.0 22.8 0 

10 32 89.0 23.4 0 

11 30 83.4 23.8 2 

12 20 80.5 1 

13 28 77.8 23.9 1 

14 23 64.0 24.8 1 

15 20 55.5 24.4 1 

16 16 44.4 24.4 2 

17 12 33.2 25.8 1 

18 12 33.2 25.0 1 

19 y 25.0 25.0 0 

20 8 22.2 26.2 0 

21 7 19.4 25.0 1 

the death rate was somewhat high in the first 
part of the experiment. 2.2’-diaminodiethyl 
disulfide is evidently toxic at the 1% w level, 
since it produced a moderate shortening of the 
lifespan in the AKR mice as well as in the other 
2 strains. The discrepancy between the half- 
survival time of the controls in the present ex- 
periment (9.6 months) and the corresponding 
figures found in the first (7.5 month, Jackson 
Memorial Laboratory data; 7.5 months, on 

powdered diet; and 7.8 months, on a pellet 

diet) cannot be accounted for. However, even 

if the data of the first experiment are recalcu- 
lated, using the higher control half-survival 
figure obtained in the present work, it is found 
that 1% w 2-mercaptoethylamine hydrochlo- 
ride prolonged the half-survival time by 10.4%, 
and 1% w cysteine hydrochloride by 12.5%. 
The latter figure is essentially the same as that 
found in the present experiment (14.5%). 

2-Mercaptoethylamine hydrochloride (1% 
w) prolonged the half-survival time of C3H 
mice from 14.5 to 18.3 months, an increase of 
26% (P < 0.01); this compound also delayed 
the onset and incidence of tumors. As can be 
seen from figure 5, there was some indication 
in the first experiment that 2-mercaptoethyl- 
amine had a life-prolonging effect; the more 

Ou 

% With No. Q Aver. No. With % With 

Tumors Living Surviving Wt. (Gm.) Tumors Tumors 

0.0 24 100.0 19.2 0 0.0 

0.0 21 87.6 20.4 0 0.0 

0.0 21 87.6 22.2 0 0.0 

0.0 21 87.6 21.6 0 0.0 

0.0 21 87.6 21.4 0 0.0 

0.0 20 83.5 21.8 0 0.0 

0.0 16 66.7 22.5 0 0.0 

6.7 14 58.4 26.0 0 0.0 

3.4 14 58.4 25.6 0 0.0 

3.6 12 50.0 23.8 0 0.0 

4.3 il 45.8 24.6 0 0.0 

5.5 10 41.7 22.6 0 0.0 

12.5 9 37.5 21.6 0 0.0 

8.4 5 20.8 22.0 0 0.0 

8.4 3 12.5 1 33.3 

0.0 0 0.0 

0.0 

14.3 

marked effect noted in the present work may 
be a result of a more prolonged elevated anti- 
oxidant level due to the use of a pelleted rather 
than a powdered diet or may be in part a reflec- 
tion of the larger numbers of mice employed. 
In both experiments the addition of 1% cysteine 
hydrochloride to the diet had a slight adverse 
effect on the lifespan; this is in contrast to its 
beneficial effect on the AKR strain in both 
studies. It is possible that this difference be- 
tween the effect of cysteine hydrochloride on 
the 2 strains is a sex difference. However, this 
does not seem likely since 2-mercaptoethyl- 
amine and hydroxylamine have increased the 
lifespan of both AKR (male) and C3H (female, 
1% w hydroxylamine increased the HST 
slightly, 7%) mice. 

None of the antioxidants studied prolonged 
the lifespan of the Swiss mice. 

The foregoing results probably reflect a bal- 
ance between the toxic effects and the postu- 
lated age-inhibiting effects of the compounds 
studied on which are superimposed the effects of 
these substances on tumor initiation and 
growth. 

In the case of the AKR mice, it was shown 
in the first experiment that the prolongation of 
life achieved with several antioxidants was not 
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Fig. 2. Effect of antioxidants on the lifespan of 

C3H (female) mice. 
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Fig. 3. Effect of antioxidants on the lifespan of 

Swiss (male) mice. 

PROLONGATION OF NORMAL LIFESPAN 
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Fig. 4. Effect of antioxidants en the lifespan o: 

AKR (male) mice (data from first experiment). 
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TABLE 4. Swiss MICE. EFFECT OF ANTIOXIDANTS ON THEIR LIFESPAN. 
ADJUSTED MORTALITY DATA. WEIGHTS AND TUMOR DATA. 

Controls 

No. // Aver. No. With % With No. Y Aver. No. With % With 

Living Surviving Wt. (Gm.) Tumors Tumors Living Surviving Wt. (Gm.) Tumors Tumors 

51 100.0 24.6 0 0.0 48 100.0 24.8 0 0.0 

50 98.0 27.2 0 0.0 47 98.0 26.6 0 0.0 

48 94.0 29.0 0 0.0 47 98.0 29.4 0 0.6 

48 94.0 0 0.0 47 98.0 30.2 0 0.0 

48 94.0 0 0.0 44 91.6 31.4 0 0.0 

47 92.4 0 0.0 43 89.6 30.6 0 0.0 

47 92.4 0 0.0 43 89.6 31.4 0 0.0 

46 90.2 0 0.0 43 89.6 32.4 1 2.3 

46 90,2 0 0.0 41 85.5 30.8 1 2.4 

46 90.2 0 0.0 41 85.5 30.4 l 2.4 

38 74.5 1 2.6 36 75.0 30.2 1 2.8 

37 5 0 0.0 34 70.8 30.4 0 0.0 

37 0 0.0 30) 62.5 30.2 0 0.0 

36 0 0.0 25 52.0 30.8 0 0.0 

35 2 5.7 24 50.0 31.0 1 4.1 

32 1 3.1 23 48.0 32.6 1 4.3 

30 1 3.3 22 45.8 32.8 0 0.0 

29 57.0 2 6.9 19 39.6 33.4 0 0.0 

19 37.3 34.2 1 5.3 15 31.2 31.2 0 0.0 

16 31.4 32.2 0 0.0 13 27.2 30.2 0 0.0 

14 27.4 33.6 0 0.0 9 18.7 30.6 0 0.0 

11 21.6 31.4 0 0.0 6 12.5 29.2 0 0.0 

9 17.6 0 0.0 6 12.5 0 0.0 

7 13.7 0 0.0 4 8.3 0 0.0 

Swiss MICE. EFFECT OF ANTIOXIDANTS ON THEIR LIFESPAN. 
ADJUSTED MorRTALITY DATA. WEIGHTS AND TUMOR DATA. 

2,2'-Diaminodiethy! Disulfide Dihydrochloride, 1% Cysteine Hydrochloride, 1°% 

No. Q Aver. No. With % With No. w// Aver. No. With Y, With 

Living Surviving Wt. (Gm.) Tumors Tumors Living Surviving Wt. (Gm.) Tumors Tumors 

51 100.0 23.6 0.0 45 100.0 26.2 0 0.0 

48 98.0 25.2 0 0.0 43 96.5 28.6 0 0.0 

48 98.0 25.8 0 0.0 43 96.5 30.2 0 0.0 

47 92.2 27.2 0 0.0 41 91.0 30.8 0 0.0 

46 90.4 27.4 0 0.0 41 91.0 31.6 0 0.0 

45 88.4 28.0 0 0.0 40 89.0 32.2 0 0.0 

45 88.4 29.2 0 0.0 40 89.0 31.8 0 0.0 

43 84.5 30.4 0 0.0 39 86.6 33.8 0 0.0 

43 84.5 27.0 0 0.0 38 84.5 33.2 0 0.0 

43 84.5 26.6 0 0.0 38 84.5 34.0 0 0.0 

37 72.5 25.0 0 0.0 31 69.0 30.2 0 0.0 

33 64.8 24.0 0 0.0 | 31 69.0 32.6 0 0.0 

17 33.4 23.8 0 0.0 | 31 69.0 32.4 0 0.0 

11 21.6 21.8 0 0.0 | 29 64.5 33.2 0 0.0 

9 17.7 24.2 0 0.0 28 62.2 32.6 1 3.6 

9 ef 23.8 1 11.1 22 49.0 31.6 1 4.5 

7 13.7 23.6 1 14.3 20 44.4 32.6 0 0.0 

4 7.8 22.5 0 0.0 20 44.4 32.6 0 0.0 

0 0.0 6 1 32.2 1 16.7 

- monn 

2-Mercaptoethylamine Hydrochloride, 1% 
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TABLE 4. (CONTINUED) 
Swiss MIce. EFFECT OF ANTIOXIDANTS ON THEIR LIFESPAN. 
ADJUSTED MORTALITY DATA. WEIGHT AND TUMOR DATA. 
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PROLONGATION OF NORMAL LIFESPAN 

9¢ 

Aver. No, With % With 

Wt. (Gm. Tumors Tumors 

0 0.0 

0 0.0 

0 0.0 

0 0.0 

6 0 0.0 

27.8 0 0.0 

31.2 0 0.0 

31.8 0 0.0 

30.4 0 0.0 

31.8 0 0.0 

31.8 0 0.0 

33.4 0 0.0 

30.4 0 0.0 

34.0 0 0.0 

33.8 0 0.0 

32.8 0 0.0 

33.4 0 0.0 

33.2 0 0.0 

35.0 1 12.5 

2.2 1 18.9 

32.4 0 0.0 

32.4 0 0.0 

0 0.0 

0 0.0 

TABLE 5. EFFECT OF ANTIOXIDANTS ON THE HALF-SURVIVAL TIME OF AKR, C3H, 

Group 

Control 

2-Mercaptoethylamine 

Hydrochloride, 1% w 

2,2'-Diaminodiethy] 

Disulfide Dihydro- 

chloride, 1% w 

Cysteine Hydrochloride, 
1% w 

Hydroxylamine Hydro- 

chloride, 1% w 
tte 
2% w. 

*Estimate of Standard error. 
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9.6 + 1.7* 
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due to an ameliorating effect of these sub- 
stances on the spontaneous leukemia that this 
strain develops, and hence life prolongation 
could be attributed to the postulated aging 
process. 

Considering the C3H mice, the delay in tu- 
mor formation in the 2-mercaptoethylamine 
group would seem to be due mainly to a slow- 
ing down of the aging process, because the curve 
of tumor incidence versus age is displaced to the 
right as compared to the controls. On the other 
hand, the results with 1% w hydroxylamine 

may be related both to an inhibition of the ag- 
ing process and to the fact that this compound 
has been found to produce about 20% exten- 
sion of the survival time of mice inoculated with 
Ehrlich ascites tumor (3) (a number of other 
antioxidants, including cysteine hydrochloride 
and 2-mercaptoethylamine hydrochloride, were 
not effective). Thus, it is possible that in the 

present work the constant presence of hydroxyl- 
amine (and possibly to a lesser extent with the 
other antioxidants) produced an environment 

detrimental to tumor cells, and thus when they 
began to appear, they either died or were re- 
moved by the natural body defences. The 
marked depression of the tumor incidence by 
hydroxylamine suggests the possibility of pro- 
phylactic cancer chemotherapy by this or other 
anticancer agents. 

These encouraging results again provide some 
support for the concept that endogenously pro- 
duced free radicals contribute to the aging pro- 
cess. 

HARMAN 

SUMMARY 

Antioxidants, in a second experiment, have 

again been found to prolong the normal life- 
span of mice. 

2-Mercaptoethylamine hydrochloride (1% w, 
incorporated into a pellet diet) prolonged the 
half-survival time of C3H female mice from 
14.5 to 18.3 months, an increase of 26%, while 

hydroxylamine hydrochloride (1% w)_ pro- 
duced a slight prolongation, 7%. 

Cysteine hydrochloride (1% w) and hydrox- 

ylamine hydrochloride (2% w) increased the 
half-survival time of AKR male mice from 9.6 
to 11.0 and 11.2 months, respectively, a pro- 
longation of about 15%. 

None of the antioxidants studied, 2-mer- 
captoethylamine hydrochloride (1% w), 2,2’ 
diaminodiethyl disulfide (1% w), and hy- 
droxylamine hydrochloride (1 and 2%, w), pro- 
longed the life of Swiss male mice. 

Hydroxylamine hydrochloride (1 and 2% w) 

produced a marked decrease in the tumor inci- 
dence of C3H female mice. 
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TURNOVER OF LIVER MITOCHONDRIAL COMPONENTS IN 

ADULT AND SENESCENT RATS* 

MARTIN J. FLETCHER, Ph.D., AND D. R. SANADI, Ph.D. 

(From the Gerontology Branch, National Heart Institute, National Institutes of Health, PHS, 

Department of Health, Education and Welfare, and the Baltimore 

City Hospitals, Baltimore, Maryland) 

Morphological changes in mitochondria asso- 
ciated with senescence have been reported (2, 
8). Alterations in the respiration of certain 
tissues as a function of age have been claimed 
(4). However, Barrows and co-workers (1) 

could find no age-dependent differences in the 
succinoxidase activity of isolated rat liver and 
kidney mitochondria. Weinbach and Garbus 
(7) have claimed that liver mitochondria from 

aged rats show decreased oxidative activity with 
f-hydroxybutyrate and increased fragility. As 
a part of the program to examine the possible 
biochemical changes in mitochondria associated 
with advancing age, the turnover characteristics 
of rat liver mitochondria have been compared 
in adult and senescent rats. We have previously 
presented evidence indicating that mitochondria 
turn over as units with a half-life in rat liver 
of approximately 10.3 days (3). 

EXPERIMENTAL PROCEDURE 

The Sprague-Dawley rats used in this study 
were maintained in our colony for at least one 
year. Each animal received intraperitoneally 
25 ue. (6.7 x 10° counts/minute, or cpm.) of 
S**-DL-methionine and 30 we. (2. 8 x 10° cpm.) 
of 2-C't-acetate. They were fed a standard 
stock diet ad libitum. At intervals of one week, 
the animals were sacrificed and mitochondria 
were isolated from liver by differential centrifu- 
gation (5). The mitochondrial preparations 

were fractionated into four components, namely, 
saline soluble protein, saline insoluble protein, 
cytochrome c, and lipid, by previously described 
methods (3). The protein samples were com- 

busted with Pirie’s reagent (HC1O,, CuSO,, 
HNO.), which eliminated the C'* as carbon 

dioxide and converted the S*° in the amino acids 
to sulfate. The sulfate was precipitated and 
counted as the benzidine sulfate. The .C’*- 
lipid was counted as such. The methods used in 
preparation of the samples and counting have 
been indicated before (3). 
The data presented here include the results 

of two different experiments. In the first experi- 

* With the technical assistance of Mr. Albert Opher. 

ment, 12 adult (12-month-old) and 11 senes- 
cent (22-24-month-old) rats were employed; 
the second series represents 13 adult and 10 
senescent rats. The specific activities of the 
components obtained in the second experiment 
were 20 to 40% higher than in the first experi- 
ment, presumably due to differences in rates of 
incorporation in the two series. However, the 
regression coefficients evaluated independently 
for each experiment were essentially the same. 
In order to combine the data of the two experi- 
ments for greater accuracy of the calculated 
regression coefficients, the mean specific activity 
of each component at the second week was 
arbitrarily given the value of 100 in each ex- 
periment. The observed specific activities at 
other intervals were expressed relative to the 
value at the second week. For example, the 
mean specific activity for insoluble protein of old 
rats in the first experiment was 115 cpm./mg. 
benzidine sulfate. This value was taken as 100 
and the individual values of 118, 110, 110, and 
124 cpm./mg. for each rat sacrificed during this 
week were then converted to the relative spe- 
cific activity values of 103, 96, 96, and 118, re- 
spectively. The specific activities of the insol- 
uble protein from the other rats sacrificed at 
other intervals in this first experiment were 
again expressed as relative values compared to 
115 cpm./mg. benzidine sulfate defined as 100. 
Specifically, the values for the third week were 
88, 84, and 72 cpm./mg., but expressed in rela- 
tive terms using 100 for the second week, the 
relative specific activities were 77, 73, and 63. 
In a similar manner, the specific activities of 
insoluble protein samples from the various rats 
in the second experiment were expressed rela- 
tive to the mean value of 239 cpm./mg. for the 
second week which was considered as 100. (The 
specific activities for the other components were 
recalculated in a similar manner.) Thus the 
data of both experiments for the different com- 

ponents could be used for the statistical evalu- 

ation of the regression coefficient. 

The specific activies are expressed as cpm. mg. 

benzidine sulfate for insoluble and soluble pro- 
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tein, cpm./mg. cytochrome c calculated on basis 
of its absorption at 550 my after reduction, and 

cpm./mg. dry weight for lipid. 

RESULTS 

The regression lines for the decline in specific 
activity of the individual mitochondrial fractions 
are shown in figure 1. The number of rats sac- 
rificed at the different intervals was as follows: 
senescent—5, 5, 6, and 5; young—6, 7, 6, and 6 

for the first, second, third and fourth weeks, re- 

spectively. The actual mean specific activities 
in the first experiment (which were considered 
to be 100 by definition for expressing relative 
values) for the second week were: 

Cytochrome c—young, 378 cpm./mg.; old, 238 cpm./mg. 

Lipid—young, 15.3 cpm./mg.; old, 15.7 cpm./mg. 

Soluble protein—young, 122 cpm./mg.: old 107 cpm./mg. 

Insoluble protein-young, 159 cpm./mg.; old, 115 cpm./mg. 

These values are given in order to provide an 
estimate of the actual incorporation from the 
administered radioactive precursor. The points 
shown in figure | represent the mean of the 
relative activities for each time interval al- 
though all of the individual values were used 
for the statistical evaluation of the regression 
coefficient by the least squares method (6). The 
regression coefficients and the standard error of 
the regression coefficients, together. with the 
first-order decay constants and half-lives, are 

shown in table 1. Only in the case of the lipid 
component from young rats does the regression 
coefficient differ significantly from the rest. The 
presence of a fraction in the lipid samples which 
turns over relatively fast with an approximate 

LOG RELATIVE S.A. 

' 
7 4 21 28 +, & Bes 

DAYS 

Fig. 1. Loss of radioactive mitochondrial components 

from adult and senescent rats. o- - - -0, adult; @ °, 

senescent; I. P.—insoluble protein; S.P.—soluble pro- 
tein; Cyto. c—cytochrome c. 

TABLE 1. TURNOVER OF MITOCHONDRIAL COMPONENTS 
IN ADULT AND SENESCENT RATS 

Standard 

Regression Error 

Component Age Coefficient of R. C. ae t 
% da 

fi —(). 027 Ke Cobatoniis'e young ). ‘ 78 +0.0031 0.064 10.8 

old —0.0303 +0. 0054 0.070 9.9 

/OUr —(). 0296 0. 002¢ 0. 06 q 
Insoluble protein pit ened septa dees 10.2 

old —0.0295 +0.0019 0.068 10.2 

y —0.0287 003% 5 Soluble protein young ). 0287 +0.0033 0.066 10.5 

old —0).0314 +0.0027 0.072 9.6 

young —0.0223 +0.0024 0.051 13.6 
Lipid 

old —0.0312 +6.0039 0.072 9.6 

t1/2 of 2 days and which appears to be a me- | 
tabolic rather than a structural component of 
mitochondria has been noted previously (3). It 

is conceivable that the difference in t,,. of the 
mixed mitochondrial lipid fraction between 
young and old animals is indicative of a differ- 
ence in the turnover of lipids in the metabolic 
pool. 

DISCUSSION 

We have previously presented evidence indi- 
cating that rat liver mitochondria turn over as 
a unit with no differential replacement of indi- 
vidual components once the organelle is synthe- 
sized. The data presented in figure | and table 
1 show that the rates of turnover in adult and 
senescent rats are not grossly different. In both 
groups, the half-life was roughly 10 days. It 
would be of interest to extend these studies to 
brain and skeletal muscle mitochondria. 

SUMMARY 

The loss of radioactivity from four mitochon- 
drial componenis, namely, cytochrome c, sol- 
uble protein, insoluble protein, and lipid, has 
been measured following administration of S*°- 
methionine and C''-acetate to 25 adult and 21 
senescent rats. The loss of label followed first- 
order kinetics with a half-life of approximately 
10 to 11 days for each component. There was 
no gross difference in the turnover rates in the 
adult and senescent animals. 

REFERENCES 

1. Barrows, C. H. Jr., Falzone, J. A., and Shock, N. W.: 
Age Differences in the Succinoxidase Activity of 

Homogenates and Mitochondria from the Livers 
and Kidneys of Rats. J. Gerontol., 15: 130-133, 1960. 

rm . Fer 

Pit 

Age 

3. Fle 

Liv 

. Jac 

Ac 

che 



IMPONENTs 

} 

1 tua 

4 10.8 

0 9.9 

8 10.2 
8 10.2 

5 10.5 

2 9.6 

1 13.6 

- 9.6 

be a me- | 

onent of 

y (3). It 

» Of the 

between 

a differ- 

netabolic 

Nee indi- 

1 over as 
of indi- 

; synthe- 
nd. table 

dult and 

In both 
days. It 
tudies to 

a. 

itochon- 

» ¢, sol- 

pid, has 
1 of S*- 

and 21 

ed first- 

<imately 
ere was 
s in the 

k, N. W.: 
tivity of 

1e Livers 

133, 1960. 

tr 

MITOCHONDRIAL 

Fernandes, F.: The Cellular Picture in the Anterior 

Pituitary of Normal Fowls from Embryo to Old 

Age. Anat. Rec., 96: 77-91, 1946. 

} Fletcher, M. J., and Sanadi, D. R.: Turnover of Rat 

Liver Mitochondria. Biochim. Biophys. Acta, (in 

press ). 

. Jacob, M., Mandel, L., and Mandel, P.: Etude de 

la Consommation d’ Oxygéne et de la Teneur en 

Acide Désoxyribonucléique du Foie a divers Ages 

chez le Rat. Experientia, 10: 218-220, 1954. 

3. 

ge 

7. Weinbach, E. C., 

TURNOVER 257 

Schneider, W. C.: Intracellular Distribution of En- 
zymes. III. The Oxidation of Octanoic Acid by Rat 

Liver Fractions. ]. Biol. Chem., 176: 259-266, 1948. 

Snedecor, G. W.: Statistical Methods. Iowa State 
College Press, Ames, Iowa, 5th ed., 1957, 534 pp. 

and Garbus, J.: Oxidative Phos- 
phorylation in Mitochondria from Aged Rats. J. 

Biol. Chem., 234: 412-417, 1959. 

Weiss, J., and Lansing, A. I: Age Changes in the 

Fine Structure of Anterior Pituitary of the Mouse. 
Proc. Soc. Exper. Biol & Med., 82: 460-466, 1953. 



THE BIOLOGY OF AGING, A SYMPOSIUM, edited 
by B. L. Strehler with the assistance of J. D. Ebert, 
H. B. Glass and N. W. Shock. American Institute of 
Biological Sciences, Washington, D. C., 1960, 364 pages, 

$7.75. 

The Biology of Aging contains the edited proceedings 

of a symposium held at Gatlinburg, Tennessee, May 
1-3, 1957, under the sponsorship of the American Insti- 
tute of Biological Sciences with support of the National 

Science Foundation. 

Edited transcriptions of nine discussion groups occupy 

the first 104 pages of this 364-page book, while the 

remainder, with the exception of a 6-page appendix 
dealing with a number of proposals intended to further 
the growth of research on the biology of aging, contains 

52 short papers on various aspects of aging. 

The topics of the 9 discussion groups were: 1) defini 

tion and universality of aging; 2) mortality and mea- 

surement of aging; 3) molecular and particulate aging; 

4) some genetic aspects of aging; 5) some comments on 

the evolution of aging; 6) developmental aspects of 
aging; 7) cellular changes: structure, metabolism, cytol- 

ogy; 8) pathology and aging, and 9) methodology, in- 
formation theory, design, and approach. At the end of 
each discussion there are a number of page references 

to pertinent material in other parts of the book. 
A wide variety of subjects was covered by the 52 

articles (these are arranged in alphabetical order of the 
authors) as illustrated by the following: Approaches to 
Aging on the Molecular Level by N. G. Anderson; Age 

and Cellular Metabolism of Tissues by C. H. Barrows, 
Jr.: An Analysis of Some Radiation Effects on Mortality 
by N. I. Berlin; Species Differences in Potential Lon- 

gevity of Vertebrates and Their Physiological Implica- 
tions by F. Bourliére; the Aging Process and Somatic 

Mutations by G. Failla; Evidence of Aging in Fishes by 
S. D. Gerking; The Properties of Some Soluble Com- 

ponents of Connective Tissue and the Influence of 

Growth Rate by J. Gross; Enzyme Activities and Co- 
enzyme Concentrations of Human Arterial Tissue and 

Their Relation to Age by J. E. Kirk; Senescence of 
Plants and Plant Organs by A. C. Leopold; A Critique 
of Theories of Mortality by A. S. Mildvan and B. L. 
Strehler; Aging of Insects by M. Rockstein; The Effect 

of Physiologic Fluctuations on Mortality and Aging by 
S. A. Sacher; Age Changes in Physiological Functions 

in the Total Animal; The Role of Tissue Loss by N. W. 

Shock; Aging and Lability of Irreplaceable Molecules 

by F. M. Sinex; The Human Early Foetal Death Rate 

in Relation to Age of Father by T. M. Sonneborn; Fac- 

tors in Human Mortality by M. Spiegelman; Ionizing 

Radiation and the Aging Process by A. C. Upton; and 
Pleiotropy, Natural Selection, and the Evolution of 
Senescence by G. C. Williams. With few exceptions 
these papers are accompanied by literature references. 

This book should serve as an excellent source of in- 
formation on the biology of aging and it is a pleasure 

to recommend it to those interested in prolonging the 
effective life span of man. 

DENHAM HARMAN, M.D. 
University of Nebraska 
College of Medicine 

BOOK REVIEWS 

AGING: SOME SOCIAL AND BIOLOGICAL AS. 

PECTS, Symposia presented at the Chicago Meeting of 

the American Association for the Advancement of Sci- 
ence, 1959, edited by N. W. Shock. Publication No. 65 
of the American Association for the Advancement of 
Science, Washington, D. C., 1960, viii + 427 pages, 

$8.50 ($7.50 prepaid to A.A.A.S. members). 

Gerontology, being a multi-disciplinary study, tends 
to run to symposia. Some of these aim at textbook 

summaries of facts, others at sketching the present state 
of knowledge and setting it in a framework of theory 
as a guide to future research. The present book, which 

is much more biological than social, is, at least on the 
biological side, a worthy member of the line of sym- 

posia_ belonging to the second type. 
The 26 contributors include many of the most re- 

spected names in American gerontology, and the chap- 

ters cover a wealth of material which may be broadly 
divided into 3 types. First, there are outlines of rele- 
vant facts of an anatomical, biochemical, cardiovascu- 

lar, dental, or physiological nature. Second, there are 

discussions of possible causes of age changes, including 

genetic and developmental factors and the results of 

stress and radiation. Third, there are discussions of 
social and personal problems of later years, including 

sociological and psychiatric approaches. 
The reader could do well to begin at Section IV, on 

Theories of Aging, with the excellent chapter by N. W. 
Shock (whose breadth of grasp must surely be unique) 

and to follow through the provocative theoretical argu- 
ments of H. Selye and P. Prioreschi and of B. L. Streh- 

ler to the stimulating discussion by J. E. Birren of be- 

havioral changes in biological terms (a chapter which, 

incidentally, contains in 2 paragraphs one of the most 

elegant statements in print on the nature of skill). 

The reader would then be prepared to tackle the solid 

biological meat of Sections II and III, dealing with 

genetic, developmental, structural, cardiovascular, and 

biochemical questions, and effects of radiation, before 

going on to the somewhat lighter relief of Section I on 

the economic, geriatric, and work problems of older peo- 

ple. The last section, on oral aspects of aging, seems 

at first sight to be an intrusion but does in fact make 

interesting reading to a biologist quite apart from any 

concern he may have for the fate of his teeth in old 

age. There is a brief appendix by J. T. Freeman, which 
suggests a scheme for financing medical costs after age 

65 on which it would be presumptuous for a writer 

from abroad to comment. 
Inevitably there are repetitions and some omissions. 

Of the latter, perhaps the most striking in a book which 
ranges from histology to economics are in the cognate 
fields of neurology and experimental psychology. ‘These 
would have formed a welcome bridge between the bio- 

logical and social chapters, which give the impression 

in the present book of not really making contact with 
one another. The omissions were, however, probably 

wise in view of the publication in 1959 of The Process 
of Aging in the Nervous System (edited by J. E. Birren, 

H. A. Imus, and W. F. Windle) and Handbook of Ag 

ing and the Individual (edited by J. E. Birren). 

The more important contributions in the present vol- 
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EEN AFAY 

ume show very strikingly the degree of sophistication 

that has been attained in biological gerontology and 

the extent to which the transition has been made from 

fact-gathering and the discussion of rather naive gen- 

eralizations to the testing of clearly reasoned theory. 

It is earnestly to be hoped that social gerontology may 
soon attain comparable scientific standards. 

A. T. WELFORD 

St. John’s College 

Cambridge, England 

NEW PUBLICATIONS BY CENTER FOR AGING 

RESEARCH.—Three annual publications of the Center 

for Aging Research, Division of General Medical Sci- 

ences, National Institutes of Health, are now available 

for distribution. These are: Research Highlights in 

Aging, 1960, Activities of the National Institutes of 

Health in the Field of Gerontology, January 1961; and 
Research Programs in Aging, 1960. 

Research Highlights in Aging presents a review of a 

selected number of scientific papers on research in aging 

carried out or supported by the National Institutes of 

Health. The articles reviewed range from fundamental 

studies in the biology of aging to studies concerned with 

the physical, psychological, and social problems of aging 
people. In addition to the scientific papers presented, 
the brochure also includes reviews of new literature in 

the field, meetings of considerable importance, programs 

of the five major multidisciplinary centers for aging re- 

search, and training programs. 

BOOK REVIEWS 259 

Activities of the National Institutes of Health in the 

Field of Gerontology lists all grants for aging research 

active on January 3], 1961. The grants are arranged in 

two categories—those primarily related to aging and 

those secondarily related to aging. In each category the 

grants are classified as follows: General, Major Multi- 

disciplinary Research Projects, Structural Aspects of 

Aging, Physiological and Biochemical Aspects of Aging, 

Psychological Aspects of Aging, Social Aspects of Aging, 
Identifiable Disease Processes, and Training. 

The third document, Research Programs in Aging, 

prepared originally as background material for sub- 

mission at Congressional hearings on appropriations, 

covers in narrative form all intramural and extrarnural 
studies. supported or conducted by the National Institutes 
of Health in the field of gerontology. 

At the conclusion of the narrative report in this docu- 

ment, comparative statistical summaries are given show- 

ing the number of grants and cost of these grants for 
a four-year period. 

The final section in Research Programs in Aging is a 

bibliography listing papers presented and published dur- 

ing calendar year 1960 by members of the following 

staffs: Gerontology Branch, National Heart Institute; 

Section on Aging, National Institute of Mental Health: 

Duke University; the Albert Einstein College of Medi- 

cine; and the Center for Aging Research. 

All documents are available free upon request to Mrs. 

J. B. Graber, Information Officer, Center for Aging 

Research, National Institutes of Health, Bethesda 14, 
Maryland. 
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THE HOUSING PREFERENCES OF ELDERLY PEOPLE* 

WALLACE F. SMITH, Ph.D. 

(Real Estate Research Program, University of California, Berkeley) 

Adults at every age level live, not only in 
single-family houses but in apartment blocks, 
in furnished rooms, in communal dormitories, 
in residential hotels, in nursing homes, and 
doubled-up in the homes of relatives. Elderly 
people, in particular, have very diverse housing 
arrangements. Since considerable interest has 
now been aroused in providing “better hous- 
ing” for older citizens, it is important to learn 
whether or not this diversity is what the elderly 
want. Would most of those now living with 
relatives prefer separate apartments or houses? 
How many hotel and rooming house residents 
would rather have housekeeping facilities? 
These questions may be answered by inter- 

viewing elderly people themselves about the 
type of housing arrangement they prefer; and 
such surveys have recently been made (Arthur, 
1954; Donahue, 1954; Griffin, 1950; N. Y. State 

Division of Housing, 1958; Vivrett, 1960). 

There are two major problems, however, in this 

approach to measuring housing preferences; 
first, surveys of different groups may appear to 
produce conflicting results. Second, it is difficult 
to determine what respondents prefer unless 
all make the same assumptions about the alter- 
natives available to them. Most people, for ex- 
ample, might be expected to say their present 
housing is better than any other arrangement 
they can afford; yet to get a meaningful pic- 
ture of preferences it must first be decided how 
much help the respondents will be given in 
attaining some higher objectives. Preferences, 
that is, are relative to the economic as well as 
to the other personal circumstances of the in- 
dividual. ;, 

This paper approaches the question of hous- 
ing preferences of the aged in a different way. 

* Research for this paper was made possible by the Real Estate 
Research Program, Institute of Business and Economic Research, Uni- 
versity of California, Berkeley. The investigator is indebted to 
members of the Program staff and to others for helpful criticism. 
Responsibility for the views expressed and for the accuracy of the data 
rests solely with the investigator. 

By comparing the pattern of housing arrange- 
ments actually chosen by elderly persons at dif- 
ferent income levels—persons similar in other 
respects—it can be inferred that a specific in- 
crease in income would induce some elderly 
people to change their type of housing. An 
elderly widow living with her daughter’s fam- 
ily might, for example, decide that with added 
income she could afford a small apartment of 
her own. A couple might decide to stop jrent- 
ing and buy a house in some more convenient 
part of town. Such shifts in response to mpdest 
increases in income would indicate that prpsent 
housing arrangements were in a sense “unjatis- 

factory.” If most of the elderly who live jwith 
younger relatives are found to have very low 
incomes, and if low income appears to bd the 
only factor distinguishing this group, thpn it 
may be presumed that this housing arrdnge- 
ment is not “preferred” by older people in gen- 
eral. Such is the approach used here. 

Basic data for this comparison of housing 
arrangements at different income levels is from 
the U. S. Census of Housing and Population in 
1950; information regarding California has 

been analyzed more intensively. Census data, 
however, permit at best only a four-fold classi- 
fication of housing arrangement of elderly peo- 
ple. (Census definitions for “dwelling unit,” 
“household,” “head,” and other terms have 
been used throughout. ) 

1. Owners. Heads of households 65 years old 
or more. 

2. Renters. Aged heads of households living 
in rented dwelling units. 

3. Roomers. Aged persons living in quasi- 
households (excluding institutions) and aged 
lodgers, whether unrelated individuals or mem- 
bers of secondary families. 

4. With relatives. Elderly people living in 
households headed by relatives other than the 
spouse of the elderly person. 

261 



Elderly people living in institutions—nursing 
homes, for example—are omitted from this com- 
parison. It is clear that the housing choice of 
such people is tied up with matters of health. 
Some aged people who live independently 
would be best off in a nursing home while some 
in nursing homes should actually be keeping 
house in the normal way. Census information, 
however, does not permit a discussion of this 
particular question of preference. In 1950, for 
the United States as a whole, 3.1 per cent of 

the elderly were inmates of institutions (U. S. 
Bureau of the Census, 1953). This proportion 
is assumed constant in this paper, and the 
choice between this and other modes of living 
is disregarded. The small category of “resident 
employees” is treated in the same fashion. 

One would expect, of course, that marital 

status would also be an important determinant 
of housing arrangement among the elderly. The 
housing needs of couples, for example, are dif- 
ferent from those of widows or widowers. Cen- 

sus data permit the identification of three im- 

portant groups whose housing preferences 

might be expected to differ: 

1, Couples. Elderly men living with their 

respective spouses. 

2. Men. Elderly men not living with spouses. 

Most, but not all, of these men are at least po- 

tentially one-person households. Others have 

dependents or partners. 

SMITH 
A 

3. Women. Elderly women not living with 
spouses. Of these, also, most are potentially 

one-person households. 

THE FACTOR OF INCOME 

Table | presents an income distribution for | 
elderly people in the United States in 1950, for 
each of these marital and housing arrangement 
categories. The income data are also drawn, 
basically, from the Census. It would be helpful 

if all those with no money income could be 
separately identified. An indication of the value 
of liquid assets or of the amount “dissaved” 
during the year would also improve the signif- 
icance of these figures. Steiner and Dorfman 

found, however, that dissaving typically had 
“small impact on total receipts” (1957, p. 116). 

Not all the income distribution data shown 
in Table |—and in Table 2 for California 
metropolitan areas —were available directly 
from the Census. Reasonable approximations 
were used where explicit distributions were 
lacking. For example, the income distribution 
of Couples, Renters is used for Couples, Room- 
ers in the absence of data relating to the latter 
group. This unfortunately unavoidable esti- 
mating procedure qualifies the 
which can be drawn from these tables. 

conclusions | 

Table 2 presents the same relationships of | 
marital status and housing arrangement to in- 

come for the total number of elderly people in 

the eight Standard Metropolitan Areas of Cali- 

TABLE 1. HOUSING ARRANGEMENTS OF THE AGED POPULATION OF THE UNITED STATES, 1950: 
BY MARITAL STATUS AND MONEY INCOME IN 1949 (PERCENTAGES). 

Income level 

Total 

$0 $1,000 $2,000 $3,000 $4,000 $5,000 $6,000 $7, 000 $10,000 

999 1,999 2,999 3,999 4,999 5, 999 6,999 9,999 or more 

Couples 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Owners 66 60 66 68 69 72 72 75 76 78 

Renters 28 28 30 29 29 26 26 23 23 20 

Roomers 1 1 1 1 l 1 1 1 1 1 

With relatives 5 11 3 2 1 1 1 1 ' 1 

Men 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Owners 32 23 35 40 51 58 63 65 63 65 

Renters 21 20 22 22 23 22 20 21 21 17 

Roomers 20 21 22 20 11 10 9 ® 11 12 

With relatives 27 36 21 18 15 10 8 6 5 6 

Women 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Owners 31 24 44 51 59 65 65 67 67 64 

Renters 21 19 28 31 29 26 26 24 24 24 

Roomers 9 9 11 6 4 3 3 3 4 H 

With relatives 39 48 17 12 8 6 6 6 5 8 

Nore.—Adapted from 1950 Census data. “Aged” includes persons 65 years old and over. See text for definitions of categories. 

«Less than one-half per cent. 
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HOUSING PREFERENCES OF ELDERLY PEOPLE 

TABLE 2. HOUSING ARRANGEMENTS OF THE AGED POPULATION IN EIGHT STANDARD METROPOLITAN 
ARFAS IN CALIFORNIA, 1950: BY MARITAL STATUS AND MONEY INCOME IN 1949 (PERCENTAGES). 

Tot al 

$0 $1,000 $2,000 

999 1,999 2,999 

Couples 100% 00% 100% 100% 

Owners 67 59 65 67 

Renters 27 27 31 29 

Roomers 2 2 2 2 

With relatives 4 12 2 2 

Men 100% 00% 100% 100% 

Owners 24 16 28 3 

Renters 24 22 27 25 

Roomers 26 29 26 28 

With relative 26 33 19 10 

Women 100% 100% 100% 100% 

Owners 29 21 40) 46 

Renters 27 24 33 36 

Roomers 10 12 li 7 

With relatives 34 43 16 11 

Nore. Adapted from 1950 Census data. “Aged” includes persons 65 years 

of categories 

Less than one-half per cent. 

fornia. The following tendencies may be dis- 
cerned from both tables: 

1. The proportion of homeowners generally 
rises with income; above the $6,000 income 
level this proportion may stabilize or decline 
slightly. 

2. The proportion of renters rises at first but 
then declines slightly. 

3. With increasing income, the proportion of 
roomers increases a little at first (in Table | but 
not in Table 2), then falls rather abruptly to a 
lower level. , 

4. The proportion sharing the homes of rela- 
tives is greatly diminished by the first step up 
the income ladder. and generally seems to con- 
tinue its decline. 

5. At all income levels, couples are consider- 
ably more likely than unattached persons to be 
homeowners. 

6. The proportion of couples who live in 
nonhousekeeping rooms is very small and seems 
unrelated to income, unlike the proportions of 
unattached people. 

7. Men are more likely than women in the 
same income class to live as roomers. 

8. At low incomes proportionately fewer men 
than women live with relatives, while at higher 
income levels the disparity is reduced. 

9. For women, and less clearly for couples 
(but not for men), living with relatives is more 

likely than living in a nonhousekeeping ar- 
rangement. 

Income level 

$3,000 $4,000 $5,000 $6,000 $7,000 $10,000 

3,999 4,999 5,999 6,999 9,999 or more 

100% 100% 100% 100% 100%, 100% 

70 72 74 77 78 82 

27 25 24 21 20 16 

2 2 2 1 1 1 

j 1 1 1 1 

100% 100% 100% 100% 100% 100° 

41 48 51 57 56 63 

27 26 25 20 22 18 

16 15 14 3 14 13 

16 11 10 10 8 6 

100% 100% 100% 100% 100% 100%, 

53 60 65 68 60 63 

35 30 27 22 26 23 

4 3 3 3 4 4 

8 7 5 7 10 10 

old and over. See Table 4 tor list of metropolitan areas and text for definitions 

The most dramatic fact revealed by these 
tables is the association of very low incomes 
with high proportions of elderly sharing rela- 
tives’ households. If these percentages were 
plotted against income, the apparent relation 
would be definitely non-linear, due chiefly to 
the substantial impact of the first step up the 
income ladder. The changes in the percentages 
which occur (i.e., per cent at the $1,000-$1,999 
income level divided by per cent at the $0-$999 
income level, minus 1) with this initial change 

in income has been summarized in Table 3 for 
the United States and for eight California 
metropolitan areas. 

These proportionate decreases are in the na- 
ture of “marginal propensities” for independent 
living among the elderly at a minimum income 
level. High values may be said to indicate a 
more intense desire for independent housing 
arrangements. As an indication of the relative 
stability of this measure, Table 4 shows the 
corresponding numbers for each of the eight 
metropolitan areas included in the above-men- 
tioned aggregate. 

TABLE 3. PROPORTIONATE DECREASE IN PER CENT OF 
ELDERLY LIVING WITH RELATIVES AS INCOME LEVEL 

CHANGES FROM “$0-$999” To “$1,000-$1,999.” 

Eight Metropolitan 

Areas, 1950 

United States, 1950 

Couples .76 82 

Men 42 44 

Women - 65 . 63 
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TABLE 4. DECREASE IN PER CENT OF ELDERLY LIVING 
WITH RELATIVES AS INCOME LEVEL CHANGES FROM 

“$0-$999” To “$1,000-$1,999”: BY CALIFORNIA 
STANDARD METROPOLITAN AREAS, 1950. 

Couples Men Women 

Los Angeles... 2 82 45 63 

San Francisco-Oakland ; 81 .40 61 

San Diego 86 51 70 

San Jose .90 67 59 

San Bernardino 85 45 61 

Sacramento 80 25 .70 

Fresno . 83 32 54 

Stockton .74 28 72 

Nore.—Adapted from U. 8. Census data. 

ADVANCED AGE AND OTHER FACTORS 

Before inferences concerning the true housing 
preferences of the aged are drawn from those 
statistical comparisons, it is imperative to point 
out that the shifts which appear related to in- 
come may, in fact, be more directly bound up 
with other factors. For example, if people of 
more advanced age (i.e., substantially more 
than 65 years old) or in poor health had at the 
same time less income and more need for the 
personal attention of relatives than the rela- 
tively younger “aged,” then it would be incor- 
rect to interpret income as a determinant of 
type of housing choice. In all housing cate- 

SMITH 

come levels by unattached men and women age 
75 and over than by those between 65 and 74 ) 

(upper section of Table 5). Housing arrange. 
ments (lower portion of Table 5) show inter- 

esting differences between these two age groups. 
With no income at all, both men and women 
age 75 or over seem considerably more likely 
than the 65-74-age-group to live with relatives, 
However, with increasing income the disparity 
is reduced; the relatively older people seem just 
about as ready as the “younger” group to move 
away from relatives’ homes when income per- 
mits. It is possible to interpret these percen- 
tages as an indication that the amount of in- 

come necessary to encourage independent liy- 

ing is slightly higher for the more advanced 

age group. Table 6 shows the “marginal pro- 

pensity” percentages (based on the data in 

Table 5) and contrasts with the willingness of 

these two groups at low income levels to cease 

living with relatives when income rises. (Com- 

parable data for elderly couples are not avail- 

able.) 

Living with relatives thus seems to be en- 

couraged by very low income and advanced age. } 

{ 

TABLE 5. INCOME AND HOUSING ARRANGEMENT OF UNATTACHED MEN AND WOMEN AGE 65 AND OVER 
IN THE UNITED STATES, 1950: By AGE GROUP (PERCENTAGES). 

Age 65-74 Age 75 and over 

No $1 $1, 000 2, 000 No $1 $1,000 $2,000 

Total Income 999 1,999 or more Total Income 999 1.999 or more 

Income 

i 

Men 

Head of household 100 15 45 18 23 100 23 53 12 12 

Roomers, Lodgers 100 17 42 19 22 100 27 52 1 8 

With relatives 100 31 41 13 15 100 46 43 6 4 

Women 

Head of household 100 29 47 13 10 100 33 50 9 Ss 

Roomers, Lodgers 100 29 44 18 9 100 39 48 8 5 

With relatives. . 100 56 34 6 4 100 61 34 3 2 

Housing arrangement 

Men ; 100 100 100 100 100 100 100 100 100 100 

Head of household 53 41 56 56 59 46 32 50 57 66 

Roomers, Lodgers 22 19 21 25 23 14 12 15 18 13 

With relatives 25 40 23 19 18 40 56 35 25 11 

Women 100 100 100 100 100 100 100 100 100 100 t 

Head of household 55 41 62 66 72 44 31 53 68 72 

Roomers, Lodgers 4 7 9 15 11 7 6 8 10 7 

With relatives 36 52 29 19 17 49 63 39 22 21 

Nore.—Taken from U. S. Bureau of the Census, 1953. 

‘Head of household” includes all those in separate dwelling units, whether owned or rented. 
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low in- : TABLE 6. PROPORTIONATE DECREASE IN PER CENT OF native for the great majority of elderly couples, 

men age — S Rag 8 png eng = ee and for most unattached men and women. 
and 74 ) 2. Housekeeping arrangements are desired 

urrange- eer ee by virtually all couples, most women, and the 

W inter- | majority of men. 
groups. Bee - _ v= ed a pom 3. Couples are typically willing, in order to 
women in ae iin eee to $1,000-$1,999 remain in separate dwelling units, to make 

e likely ’ greater sacrifices than unattached persons make. 
clatives, yy - ‘ ” i 4. Homeownership appears to be desired by 

isparity Age 75+..| 38 29 42 most of the aged, though this does not neces- 

em just sarily mean that owner occupancy is the “best” 
to move "hoes “ | os 8 housing arrangement for retirement years. 

me per- Age 75+ -38 M4 58 5. Rooming-house life is more acceptable to 
percen- low-income men than to low-income women 
t of in- (or perhaps to their respective relatives who 
ent liv- | Another difficulty of interpretation lies in the may feel responsibility in the matter). 

lvanced definition of “nonhousekeeping” arrangements. 
It is rather likely that many of those classified 
by the census-takers as lodgers or as rooming 
house occupants actually do “light housekeep- 
ing.” If this is in fact the case, the relevance of 

These inferences, to the degree that they are 
valid, may shed some interesting light on the 
housing attitudes of elderly people. The pur- 
pose in formulating and presenting them, how- 
ever, is somewhat more immediate. In very 

al pro- 

lata in 

mess of 

O cease 
(Cosi the data presented here as to the preference for sanunt. waean: Gin teste den a8 tn ened 

’ housekeeping units is obscure. In general, it Ae ae , ; 
t avail- : rgghies has changed dramatically, due chiefly to in- 

might be taken to indicate an even stronger ; Nae sacs : 
: : . creased participation in social security programs 

attraction to independent housekeeping. by those currently reaching retirement age. 
be en- Housing preferences are also, undoubtedly, This and other income changes can be expected 

ed age. | influenced by the physical nature of the hous- |, continue to alter the economic status of the 
| ing available. It has been observed that mod- : : 

egg slg ‘ ; aged. Changes in marital status of the aged 
VER ern families live in homes which are incon- can also be expected. The data offered in this 

veniently small for “three generations” (Hous- ~ hel at as i he ol a 
ing Research Center, 1958 6-7). Possibl ee Cee on ee ee eee ee 
die . hi h , ae : i , notion of “housing needs” of the aged can be 
ee Ween Say older people now fee adjusted for some of the basic economic; and 
for being doubled-up in the houses of their .'. ware " 

$2,000 ; é social changes which are taking place. 
or more children and grandchildren would be overcome hee celia: alk dew Semin diene ie 

. ° : ° ° S eV sence O , some Cc - e 
if more suitably designed housing were in com- Siatiadl Midine sna: elids See a anon 
mon use. This is less a question of the prefer- 1949 and 1957, the percentage of elderly| wo- 

| ences of older people, though, than of the tastes pedals Resak eis fell from 51.4 to 128 . 

r and customs of young families. For the type i: sttiees eis diieaiiiae taien See 18.8 to 4 per 
; of housing which currently exists, an unwill- ans <0), & Shee of ose ogee & Wel 
‘ ingness of oldsters to live with young relatives ite 1959 f 50), : 

would be consistent with the data presented Though ‘a zy far loos station: dussee, chinane 

; above. ‘ ; : i" : ‘ 
. TENTATIVE CONCLUSIONS are also occurring in the marital status of the 

; ear stale eine neat aged population. The net effect of the surge 
It was not possible to test hypotheses relating in the general marriage rate after 1940; the 

post-retirement income and housing arrange- greater life expectancy of females, and the 

100 ments to personal and economic experiences in change in attitude toward divorce and rqmar- 
66 | earlier life, such as attainment of homeowner- riage after divorce or widowhood will probably 

ship while relatively young. Obviously such 
events in a person’s earlier years may affect his 
post-retirement situation. Until other such in- 

fluences can be brought to light, the numerical 
comparisons discussed above will tend to sup- 
port the following inferences: 

1. Living with relatives is a distasteful alter- 

be to increase the proportion of elderly men 
who are living with their spouses rather than 
as unattached individuals. The proportion of 
“potential households” (the total number of all 
couples plus unattached men and women) con- 
stituted by unattached women seems likely to 
increase; the proportion of couples should rise; 
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and the relative number of unattached men will 
decline. Apart from income changes, these 

shifts indicate that relatively fewer rooming 
house accommodations will be demanded (i. e., 
by the elderly men), more two-person rental 
or owner-occupied dwelling units will be in use 
by the aged, and the number of elderly widows 
forced to live in the homes of younger relatives 
will increase. 

The attitudes of the elderly toward home- 
ownership remains an issue. Recent Federal 
legislation facilitates the development of “con- 
gregaie” homes for aged persons, and response 
to this opportunity has come mainly from el- 
derly people of relatively high income. If in 
fact higher income elderly persons prefer to give 
up owner-occupancy for some “congregate” 
mode of living, the data in Tables | and 2 could 
not reflect that preference; that type of shelter 
would probably be classified by census takers 
as an “institution,” and institional population 
is omitted from all data presented here. Since 
the data are for 1950, when little congregate 
housing was available, conclusions about the 
acceptability of that housing arrangement are 
not warranted. This type of housing may in 
time gain acceptance among successively lower 
income groups. 

It might be asked, also, whether low income 
after 65 is associated with failure to attain 
homeownership prior to retirement. No doubt 
this is true to an important degree, though con- 
vincing evidence is not available. It would not 
mean, however, that low-income elderly renters 
are necessarily averse to homeownership. It is 
even possible to conjecture that low income 
“freezes” aged homeowners involuntarily to 
previously acquired dwellings, but this would 
be suspect in view of the rise in the proportion 
of owners as income rises. 

Having drawn the maximum number of tenu- 
ous inferences from inadequate data, it is appro- 
priate to close with a substantial caveat. The 
“elderly population” is a still photograph of 
a passing parade; a different set of individuals 
make up the group at successive moments. The 
characteristics and the preferences of one set 
cannot be imputed immediately to another set. 
Thus it will be interesting and important to 
compare the housing-income relation in the 
1960 census with the relationships explored 
here for 1950. The possible usefulness of the 
concepts of preferences discussed here would be 
clarified by any further comparisons which can 
be made. 

SMITH 

Housing programs must nevertheless be 
founded upon some premises. The inferences 
about housing preferences of the aged presented 

above are offered as an improvement upon the 
usefulness of prevailing concepts. 

SUMMARY 

A comparison of the income distributions of 
elderly households differing as to marital status 
and present housing arrangement reveals a con- 

sistent inverse relationship between income 
level and the proportion living in rooming 
houses or in the homes of relatives. It may be 
inferred that these latter housing arrangements 
are not preferred by most of the elderly, and 
that most of those who adopt them do so out 
of economic necessity. A limited amount of in- 
formation suggests that these apparent rela- 
tionships of income to housing arrangement are 

not attributable to the factor of age. The data 
also indicate a stronger preference for indepen- 
dent housekeeping by elderly couples than by 
unattached persons, and greater acceptance of 
roominghouse arrangements by unattached eld- 
erly men than by unattached elderly women. 
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ROLE CONCEPTIONS AND MORALE OF COUPLES IN RETIREMENT* 

AARON LIPMAN, M.A. 

(Department of Sociology and Anthropology, University of Miami, Coral Gables, Florida) 

Retirement of the male from the occupational 
system represents a major crisis in marital ad- 
justment. Like divorce, or the advent of chil- 

dren, it demands a new set of role conceptions, 
based on an altered mode of existence for the 
married pair. Taking the conjugal pair as the 
unit, what effect does retirement have on each 
partner’s conceptions of his own role and that 
of his spouse? 
During that range of years when the male 

in our society is considered young and vigorous, 
his social roles are sharply differentiated from 
those of women of like age and health. In par- 
ticular, the American adult male has his pri- 
mary roles and acquires his primary conceptions 
of himself in two institutional systems: the 
occupational, where he is a worker, and the 
familial, where he is husband and father. These 
two systems are separated both geographically 
and temporally: life on the job is normally 
quite distinct from life in the household, and 
involves different actors, different goals, and 
different statuses. Nonetheless, there is a pro- 
found interdependence and interpenetration of 
the two, since the “success” of the male in his 
familial roles (hushand, father) is defined, par- 

tially, in terms of his achievement in his occu- 
pational role (worker). 
One bit of evidence which helps to establish 

the social reality of this conception of the adult 
masculine role is contained in the responses of 
a national sample of women to the question, 
“What do you consider the most important 
quality of a good husband?” Forty-two per cent 
of the married respondents selected the answer, 
“Being a good provider,” which refers, not to 
the man’s familial role, but to his abilities in 
the occupational system (Strunk, 1948). An 
instrumental role is thus clearly institutional- 
ized for the male. As Parsons states, “. . . it is 
fundamentally by virtue of the importance of 
his occupational role as a component of his 

familial role that in our society we can un- 
equivocally designate the husband-father as the 

"This paper was presented at the Fifth International Congress of 
Gerontology, San Francisco, California, August, 1960. The research 
has been supported by National Institutes of Health Grant M 1625 to 
the Geriatric Clinic of the University of Miami. Grateful acknow!- 
edgement is hereby made to Dr. Samuel Gertman, then Director of 
the Geriatric Clinic; to Bryce Ryan and Murry Wax for a critical 
reading of an earlier version of this paper; and to Miss Iris Kiem 
tor her aid in statistical analysis. 

‘instrumental leader’ of the family as a system” 
(Parsons & Bales, 1955, p. 13). 

While the major focus of the male is in the 
occupational system, the role of the female is 
centered in the internal affairs of the family, 
where she is manager of the household and 
familial activities (Parsons & Bales, 1955, p. 
14). Most men conceive of female role patterns 

in these terms: thus, the most frequent response 
of a national sample of married men to the 
question, “What would you consider the most 
important quality of a good wife,” was “Good 
homemaker, good housekeeper, etc.” (Strunk, 
1948). In a more recent study of marital role 
expectations of predominantly unmarried ado- 
lescents, it was found that the majority of girls 
saw housekeeping as their responsibility, while 
the majority of boys expected theirs to be earn- 
ing a living. “. . . In these areas both boys and 
girls are reluctant to give up their own tradi- 
tional roles, or to recognize a change in the 
spouse’s role” (Dunn, 1960, p. 101). 

Retirement of the aged male from the occu- 
pational sphere has a decided effect on these 
differentiated role patterns. For the husband, 
the role of wage-earner is withdrawn; struc- 
turally, he is isolated from the occupational sys- 
tem; and this is often a shock with grave effects 

upon his entire life pattern. If the married male 
is to adjust to retirement, he must necessarily 
re-define his social function and his familial 
role. 

One aim of this research was to investigate 
the conceptions that retired men have of {heir 
marital roles and to relate this to their patjerns 
of adjustment. It was suggested in a previous 
paper (Lipman, 1960) that the retired njale’s 
adjustment would be influenced by the dqgree 
to which he had internalized the instrum¢ntal 
values so that they had become an integral|part 
of his marital role conceptions. The hypotjnesis 
has been that the retired male who still vi¢wed 
himself primarily in an instrumental fashion, 
ie., being a good economic provider for his 
family, would have the poorest adjustment, 
since he would envision himself enacting a role 
that was no longer functional. 

If the male is no longer to view himself in 
an instrumental fashion, what new orientation 

267 
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is he to adopt, in order to achieve a good ad- 
justment to his new situation? A second aim of 

this research was to determine whether adaptive 
mechanisms evolved which would mitigate the 
strain of retirement by providing the male with 
substitute roles and role conceptions that would 
be consistent with feelings of self-respect and 
self-worth. 

A final aim of this study was to investigate 
the commonly-accepted assumption that the fe- 
male undergoes no major qualitative alterations 
in role or role-conceptions upon the retirement 
of her husband, but merely retains intact her 
traditional role of housewife. 

SAMPLE AND METHOD 

One hundred retired couples over sixty years 
of age residing in metropolitan Miami were 
interviewed. In order to maximize variability, 
the sample was selected from almost all the 
census tract areas of Dade County. The salient 
characteristics were as follows: over 80 per cent 
were migrants from other states, predominantly 
the north and northeastern; the median num- 
ber of years resident in the Miami area, 7; 

median and mean age of the wife, 64 years; 

median and mean age of the husband, 69; me- 

dian number of years married, 39!4,. The group 
was heavily represented in the upper educa- 
tional and upper occupational levels. (Other 
studies have indicated that this is characteristic 
of aged Florida migrants. ) 

The interview consisted of a battery of ques- 
tions, among which were scattered the items 
from which the morale scale was constructed. 
This morale scale was utilized as an index of 
adjustment. Scores of one point each were as- 
signed for the indicated responses to the follow- 
ing six items, as adapted by Kutner from the 
Guttman scale used in the Elmira Study of 
Aging (Kutner, Fanshel, Togo, & Langner, 
1956, pp. 302-303): 

1. How often do you feel there’s just no point in living? 

(“hardly ever’) 

2. Things just keep getting worse and worse for me as 

I get older. (“disagree”’) 

3. How much do you regret the chances you missed 
during your life to do a better job of living? (“not 
at all”) 

4. All in all, how much unhappiness would you say 
you find in life today? (“almost none”) 

uw . On the whole, how satisfied would you say you are 
with your way of life today? (“very satisfied”) 

6. As you get older, would you say things seem to be 
better or worse than you thought they would be? 
(“better”) 

LIPMAN 

TABLE 1. MORALE RANKINGS BY SEX (N = 100), 

Morale Male Female 

Low (0-2) 26 29 

Medium (3-4) 43 43 

High (5-6) 31 28 

Total 100 100 

The distribution of scores, shown in Table |. 

was similar for both males and females. For 
analytical purposes, the respondents were 
grouped into three categories: those with high 
morale had scores of 5-6; medium, 3-4; low, 

0-2. The coefficient of reproducibility for this 
morale scale reached the 90 per cent level. 

FINDINGS 

The following questions were asked sepa- 
rately both of husband and wife: “What would 
you say is the most important quality of a good 
husband who is past sixty years of age?” 
“What would you say is the most important 
quality of a good wife who is past sixty years 
of age?” Each spouse was thus required to pre- 
sent his conception of a proper and desirable 
role orientation for both himself and his part- 
ner. 

The responses from both spouses concerning 
the male may be grouped into the following 
four categories, concerning qualities of |) love, 

understanding; 2) companionship and compat- 
ibility; 3) helping wife, and 4) being a good 
economic provider. Categories | and 2 com- 
prised over half of all responses, from both men 
and women. This would indicate that, in con- 
trast to his pre-retirement role, the role of the 
older male is viewed as primarily an expressive 
one, i.e., involved in giving emotional support 
in some fashion. 

To test the adequacy of these role concep- 
tions for the retired males, these four categories 
were tabulated against their morale scores. The 
analysis is tenuous because relatively few males 
selected an instrumental conception of the hus- 
band’s role (response category No. 4, above). 
The data shown in Table 2 suggest, however, 
that the retired person who views himself as a 
good economic provider is twice as likely to have 
low morale as the male who views his marital 
role as expressive. (Although not statistically 
significant [.3 > P > .2], of the males who 
considered the instrumental quality of the older 
husband as most important, 42 per cent had low 
morale, twice the proportion of those who con- 
sidered the expressive as his most important 
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TABLE 2. MORALE RANKINGS FOR MALES: 
py CONCEPTION OF GOOD HUSBAND (N = 100). 

| | 
Expressive | 

(Categories 

1&2; Compan- 

Morale Instrumental ionship and Quasi- Macl. Total 

Category 4; Personality Instrumental and 

Kconomie Character- (Category 3; | “Don't 

Provider) istics Helps Wife) | know” 

Low 5 12 4 6 26 

Medium 4 27 6 il 48 

High 3 18 6 6 33 

Total 12 57 15 23 107 

Nore.—There is no significant difference (.8> P > .7) between the distribu- 

tion of role conceptions of husbands with low, medium, or high morale, This 

lack of statistical significance is due, in part, to the relatively small numbers 

in the three morale groups. 

*Some respondents mentioned more than one quality; the total therefore 

exceeds 100 

quality). The interpretation is that for the 
retired male, adherence to a role conception 
structured primarily in relationship to an occu- 
pational system must be personally dysfunc- 
tional; it denies the objective reality of the 
role discontinuity from wage earner to retiree. 

This role discontinuity obviously necessitates 
a male marital adjustment; the majority of re- 
spondents recognized this consciously and 
agreed with the statement, “After retirement, 
the husband has more of an adjustment to 
make in marriage than the wife.” Seventy- 
three per cent of the men and 67 per cent of the 
women responded affirmatively. 
A feeling of greater inactivity is one reflection 

of the male’s more difficult marital adjustment. 
For example, in response to the question, “Do 
you feel that you have plenty to do every day?” 
more women (91 per cent) said “yes,” than 

men (78 per cent). And in response to the 
question, “Do you feel that your husband 
(wife) has plenty to do every day,” there were 
more women who felt that their husbands did 
not have enough to occupy their time (24 per 
cent), than there were men who felt that their 
wives did not have enough activities (5 per 
cent). 

This feeling of greater male inactivity is 
further seen in response to the question, “Has 
your husband (wife) urged you to start any 

new activities?” Almost twice as many men 

(29 per cent) said “yes” to this question as wo- 
men (16 per cent). The husband’s greater in- 

activity might create a certain tension in the 
marital relations. It is important to note, how- 
ever, that this inactivity is great only in rela- 
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tion to that of the women; the majority of both 
men and women felt that they had plenty to 
do every day. 

Of what do these activities consist? Presum- 
ably, those of the female remain substantially 
the same, before and after retirement. In what 
kinds of new activities, then, does the male par- 
ticipate? Besides an increase in joint recrea- 
tional activities (both passive and active), it 

was found that one of the adaptive mechanisms 
for the retired male was the creation of a new 
meaningful and functional role to replace the 
occupational one. There was a deliberate ac- 
ceptance of a substitute, quasi-instrumental 
role that was also inadvertently expressive in 
relation to the wife. This new role involved 
the performance of many household chores, es- 
pecially those chores requiring little specialized 
skill and knowledge, and which could be par- 
ticipated in jointly. According to the wives, 
‘three-quarters of the husbands did or helped 
with the shopping, while over half cleared the 
breakfast table, wiped the dishes, and picked 

up and put away the clothes (see Table 3). 
When the women in the sample were asked, 
“What does your husband do when you do 
your housework?” almost half (41 per cent) 
replied that their husbands helped. 

The non-competitive, rather compassionate 
nature of this new shared role can be discerned 
by the male response to the question, “How do 

you feel about doing these things?” (household 
chores). Only four per cent of the responses 
could be viewed as truly negative; most ,men 
did not mind getting involved with housdhold 
activities. They did them voluntarily, with|atti- 
tudes ranging from a feeling of obligatidn to 
a sense of real satisfaction and pleasure in help- 
ing with or performing the household chores. 
The range of responses varied: 

“I enjoy doing these things, it lightens my |wife’s 

load.” 

TABLE 3. MALE HOUSEHOLD ACTIVITIES. 

Per cent 

Activity particip).ting 

Take care of the garbage and trash 80 

Go grocery shopping 75 

Pick up and put away the clothes 68 

Wipe the dishes 60 

Clear the breakfast table 55 

Wash the dishes 

Make the breakfast 

Set the table for the day's main meal 34 

Hang up the laundry 29 

Clean and dust 26 

Do the laundry 22 

Make the beds 21 
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“Tm glad to help. It gives me something to do.” 

“TI feel I should help. I like to do my share.” 
“I don’t mind. It’s okay.” 
“It’s woman’s work, and I don’t like housework, but I 

help so the wife is through sooner.” 
“I don’t like to do these things, but I have to do 

something to keep busy.” 

If we think of roles as expectations which 
individuals have concerning behavior in a par- 
ticular position, we notice that participation in 
household activities is actually defined as a role 
for the retired male by most men and women. 
Sixty-two per cent of the women and 58 per 
cent of the men agreed with the statement, 
“Once a man retires, a wife has a definite right 
to expect her husband to share in household 
activities.” Although the difference was not 
statistically significant (.7 > P > .5), the 
men who disagreed with this statement had a 
somewhat larger percentage of poor morale 
than those who agreed with it (see Table 4). 

Before retirement, one effect of the husband’s 
active involvement in the occupational system 
had been to “narrow the range in which the 
sharing of common interests can play a large 
part” (Parsons, 1949, p. 228). This acquisition 
of household duties after retirement adds a new 
dimension of common interests for the husband 
and wife, solidifies emotional bonds, and is 

therefore functionally related both to the aged 
male’s emphasis on expressive roles, and his 
marital adjustment. The majority of men (52 
per cent) and 47 per cent of the women felt 
that their marriage had become more satisfac- 
tory since retirement (see Table 5). 

The males who accepted their involvement 
in household chores (as reflected in the agree- 
ment with the statement, “Once a man retires, 
a wife has a definite right to expect her hus- 
band to share in household activities”) had a 
somewhat greater proportion of more satisfac- 
tory marriages (57 per cent) than those who 
disagreed with the statement (46 per cent). 
This difference is not, however statistically sig- 
nificant (.5 > P > .3). 

Unlike the male, the role conception of the 
female after retirement has commonly been as- 
sumed to remain the same as her pre-retirement 
orientation. She undergoes no dramatic alter- 
ation of role; her center of gravity remains in 
the home both before and after the retirement 
of her husband. As one author has put it: 
“Married women seem to adjust more quickly 
to retirement than do married men, apparently 
because they need make no abrupt transition 

LIPMAN 

TABLE 4. MALE MORALE AND AGREEMENT WITH 
HOUSEHOLD INVOLVEMENT (N = 100). 

Morale Agree Disagree Total 

Low 13 13 26 

Medium 27 16 43 

High 18 12 30 

Total 58 41 99 

“There was one “don't know” response in the medium morale group. 

TABLE 5. MARITAL SATISFACTION OF MEN AND WoMEN. 

Per cent of responses 

Marriage after husband's retirement Men Women 

More satisfactory 52 47 

Less satisfactory, but still good 26 29 

Same 19 22 

Unsatisfactory 0 0 

No answer, don't know 3 2 

TABLE 6. MALE MARITAL SATISFACTION AND 
AGREEMENT WITH HOUSEHOLD INVOLVEMENT (N = 100). 

Marriage after retirement Agree Disagree Total 

More satisfactory 33 19 52 

Less satisfactory, but still good 15 11 26 

Same; don't know 10 11 21 

Total 58 41 9g 

“There was one “don't know” response in the “marriage is the same” 

group. 

from everyday life. The usual responsibility 
of caring for the family is not much changed, 
except as to pace... . For most married women, 
therefore, there is a continuum from working 
life to “retirement” (Michelon, 1954, p. 374). 

Although it might appear that no discontinu- 
ity exists in the female domestic role, neverthe- 
less, the present study suggests that a wife does 
not retain her selfsame role conceptions after 
the retirement of her husband. The role re- 
mains, but its emphasis undergoes a distinct 
shift. The emergent new male roles relating to 
housework are responsible for this shift. Since 
any change in the behavior of one spouse also 
alters the reciprocal behavior of the other, the 
wife is forced to adjust to her re-adjusting hus- 
band. With his involvement in household ac- 
tivities, her instrumental orientation “good 
housewife and homemaker” can no longer be 
the major distinction between the role of the 
wife and her retired mate. Can women then 
still think of themselves primarily as house- 
wives, and make a good adjustment to their 
husbands’ retirement? 
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This research found that women who did not 
alter this instrumental role conception for 

themselves did not make a good adjustment as 
measured by the morale scale. 
Women’s responses to the question, “What 

would you say is the most important quality 
of a good wife who is past sixty years of age,” 
could be grouped into three main categories: 
qualities of 1) love and understanding; 2) com- 

panionship and compatibility; and 3) being a 
good housewife, cook, etc. By far the greatest 
concentration (73 per cent) was in categories 

| and 2, which emphasized the giving and re- 
ceiving of affection, love, and companionship. 
Comparing the category of response to this 
question with the women’s scores on the morale 
scale, we discover that those wives who ad- 
hered to the traditional sentiment of the wo- 
man’s role (category No. 3) manifested the 
largest percentage of low morale. Almost two- 
thirds (63 per cent) of the women who gave 
this instrumental role conception had low mo- 
rale. This was significantly greater than the 
percentage of low morale among women who 
considered companionship and personality char- 
acteristics to be most important (see Table 7). 
Adherence to a pre-retirement role conception 
appears to be dysfunctional for the female per- 
sonality system. 

SUMMARY 
Retirement brings a definite change in the 

traditional activities of the male, which alters 
the pre-retirement division of male and female 
roles. Prior to retirement there is a role differ- 
entiation on the basis of sex, with the male’s 
occupational role strongly separated from the 
domestic role. In retirement, since the man can 
no longer attain the work and achievement 
goals, striving for them and adherence to them 

TABLE 7. MORALE RANKINGS BY FEMALE 
CONCEPTION OF GOOD WIFE (N=100). 

Expressive 

(Categories 1&2; Mscl. 

Morale Instrumental Companionship and Total 

(Category 3; and Personality “Don't 

Good Homemaker) | Characteristics) know” 

Low 10 16 9 29 
Medium 2 28 13 43 

High 4 17 3 30 
Total . 16 61 25 102* 

Nore.—There is a significant difference (.05>P> .02) between the dis- 

tribution of role conceptions of wives with low, medium, or high morale. 

“Some respondents mentioned more than one quality; the total therefo 

exceeds 100. ‘ 

is associated with poor adjustment. A feeling of 
usefulness and purposefulness is achieved by 
the male increasingly through assistance with 
household activities, and emphasizing expres- 
sive qualities such as giving of love, affection, 
and companionship to his wife. A new and 
meaningful functional role is thus created that 
aids in individual adjustment. Apparently, role 
differentiation by sex is reduced with increased 
age and retirement.’ 

The increasing pre-emption of household ac- 
tivities by the male retiree has definite reper- 
cussions on the role of the woman and on her 
conception of her role. Since her husband’s new 
activities have blurred the traditional distinc- 
tion between the male and female roles, the 
woman can no longer view her major role pri- 
marily as good housekeeper and homemaker. 
Both men and women who had clearly and rig- 
idly defined their pre-retirement role in a pre- 
dominantly instrumental fashion that strongly 
differentiated husband’s and wife’s activities, 
now move toward a common area of identity 
in role activities—an area in which emphasis is 
upon sharing and cooperation, and where simi- 
lar expressive qualities such as love, under- 
standing, companionship, and compatibility be- 
come the most important things a couple can 
give each other in marriage. These non-sex- 
differentiated supportive roles that demand ex- 
pressive, rather than instrumental qualities, 
appear well-adapted for the personality sys- 
tems of both the husband and wife in retire- 
ment. 
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One of the more central problems in the psy- 
chological study of aging concerns the nature 
and extent of age changes in attitudes and 
values. A substantial number of investigations 
may be cited exploring a variety of attitudinal 
and value areas. Much of this work has em- 
phasized attitudes toward the phenomenal self, 
with the expectation that such attitudes are par- 
ticularly crucial for personal adjustment. The 
Chicago Attitude Scale (Burgess, Cavan, & 
Havighurst, 1941), for example, requires sub- 
jects to respond to a set of statements regarding 
one’s health, friends, work, economic security, 

religion, feeling of usefulness, happiness, and 
family. Havighurst (1951) subsequently re- 
ported evidence regarding the validity of the 
scale as a measure of personal adjustment in old 
age. More recently, Mason (1954a, 1954b) has 
used the above instrument for comparisons of 
younger and older adults. 

The research reported in the present paper 
is only secondarily concerned with changes 
in self-concept and personal adjustment over 
the lifespan. Our primary emphasis rather is 
upon the implications of attitude and value 
changes for theories of the psychosocial aspects 
of aging. With the development of the seman- 
tic differential (Osgood, Suci, & Tannenbaum, 

1957), an economical method now is available 
for the study of a variety of attitudes and values 
in older and younger individuals. Our ap- 
proach involved selecting concepts on the basis 
of general hypotheses regarding expected old- 
young differences in the attitudinal and value 
areas that we chose to study. These concepts 
then were rated by our subjects in terms of 
adjective scales that were selected so as to rep- 
resent the three major meaning factors—evalu- 
ation, potency, and activity—extracted by Os- 
good and his collaborators. 

Much of the previous research concerning 
age changes in values and attitudes has been 
based on measuring devices of the self-report 

1This study was supported by the National Institute of Mental 
Health, United States Public Health Service, under Research Grants 
M-1867 and M-2269, and was conducted under the auspices of the 
Age Center of New England, Inc. For assistance in various phases 
of the investigation, the authors are indebted to Marguerite H. Braun, 
Peggy Golde, Lynne Hamilton, Florence C. Shelton, and Judith W. 
Stephens. nanks are due Donald §. Dunbar and A. Bertrand 
Warren for making classes available. 
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type, which have been shown to be subject to 
response set effects. Accordingly, age differ- 
ences previously reported in the literature may 
be more a reflection of response style than of 
content differences for the attitude and value 
areas concerned. Empirical support for this 
view is offered in a recent investigation by 
Kogan (1961b), who found stronger acquies- 

cent response tendencies on Likert attitude 
scales for older than for younger persons of 
comparable education and intelligence. In the 
present study, we propose to examine age dif- 
ferences in sematic differential responses, hold- 
ing stylistic effects constant. 

Concepts were chosen to represent the fol- 
lowing attitude and value areas: work and lei- 
sure, majority and minority groups, family and 
interpersonal relations, developmental stages of 
life, psychological vs. physical attributes of per- 
sons, self-concept, and general value orienta- 
tion. In each of these areas, there has been 

some theorizing and research regarding differ- 
ences between older and younger individuals. 

Consider first the area of work and leisure. 
Anderson (1959) in reviewing research in this 

area calls attention to the heavy emphasis 
placed by our society upon the importance of 
work and the resultant problems that are cre- 
ated by increased leisure for older persons who 
have retired. The present study will permit us 
to compare the meaning of work, leisure, and 
retirement for younger and older individuals. 

Turning to ingroup-outgroup relations, we 
find Barron’s (1953) oft-cited speculative essay 
regarding the minority group status of old peo- 
ple in our society and the empirical work of 
Tuckman and Lorge (1953) on the prevalence 
of stereotypes respecting older persons. Kogan 
(196la) recently found that younger individ- 
uals who were prejudiced against older people 
also tended to hold negative attitudes toward 
various other minority groups. There also is 
some inconsistent evidence suggesting that prej- 

udice toward minorities increases with age 
(Pressey & Kuhlen, 1957). If, however, older 

people constitute a minority group in their self- 

identifications, one might well expect older in- 
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dividuals to be more sympathetic to ethnic, 

racial, and religious minorities. The present 

study includes concepts intended to provide 
data relevant to the view that older people in 
our culture possess the status of a “minority 

group.” In brief, we shall examine age differ- 
ences in the evaluation of majority and minor- 
ity group concepts. 

Turning next to the general area of family 
and interpersonal relations, some contradictions 
may be noted in theoretical propositions and 
research findings. Linden (1956), for example, 

maintains that dependency increases as a func- 
tion of aging with the result that the older per- 
son “increases his interest in his family and 
re-enters the sphere of his children’s interests 
after long absence.” Confirming evidence for 
this point of view may be found in Townsend’s 
(1957) description of older persons in a work- 
ing class section of London. Directly contra- 
dictory findings, on the other hand, are re- 
ported by Cumming, Dean, Newell, and Mc- 
Caffrey (1960) for a representative sample of 
older individuals in a Midwestern city. Con- 
ceiving of aging as a process of disengagement, 
these authors offer the hypothesis that, with in- 
creasing age, “relationships will be redefined so 
as to be less like those of family, work, and vol- 

untary associations and more like those of the 
world of recreation.” Data presented tend to 
support the hypothesis only in part, as sizeable 
differences between working and non-working 
older subjects were observed. It is conceivable 
that the discrepant observations of Linden and 
Cumming et al., reflect a working vs. middle- 
class bias in the samples studied. Both the 
older and younger Ss in the present research 
fall predominantly within the middle class. If 
Ss’ responses to family and interpersonal con- 
cepts in the present context are consistent with 
the hypothesis offered by Cumming et al., 
then some clarification will be provided of the 
contradictions regarding age differences in this 
area. 

Another concept cluster under study con- 
cerns developmental stages of life (e.g., youth, 
middle age, old age). Specifically, we will in- 
quire into the nature of cross-generational per- 
ceptions. It is evident that this topic overlaps 
to some extent with the “minority-group” ques- 

tion discussed above. In the present case, how- 
ever, we emphasize the stage of life rather than 

the persons who occupy that stage. This may 

seem to be a tenuous difference, but, as our 
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data will show, it is a distinction having some 
empirical basis. 

Previous research on attitudes regarding life’s 
developmental stages has been concerned al- 
most entirely with judged happiness of these 
stages (Kuhlen, 1959). In addition, Alexander 

and Adlerstein (1960) have studied attitudes 
toward death—the final developmental stage. 
These researches, however, have not scrutinized 
the possible effects of age differences on atti- 
tudes toward various stages of development. In 
the present work, we shall examine evaluations 

made by young and older adults regarding de- 
velopmental stages that range from infancy to 
death. 

Concepts relevant to physical (e.g., good 
looks) and psychological attributes (e.g., imag- 
ination) were included in the present investi- 
gation to determine the possible implications of 
physical decline for the relative evaluation of 
physical and psychological characteristics. Is 
physical decline accompanied by increased 
value attached to vanishing physical attributes, 
or is there a compensation effect such that psy- 
chological attributes are emphasized? 

The self is also included as a concept in our 
semantic differential. In a subsequent paper, 
we shall examine the influence of the self-con- 
cept on other attitude and value areas. For 
present purposes, we are mainly interested in 
further testing of the hypothesis that self-worth 
declines with age. In studies by Mason (1954a, 
1954b), comparisons were made among: (1) 
aged, low-economic, institutionalized subjects; 
(2) aged, high-economic, non-institutionalized 
subjects; and, (3) young, low-economic non- 
institutionalized subjects. Self-worth was found 
to be strongest in Group 3, weakest in Group 1, 
with Group 2 intermediate on this variable. 
Unfortunately, from the standpoint of evaluat- 
ing age differences in self-concept, the samples 
selected were not comparable. Group 3 differs 
from Group | in terms of institutionalization 
and from Group 2 in terms of economic status. 
In the present research, age comparisons are 
carried out on non-institutionalized samples 
comparable with respect to education, intelli- 
gence, and socio-economic status. Accordingly, 
the results reported below may be considered a 
critical test regarding changes in self-concept 
with age. 

Finally, we provided three concepts—‘life,” 
“future,” and “risk”—for the purpose of assess- 
ing the extent of optimism or pessimism in the 
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Weltanschauung of younger and older persons. 
These concepts were deemed especially appro- 
rite for inclusion in the light of observed in- 
creases in caution with age manifested in ques- 
tionnaire and experimental contexts (Wallach 
& Kogan, 1961). Hence, we expected an over- 

all shift with age from optimism to pessimism. 

In sum, the present study proposes to exam- 
ine differences between young and old adults 
in the evaluation of a diverse array of attitudi- 
nal and value-relevant concepts. By using the 
semantic differential method, we shall be able 
to examine both absolute differences between 
age groups in general extremity of concept eval- 
uation, as well as relative differences between 
age groups in the evaluation of one or another 
concept in particular. Since all concepts are 
evaluated on a common set of scales, the simul- 

taneous study of a broad spectrum of attitudes 
and values becomes feasible. 

METHOD 

Subjects 

The 268 Ss employed in the study consisted 
of 71 young women drawn from Simmons Col- 
lege, 66 young men drawn from Northeastern 
University, 76 older women, and 55 older men 
—both older samples being drawn from the 
membership of The Age Center of New En- 
gland. Inc., a non-profit gerontological research 
organization in Boston. The two younger sam- 
ples filled out the sematic differential form dur- 
ing section meetings of the introductory psy- 
chology courses in which they were enrolled. 
The older samples filled out the form individ- 
ually. For all samples, the form’s instructions 
were printed as the first two pages of the re- 
sponse booklet. All Ss hence were treated com- 
parably in that they read printed instructions 
and then proceeded directly with their task. 

The older samples were non-institutionalized 
members of the community, and constituted 
groups similar to young adult college students 
in verbal intelligence and educational level. 
The mean age for older men was 71.1 (stand- 
ard deviation = 6.8, range = 55 to 85). The 
mean for older women was 70.5 (standard de- 
viation = 7.2, range = 47 to 83). 

The highest attained number of years of 
schooling for older men was an average of 13.5 
or 1.5 years of college (standard deviation = 
2.9). For older women, this average was 13.3 
or 1.3 years of college (standard deviation = 
2.9). The older samples hence were compa- 
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rable to the young adult college students in 

attained educational level, especially when we 
take into account the relatively greater rareness 
of higher education 50 years ago. 

Turning to verbal intelligence, the vocabu- 
lary subtest of Wechsler’s intelligence test for 
adults (Wechsler, 1944) was administered to 

older male and older female samples. This sub- 
test correlates very strongly with the over-all 
score from the verbal subtests of the Wechsler 
battery. The vocabulary subtest was adminis- 
tered and scored in accordance with Wechsler’s 
instruction manual. The mean vocabulary 
score for older men was 34.8 (standard devia- 
tion 4.6), while the mean for older women 
was 34.4 (standard deviation 5.2). Dana 
(1957) and others have reported scores for 
undergraduates on this vocabulary subtest indi- 
cating that the results obtained with our older 
samples are similar to typical college student 
results. 

It is evident, therefore, that both older and 
younger adult samples were similar in educa- 
tion and verbal intelligence levels and also that 
both age groups were well above the general 
population averages in these respects. 

Instructions 

The instructions taken from Osgood et al. 
(1957, pp. 82-84"), read as follows: 
The purpose of this study is to measure the meanings 

of certain things to various people by having them 

judge them against a series of descriptive scales. In 
taking this test, please make your judgments on the 
basis of what these things mean to you. On each page 
of this booklet you will find a different concept to be 
judged and beneath it a set of scales. You are to rate 

the concept on each of these scales in order. 
Here is how you are to use these scales: 

If you feel that the concept at the top of the page is 
very closely related to one end of the scale, you should 
place your check-mark as follows: 

RE SRE pers Piece, meee unfair 
ROR sessed : - : a 

If you feel that ‘the concept | is 3 quite closely related to 

one or the other end of the scale (but not extremely), 

you should place your check-mark as follows: 

strong ie : Sack weak 

strong ......: : es weak 

If the concept seems only slightly related to one side 

as opposed to the other side (but is not really neutral), 
then you should check as follows: 

active ; oe. oe 

active : oe : passive 
The direction ul which you check, of course, 

depends upon which of the two ends of the scale seem 
most characteristic of the thing you’re judging. 

passive 

If you consider the concept to be neutral on the scale, 

2 Published with kind permission from author and publisher 
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both sides of the scale equally associated with the con- 

cept, or if the scale is completely irrelevant, unrelated 

to the concept, then you should place your check-mark 

in the middle space: 
safe : : pe 

IMPORTANT: (1) Place your check-marks in the 

dangerous 

middle of spaces, not on the 
boundaries: 

THIS NOT THIS 
> a - ; 

(2) Be sure you check every scale for 

every concept—do not omit any. 

(3) Never put more than one check- 

mark on a single scale. 

Sometimes you may feel as though you’ve had the same 

item before on the test. This will not be the case, 
so do not look back and forth through the items. Do 
not try to remember how you checked similar items 
earlier in the test. Make each item a separate and 

independent judgment. Work at fairly high speed 
through this test. Do not worry or puzzle over indi- 

vidual items. It is your first impressions, the immediate 

“feelings” about the items, that we want, On the other 

hand, please do not be careless, because we want your 

true impressions. 

Rating Scales and Concepts 

Following the above instructions, the 28 con- 
cepts under study were listed one to a page. A 
concept was placed at the head of each page 
and was followed by a list of 25 7-point adjec- 
tive rating scales arranged in identical fashion 
on each of the S’s 28 concept sheets. The scales 
in the order of their appearance on each page 
were as follows: successful-unsuccessful, de- 
manding-undemanding, bad-good, attractive- 
unattractive, weak-strong, valuable-worthless, 
frustrating- rewarding, sad-happy, calm -irrit- 
able, dependent - independent, warm-cold, ac- 
tive-passive, slow-fast, sick-healthy, conclud- 
ing-beginning, dominant-submissive, clean - 
dirty, hostile-friendly, wise-foolish, strict-leni- 
ent, interesting-boring, relaxed-tense, humble- 

proud, selfish-unselfish, broad-narrow. 

The concepts in their order of presentation 
in S’s booklet were as follows: work, family life, 
future, baby, older people, foreigner, love, mid- 

dle age, Negro, elderly, my mother, American, 
leisure time, my father, old age, sex, death, 
authority, myself, youth, retirement, life, gen- 

erosity, vigor, the ideal person, imagination, 
good looks, and risk. In terms of the attitude 
and value areas described earlier, these concepts 
may be grouped as follows. Work and leisure: 
work, leisure time, retirement; majority and 
minority groups: older people, foreigner, Negro, 
American; family and interpersonal relations: 
family life, love, my mother, my father, sex, au- 
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thority; developmental stages of life: baby, mid- 
dle age, elderly, old age, death, youth; psycho- 
logical vs. physical attributes: generosity, vigor, 
imagination, good looks; self-concept: myself, 
the ideal person; Weltanschauung: future, life, 

risk. 

Factor Analyses of Scales across 
Concepts and Ss 

In order to provide a more stable evaluative 
dimension than would result from use of a 
single adjective scale or some a priori combina- 
tion of scales, the 25 rating scales were factor 
analyzed across concepts and Ss for each of the 
four age and sex samples. The principle axes 
method of factor analysis was used, and the 
estimate of communalities was the maximum 

row element (Thurstone, 1947, pp. 299-300). 

The strongest factor emerging from the prin- 
cipal axes solution for each age and sex group 
accounts for 61%, 67%, 62%, and 63% of the 

total variance in the case of young men, older 
men, young women, and older women, respec- 
tively. The patterns of loadings on this strong- 
est factor in the four factor analyses indicate 
that it is almost identical for the four samples. 
This high agreement among samples in the fac- 
tor’s composition is further indicated by Ken- 
dall’s coefficient of concordance (W 92) 
among the four rank orders of the loadings. 

Seven scales loaded better than .60 on the 
strongest factor extracted and less than .30 on 
all remaining factors in the case of all four 
groups of Ss. These scales were “successful-un- 
successful,” “attractive-unattractive,” “warm- 
cold” (positive loadings); “bad-good,” “frus- 
trating-rewarding,” “sad-happy,” and “sick- 
healthy” (negative loadings). The seven scales 
clearly define a rating dimension consisting of 
positive evaluation at one end and negative 
evaluation at the other: the “evaluative” factor 
described by Osgood et al. (1957). The distri- 

bution of ratings for the 268 Ss was converted 
to standard scores for each of the seven scales 
listed above. Individual evaluative factor scores 
for each S on each of the 28 concepts then were 
computed by algebraically summing an S’s 
standard scores on the above seven scales for 
each concept. Since the range of loadings on 
these seven scales for the four samples was rela- 
tively narrow—.62 to .80—the scales were 
weighted equally in constructing factor scores. 

None of the further factors extracted showed 
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a common structure across the 4 samples. In 
particular, efforts were made through patterned 
quartimax rotation (Saunders, 1960) to locate 
factors resembling the activity and potency di- 
mensions described by Osgood et al. An hy- 
pothesized factor pattern containing evaluation, 
potency, and activity marker variables was 
given to the machine along with the data. 
Common interpretable potency and activity fac- 
tors did not emerge, however, despite rotation 
in the direction of the hypothesized pattern. As 
Osgood et al. (1957) point out, the particular 

concepts and samples employed will sometimes 
operate against obtaining the sematic struc- 
tures described in their book. 

RESULTS AND DISCUSSION 

Age Differences in Over-all Evaluation 
of Concepts 

Consider first the degree of consistency be- 
tween young and old adults in concept evalua- 
tions. The mean evaluative factor scores for the 
28 concepts when correlated across age samples 
yield product-moment r’s of .77 and .82 for 
males and females, respectively. With regard 
to the evaluative ordering of concepts, then, it 
is apparent that young and old adults exhibit 
considerable agreement. 

Correlation coefficients, however, are not at 

all informative with regard to age differences 
in the level of concept evaluation. Thus for 
males, the mean evaluative factor scores are 
more negative for older Ss in the case of 22 of 
the 28 concepts; a sign test for the direction of 
difference yields a z value of 2.83, p < .OI. 
Comparable results are obtained for females, 
the mean evaluative factor scores proving more 
negative for older Ss in the case of 24 of the 
28 concepts; a sign test for the direction of dif- 

ference yields a z value of 3.58, p < .01. Hence, 
older Ss of each sex, relative to their young 
adult counterparts, are generally more nega- 
tively or less positively disposed toward the 
concepts employed in the present investigation. 

Whether this over-all difference is a reflec- 
tion of the particular concept content, of age- 
linked response set effects, or a combination of 
both, cannot be readily determined from the 
data. Whatever the causal origin of the ob- 
served difference in the general evaluative level, 
such a difference necessarily interferes with age 
comparisons for specific concepts. Accordingly, 
for each age and sex sample, the mean evalu- 
ative factor score for each concept was sub- 
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tracted from the grand mean over-all concepts, 
Age comparisons were then carried out on 

these deviation scores (Table 1). 

Despite the substantial agreement between 

age samples reflected in the correlations cited 

above, Table | reveals that, for each sex taken 

separately, there are 9 concepts yielding age 
differences significant at the .05 level or better 

(2-tail tests). Six concepts have significant t's 

(.05 level or better) in common for both sexes. 

and one additional concept has a p value of .02 
for men matched by a p value of .10 for women, 
The number of concepts significant across the 
age samples is well in excess of what would he 
expected if concept ratings had been randomly 
generated. j 

Age Comparisons for Specific Concepts 

Work and Leisure.—Of the three concepts in 
this cluster, only “retirement” yields a signifi- 
cant age difference, a finding that obtains for | 

both sexes. Of some interest is the fact that this 
concept is negatively evaluated by 
younger Ss of college age. Since the notion of 
retirement is an obviously remote consideration 
in the lives of these Ss, it seems reasonable that 

the “retirement” concept may become assimi- 
lated to that of old age and the many negative 
stereotypes associated with that period of life 
The relatively more positive view of “retire- 
ment” on the part of the older Ss may well 
reflect the socio-economic status of the older 
sample employed. In this respect, our results | 
parallel those of Thompson and Streib (1958), 
who have recently pointed to the dependence 
of favorable retirement attitudes upon economic 

more 

¥ 
resources. { 

Majority-Minority Groups—No age differ- 
ences were obtained for “American,” the ma- 
jority group concept used in the present study. 
Among minority and out-group concepts, on 
the other hand, “Negro” and “foreigner” are 
evaluated more postively by the older samples, 
the former for both sexes and the latter only for 
men. There is, in addition, a trend in the dirce- 

tion of a more negative evaluation of “older 
people” by the older men. 

~— The present results offer some suppor! to 4 
minority group theory of aging. Allport (1954) 
maintains that racial and religious minority 
groups exhibit less prejudice toward other mi- 
norities. A recent empirical confirmation o! 
this proposition may be found in a study ol 
determinants of social distance (Triandis & } 
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Triandis, 1960). If older people constitute a 

“minority group” in our society, a psychody- 
namic concomitant of this status should be an 

increased sympathy for other kinds of minori- 
ties. Such appears to be the case for the “Ne- 
gro” minority in our study. In addition, as 
we have shown, the phenomenon of an age- 
linked increase in favorability toward out- 

groups extends to the “foreigner” category for 
males, but not for females. 

It is a moot question, of course, as to whether 
this sex difference implies that the minority 
group approach is somewhat more applicable 
for older men. There is, however, some basis 
for this interpretation in the fact that older 
male Ss tend to evaluate the concept “older 

TABLE 1. AGE 

Concepts Mean Deviation Sigmas 

Young Older Young Older 

Men Men Men Men 

Work and Leisure 

Work me 47 27 1.57 1.63 

Leisure time 32 $1 1.08 1.81 

Retirement 1.58 27 2.36 2.21 

Major.ty-Minority 

Older people 23 ow 2.21 2.30 
Foreigner 18 1.04 1.80 2.25 

Negro 5Y 44 1.84 2.19 

American 4 .70 1.47 1.92 

Family-Interpersonal 

Family life 13 14 1.96 1.63 

Love .18 10 1.95 1.64 

My mother 55 46 1.76 1.51 

My father 38 28 1.95 1.89 

Sex 35 34 1.58 1.76 

Authority 12 .23 2.03 1.88 

Developmental Stages 

Baby 2.24 1.75 2.81 2.67 

Youth 99 1.05 2.42 1.87 

Middle age 61 29 1.59 1.82 

Elderly ae 69 2.50 2.07 

Old age 97 ll 2.03 1.65 

Death 3.02 2.25 2.76 2.96 

Paychological-Physical Attributes 

Generosity O01 28 1.77 1.78 

Imagination 63 07 2.03 1.60 

Vigor - Al 73 1.46 1.76 

Good looks bos —.80 .97 1.27 1.47 

Self-Concept 

Myself : 1.11 59 1.68 1.84 
Ideal person 25 63 1.19 1.42 

Weitanschauung 

Future, . 46 .28 1.60 1,90 
Life 44 -.38 1.67 1.82 

ne ey eee .14 04 2.16 2.11 

Nore: 

‘Deviations from the grand mean for all concepts. Positive and 

relative to the grand mean for each sample. 
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people” more negatively, a result reminiscent 
in many respects of Lewin’s (1945) observa- 
tions of “self-hatred” in religious and racial 
minorities. That aging may have a differen- 
tial psychological impact upon males and fe- 
males in our society is a question worthy of 
further research effort. 

Family and Interpersonal Relations. — As 
Table | shows, no age differences obtain for 
the concepts “family life,” “my father,” “sex,” 
and “authority.” The concept “love” receives 
a significantly more positive evaluation by 
younger women relative to their older counter- 
parts, a result not found for the male samples. 
This sex difference is hardly surprising, reflect- 
ing, as it does, the emphasis upon that concept 

> «6 

DIFFERENCES IN EVALUATIVE FACTOR SCORES FOR ALL CONCEPTS 

t I Mean Deviation* Sigmas U Pp 

Young Older Young Older 

Women Women Women Women 

68 70 4 2.01 1.92 74 

03 42 23 1.00 1.88 58 

3.11 Ol 1.70 50 2.19 2.34 3.20 Ol 

1.72 10 78 81 2.02 1.94 10 

2.25 05 34 49 1.55 1.78 54 

2.74 Ol 51 31 1.86 2.19 2.42 02 

20 1.36 91 1.73 2.03 1.45 

83 10 32 1.33 1.74 1.64 

86 .58 18 1.76 1.83 2.57 02 

3.37 Oo 09 61 1.65 1.73 2.49 .02 

28 56 21 2.34 2.15 “4 

.02 48 -12 1.64 2.09 1.15 

51 22 20 1.97 2.11 1.23 

97 2.32 2.09 2.49 2.25 58 

14 1.17 1.35 1.90 2.12 .53 

1.01 .22 20 1.98 1.62 04 

20 1.02 1.14 2.11 2.14 33 

2.54 02 1.79 .30 1.71 2.09 4.71 001 

1.46 4.28 2.33 2.68 2.49 4.53 001 

83 16 06 1.76 1.76 34 

2.11 05 .06 13 2.13 1.77 . 60 

1.04 83 .52 1.42 1.64 1.23 

. 68 .61 77 2.04 1.54 55 

1.60 1.30 35 1.65 2.07 3.07 01 

3.61 .001 .49 72 1.43 1.45 5.07 ool 

.05 .73 —.28 1.32 1.77 3.91 001 

.02 .49 —.02 1.91 1.73 1.68 -10 

.35 .52 1.64 1.53 . 64 

negative values indicate concepts evaluated favorably and unfavorably, 

N's for the four samples were as follows: 66 young men, 55 older men, 71 young women, 76 older women. 

respectively, 
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on the part of unmarried college women. Of 
greater interest is the consistent age difference 

” noted for “my mother” in contrast to the ab- 
sence of such a difference for “my father.” For 
each sex, older Ss evaluate “my mother” less 

favorably than younger Ss. Closer inspection 
of the data indicates that the younger Ss tend 
to evaluate their mothers more favorably than 
their fathers. Given the fact that older Ss eval- 
uate both parental concepts in the negative 
direction (relative to the other concepts used in 
the study), it then follows that the “mother” 
concept yields an age difference. In the large 
majority of cases, parents of the older Ss have 
been !ong since deceased. In retrospect, paren- 
tal figures do not appear to be idealized, 
but rather are judged approximately in the mid- 
dle of an evaluative continuum. As far as 
younger Ss are concerned, feelings about par- 
ents are bound to be of greater immediacy, re- 
flecting the idealizations, rebelliousness, and 
ambivalences of the adolescent period. The re- 
sults suggest that “mother” is particularly ideal- 
ized in adolescence and that this idealization 
decreases with age. It should be noted, finally, 
that the absence of an age difference for the 
“family life” concept does not lend support to 
Linden’s views regarding resurgence of family 
interests among the aged. 

Developmental Stages of Life —All four sam- 
ples consider “baby” to be most favorable and 
“death” most unfavorable of the 28 concepts 
employed in the study. A common continuum 
is thus defined in which birth and infancy seem 
to be the most and death the least valued or 
desired of a wide range of objects and events. 
Note, however, that “death” is evaluated less 
negatively by the older Ss, significantly so in 
the case of the female samples. Comparable re- 
sults obtained with the use of a sentence com- 
pletion technique are reported elsewhere (Golde 
& Kogan, 1959; Kogan & Shelton, 1961). In 
those studies, for both older and younger sam- 
ples, death was conceived to be less “feared” 
and “frightening” by “old people” than by 
“people in general.” 

No age differences were found for the con- 
cepts of “baby,” “youth,” “middle age,” and 
“elderly.” A highly significant difference, how- 
ever, occurs for the concept of “old age” in the 
direction of a more positive evaluation by older 
Ss. As Table | further shows, this particular 

concept reverses the positive to negative eval- 
uation continuum extending from “baby” 
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through “death,” a reversal that occurs only 
for the older samples. These data strongly sug. 

gest that older individuals may achieve a rea- 

sonably successful adaptation to old age, an 
inference receiving further support from the 

results reported earlier regarding the “retire. 
ment” concept. Recall once more, however, 

that the samples of older Ss employed are 
biased toward the higher educational and socio- 
economic levels, such biasing obviously being 
required for comparability with college stu- 
dent samples. 

Psychological vs. Physical Attributes. —O| 
the four concepts included in this cluster, only 
“imagination” shows an age-linked evalua- 
tional difference. Older male Ss relative to their 
younger counterparts judge “imagination” more 
favorably. Comparable results do not obtain 
for women, for the reason that younger men 

seem much more averse to “imagination” than 

younger women. It might be inferred that 
younger men regard “imagination” as reflect- 

ing fantasy, dreams, and reminiscing, qualities 

conceived to be incompatible with a tough- 
minded achievement orientation. Note should 
also be made of Slater’s (1958) finding that 

older Ss exhibit stronger introversion 

dencies, which would predispose them to a more 
favorable evaluation of the activities likely to 
be subsumed under “imagination.” 

ten- 

Self-Concept —Quite contrary to expecta 
tions, “myself” receives a more positive evalua- 
tion than “the ideal person” in all four samples. 
“The ideal person,” in other words, may em- 
body certain shortcomings that cannot be read- 
ily attributed to the self. It should be noted 
that a devaluation of “the ideal person” may 
serve as a useful ego-defensive device. We can 
only wonder whether comparable results would 
have been obtained with a concept such as “my 
ideal self.” 

Turning to the matter of age differences, both 
of the concepts in question receive less favor- 
able evaluations by older Ss. All t’s are signif- 
icant, with the exception of the difference for 
males on “myself.” Over-all results, however, 
do support the theoretical position of a decline 
in the favorability of the self-concept in old 
age. Further, the highly significant age differ- 
ences obtained for “ideal person” indicate that 
older individuals are either more willing to 
admit unfavorable elements into their image 

of the ideal, or that the very connotation of the 
concept evokes a more negative reaction in an 
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older person whose age status renders un- 

realistic any aspirations toward an unrealized 

ideal self. As we suggested earlier, however, 

such devaluation may have ego-defensive prop- 

erties for both old and young individuals. 

Weltanschauung.—The three concepts in- 
cluded in this cluster are especially pertinent to 
the issue of optimism-pessimism in one’s out- 
look on life. Results for two of the three con- 

cepts—“future” and “life”—are indicative of a 

shift with age from optimism to pessimism. 
Such a shift indeed has apt justification in 
“reality,” and is to be expected from the Wal- 
lach and Kogan (1961) findings on age changes 
in caution cited earlier. The “future” is ob- 
viously less full of promise for the old than the 
young, and “life” has offered considerably more 

opportunity for failure and disillusionment to 
the old than to the young. Finally, the hy- 
pothesis of a more favorable evaluation of 
“risk” by the younger Ss was not confirmed. 

SUMMARY 

To test various hypotheses regarding age 
changes in attitudes and values, a semantic 
differential was administered to samples of 
younger (137) and older adults (131, age range 
47-85) reasonably matched with respect to edu- 
cation, intelligence, and socio-economic status. 

The semantic differential is a measuring instru- 
ment on which a set of concepts is rated on a 
common set of adjective scales. Twenty-eight 
concepts were selected on the basis of their rele- 
vance to the hypothesized age differences. 

A factor analysis of adjective scales across 
concepts and Ss yielded a strong evaluative fac- 
tor common to the four samples. Age differences 
were then examined in the evaluative factor 
scores for each of the 28 concepts used in the 
study. Over-all agreement between the age 
samples was quite high with regard to the eval- 
uative rank-ordering of the concepts. Approxi- 
mately one-third of the concepts, however, 
yielded significant age differences for males 
and/or females. 

The following concepts were evaluated more 
favorably by older Ss of both sexes: “retire- 
ment,” “Negro,” and “old age.” Evaluated less 
favorably by older Ss of both sexes were the 
following concepts: “my mother,” “the ideal 
person,” “future,” and “life.” Several concepts 
yielded sex-specific differences. Thus, older 
men made a more favorable evaluation of the 

concepts of “foreigner” and “imagination.” 

AGE CHANGES IN VALUES AND ATTITUDES 279 

Older women were more favorable than their 
younger counterparts in the evaluation of 
“death” and comparatively less favorable in 
their evaluation of “love” and “myself.” Im- 
plications of these age differences for theories 
of the psychosocial aspects of aging are consid- 
ered in the body of the paper. 
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Seelische Wandlungen beim alternden Menschen. By 

A. L. Viscuer. Basel, Switzerland: Benno Schwabe & 

Co., 1961, Pp. 285, $4.25. 

The author states in the beginning that the researcher 
in geriatrics has to make his observations from within 
the aging process (innerhalb des Altersbereichs). In 

other words, in order to interpret aging, the researcher 
has to be one of the aging, to experience aging within 

himself. This constitutes a “double task and burden” 

for the psychologist: he must experience aging both as 

reality and as object of contemplation. Can he still pre- 

sent aging accurately? This reviewer finds this “task 

and burden,” both theoretically and empirically, an 
unsound basis for research. If applied to other areas 
of research, this principle would mean that a researcher 
could not know about mental illness, narcotic addiction, 
alcoholism, and a host of other illnesses unless he was 
suffering from the particular illness himself. (It is, to 

be sure, accepted as valid in the case of Alcoholic 

Anonymous.) Fortunately, this is not so, and for- 

tunately, for the reader, one does not get the impression 
that the author gathered his insights from his own 

senescence. 
The book’s 16 chapters discuss such subjects as the 

sociology and psychology of old age, retirement, atti- 
tudes toward death and death instincts, awareness of 

time past and present, and changes of personality due 

to aging. The volume is written in easy, readable, 

narrative style, sprinkled with quotations on almost 
every page, many of the quotations being taken from 

poets, philosophers, and researchers. One chapter is 

devoted to a German poet who exemplifies the altge- 
borene und spaeterfuellte (born old and late maturing), 
Theodor Fontane. The author believes that one of the 
main reasons for a presentation of the psychology of 
aging is the fact that people have an aversion to the 

scientific study of their own decline. Since, however, 
the longer life-expectancy of the human race and the 
continuous increase in the number of aging create a 

“pressing social problem” for all of us, the scientific 
approach is necessary, and “nobody can remain in- 

different” anymore to the physical and mental state of 
the aging. Contrary to child psychology, where “some- 
thing” could be corrected, the aging are said to be 

unchangeable. Therefore, the question arises, why 

should a research deal with the psychological problems 

of aging? The author quotes Freud (out of context), as 

saying that he thought aging severely limited the value 

of psychoanalysis and, therefore, he was “not very much 
interested” in the aging. 

Any investigation of the aging, again in contrast with 
research in child psychology or pediatrics, reveals a 
comparative study (italics those of the author) of aging 

BOOK REVIEWS 

is considerably complicated by the fact that some “look 
younger than others,” nor has it been possible to devise 
a physiological test by which to determine the chrono- 
logical age of every aging person. The author, therefore, 
sides with Shock (one of the few American reseachers 
quoted), who opposes the method of testing and 

questionnaires in regard to the aging. It can often be 

observed in the aging that their physical and mental 
states show a marked difference and that the aging are 

aware of this difference, experience the duality 
intensively. Goethe aiready perceived that man, in his 
childhood, lives through his body, whereas, in his 

senescence, he is forced to live against his body (italics 
those of the author). A friend of Goethe, C. G. Carus, 
stressed the importance of this observation of Goethe’s, 
adding: “For the early stages of man’s maturation the 
health of the unconscious is just as important as is the 
health of the conscious mind at the later stages.” 

The author concludes that one of the most difficult 
problems of aging is Bewaehrung (probation toward 

achievement). If Bewaehrung is accomplished, we will 

know whether we have proceeded to deeper insights and 

to Demut durch Selbsterziehung (humility through self- 

control). Apparently, many of the author’s surveys, 

explorations, and exuberant use of quotations have had 
the purpose of assisting the physician and the educated 
lay public. The bibliography contains nearly 200 
references, some of which are to Americans, such as 
Alvarez, Carrel, and Shock. 
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EFFECT OF AGE ON PROTEIN SYNTHESIS IN RATS 

CHARLES H. BARROWS, JR., Sc.D., AND LOIS M. ROEDER, B.A. 

(From the Gerontology Branch, National Heart Institute, National Institutes of Health, PHS, 
Department of Health, Education and Welfare, Bethesda, and the Baltimore 

City Hospitals, Baltimore, Maryland) 

This study was undertaken to determine age 

differences in the ability of various tissues of 

rats to synthesize proteins. Protein synthesis 
was estimated by changes in the concentrations 
of a variety of enzymes in the livers, kidneys, 
and hearts of animals of different ages follow- 
ing periods of protein deprivation and refeeding. 
The enzymatic activities were also determined 
in the tissues of normal animals of the same 
ages and these values served as the control 
levels. 

MATERIALS AND METHODS 

Animals.—Female rats of the Sprague-Daw- 
ley strain were obtained from the animal 
quarters of the National Institutes of Health 
at the stated ages of 1 month, 3.5 months, and 
12 months (old breeders). A similar group of 
12-month-old rats had been received from the 
same source one year prior to the initiation of 
the experiment. The latter group of animals 
began to die rapidly after 21 months of age, 
with 50% mortality by the age of 24 months. 
The old rats of this study were the 50% sur- 
vivors of this group. All animals were housed, 
5 to a cage, on wood shavings in a room main- 

tained at 75 F., and fed Purina Laboratory 
Chow ad lib. Ten animals of each age group 
were used to determine the agewise changes in 
the enzymatic activities and to serve as controls 
for the depleted and repleted rats. Three addi- 
tional groups (10 animals per group) of the 
3.5, 12, and 24-month-old rats were fed a 
protein-free diet [88% sucrose, 8% corn oil 
(Mazola), 4% salts IV (7) and adequate 
amounts of the known vitamins (4)] for 21 
days. One group at each age level was sacri- 
ficed either: 1) immediately after the 21-day 
depletion period, 2) after 3 days of repletion 
(ad lib. feeding of Purina Laboratory Chow), 
or 3) after 7 days of repletion. A control ani- 
mal was sacrificed within 2 days of the sacrifice 
of an animal from each of the experimental 
groups. 

Preparation of tissue samples—Immediately 
following decapitation of the animals, the or- 
gans were removed, weighed, and placed in a 
moist Petri dish surrounded by cracked ice. 
Distilled water homogenates were prepared 
from liver, kidney cortex, and heart in a teflon 
tissue grinder immersed in an ice bath. 

Methods of Assay of Various Tissue 
Components 

1) Enzymes.—The homogenates were ana- 
lyzed for the concentrations of D-amino acid 
oxidase (5), succinoxidase (13), pseudo- 
cholinesterase (10, 11) and cathepsin {12). 
Pyrophosphatase activity was measured at pH 
7.2. The medium contained the following: 
1 ml. 0.1 M sodium pyrophosphate (substrate, 
prepared in 0.05 M TRIS buffer), 1 ml. 0.01 
M magnesium chloride, 4 ml. 0.05 M TRIS 
buffer, and 1 ml. homogenate. Incubation 

time was 15 minutes, and the reaction was 
stopped by the addition of 5 ml. 12% trichloro- 
acetic acid (TCA). Alkaline phosphatase ac- 
tivity was measured at pH 9.2. The medium 
contained the following: 3 ml. 0.04 M sodium- 
beta glycerophosphate (substrate, prepared in 
0.058 M sodium barbital buffer), 0.5 ml. 0.2 
M magnesium sulfate, 0.5 ml. 0.058 M sodium 
barbital, and 1 ml. homogenate. Incubation 
time was 30 minutes, and the reaction was 
stopped by the addition of 1 ml. 30% TCA. 
Acid phosphatase activity was measured at 
pH 5.8. The medium contained the following: 
3 ml. 0.24 M sodium-beta glycerophosphate 
(substrate), 2.5 ml. 0.3 N sodium acetate-3 N 
acetic acid buffer, and 0.5 ml. homogenate. 
Incubation time was 30 minutes, and the re- 
action was stopped by the addition of 2 ml. 
20% TCA-2 N sulfuric acid. The phosphatase 
assays were carried out at 37 C. The libera- 
tion of phosphate was determined by analysis 
of the filtrates for phosphorus by the method 
of Sumner (15). 
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(2) Desoxyribosenucleic acid—Samples for 
the measurement of DNA were prepared by the 
method of Schneider (12), and the DNA was 
determined by the method of Stumpf (14). 

(3) Protein nitrogen—The nitrogen content 
of the 7% cold TCA insoluble material of the 
various homogenates was determined by the 
micro-Kjeldahl procedure of Miller, Plazin, 
and Van Slyke (8). 

RESULTS 

Changes in Enzymatic Activity with Age 

1) Liver—The concentrations of succinoxi- 

dase, pyrophosphatase, D-amino acid oxidase, 
and pseudocholinesterase increased during early 
life (table 1). Although some of the enzymatic 
activities decreased in the oldest animals, the 
changes were no greater than 10-15%. These 
decrements were associated with a_propor- 
tional decrease in the number of cells as esti- 
mated by the concentration of DNA in the 
tissue. In contrast, the concentration of alka- 
line phosphatase decreased during the early part 
of life, but no marked senescent change was 
found. Although the catheptic activity was the 
same in 1, 3.5, and 12-month-old rats, a strik- 

ing increase in the enzymatic activity was 
observed in senescent rats. Finally, age had no 
influence on the concentration of acid phos- 
phatase activity. 

2) Kidney.—The age-dependent changes in 
the concentrations of succinoxidase and pyro- 
phosphatase were similar to those found in liver. 
However, in contrast to the changes observed 
in liver tissue, alkaline phosphatase and cathep- 

TABLE |. 

Age | Sueecin- | Pyro- | D-amino 

(Mo.) N | oxidase | phosphatase | acid oxidase 

Liver 1 10 1378+ 35 2980+210 22.743.1 

3.5 10 1699+ 66 4690+159 28.5+3.1 

12 10 1741+ 32 4320+146 40.1+4.1 

24 10 1475+ 27 4370+163 35.6+2.6 

Kidney 1 10 2330+-102 970+ 46 

3.5 10 3280+116 1689+ 62 

12 10 3110+114 1670+ 62 

24 10 2720+114 1800+101 

Heart 1 10 2755+ 55 

3.5 10 2980+ 83 

12 10 3160+ 88 

24 10 2820+ 76 

tic activities increased during early life. No 
marked senescent change was observed except 
for a significant increase in the catheptic 
activity in the oldest animals. 

3) Heart——The agewise changes in the con- 
centration of succinoxidase were similar to 
those found in both liver and kidney. 

Changes in Enzymatic Activities during 
Protein Depletion and Repletion 

1) Liver—The concentrations of succinoxi- 

dase, pyrophosphatase, D-amino acid oxidase, 
and pseudocholinesterase decreased markedly 
during protein-free feeding (fig. 1). In con- 
trast, relatively little change in the concentra- 
tions of alkaline phosphatase, cathepsin, acid 
phosphatase, or DNA was found. No marked 

age-dependent differences in the changes in the 
concentrations of the majority of the enzymes 
of liver during protein depletion or repletion 
were seen. However, two exceptions exist. For 
example, changes in the concentration of D- 
amino acid oxidase were markedly different in 
young growing animals as compared to adult 
or senescent ones. In addition, changes in 
catheptic activity were different for each age 
group. 

2) Kidney.—The activities of succinoxidase 
and pyrophosphatase of kidney were decreased 
following protein depletion (fig. 2), although 
not to the same degree as found in liver. In 
contrast to the change observed in liver, the 
alkaline phosphatase activity of kidney de- 
creased strikingly during depletion. Little 
change was observed in renal catheptic activity 

ErFect OF AGE ON VARIOUS ENZYMES OF THE LIVER, KIDNEY AND HEART OF THE Rar. 

Metabolized/Gm. Wet Tissue/Hour). 

| 

Pseudo- | Alkaline Acid | 

chlolinesterase| phosphatase | phosphatase | Cathepsin* | DNAt 

18.7+1.8 125.7+5.5 177.547.7 | 6400-4490 3230+70 

25.2+3.9 87.0+2.9 180.8+2.0 6400+370 3780+112 

42.844.7 90.3+4.8 167.8+6.4 6800+430 3920+145 

47.4+2.1 87.0+2.6 167.8+-9.4 | 10800+580 3680+ 32 

1962+116 10100+1000 | 5440+-210 

2510+174 14400+ 600 4240+256 

2125+201 12900+- 400 43904113 

2055178 17800+1000 3940+ 140 

*Activities expressed as micrograms tyrosine released/Gm. wet tissue /hour. 

+Micrograms/Gm. wet tissue. 
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after depletion. No marked age differences 

were found during protein depletion or reple- 

tion in any of the enzymes studied. Although 

there is a suggestion that senescent animals 

may be capable of increasing their concentra- 
tions of succinoxidase above the initial level 
during the period of repletion, a comparison 
of the absolute level obtained following reple- 
tion (2920 + 55 micromoles substrate metabo- 
lized/Gm. wet tissue/hr.) with the control 
value (2720 + 114) failed to demonstrate a 
significant increase. 

3) Heart—No marked changes occurred in 
the succinoxidase activity during the depletion 
or repletion in the animals of the various age 
groups (fig. 2). 

DISCUSSION 

Marked differences in the changes in ac- 
tivities per unit wet weight among the various 

enzymes were observed in liver tissue during 
protein-free feeding. However, little change in 
the concentration of DNA was observed. Of 
the various criteria which must be satisfied in 
order to employ the concentration of DNA as 
an index of cell number, the mean DNA per 
nucleus of the normal and of the protein-de- 
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pleted adult rats were determined. No 
difference between these two groups was ob- 
served (normal = 11.5 + 0.37 micromicro- 
grams DNA/nucleus, protein-depleted = 11.7 
+ 0.30 micromicrograms DNA/nucleus). Since 
these values depended upon the proportion of 
hepatic to stromal nuclei, it seems logical to 
assume that the proportion of hepatic to stromal 
cells and the degree of binucleation remain 
constant under these experimental conditions 
and thereby satisfy the other criteria. There- 
fore, the data may be interpreted as indicating 
loss of selected enzymatic activities per cell. 
However, no marked effects of age on the 
changes in enzymatic activities during protein 
depletion or repletion were observed in kidney. 
Similar observations were found with respect 
to the majority of enzyme changes in liver. 
The age differences in the changes in D-amino 
acid oxidase may definitely be associated with 
growth processes. In the case of cathepsin,, it is 
difficult with the data available to state clearly 
whether the changes are only associated with 
growth or perhaps with age changes following 
the growth period. Thus. there is no evidence 
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Figs. 1 and 2. The mean enzymatic activities for the 
depleted, 3-day repleted, and 7-day repleted animals are 
expressed as the percentage of the mean enzymatic 
activity of the normal animals of corresponding age. 
The standard errors of the mean are expressed as the 
percentages of the adjusted means and are represented 
by the verticle bars. (—*— = 3.5-month-old-ani- 
mals, — — — = 12-month-old animals, = 

24-month-old animals.) 
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TABLE 2. EFFECT OF AGE ON CATHEPTIC ACTIVITY 
OF THE LIVER OF THE RAT. 

(Activities Expressed as Micrograms Tyrosine 
Released/Gm. Wet Tissue/Hr.) 

Group Strain Sex Age N Activity 

1 McCollum* M 12-14 mo. 8 6730+ 360 

24-27 mo. 7 12300+2260 

F 12-14 mo, 6 6800+ 900 

24-27 mo, 8 14100+2590 

2 Wistart M 12-14 Mo. 7 9100+1360 

24-27 mo. 6 7700+1110 

3 Sprague-Dawleyt M 12-14 mo. 12 57C0+ 600 

24-27 mo. 11 10400+-1120 

*Obtained from Department of Biochemistry, School of Hygiene and Public 

Health, Johns Hopkins University, Baltimore, Md. 

tObtained from Albino Farms as old breeders at the stated age of 11 

months. 

{Obtained from animal production facilities of National Institutes of 

Health at age of 1 month. 

for any impairment in the rates of protein syn- 
thesis in senescent rats under the conditions of 
these experiments. These data agree with the 
report that age has no effect on the ability of 
normal rats to synthesize adaptive enzymes (6). 

The validity of measuring rates of protein 
synthesis in depleted rats may be questioned. 
Furthermore, the increased catheptic activity 
observed in the livers and kidneys of normal 
senescent rats in this study (table 1) as well as 
that observed in liver in other, unpublished 
experiments (table 2) suggested an increased 
rate of protein catabolism with age. Therefore, 
a preliminary study was undertaken to estimate 
the rates of protein breakdown in normal young 
(12 months) and old (24 months) rats. The 
animals were sacrificed either 1, 2, 3, or 4 weeks 
following the injection of S** labeled methio- 
nine. The specific activity of S** (cpm./mg. 
benzidine sulfate) in the soluble protein frac- 
tion (obtained by centrifuging at 17,500 x g a 
homogenate prepared in distilled water and 

BARROWS AND ROEDER 

subsequently made 0.1 M in KCl) of various 
tissues was determined. The results are shown | 

in table 3. Although the rate of protein break- 

down tended to be slightly higher in the liver 
tissue of the senescent animals, no statistically 

significant age differences were found in any of 
the tissues studied. The catheptic activity in 
the livers of the animals in Experiment I js 
shown in group 3 in table 2. The data of these 
two experiments offer no strong evidence for 
any altcrations in protein metabolism in senes- 
cent animals. 

The variety of patterns of enzyme changes 
which occur with age is evident from the data 
obtained on the various tissues of the control 
animals. It was suggested in a recent review 
(3) that it may be possible to classify enzymes 
according to their patterns of change with age. 
Two groups of enzymes were proposed. The 
first would include those enzymes whose con- 
centration increased during early life, remained 
stable through adulthood, and decreased during 
senescence. The second group of enzymes 
would exhibit a pattern of change opposite that 
of the first. However, the data of this experi- 
ment indicate that it does not seem possible 
to classify the enzymes into two simple groups 
even within a single organ. Similar diversified 
age-dependent changes in the concentrations of 
enzymes of aortic tissue have been reported 

by Kirk (9). At present, the difficulty in estab- 
lishing and interpreting groupings and interre- 
lationships among various enzymes as. they 

occur as a function of age or of protein-free 
feeding is the lack of information regarding 
such factors as changes in the proportion of 
different types of cells within a tissue, changes 

in the enzymatic activity of particulates, and 

changes in the number of particulates per cell. 

TABLE 3. RATE OF DISAPPEARANCE OF RADIOACTIVITY FROM VARIOUS TISSUES OF YOUNG AND OLD RATS 
FOLLOWING ADMINISTRATION OF S*-LABELED METHIONINE 

Tissue 

Liver Kidney Heart Muscle 

Experiment Age N k* ag k* 

I Old (24 mo.) ll 0. 298-0. 080 0.299+0.029 0.162+0.024 0.034+0.031 

Young (12 mo.) 10 0.226+0.041 0.279+0.027 0.122+0.022 0.040+0.029 

II Old (24 mo.) 9 0. 291+0.010 0.228+0.062 0.116+0.022 0.057+0.028 

Young (12 mo.) 13 0.237+0.056 0. 227+0.042 0.115+0.017 0.014+0.020 

*k from equation: log 8S, A.=kt+b 

where 8.A.=cpm./mg. benzidine sulfate 

t=time in weeks 
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EFFECT OF AGE 

SUMMARY 

The concentrations of a variety of enzymes 
were determined in different tissues of 1, 3.5, 
12, and 24-month-old rats. Normal animals, 
as well as those subjected to protein depletion 
and repletion, were included in the study. The 
most striking age-dependent changes in the 
enzyme concentrations occurred during the 

early part of life. Except for an increased 
‘atheptic activity in the oldest animals, no 
marked senescent changes were observed. 
Finally, no marked differences associated with 
senescence were observed in the changes in the 
enzymatic activities during protein depletion or 
repletion. Thus, these data offer no evidence 
of an impairment in enzyme synthesis in se- 
nescent animals. 

The authors wish to express their sincere thanks to 

Dr. Joseph A. Falzone, Jr. for his isolation and micro- 
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THE USE OF A PROTOZOAN FOR STUDIES ON AGING 

II. THE MACRONUCLEUS IN YOUNG AND OLD ORGANISMS 

OF TOKOPHRYA INFUSIONUM: 

LIGHT AND ELECTRON MICROSCOPE OBSERVATIONS 

MARIA A. RUDZINSKA, Ph.D.* 

(From The Rockefeller Institute, New York, New York) 

The nuclear apparatus in Tokophrya as in 
Ciliaphora, to which Suctoria belong, is com- 
posed of a macro- and micronucleus. Both nu- 
clei arise from the synkaryon, and it might be 
assumed that they are genetically and cytolog- 
ically similar. During development a number 
of changes take place, resulting in great differ- 
ences between the 2 nuclei not only in size but 
also in structure and behavior. It has been as- 
sumed that this nuclear dimorphism provides 
for a functional separation, the genetic being 
performed by the micronucleus, the metabolic 
by the macronucleus. This functional segrega- 
tion became doubtful, however, during the last 
few years, and evidence accumulated that the 
macronucleus may perform both functions. This 
applies first of all to amicronucleate races and 
species of ciliates. Furthermore, microsurgery 
experiments in ciliates showed that in most cases 
parts containing only the macronucleus regen- 
erate, whereas parts with the micronucleus dis- 
integrate (2). In addition, Sonneborn (18) 
demonstrated in his work on Paramecium aure- 
lia that the phenotype is controlled exclu- 
sively by the macronucleus. These and a num- 
ber of other findings suggested that the macro- 
nucleus is more important for the continued ex- 
istence of the organism than the micronucleus. 
In the light of these findings, the behavior and 
structure of the macronucleus in Tokophrya 
during its lifespan seemed to be worth investi- 
gating. 

MATERIALS AND METHODS 

The material used in this study was the same 
as described in the previous paper (16). The 
same applies to methods. For the light micros- 
copy study of the macronucleus in addition to 
the Feulgen method, aceto-carmine was used 
following Geitler’s method (7). 

sd . ee by grants from the United States Public Health Ser- 
vice, (E 1407), the National Institute of Allergy and Infectious 
Diseases, and (H 1350), the National Heart Institute. 
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OBSERVATIONS 

The macronucleus in Tokophrya is a large 
body 5 to over 20 uw in diameter, centrally lo- 
cated (figs. | and 2) and encased in a double 

perforated membrane (fig. 3). The small mi- 
cronucleus, measuring about | to 2 y, lies in 
an indentation of the macronucleus (fig. 3). 

The major components of the macronucleus 
are the chromatin bodies. They are large 
enough (about 0.5 uw in diameter) to be seen 
with light optics. Figure 1, a phase contrast 
photomicrograph of a young living Tokophrya, 
shows clearly that the macronucleus is com- 
posed of many small uniform granules. The 
same can be seen in figure 2, an aceto-carmine- 

stained preparation of a whole Tokophrya, and 
also in figure 5, which is a Feulgen-stained 
Tokophrya. The latter shows that the bodies 
are Feulgen positive and contain chromatin 
material. The chromatin bodies are easy to 
identify in electron microscopy. In figure 3, 
an electron micrograph of a micro- and macro- 
nucleus of a young Tokophrya the arrange- 
ment, location, distribution, and shape of the 

chromatin bodies are almost the same as in 
the living and in the stained organism, supply- 
ing evidence of good preservation of the macro- 
nuclear structure for electron microscopy. The ' 
oval shape of the chromatin bodies is a result 
of slight compression during sectioning. 

Each chromatin body is a more or less spher- 
ical granule of high density and at higher mag- 
nifications (fig. 4); it seems to be composed of 
densely-packed small particles and short fibrils 
resembling the fine structure of metaphase | 
chromosomes of mammalian cells (13). There 

ye 

—~_- 

Dd ~ 

is no membrane around the chromatin body; | 
occasionally the material at the periphery has 

a denser appearance. 

Size and shape of the macronucleus in young 

and in old organisms.—The size and shape of 
the macronucleus undergo significant changes 

— 
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Fig. 1. Phase contrast photomicrograph of living Tokophrya to show the chromatin bodies (ch) 

in the macronucleus (ma). X 1,800. 

Fig. 2. Photomicrograph of Tokophrya stained with aceto-carmine following Geitler’s method. 
The dark granules in the macro-nucleus (ma) are chromatin bodies (ch). X 2,250. 

Fig. 3. Electron micrograph of macro- (ma) and micronucleus (mi) of Tokophrya. The oval 

profiles represent chromatin bodies (ch); nm macronuclear membrane; mm micronuclear mem- 

brane. Published with permission of the Academic Press (12). X 10,200. 
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differences in the shape of their macronuclei. 

young organism the macronucleus 

in the old one (ma) it is irregular, lobated; ch, chro- 

matin bodies. OsO, fixed and Feulgen-stained prepara- 
1,800. tion. X 

RUDZINSKA 

during the lifespan of the organism (15). Fig- 

ure 5, a photomicrograph of a Feulgen-stained 

young and old Tokophrya, shows the differ- 
ences in size and shape of the macronucleus in 

the 2 age groups. In the young organism 
(about 2 to 3 days old) the nucleus is almost 

spherical and is about 5 w in diameter; in the 

old Tokophrya (about 8 to 9 days old) the 

nucleus is irregular with many lobes and mea- 
sures 15 to over 20 yw. Lobes might be sub- 
divided into small secondary and tertiary lob- 
ules not visible with light optics and detectable 
only in electron microscopy as seen in figure 6. 
The electron micrograph shows a number of 
invaginations in the nuclear membrane in the 
form of pockets. Some of the invaginations are 
branching off into smaller secondary projec- 
tions, In the macronucleus of the young or- 
ganism, there is usually only one indentation in 
which the micronucleus is located. 

Number of macronuclei in young and old 
organisms.—In the resting stage a Tokophrya 
possesses one macronucleus. During reproduc- 
tion the macronucleus may be found in differ- 
ent stages of division (16), and at the time 
when the embryo is completed, 2 macronuclei 
are present, | larger belonging to the parent and 
a smaller to the offspring (16). In older organ- 

isms, more than | macronucleus may be found 
in the resting stage. As many as 4 macronuclei 

were encountered in some older organisms. This 

unusual phenomenon was first 
by Diller (5) and named hemixis. Hemixis ap- 
pears either as fission or fragmentation of the 

observed 

macronucleus and is not accompanied by mi- 
cronuclear or cytoplasmic division. 

In a light microscopy study of Feulgen- 
stained preparations of old Tokophrya, different 
stages and forms of hemixis were observed (14). 

Figure 9 shows a hemictic macronucleus at its 

last stage of division into 2 parts. This is some- 
what similar to the behavior of the macro- 
nucleus during reproduction (16), but there is 
no indication of the formation of a brood pouch. 
In figure 7, 2 macronuclei differing in size are 
located at the opposite ends of the cell and are 
connected by a strand composed of chromatin 
bodies. In some instances, 2 macronuclei of the 
same size are closely adjacent as if divided 
abruptly by a cleavage (fig. 8). Less frequently 

3 or 4 macronuclei were found to be present. 
Figure 10 shows an organism with 4 macro- 
nuclei, 2 of which are still connected. As in the 
previous photomicrographs, there is no indica- 
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tion of cytoplasmic division. The lines visible 

in this figure are wrinkles of the pellicle. Such 

wrinkles may often be found fixed senile 

organisms. 
Hemixis was never found in young organ- 

isms. Its appearance in old organisms suggests 

that individuals which have lost the ability to 

reproduce are still capable of dividing the large 
macronucleus. 
Chromatin bodies in young and old organ- 

isms.—The number of chromatin bodies is about 
50 in the adolescent, rises to about 100 in the 
young mature organism, and in the older or- 
ganism, the number of chromatin granules may 
exceed 300. Chromatin bodies increase in num- 
ber by endomitotic divisions as demonstrated 
in figures lla and Ilb, where a number of 
chromatin bodies are aligned in pairs as though 
wing formed by splitting of each granule into 

This type of doubling of chromatin material 
aia the participation of a spindle is known 
as endomitotic division. 

In the young organism the chromatin bodies 

— — i 

A . Wake “* 

Fig. 6. 

arrows) of the nuclear membrane (nm); 
17,700. 
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are spherical, uniform in size, and only during 
reproduction do they tend to fuse into long 
strips. Their structure is homogeneous and has 
a sponge-like appearance (figs. 3 and 4). It 
was found that in older organisms some of the 
chromatin bodies are much larger (3 to 4-fold) 
and contain a central cavity (17). Such gran- 
ules can be easily seen Feulgen or aceto- 
carmine-stained preparations. This is shown 
in figure 13 where several ring-like chromatin 
bodies are present, and also in figure 5, repre- 

senting a hemictic Tokophrya. In the short 
bridge connecting the 2 macronuclei, | chro- 
matin body is much larger and hollow inside. 
Because of the unusual form, it is not difficult 
to identify such chromatin bodies electron 
microscopy. In figure 12, an electron micro- 
graph of a macronucleus of an old Tokophrya, 
among several chromatin bodies of the usual 
shape, size, and structure, one seems to be much 
larger with a cavity inside. In addition, this 
chromatin body displays an entirely different 
fine structure, which can be seen clearly at 

Electron micrograph of macronucleus in old Tokophrya to show deep invaginations (at J pari ' 

the dense granules represent chromatin bodies (ch). 
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Fig. 7. Hemictic Tokophrya fixed with OsO, and stained with the Feulgen method. Two parts 

of the dividing macronucleus (ma) at the opposite ends of the cell are connected by a long bridge 
cornposed of chromatin bodies (ch). * 1,800. 

Fig. 8. Hemictic Tokophrya with two macronuclei (ma) of the same size. OsO, fixed and 
Feulgen-stained preparation. 1,800. 

Fig. 9. Hemictic Tokophrya fixed with OsO, and stained with the Feulgen method. The macro 
nucleus (ma) is at the end of division. * 1,600. 

Fig. 10. Hemictic Tokophrya with 4 macronuclei (ma). OsO, fixed and Feulgen-siained prepa 
ration. X 1,700. 
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higher magnification (fig. 14). A fairly high de 
gree of organization characterizes the hollow 

body. Light spots about 220 A in diameter 
aligned in a regular pattern are surrounded by 

denser material about 130 A thick resembling a 
honeycomb, In other sections (fig. 15), com 

parable granules, hollow inside, seem to be 
composed of dense parallel lines of the same 
thickness as the dense material in the honey 
comb structure, The distances between the 

dense lines are of the same magnitude as the 

light spots in the honeycomb structure. ‘There 
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seems to be no doubt that both images (the 
honeycomb and the parallel lines) belong to 
the same structure seen at different planes of 
sectioning. One to several bodies of the ordered 
structure may be found in a single section of a 

macronucleus of an old organism, the majority 
of the chromatin bodies having the typical 
compact, dense, sponge-like homogeneous 
structure, It seems that the occurrence of the 

hollow granules with the characteristic honey 

comb. structure coincides with the hemixis. 
Both phenomena were found in old organisms. 

Figs. Lla, IIb. Phase contrast photomicrographs of the same macronucleus seen at 2 diflerent 

levels. Note divided chromatin bodies (at arrows) arranged in rows, * 1,800 

Fig, 12, Electron micrograph of macronucleus of old Tokophrya with | large hollow chromatin 
body; other chromatin bodies (ch) are of the usual size and shape. * 18,160, 

Fig. 13. Photomicrograph of aceto-carmine-stained Tokophrya. Several chromatin bodies (at 

arrows) are hollow inside. > 2,700. 
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DISCUSSION 

As mentioned in the introduction, the macro- 
nucleus of Tokophrya represents only a part of 
the nuclear apparatus. The rest consists of a 
micronucleus, which is a small body | to 2 u 
in diameter. Its minute size and location in an 
indentation of the macronucleus make it very 
difficult to detect in light microscopy. Its occur- 
rence in thin sections is limited, and only scarce 
information was collected as to its structure, not 
enough to make any valid conclusions as to 
changes and differences between young and old 
organisms. The macronucleus, on the other 
hand, is a large conspicuous body which ap- 
pears in every section. Its major components, 
the Feulgen-positive chromatin bodies, are large 
enough to be seen in light microscopy. It was, 
therefore, possible to mak2 correlated observa- 
tions on living, stained, and thin sectioned mac- 

ronuclei of young and old organisms. 

RUDZINSKA 

The macronucleus in Tokophrya, as in all 
Suctoria, is polyploid as may be assumed from 
the way of reproduction by budding, where 
only a small part of the macronucleus is passed 
to the offspring (16). Evidence for polyploidy in 
Suctoria has been supplied by Grell (10), who 
found that in the suctorian Ephelota gemmi- 
para, the development of the macronuclear an- 
lage takes place by endomitotic divisions of its 
chromosomes. The polyploid macronucleus in 
Tokophrya increases its size during the lifespan | 
from 5 to over 20 mw, increasing at the same time 
the number of chromatin bodies from 50 to over 
300, and the degree of polyploidy. The chro- 
matin bodies are able to divide endomitotically, 
as shown in figures lla and Ib. It is not 
known when the divisions take place, perhaps 
before each reproduction. It might well be that 
this is a continuous process not related to repro- 
duction, since the number of chromatin bodies 

Fig. 14. Higher magnification of the large chromatin body from figure 12 with a cavity inside. 
Note the honeycomb structure of this chromatin body and the homogeneous structure of the 
normal chromatin body (ch.). X 45,400. 

Fig. 15. Electron micrograph of longitudinal section of part of a hollow chromatin body, show- 
ing a regular structure composed of dark and light lines. 67,000. 
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increases with age in spite of the drop in the 
reproduction rate. This leads to the formation 
of a large monstrous “hyperpolyploid” macro- 
nucleus, a term introduced by Fauré-Fremiet 

(6). A hyperpolyploid macronucleus is unable 

to reproduce, and this is an irreversible process. 

This would explain the complete cessation of 
reproduction in senile organisms of Tokophrya 

as well as the great drop in the number of em- 
bryos in old organisms. 

The consequences of hyperpolyploidy can be 
corrected according to Fauré-Fremiet by re- 
crganization processes, such as autogamy or 
hemixis (6). Hemixis was first described by 
Diller in 1936 (5) in several species of Para- 
mecium and referred to as nuclear purification 
or reorganization. Hemixis is limited to the 
mac’onucleus only and it appears in the form 
of division or fragmentation of the macronu- 
cleus. The micronucleus remains inactive dur- 
inz this process and no cytoplasmic fission ac- 
companies hemixis. 

Hemixis in its typical form was found in old 
Tokophrya. Its occurrence in old Tokophrya 
and its absence in young organisms seems to be 
in some agreement with Fauré-Fremiet’s hypo- 
thesis. Whether a hemictic Tokophrya is able 
to regain the reproductive capability is not yet 
known and would be worth while studying. It 
might turn out to be a not too difficult test of 
the validity of the above-described hypothesis. 

It seems significant that a phenomenon anal- 
ogous to hemixis was found in higher organ- 
isms, where it appears also in the form of 2 or 
more nuclei (instead of 1) in a single cell. Of 

particular interest is the occurrence of multi- 
nucleation in tissues in which cells cease to 
multiply early in the lifespan of the organism. 
Such cells in old organisms are actually the 
only ones which could be regarded as aged. 
The situation in these cells is therefore very 
similar to that in old Tokophrya. Among Purk- 
inje cells, which belong to this category along 
with disintegrating cells, a number of cells with 
2 or more nuclei were found in older rats 
(11) and mice (1). As in old Tokophrya, the 
nuclei in Purkinje cells are large, lobated, and 

irregular in shape, and the formation of daugh- 
ter nuclei is achieved not only by constriction or 
lobation, but also by splitting (1); in the latter 

case, the nuclei remain closely adjacent as if 
divided abruptly by cutting. The behavior of 
the nucleus in Purkinje cells is strikingly simi- 
lar to that in old Tokophrya, ani there is a 
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good reason for using for both the same term 
of hemixis. Andrew (1) interprets hemixis in 
Purkinje cells as a means of prolonging life in 
aged cells. There are some indications in old 
Tokophrya which could be considered in favor 
of such a hypothesis. The usual length of the 
senile stage in Tokophrya lasts | to 2 days, but 
cases were observed where it lasted as long as 
4 days. 

Hemixis in Tokophrya seems to coincide with 
changes in the macronucleus of old organisms 
at the macromolecular level. As described ear- 
lier, among typical chromatin bodies which 
have a sponge-like appearance, some show a 
highly ordered structure, which in cross-sections 

looks like a honeycomb and in longitudinal 
sections like parallel dense lines. The question 
arises as to the origin, meaning, and significance 
of these chromatin bodies. Since they appear 
in old organisms, it could be assumed that 
they are degenerating, broken-down chromatin 
bodies and that the ordered structure represents 
cross-linked proteins as suggested by Bjorksten 
(3). It might well be, however, that the highly 
organized structure expresses the reorganization 
of normal chromatin bodies in hemictic Toko- 
phrya. Finally, the organized structure could 
represent a stage in the formation of new chro- 
matin bodies during hemixis by a process simi- 
lar to that in the maturing spermhead of the 
snail (9), locust (8), and grasshopper (4), 
where a somewhat similar honeycomb structure 
was found during the beginning of sperm ma- 
turation. The information collected from obser- 
vations on the macronucleus of Tokoyhrya is 
too fragmentary and based on static data, and 
so far there is no sufficient evidence for any of 
these assumptions. 

SUMMARY 

A comparative study of young and old living, 
stained, and sectioned organisms of Tokophrya 
showed a number of differences in the struc- 
ture and behavior of the macronucleus in the 
2 age groups. 

There is an increase in size of the macronu- 
cleus and in the number of chromatin bodies 
with age and also a change in the shape of the 
macronucleus. 

The polyploid macronucleus increases its 
polyploidy with age and becomes hyperpolyp- 
loid in the senile organism. Such an oversized 
hyperpolyploid macronucleus is able to under- 
go division or fragmentation, resulting in the 
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presence of 2 or more macronuclei. This proc- 
ess. known as hemixis, is not accompanied by 
the division of the micronucleus or of the cyto- 
plasm. 

The Feulgen-positive chromatin bodies, rep- 
resenting the major component of the macro- 
nucleus, are uniform in size and shape in the 
young organism and their fine structure seems 
to be homogeneous. In the old organism, some 
of the chromatin bodies are much larger, hollow 

inside, and show a highly ordered structure, 
which in cross-sections looks like a honeycomb 
and in longitudinal sections like parallel lines. 

The presence of the chromatin bodies possess- 
ing an ordered structure seems to coincide with 
hemixis. 

w 

vw 
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EFFECT OF AGE ON THE CHANGE OF PULMONARY 

VENTILATION AND ALVEOLAR CO, TENSION BEFORE 

AND DURING BREATHING OF 6%CO>" 

ERNST SIMONSON, M.D., HENRY TAYLOR, Ph.D., AND WALTER CARLSON, B.S. 

(From the Laboratory of Physiological Hygiene, University of Minnesota, Minneapolis, Minnesota) 

Significant changes of respiratory functions 
with age, particularly decrease of vital capacity, 
increase of residual lung volume, and decrease 
of maximum ventilation volume, have been 
known for a long time (1, 3, 5,) and confirmed 

by recent material (2). Knipping and associ- 
ates (6) recently reviewed their large material 
on decrease of pulmonary functional capacity 
with age. There are, however, no data on 
changes of the alveolar CO. tension with age. 
Shock and Yiengst (8) did not find a significant 
age trend in the arterial CO. tension calculated 
from a nomogram (4). 

Breathing CO. provides a stress situation 

which allows one to examine the response of 
both the cardiovascular and the respiratory 
system. This procedure has been incorporated 
into a general study of the effect of age in the 
response of man to a number of stress situa- 
tions. It is the purpose of this paper to present 
data on the pulmonary response to 6% CO, 
in both young and older men along with com- 
parisons of the response in the same individuals 
tested 12 years apart. 

METHODS AND SUBJECTS 

The subjects came to the Laboratory in the 
morning without breakfast and rested for not 
less than 10 to 15 minutes before the experi- 
mental procedure began. Observations were 
made with the subjects lying on their backs. 
A mixture of 6% CO., 20% O., and 74% N. 
was breathed for 10 minutes from a_ tank 
through a mask equipped with a 2-way, thin 
rubber, flap valve. Alveolar air samples were 
collected from the tube leading to the spiro- 
meter just beyond the outlet valve at the end 
of a maximum expiration in the usual manner. 
The total resistance (valves, tubing, and spiro- 

meter) was low: 5 mm. water at a flow of 10 
L./min., and 6 mm. at a flow of 20 L./min. 
The values of pulmonary ventilation were cor- 
rected to standard atmospheric conditions (dry 

gas at 760 mm. Hg at 0 C.) and expressed 

* Supported, in part, by grant B1859(C-3), National Institutes of 
Health, Bethesda, Maryland. 

in terms of L./min./sq. meter of body surface. 
The alveolar CO, is given in mm. Hg tensions. 
The pulmonary ventilation was determined 
before and during the sixth minute of breathing 
6% CO. and the alveolar CO. immediately 

after. It may be assumed that a steady state 
was attained at that time, but this was not 
tested. In any case, both groups were compared 
under the same experimental conditions. 

Two age groups, 52 young (Y) (range from 
18 to 40 years, mean age 23.3) and 62 older 
men (QO) (range from 57 to 67 years, mean 
age 60.9) were investigated (1960). Clinical 
examination (physical examination, X-ray, 
ECG, cholesterol, and history) did not reveal 
any sign or symptom of disease. The older 
group was part of an experimental group under 
observation at this Laboratory for the past 14 
years, with annual thorough clinical examina- 
tion, including numerous laboratory tests. This 
group was experienced in pulmonary function 
tests: vital capacity, residual air volume, O. 
consumption, and pulmonary ventilation were 
repeatedly tested in the past 14 years. Both 
groups were extremely cooperative. In 42 of 
the group of 62 older men, the CO, test was 
performed in 1948, and the pulmonary ventila- 
tion of these subjects was compared with the 
results in 1960. Alveolar CO. was not deter- 

mined in 1948. The changes produced by 
breathing of 6% CO., as well as the differences 

between the two age groups, were evaluated 
with standard statistical—standard deviation* 
and T-test—procedures which assume a normal 
distribution of the variables being studied. 

RESULTS AND DISCUSSION 

The results of the 1960 series are shown in 
table 1. In both age groups (Y and O), breath- 
ing 6% CO. produced, as could be expected, 
a highly significant increase of pulmonary ven- 
tilation and alveolar CO. tension, expressed as 

‘ NzX* — (2X) 
oliee N(N — 1) 
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absolute differences (/\) as well as ratios (dur- 
ing: before). The resting pulmonary ventila- 
tion (column 1) was significantly smaller in 
the older men. However, the significantly 
lower alveolar CO. tension in the older men 
(about 2 mm.) suggests that there is actually a 
relative pulmonary hyperventilation. The 
alveolar CO. tension in the older men is also 

significantly lower during breathing of 6%, 
CO.. 

The alveolar pCO. (42.76 mm.) in the 

younger group before CO, inhalation is in ex- 
cellent agreement with Shock’s value of 43 mm. 
for the same age (7). This value declined in 
the older men by 1.9 mm. It is not known 
whether this decrease in the alveolar pCO, 

was accompanied by a corresponding decrease 
in pCO, of the arterial blood of the older sub- 

jects studied here. The studies of Shock and 
Yiengst (8) suggest that the pCO, in arterial 
blood might not have been changed in the sub- 
jects studied in Minneapolis. It may be men- 
tioned that Shock and Yiengst did not use a 
direct measurement of pCO, in arterial blood 
and that the calculated results depend on the 
CO. dissociation curve being constant from age 
group to age group (4). The subjects in the 
Baltimore study were a highly selected group, 
since they had for economic and other reasons 
elected to reside in the Infirmary Division of 
the Baltimore City Hospital. Both colored and 
white individuals were studied by the Baltimore 
group. On the other hand, the Minneapolis 
group consisted of white males who were suc- 
cessfully competing in society. 

There is then some question as to whether 
one can generalize from the Baltimore subjects 
to the Minneapolis subjects. The techniques 
and procedures employed here give satisfactory 
results on young men. The older men em- 

TABLE 1. MEANS (M) AND STANDARD DEVIATIONS (SD) OF THE EFFECT OF BREATHING 6%, CO: ON PULMONARY 
VENTILATION AND ALVEOLAR CO: TENSION 

Ventilation (L./Min./Sq. Meter) 

Before During A 

Young My 3.54 9.86 6.32 

8D 0.68 2.19 2.04 

Old Mo 3.07 9.35 6. 28 

8D 0.60 2.13 1.92 

—0.47* —0.51 —0.04 Mo-My 
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ployed here as subjects have been taking part 

in physiological tests and procedures for 14 
years and are thoroughly accustomed to res- 
piratory apparatus and to following instruc. 
tions (2). There is little question then but that ' 

the alveolar pCO, decreased in the alveolar 

air as measured by the usual technique. It js 
known that the residual lung volumes of the 
older subjects studied here were increased (5), 
The possibility remains, then, that the deter- 

mination of alveolar pCO. by standard tech- 

niques in well-trained subjects may not yield 
an accurate measure of the pCO, at the alveo- 

lar wall in the older indvidual. 
The absolute increase (/\) of pulmonary 

ventilation during breathing of 6% CO, is 

identical in both age groups, but the relative 
increase is significantly greater in the older 
group because of the lower value before the 
CO. test. There was, however, no significant 

difference in the increase of alveolar CO,. Re- 
gression equations of the increase of alveolar 
CO, tension (/\) vs. increase (/\) of pul- 

monary ventilation and vs. relative increase 
of pulmonary ventilation, as well as relative 
increase of CO. tension vs. relative increase of 

ventilation did not show significant differences 
of the slope between younger and older men. 
This may be due, in part, to the large inter- 
individual variability in both groups as shown 
by the standard deviations in table |. 

The large group variability can be substan- 
tially reduced by comparing the change of pul 
monary ventilation during breathing of 6% 
CO. in the same subjects at different ages. The 
results are shown in table 2. The pulmonary 
ventilation is given in L./min., since there was 
no significant change of the mean height and 
body weight in this partial group of 42 men. 
The mean age of this group (1960) is identical 

IN 52 YOUNG AND 62 OLDER MEN.* 

Alveolar COs (mm. Hg) 

During During 

Before During A 

Before Before 

2.85 42.76 52.44 9.68 1.23 

0.60 4.00 2.80 3.03 0.10 

3.09 40.86 51.40 10.54 27 

0.63 3.98 2.59 3.21 0.11 

0.24* —1.90* —1.04* 0.85 0.03 

oe 

~ 

*All absolute differences between “Before” and “During” (A) are significantly different from zero with P S.0001. All relative changes (During/Before) at } 

significantly different from a ratio of one with PS.0001. Significance of differences between Young and Old (Mo-My) denoted by *= PS.05 and by t=PS.0001. 
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TABLE 2. MEANS (M) AND STANDARD DEVIATIONS 
(SD) OF PULMONARY VENTILATION (L./MIN.) AFTER 
BREATHING 6% CO: for FouR MINUTES MEASURED 
IN THE SAME 42 MEN in 1948 AND IN 1960. 

1948 1960 A 

Ventilation M 15.938 18.826 2. 898** 
SD 6.017 4.120 0.164 

Age M 48.8 60.8 12.0 

‘*t-test shows a significant difference between means at the 1% level. 

to that of the whole group of 62 men (table 1). 
The age span of 12 years is, of course, con- 
siderably smaller than that between the groups 
Y and O in table 1. Nevertheless, the pul- 
monary ventilation during breathing of 6% 
CO. at the age of 61 is significantly higher than 
at the age of 49 years. According to unpublished 
results by Grande, there was no change of the 
BMR in this group during that time; if any- 
thing, a decrease should be expected (9). 
While in table 1 a greater increase of pul- 
monary ventilation appears only in the ratio 
(during: before), it can be demonstrated also 
in the absolute ventilation by comparison of 
the same individuals at different age (table 2), 
which is a more sensitive procedure to detect 

age differences. It may be mentioned that the 
previous information (1-8) is concerned with 

cross-sectional comparison of different indi- 
viduals subdivided into different age groups. 

Since the general pulmonary reserve (maxi- 
mum pulmonary ventilation) is reduced with 

age, the larger increase of pulmonary ventila- 
tion in older people during breathing of CO, 

implies a decreased tolerance for this stress 
situation (difference between maximum pul- 
monary ventilation and ventilation during CO. 

breathing). While the limit of the pulmonary 

capacity was not approached in any of healthy 
older subjects, in patients with reduced pul- 
monary reserve (pulmonary conditions: emphy- 
sema, bronchial asthma, pulmonary infiltra- 

tion, cardiac decompensation) breathing of 6% 

CO, may reach the limit of pulmonary re- 
serve, 
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SUMMARY 

Pulmonary ventilation (L./min./sq. Meter) 
and alveolar CO, tension were compared before 
and during breathing of 6% CO., 20% O., and 
74% nitrogen mixture in 52 healthy young 
men (mean age 23.3 years) and 62 healthy 
older men (mean age 60.9 years). The alveolar 
CO, tension before and during breathing of 6% 
CO, was significantly lower in older men, 

which may be suggestive of hyperventilation, 
but this suggestion is tentative in view of some 

technical aspects involved in sampling alveolar 
air in older people. The relative increase of 
pulmonary ventilation was significantly greater 
in the older men. The absolute pulmonary 
ventilation during breathing of 6% CO. was 
significantly higher in 42 of the older group at 
the age of 61 than at the age of 49 years, when 
the same individuals were compared. 
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GERIATRIC PRACTICE 

EXCERPTS FROM RECOMMENDATIONS FOR VACCINATION 

AGAINST INFLUENZA IN THE CIVILIAN POPULATION 

SURGEON GENERAL’S ADVISORY COMMITTEE ON INFLUENZA 

Experience with Asian influenza between 
1957-1960 has served to re-emphasize that 
patients in certain disease categories who ac- 
quire influenza are at much greater risk of death 
or severe morbidity than the normal population 
or patients with miscellaneous diseases, In order 
to reduce the hazard to patients at high risk, it 
is recommended that they be immunized with 
polyvalent influenza vaccine as soon as prac- 
ticable after September | and no later than the 
beginning of the usual influenza season in late 
December. Since a two-week delay in the 
development of antibodies may be expected, it 
is important that immunization be carried out 
before epidemics occur in the area. 

The adult dosage recommended by the Ad- 
visory Committee for primary immunization is 
1.0 ce. (500 CCA units) of polyvalent vaccine 
administered subcutaneously. It is urged that 
persons who have not previously been immu- 
nized should also receive, if feasible, a second 

dose of 1.0 cc. approximately two months after 
the first injection. This second dose will serve 
to protect the small but significant proportion 
who do not develop adequate antibody after the 
first injection, Persons previously immunized 
should be reinoculated with a single booster 
dose of 1.0 cc. subcutaneously each year. 

Patients in the following disease categories 
have experienced the highest mortality rates, 
and therefore, specific protection is clearly in- 

dicated for them as a routine practice. 

A. Persons at all ages who suffer from 
chronic debilitating disease, e.g., chronic 

cardiovascular, pulmonary, renal or 

metabolic disorders; in particular: 

1. Patients with rheumatic heart 
disease, especially those with mitral 

stenosis. 

2. Patients with other cardiovascular 
disorders such as _arteriosclerotic 

heart disease and hypertension, 
especially those with evidence of 
frank or incipient 
ciency. 

cardiac insufh- 

3. Patients with chronic bronchopul- 

monary disease, for example, chronic 
asthma, bron 

chiectasis, pulmonary fibrosis, pul- 
chronic bronchitis, 

monary emphysema, pulmonary tu 
berculosis. 

4. Patients with diabetes mellitus. 

Patients with Addison’s disease, 

All persons over 65 years of age. 

DOSE AND SCHEDULE OF VACCINATION 

Adults: 1.0 ce. (500 CCA units) should 
be administered subcutaneously as soon 
as practicable after September | and no 
later than January |. Those not pre- 
viously immunized should 
feasible, a second dose of 1.0 ce. approxi- 
mately two months after the first injec- 
tion. 

receive, if 

Persons previously immunized with poly- 
valent vaccine: Each fall, prior to Jan- 

uary Ist, adult persons previously im- 
munized with polyvalent influenza virus 
vaccine should be reinoculated with a? 

single dose of 1.0 ce. 
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Attitudes toward older people resemble atti- 
tudes toward minority ethnic groups in Amer- 
ican society, according to Barron (1953). In an 
extensive series of investigations, Tuckman and 
Lorge studied the influence of a variety of vari- 
ables, including pattern of institutionalization 
(1952a), specific course work (1952b, 1954), 
experience with aged persons (1958), and home 
environment (Tuckman, Lorge, and Spooner, 
1953) on agreement with negatively toned 
stereotypic statements applied to “old people.” 
Golde and Kogan (1959) have pointed out 
methodological shortcomings in the Tuckman 
and Lorge studies and have demonstrated that, 
although attitudes of college students toward 
old people are qualitatively different from atti- 
tudes toward people in general, “These differ- 
ences are not always in a direction unfavorable 
to old people” (Golde and Kogan, 1959, p. 
359). Axelrod and Eisdorfer (1961) have 
shown that specific items and sub-classes of 
items of the Tuckman-Lorge Scale (Tuckman 
and Lorge, 1953) vary considerably; the Axel- 
rod and Eisdorfer findings, however, do lend 
support to Tuckman and Lorge’s position that 
mental deterioration is often identified as a 
corollary of advancing age. 

Kogan (in press) has indicated that the de- 
gree of association between mental illness and 
old age may be more limited than suggested by 
earlier writers. In a recent study he has found 
that subjects are more likely to associate aging 
with a state of physical disability than with 
mental illness. Those aspects of attitudes to- 
ward old age and mental illness which are sim- 

1A brief version of this paper was presented at the Fifth Congress 
of the International Association of Gerontology, San Francisco, Cali- 
fornia, August 7-12, 1960. This study was supported by NIH Grants 
M-900 C, M-2109, H-3582, and M-1599-C2. e authors are in- 
debted to Dr. N. Kogan of the Educational Testing Service, Princeton, 
New jonny. for his kindness in supplying pre-publication copies of 
several of his studies. The help of Dr. Jum Nunnally of Vanderbilt 
University is most gratefully acknowledged. 
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ilar or dissimilar from attitudes toward people 
in general need to be defined and the intensity 
of such attitudes explored. The present study 
seeks to compare attitudes toward old persons 
with attitudes toward average people and the 
mentally ill, using a quantitative measure of 
four attitude factors. 

METHOD 

Subjects (Ss) were 103 undergraduate sum- 
mer school and nursing students at Duke Uni- 
versity with a mean age of 21.2 years. 

Attitudes were measured by a semantic dif- 
ferential technique modeled after similar ins‘ru- 
ments used by Osgood, Suci, & Tannenbaum 
(1957) and Nunnally (1961). Ss were asked 
to check each of 20 seven-point bipolar scales 
listed below a given concept. The 20 scales were 
chosen to represent four factors: the Evaluative, 
Potency, and Activity factors derived from Os- 
good et al. (1957) and the Understandability 

factor stemming from the work of Nunnally 
(1961). Thirteen of the scales represented the 
Evaluative factor (e.g., “good . . . bad”); two 
scales represented the Potency factor (e.g. 
“weak .. . strong”); two scales, the Activity fac- 
tor (e.g., “slow... fast”), and three scales the 
Understandability factor (e.g., “predictable . . . 
unpredictable”). Mean factor scores were used 
in all analyses. Table 1 lists the factors and 
the scales involved. 

The concepts rated by the Ss were Average 
Man, Average Woman, Old Man, Old Woman, 
Neurotic Man, Neurotic Woman, Insane Man, 
and Insane Woman. Each concept and the 20 
scales described above occupied a single page 
of the examination instrument. The scales were 
presented in random order with regard to the 
factor they represented and half of them were 
reversed in direction (i.e., right-left) to contro! 
for possible position effects. 
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RESULTS 

For each factor, for Man and Woman sepa- 
rately, a repeated-measurements analysis of va- 
riance was carried out (i.e, Type I design, 
Lindquist 1953). For each of the 8 analyses, 
concept effects were significant at well beyond 
the .01 level. All reference to statistical signif- 
icance of the results will therefore refer to t 
tests, performed after the over-all analyses, 
using the .01 level of significance unless other- 
wise indicated. 

Figure | lists the results for the Evaluative 

TABLE 1. FACTORS AND SCALES OF SEMANTIC 
DIFFERENTIAL INSTRUMENT. 

Evaluative Factor 

wise———: foolish 

intelligent ——: 

happy 

trustworthy— 

ignorant 

—sad 

untrustworthy 

rich— : : ; : “ - poor 

warm —cold 

clean dirty 

safe——-: ; ° : ‘ - dangerous 

relaxed —— :———:- -——:——_-: tense 

valuable———: ——: worthless 

healthy —-— : _—_:—_—_: sick 

effective ———! —: ineffective 

good-———: : —-— bad 

Potency Factor 

strong——-: ———: : : weak 

rugged ———:——_: —: —delicate 

Activity Factor 

active-——— :—_-—:—_—_: -—: - passive 

fast-——:—_—_:—- —slow 

Understandability Factor 

predictable ——: $ :———:—_——:- —- unpredictable 

understandable : 3 : :———_ :———- mysterious 

familiar —_:——_: :—_—-strange 

7 4 

6 + 

5 4 

4 4 _ 

4 27] O--OWOMAN 

AVERAGE NEUROTIC i 
OLD INSANE 

Fig. 1. Mean semantic differential evaluative factor 
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factor. For this factor, the results for Man and 
Woman concepts were quite parallel; Average 
Man and Woman were rated significantly 
higher than Old Man and Old Woman, and 
Old Man and Old Woman, in turn, were rated 
significantly and very much higher than Neu- 
rotic and Insane Man and Woman. 

For the Potency factor as seen in Figure 2, it 
is immediately apparent that Man concepts 
were seen as significantly more potent than 
Woman concepts. Since the two scales contrib- 
uting to this factor are “weak . . . strong” and 
“rugged . . . delicate,” this result is quite under- 
standable and reflects favorably on the validity 
of the instrument. Old Man was seen as signif- 

7 o—e MAN 
6+ O=-OWOMAN 

5+ 

ato 
4 “ _— 

3 ‘o-oo 

ot 

| 7 - 
AVERAGE | NEUROTIC 

OLD INSANE 
Fig. 2. Mean semantic differential potency factor 

scores for all subjects. 
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Fig. 3. Mean semantic differential activity factor 

scores for all subjects. 
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Fig. 4. Mean semantic differential understandability 
factor scores for all subjects. 

icantly less potent than Average Man and In- 
sane Man, but not significantly different from 

Neurotic Man. The results for Woman con- 

cepts were entirely parallel. 

For the Activity factor, as seen in Figure 3, 
Old Man was rated as significantly less active 
than Average, Neurotic, and Insane Man, with 

the results for Old Woman being entirely par- 

allel. 
For the Understandability factor plotted in 

Figure 4, Old Man was rated significantly more 
understandable than Neurotic Man and Insane 
Man, and not different from Average Man. For 
Old Woman, the results were parallel. (Al- 
though Old Woman was rated more under- 
standable than Average, the test of the differ- 

ence was not significant at the .05 level.) The 
finding that Average Woman was seen as less 
understandable than Average Man (even in a 
sample comprised largely of young women) is 

worthy of note. 

All of the Ss were tested a second time after 
an intervening learning or training experience 
of four to six weeks’ duration designed to modify 
mental health information and attitudes (Al- 

trocchi and Eisdorfer, in press). The results of 
the second testing are not included here but 
were almost identical with the results of this 
study for the Old Man and Old Woman con- 
cepts. Thus the present findings can be consid- 
ered as somewhat stable over at least a few 
weeks’ time. 

EISDORFER AND ALTROCCHI 

INSANE 

DISCUSSION 

On all factors, and with only one exception, 
ie., Potency factor, Old vs. Neurotic, Old 
Man, and Old Woman were seen as signif- 
icantly different from concepts of mental illness 
as represented by Neurotic and Insane Man 
and Woman. Thus, the present results indicate 
that, although there are similarities in the direc- 

tion of certain attitudes expressed toward old 
age and mental illness, undergraduate students 
clearly discriminate between these sets of con- 
cepts. 

Whether attitudes of young people toward 
concepts of aged persons are positive or nega- 
tive, compared with their attitudes toward con- 
cepts of the average person, depends on what 
specific aspects of attitudes are measured. Thus, 
Old Man and Old Woman were seen as being 
as understandable as Average Man and Aver- 
age Woman, but reliably lower in value (or 
goodness), and markedly less potent and ac- 
tive. The findings are in agreement with the 
impressions of Golde and Kogan (1959) and 
place some restriction on the pessimistic impres- 
sions of earlier writers. There are evidently 
some aspects of young people’s attitudes toward 
old persons which are as positive—or as nega- 
tive, as the case may be—as their attitudes to- 
ward average persons. Other aspects of the 
young people’s attitudes are clearly more nega- 
tive toward older people, so that it might be 
reasonable to refer to attitudes toward the aged 
as being similar to attitudes toward a minority 
group in the sense that old persons are re- 
sponded to in a pattern which is demonstrably 
different from that expressed toward average 
persons. Old and average people seem to be seen 
as equally understandable, but old people oc- 
cupy an intermediate position between average 
and neurotic persons insofar as the Evaluative 
factor is concerned. In terms of Activity and 
Potency factors, old persons are rated least ac- 
tive and least potent. On these latter two fac- 
tors, a consistent reversal appears between the 
concepts Neurotic and Insane, so that while 
Neurotic is consistently higher than Insane on 
Evaluative and Understandability scales (with 
Old rated higher than Neurotic), Neurotic is 
consistently lower than Insane for Activity and 
Potency factors (with Old dropping below 

Neurotic for both of these scales). 
Future research on this problem should in- 

volve not only specific aspects of attitudes but a 
departure from abstractions such as old or aged 
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in favor of sketches of older persons, as Kogan 

has done, or movies of specific patterns of be- 

havior involving young and old persons. A 

comparison of attitudes toward old people, the 
physically ill and the mentally deteriorated, 
on the part of young and old Ss is an appropri- 
ate step at this time. Such an approach seems 
to have special relevance in view of the find- 
ings of a brief testing of 30 older Ss who rated 
Self higher on all semantic differential factors 
than young people’s attitudes toward concepts 
of old age, and Nunnally’s (1961) data, which 
appear to be in general support of this finding. 

SUMMARY 

The semantic differential technique involving 
four attitudinal factors, Evaluative, Potency, 
Activity, and Understandability, was used to 
compare the attitudes of 103 undergraduate stu- 
dents toward old, average, neurotic, and insane 
persons. Some aspects of young people’s atti- 
tudes toward the aged are not substantially dif- 
ferent from attitudes toward average, but others 
seem more deviant than attitudes toward per- 
sons characterized as mentally ill. The results 
indicate that while old persons are clearly dif- 
ferentiated from average and the mentally ill, 
the direction of such differences varies greatly 
according to the specific attitudinal component 
involved. 

ADDENDUM 

During the period this paper has been in press, Kogan 
and Wallach have made available to us a pre-publica- 
tion copy of their paper. Age changes in values and atti- 
tudes (J. Geront., 1961, 16, 272-280) which raises some 

questions about the assumption that the factors defined 
by Nunnally (1961) and Osgood et al. (1957) will re- 

main stable with other subjects. Therefore the data in 
this study have been subjected to a factor analysis. The 
Centroid method of analysis as described by Thurstone 
(1947) and Friedman (1952) was used to define the 
principal factors across the concepts. 

Preliminary inspection of the analysis indicates, that, 
as Kogan and Wallach have found, the factorial com- 

position of the scales used by Osgood et al. (1957) may 
differ when used with new populations and concepts. 
Our findings indicate the presence of the Evaluative 
factor across all concepts, but suggest that while other 
major factors do emerge (e.g., a combination of Activ- 

ity and Potency scales to form a “safe-dangerous” fac- 

tor), such factors may not be universal across all con- 
cepts. This analysis lends more support to our conten- 
tions that attitudes toward old people are qualitatively 
different from those toward average, the neurotic, and 

the insane. 
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LIFE SATISFACTION AND SOCIAL INTERACTION IN THE AGING 

SHELDON S. TOBIN, M.A., AND BERNICE L. NEUGARTEN, Ph.D. 

(Committee on Human Development, University of Chicago) 

The disengagement theory of aging, first des- 
cribed in a paper by Cumming, Dean, Newell, 
and McCaffrey (1960) and presented in 
greater detail in a forthcoming book by Cum- 
ming and Henry (1961), is one in which 
aging is viewed as an inevitable mutual with- 
drawal, or disengagement, resulting in de- 
creased interaction between the aging person 
and others in the social system to which he 
belongs. The process of disengagement may 
be initiated by the individual or by others in 
his social system; but when it is complete, the 
equilibrium which existed in middle age be- 
tween the individual and his society has given 
way to a new equilibrium characterized by a 
greater distance and an altered type of rela- 
tionship. 

Within the theory itself there is no explicit 
statement that the old person who has reached 
the equilibrium of the “disengaged” state is 
happier or better adjusted than the old person 
who remains relatively “engaged.” The impli- 
cation is, however, that in the transitional 

period, in which the individual moves from 
the engaged to the disengaged state, there may 
be discrepancies between the person’s wish to 
remain involved in social interaction and 
society’s withdrawal of supports; or between 
the person’s wish to withdraw and the exigen- 
cies of remaining engaged in the social network 
for financial or other reasons. The implications 
are, then, that there is disequilibrium as 
disengagement proceeds; that while the middle- 
aged person is in equilibrium when he is 
engaged, the old person is in equilibrium when 
he is disengaged. 

The hypothesis which is only implicit in the 
disengagement theory—that there is a positive 
relationship between disengagement and psy- 
chological well-being in the aged—is the 
hypothesis under investigation in the present 
study. More specifically, it is the social aspects 
of disengagement with which we are here 
concerned.* 

1 The disengagement process has both an “inner” and an “‘outer’’ 
aspect; that is, the disengagement of the individual from his social 
network is accompanied by certain inner, or more psychological, 
changes. The psychological aspects of disengagement, described in 
papers by Rosen and Neugarten (1960), Henry and Cumming (1959), 
and Neugarten (in press), probably precede the social aspects; and 
the disengagement process may prove to be primarily an intrinsic 
rather than a responsive one. The evidence on the latter point is 
as yet unclear. 
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A direct index of disengagement has not yet 
been developed; as a consequence, a definitive 
test of the hypothesis cannot yet be made. 
However, several measures of social interaction, 
originally developed by Cumming et al. (1960) 
showed consistent changes with age in the 
direction of lessened social interaction and 
constriction of social life space. These findings 
supported the theory of disengagement; indeed, 
they played an important part in the very 
formulation of the theory. 

Accordingly, these measures were employed 
here to investigate the relationship between 
disengagement and psychological well-being. 
The measures of social interaction will be de- 
scribed below. The Life Satisfaction Rating 
(LSR), also described below, was used as a 

measure of psychological well-being. 
Both the social interaction measures and the 

LSR were derived from the same basic data 
gathered in connection with the Kansas City 
Study of Adult Life.? To this degree, there is 
lack of independence in the derivation of the 
two sets of variables; and the relationships 
being investigated here need to be tested on a 
new sample of persons. The two sets of mea- 
sures, however, were developed independently 
by different teams of investigators; and to 
this extent the data presented here are appro- 
priate to the present purposes. 

THE STUDY POPULATION 

Table 1 shows the distribution of the study 
population by age, sex, and social class. This 
population was composed of members of two 
groups. The first, referred to as the panel 
group, were persons aged 50 to 70 at the time 
of first interview in 1956. The panel approxi- 
mates a stratified random sample of healthy 
middle- and working-class white persons of 
this age range residing in the metropolitan area 
of Kansas City, but is somewhat biased toward 
middle class. 

The second group were persons aged 70 to 80 
who joined the study after two rounds of field 

2The Kansas City Study of Adult Life is financed by Grant 
3M9082 from the National Institute of Mental Health to the Com- 
mittee on Human Development of the University of Chicago. It is 
under the supervision of William E. Henry (Principal Investigator), 
Robert J. Havighurst, and Bernice L. Neugarten. The Study Director 
has been Elaine Cumming, and the Field Director, Lois R. Dean. 
The present Field Director is Wayne Wheeler. 
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AND SOCIAL CLASS. INTERVIEW, SEX, 

Age at first interview 

Social Class Panel Quasi-panel 
———— 

50-59 } 60-69 70-71 70-80 

Upper-middle class: ; 

Male 8 | 8 5 2 

Female 10 j 11 | 3 7 

L wer-middle class: | 

Male 6 14 4 9 

Female 6 | 8 2 9 

Upper-lower class: 

Male 11 10 2 17 

Female. . 7 9 | 6 13 

Total 48 60 22 57 

As 

N aged 50-69 108 

N aged 70+ 79 

a 187 

work had been completed with panel members. 
This older group was built up by quota sam- 
pling; and while it included more working- 
than middle-class, it represents a somewhat 
advantaged group in that none were financially 
deprived and all were in relatively good health. 

Of the original panel, 74% remained as 
cooperating respondents by the end of the 
fourth round of interviews, at which time the 
Life Satisfaction Ratings were made. Of the 
older group, 83% remained at the same point 
in time, after they had been interviewed twice. 
Thus, in addition to the various biases opera- 
ting in the original selection of the two groups, 
there is an unmeasurable effect on the present 
study due to sample attrition. 
The total 187 cases that constitute the pre- 

sent study population were divided into two 
age groups: those aged 50 to 69 and those 
aged 70 and over. 

THE DATA AND THEIR TREATMENT 

Ail the measures are based on data from 
lengthy interviews obtained at approximately 
six-month intervals, interviews which covered 
many aspects of the respondent's life pattern, 
his attitudes, and his values. The first inter- 

view for the quasi-panel was a special schedule 
combining questions from the first three panel 
interviews; both groups had the same fourth- 
round interview. 

Measures of social interaction. The four 
measures of social interaction were based on 
the first three rounds of interviews (Cumming 
et al., 1960). 

LIFE SATISFACTION AND SOCIAL INTERACTION 

TABLE 1. THE STUDY POPULATION: By AGE AT FIRST 
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1) The Interaction Index is an intuitive 
judgment of the investigator, based on the 
amount of each day R spends in the kind of 
social interaction with others in which the 
hints, cues, and sanctions which govern and 

control behavior can be exchanged. Scoring 
was based on verbatim reports of R’s daily 
round of activities. The score does not relate 
to the variety of roles or the number of people 
interacted with. An aged man who spends all 
day at home with his wife may receive as high 
a score as a person who works at a job with 
others, who has an active social and recrea- 
tional life, but who lives alone. 

2) The Social Life Space measure represents 
R’s estimate of the number of interactions with 
different people he engages in per month. It is 
obtained by adding scores on precoded ques- 
tionnaire items regarding interactions with 

family, friends, neighbors, fellow workers, 
fellow members of churches and organizations, 
and specific contacts with such people as store 
clerks and postmen. The score does not relate 
to the duration of these interactions. 

3) Role Count is the number of social roles 
in which R interacts with others. The score is 
simply a tabulation of the number of roles in 
which R participates: it does not relate to R’s 
psychological investment in the role, nor to role 
competence. 

4) Perceived Life Space represents R’s 
perception of his present interaction rate as 

compared with that remembered from age 45. 
The measure relates to all the varieties of 
interactions used in the Social Life Space 
measure. A low score indicates that R perceives 
his life space as smaller now than at age 45. 

Psychological well-being. The Life Satisfac- 
tion Ratings (LSR) were used as the measure 
of psychological well-being or “adjustment.” 
The derivation and validation of this measure 
has been described elsewhere (Neugarten, 
Havighurst, & Tobin, 1961). In brief, the LSR 
consists of five-point ratings of the extent to 
which R: 1) takes pleasure from whatever the 
round of activities that constitutes his everyday 
life; 2) regards his life as meaningful and 
accepts resolutely that which life has been; 
3) feels he has succeeded in achieving his 
major goals; 4) holds a positive self-image; 
and 5) maintains happy and optimistic atti- 
tudes and mood. The ratings are summed to 
obtain an over-all rating with a possible range 
from 5 to 25. 
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All the data from interviews | through 4 
were used in making these ratings. 

Research design. On each of the five meas- 
ures, R’s were divided into high- and low- 
scorers, with approximately half the population 
falling into the high, and half into the low 
group. 

LSR’s were then compared with scores on 
each of the social interaction measures, by 
setting up 22 tables and computing chi- 
square values. Where the confidence level 
warranted it (P < .10), the Wallis-Kruskal 
““H” value, a measure of association, was com- 

puted (Wallis & Roberts, 1956, p. 601). 

The hypothesis here under investigation 
(that there is a positive relationship between 
disengagement and _ psychological well-being 
in the aged) would be supported if the younger 
subgroup exhibited lower LSR’s than the older 
when their scores on social interaction indic- 
ated disengagement. In somewhat different 
terms, the association between scores on each 
of the four social interaction variables and 
LSR’s should decrease when the older group is 
compared to the younger. 

More specifically, the hypothesis would be 
supported if the relationships should be found 
to be these: 

1) If there is no association between a 
social interaction variable and LSR for the 
younger group, then an inverse or negative 
association should appear for the older group. 

2) If there is a positive association between 
a social interaction variable and LSR for the 
younger group, then a decrease in degree of 

association should appear for the older group. 

FINDINGS 

Table 2 summarizes the findings. For the 
Interaction Index, Social Life Space, and Role 
Count, there are positive relationships with 
Life Satisfaction which are greater for older 
than for the younger group. Only Perceived 
Life Space moves in the predicted direction (a 
change from a positive to a negative associa- 
tion.) There is evidence that aged persons in 
this sample. who perceive their life space as 
large are, in fact, low on social interaction. 
This incongruency may indicate some misper- 
ception of reality; and it is perhaps this incon- 
gruency which, in turn, is related to low scores 
on life satisfaction (see footnote, Table 2). 

These findings indicate that social interac- 
tion is positively associated with life satisfac- 
tion for all ages included in this study 

TABLE 2. ASSOCIATIONS BETWEEN LIFE SATISFACTION 
AND VARIOUS MEASURES OF SOCIAL INTERACTION, 

Total Sample Aged 50-69 Aged 704 

(N = 187) (N = 108) N=79 

LSR 72=35.10 V2=15.35 T= 18.63 

xX p<.001 p<. 001 p<.(01 

Interaction Index H=.73 H=.68 H=.81 

LSR 72=3.77 

X L2=n. 8 JLi=n. 8. p=.06 

Social Life H=.49 

Space 

LSR Y2=8.30 f2=4.87 
xX p<.01 L2=n. 8. p<.05 

Role Count H=.41 H=.56 

LSR V2=3.21 72=8.22 J2=n. 8 

xX p<.10 p<.0l 

Perceived Life H=.28 H=.51 H 448 

Space 

® There were 15 persons aged 70+ with high PLS scores (persons, that is, 

who perceived their life spaces as larger now than at age 45). Of these, 11 had 

low LSR'’s, thus contributing to the negative association between LSR and 

PLS. Of these 11 cases, 8 were low on the Interaction Index, on Life Space, 

and on Role Count; and 2 others were low on Life Space and Role Count. 

It would appear, therefore, that older respondents who perceive their life 

space as larger than at age 45, even in the face of low scores on social inter- 

action, are likely to be misperceiving or misreporting; and if so, are likely to 

have orientations to life that are reflected in low LSR’s, 

population, and that, with advanced age, this 
association is increased rather than decreased. 
To the extent that our measures have been 
valid indices of disengagement and of psycho- 
logical well-being, these findings may be said 
to be contrary'to the hypothesis. It appears 
that, with advancing age, engagement, rather 
than disengagement, is more closely related to 
psychological well-being. 
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ROLE CHANGE, SUBJECTIVE AGE, AND ADJUSTMENT: 

A CORRELATIONAL ANALYSIS! 

BERNARD S. PHILLIPS, Ph.D. 

(Department of Sociology and Anthropology, Boston University) 

In a prior study (Phillips, 1957), several 
factors were identified as important in processes 
affecting adjustment of a sample of aged indi- 
viduals. Evidence was presented indicating 
relationships between (1) a number of role 
changes and adjustment, (2) age identification 

—how a person thinks of himself with re- 
gard to age—and adjustment, and (3) these 
role changes and age identification. According 
to the theory developed, the role changes 
affected adjustment by means of a long-term 
disturbance of patterns of reciprocal behavior 
with their accompanying rewards. Age identifi- 
cation as old was viewed as leading to mal- 
adjustment because it implies the acceptance of 
a negative cultural evaluation of oneself, at 

least in our youth-oriented society. Finally, 
the role changes were seen as tending to pro- 
duce a self-identification as old or elderly 
because of the conception of age identification 
largely as a high-order generalization from 
various social roles, granting the contributory 
influence of various physiological and psycho- 
logical processes. 

The purpose of the present study is to further 
test and explore interrelationships among role 
changes, subjective age, and the adjustment 
of an aged sample. The previous investigation 
is extended along these lines: 

(1) In addition to the one aspect of subjec- 
tive age previously explored (age identifica- 
tion), four others are introduced, and conclu- 
sions about relationships between subjective 
age and adjustment, as well as between role 
changes and subjective age, can be correspond- 
ingly more inclusive. 

(2) The present study includes information 
on the role changes, subjective age, and adjust- 
ment of the aged sample obtained from close 
associates of the aged in addition to the aged 
respondents themselves. 

(3) The measure of adjustment utilized in- 
cludes three other aspects of adjustment in 
addition to the previous one having to do with 
habitual involvement in fantasy behavior. 

* Presented at the April, 1961, Annual Meetings of the Midwestern 
Sociological Society in Omaha, Nebraska. 

(4) Through the use of correlational tech- 
niques, assessments are made of the degree of 
interrelationships in addition to information 
on whether or not relationships are statistically 
significant. 

(S) In addition to an analysis of the dyadic 
relationships among role change, subjective 
age and adjustment, systematic consideration 
is given to triadic interrelationships. 

METHODS 

This study is based on interviews with 257 
individuals 60 years of age or older as well as 
257 corresponding interviews with close asso- 
ciates of the respondents. The aged respon- 
dents represent a portion of a 500-respondent 
probability sample of non-institutionalized in- 
dividuals 60 years of age or older in the Kips 
Bay-Yorkville health district of New York City. 
The sample of 500 weights the population in 
low, middle and high rental areas in the ratio 
of 6:3:1.? 

Only those respondents who could name a 
close associate and whose associate could be 
interviewed were included in the present analy- 
sis. The resulting subsample of 257 aged 
respondents is slightly younger and has a 
slightly smaller proportion of widows and 
widowers than the sample of 500. Four-fifths 
of their associates are relatives, with approxi- 

mately one-third husbands or wives and one- 
third sons or daughters. Almost two-thirds of 
the associates are under 60 years of age. 

Of the five aspects of subjective age treated 
in the present analysis, three are obtained from 
the aged respondents themselves and two from 
their associates. Items obtained from the asso- 
ciates are “How do you think of ————— as 
far as age goes: middle-aged, elderly, old, or 
what?” and “Would you say that 
seems older or younger than most people his 
(her) age?” These items parallel two items 

obtained from the aged respondents, namely, 
“How do you think of yourself as far as age 

2 The Kips Bay-Yorkville data on both the sample of 500 and the 
sample of 257 associates were secured under the direction of Bernard 
Kutner, David Fanshel, Thomas Langner, and Alice Togo, with the 
present analysis being made possible by the Digital Computer Lab- 
oratory of the University of Illinois. 
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goes: middle-aged, elderly, old, or what?” and 
“Would you say you feel older or younger than 
most people your age?” 

The fifth aspect of subjective age, also ob- 
tained from the aged respondents, has to do 
with attitudes about the general situation of the 
aged person. While the previous items deal 
with how old one feels or seems on an absolute 
or relative scale, this dimension has to do with 
some consequences of being old, as subjectively 
seen by the aged respondents. A five-item Gutt- 
man scale, with a coefficient of reproducibility 
of .92, was constructed from these agree-dis- 
agree items: “You’ve got to expect lots of aches 
and pains when you get older,” “Older people 
ought to go around with friends their own age 
rather than with younger people,” “You can’t 
expect older people to accept new ways of 
doing things,” “It’s undignified for older peo- 
ple to be interested in the opposite sex,” and 
“Older people should dress more conservatively 
than younger people.” 

The proportion of individuals in the scale 
types is significantly greater at the .01 level 
than that expected on the assumption that the 
items are independent, as determined by a one- 
tail chi square test. It is believed that agree- 
ment with these items, as well as absolute or 

relative identification as old, tends to imply 
an acceptance of a negative cultural evalua- 
tion of oneself. 

Level of adjustment is defined as the degree to 
which there exists an enduring state in which 
needs are satisfied by available rewards. Four 
different aspects of adjustment are considered, 
namely, fantasy behavior, rigidity, and morale 
as measured by both the aged respondent and 
his associate. The two morale measures are 
relatively direct ones with reference to the con- 
cept of adjustment, whereas a great deal of 
fantasy behavior and rigidity in behavior are 
viewed as indirectly leading to maladjustment. 

The rigidity scale is based on these three 
items: “Do you find any of the following things 
annoying: (1) Being interrupted when you 
are busy at something? (2) Having someone 
rearrange things around the house that you are 
used to having a certain way? (3) Having 
persons get into your personal belongings and 
disturb them?” Although these occurrences 
would be annoying to many individuals, a 
degree of annoyance which is unusually great 
may legitimately be classified as rigidity. 

The morale scale:constructed from the aged 

PHILLIPS 

sample’s responses is based on these four ques- 

tions: “On the whole, how satisfied would you 
say you are with your way of life today?” “All 
in all, how much unhappiness would you say 
you find in life today?” “How often do you 

find yourself feeling bitter about the way things 
turned out for you?” “As you get older, would 
you say things seem to be better or worse than 
you thought they would be?” 

The morale scale based on associate ratings 
of the aged respondents was constructed from 
these four items: “How often would you say 

feels blue?” “On the whole, how satis- 
fied would you say ——— is with his (her) 
way of life today?” “How often does — 
seem bitter about the way things turned out for 
him (her)?” “On the whole, would you say 

enjoys life more now, or did he (she) 

enjoy it more at 50?” 

The scale of fantasy behavior is based on the 
following: “How often do you find yourself 
doing the following things—would you say 
often, occasionally, or hardly at all: Day- 
dreaming about the past? Being absent- 
minded? Having thoughts of death?” 

The Guttman reproducibility coefficients for 
the scales of rigidity, morale (aged respon- 
dents), morale (associate ratings), and fantasy 
behavior are .94, .92, .95, and .92, respectively. 
Subsequently, each scale was treated as a single 
item, and the separate scales were found to form 
a more general scale of adjustment, with a co- 
efficient of reproducibility of .90. In a com- 
parison of the proportion of individuals fitting 
into perfect scale types with the proportion 
who would be found in perfect scale types if 
the items were assumed to be independent, a 
one-tail chi square test shows that the differ- 
ence is statistically significant at the .01 level. 

The final concept under consideration, role 
change, is represented by four variables: change 
in chronological age, perception of change in 
general treatment accorded by others because 
of age, and change in “getting around” in 
comparison to age 50, the latter being indexed 
by the associates as well as the aged respon- 
dents. These four variables all have to do, 
directly or indirectly, with changes in patterns 
of reciprocal expectations in recurrent situa- 
tions, following a definition of role similar to 

that employed by Rommetveit (1955). They 
vary, among other things, in the degree to 
which the roles are culturally defined. For 
example, age roles are more culturally defined 
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than the roles involved in “getting around,” 

which tend to vary with individuals and situa- 

tions to a greater extent. 

Three of the 10 variables described above are 
dichotomous, namely, the aged respondent and 

associate ratings on age identification as well 

as the role change having to do with differen- 
tial treatment because of age. The remaining 

seven variables have from three to six cate- 
gories. Of the original 257 respondents or, 
more precisely, respondent pairs, 40 pairs were 
dropped from the analysis due to lack of com- 
plete information on all of the 10 variables. 

In drawing inferences concerning the emerg- 
ing triadic relationships among measures of 
role change, subjective age and adjustment, for 
present purposes role changes will be treated 
as independent variables with respect to sub- 
jective age and adjustment, and aspects of sub- 
jective age will be treated as independent varia- 
bles with respect to adjustment. This pro- 
cedure is in accordance with the theoretical 
treatment of the processes involved, and leads 
to a reduction to only eight possible triadic 
relationships (Fig. 1). Situation A has to do 

with three relationships in the triad; B, C, and 

D are concerned with two relationships; E, F, 
and G have to do with one, while there are no 

relationships in situation H. The restriction to 
the consideration of only some directions of re- 
lationship is a heuristic device and is not meant 
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to imply that other relationships do not occur. 
The general method employed here has been 
discussed in some detail by Simon (1954). 

RESULTS 

Columns rxy, ryz and rxz in Table | present 
the correlations between role change and ad- 
justment, subjective age and adjustment, and 

x——> XY 
iar \ A (€) 

z z 

x Y x Y 

« \/ ry ff 
z z 

x—~Y x Y 

(G) (Cc) \ \ 

X—py x Y¥ 
(0) (H) 

z z 
Fig. 1. Possible causal relationships among X, Y, and 

Z, where X represents a role change, Y represents ad- 
justment, and Z represents an aspect of subjective age. 
Omissions from consideration: (1) reciprocal relation- 

ships, (2) Y — X, (8) Y > Z, and () Z —> X. 

TABLE 1. ZERO ORDER AND PARTIAL CORRELATIONS AMONG MEASURES OF ROLE CHANGE (X), ADJUSTMENT (Y), 
AND SUBJECTIVE AGE (Z). 

Role Change Subjective Age Zero Order Correlations Partial Correlations 

(X) (Z) Ixy Tyz xz Triad xyz lyzx Ixz.y Triad 

Age identification (ego) i i Beg A ll 7° .24°* B 

Gets around Comparative age id. (ego) .16* Rs Elana A 12 2 .18** B 

now versus Aged attitudes (eg >) a _— .08 D .15* ae 05 D 

age 50 (ego) Age identification (assoc.) .16* .09 Be ts C ~18* 06 16" Cc 

Comparative age id. (assoc.) . .16* a -00 D .16* Bi —.04 D 

Gets around Age identification (ego). . .24°* .20** Ds A ma .16* .18** A 

now versus Comparative age id. (ego) 2" oe -23°* A .3o°* 1” .19** A 

age 50 Aged attitudes (ego)... . .24** — ig” A BS ia Sag .13 D 

(associate) Age identification (assoc.) . ene .09 .24** Cc 3° .03 2° Cc 

Comparative age id. (assoc.) .24** 25°" .15* A =<” .20°* ll D 

Age identification (ego). . . .04 .20** .39** B —.04 .20** 38°? B 

Chronological Comparative age id. (ego). . . 04 .23°* .09 F .02 .234* . 08 F 
age aged attitudes (ego)... . 04 Bla B F .02 les ll F 

Age identification (assoc.) . . 04 09 .34** G -01 .08 .34** G 

Comparative age id. (assoc.) . 04 Beg .08 F .06 .23°* —.09 F 

Treated Age identification (ego)... . . a ee .09 D ee 2 -05 D 

differently Comparative age id. (ego)... .20** 23° .04 D .20°° .23°° —.01 D 
because of Aged attitudes (ego)... —_ — Bg A Bt — .12 D 

age Age identification (assoc.). . . _ -09 .07 E .20°* .08 06 E 

Comparative age id. (assoc.). — 2° .08 D 19" .23° 04 D 

Nots.—N =217, *,.05=.14, and **,.01=.18 for Pearson Product Moment, Point Biserial, and Phi Coefficients (zero order and partial), 
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role change and subjective age, respectively. 
These unpartialled correlations will be con- 
sidered before treating the partialled ones in 
the remainder of the table. 

Of the four role changes, three are related to 
adjustment at the .05 or .01 level, with the 
remaining relationship in the expected direc- 
tion. With respect to the hypothesized relation- 
ship between subjective age and adjustment, 
four of the five relationships are significant at 
the .01 level, with the fifth being in the ex- 
pected direction. On the relationship between 
role change and subjective age, 11 of the 20 
relationships tabulated are significant at the 
05 or .01 level, while only one of the 20 is 
in a direction opposite to that hypothesized. 
With respect to magnitude, the correlations are 
generally low. The highest one, .39, between 
chronological age and the aged respondent’s 
age identification, accounts for only 15% of 
the total variation in ego’s (the aged respon- 
dent’s) age identification. 

The letters in the column headed Triad refer 
to Figure 1. With the exception of type H, all 
of the possible triadic relationships are illu- 
strated. In order of frequency, these are: type 
A, 7; type D, 5; type F, 3; type C, 2; and types 
B, E, and G, | each. 

The partial correlations and resulting triads 
repeat the type of information just presented, 
except that the relationship between each pair 
of variables does not reflect any influence on 
the part of the third variable, since the latter 
is statistically partialled out. The process is 
similar to that of “controlling on” the third 
variable, i.e., examining the pair relationship 
within each of several categories of the third 
variable. In controlling, however, sample size 

may be reduced considerably and one is also 
presented with a number of relationships 
corresponding to each partial, thus making for 
greater complexities in interpretation. 

With respect to the relationships between 
role changes and adjustment, for each of the 
four role changes it is necessary to examine this 
relationship in the context of each of the five 
measures of subjective age, since the influence 
of the latter must be partialled out of the role 
change-adjustment relationship. Of the result- 
ing 20 relationships, 13 are significant at the .05 
or .01 level, and only one is in a direction con- 
trary to that hypothesized. In considering the 
subjective age-adjustment relationships, each of 
these relationships must again be examined in 

the context of the four role changes; thus there 
are 20 distinct relationships. Of these, 16 prove 
to be significant at the .05 or .01 level, with 

the remainder in the expected direction, 
Finally, of the 20 relationships between role 
change and subjective age, 8 are significant at 
the .05 or .01 level, and three are not in the 
expected direction. Throughout the entire 
table, none of the relationships in a direction 
contrary to that expected is statistically sig- 
nificant. The triadic relationships in order of 
frequency are: type D, 8; types B and F, 3 
each; types A and C, 2 each; and types E and 
G, | each. 

DISCUSSION 

A clear-cut pair relationship emerging from 
the analysis is that between subjective age and 
adjustment. The 16 of 20 significant zero order 
correlations are not reduced in number when 
the various role changes are partialled out. 
Thus, in addition to the respondent’s age iden- 
tification as a factor related to adjustment, 
we have evidence that other aspects of subjec- 
tive age are also so related: the respondent's 
comparative age identification, his attitudes 
about the aged, and the associate’s rating of 
the respondent’s comparative age. 

The sociological concepts of “reference 
group” and “relative deprivation” help to ex- 
plain the relationships between respondent and 
associate comparative age ratings and adjust- 
ment. It is not only the feeling of being old or 
middle-aged on some absolute scale which is 
related to adjustment, but it is also this feeling 
in relation to some referent, in this case the 
respondent’s peer group with respect to chron- 
ological age. It has been shown that feelings 
of deprivation are often related to the degree 

of deprivation of one’s reference group, and the 
treatment of subjective age is in the context of 
deprivation, i.e., an acceptance of a negative 

cultural evaluation of oneself. 
both the aged respondent and the associate 

ratings on comparative age are related to adjust- 

ment provides additional confirmation for the 
hypothesis, since the existence of several raters 
considerably reduces the probability that the 

relationship is a spurious one. 

The relationship between attitudes about the 
general situation of the aged and adjustment 
points up the importance of a different aspect 

of subjective age. It is not only how old one 
feels on an absolute or relative scale but also 
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what it means to be old which is related to 
adjustment. It may be assumed from general 
knowledge that ours is a youth-oriented society. 
Attitudes about the situation of the aged take 
into account some of the consequences of this 
fact as well as the biological facts of aging. 
These consequences are expressed in terms 
of limitations on activities and expectations of 
physical and mental deficiencies. 

With respect to the associate ratings of ego’s 
subjective age on an absolute scale, the lack 
of relationship here may indicate a lack of 
ability on the part of associates to provide this 
subjective rating without a point of reference 
such as that provided by the rating on com- 
parative age. 

Concerning the relationships between role 
changes and adjustment, 13 of the 20 partialled 
relationships are statistically significant, thus 
providing general support for the hypothesis, 
although results are not very uniform. As in 
the case of ratings on comparative age, the 
ego-associate ratings on change in “getting 

around” support one another with respect to 
the validity of the relationship. The remaining 
two role changes are relatively more general, 
i.e, change in chronological age and feelings 
of being treated differently becaus: of age. 
Although both are general enough tu »<ar on a 
variety of other role changes, it is only the 
latter which proves to be related to adjustment. 
One possible explanation is that the variable 
of change in chronological age is far more dis- 
tal to the ongoing changes in patterns of ex- 

pectations experienced by the individual than 
is his feeling of being treated differently be- 

cause of age. Whereas changes in chronologi- 
cal age may or may not be associated with 
changes in reciprocal expectations, depending 
on the situation, a perception of changes in 
treatment accorded by others because of age is 

relatively direct evidence. 

With respect to the relationship between 
role change and subjective age, results are 

somewhat mixed, with only 8 of the 20 possible 
relationships being statistically significant. 

Thus, this relationship is not generally upheld, 
but rather holds only in some triads. Previous 
results based solely on ego’s age identification 
consequently tend to be misleading with re- 

spect to other aspects of subjective age. From 
these results, subjective age seems to be a 
variable which is produced by factors in addi- 
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tion to role changes, and viewing it simply as 
a higher order generalization from role change 
does not do justice to the psychological com- 
plexities of the concept. 

In examining the triadic relationships, we see 
that only two of the original seven A triads 
remain after partialling, while the number of 
D and B triads increases from 5 to 8 and | to 3, 
respectively. The typical situation becomes ore 
in which role change and subjective age each 
influence degree of adjustment, but where no 
relation exists between subjective age and role 
change. The two other situations most in 
evidence, B and F, give role change a lesser part 
in processes affecting adjustment. In B it 
affects adjustment only indirectly, through 
subjective age, whereas in F it is related to 
adjustment neither directly nor indirectly. 

Although many of the correlations are statis- 
tically significant, they tend to be relatively 
low. The evidence presented, while sufficient to 
indicate the existence of a number of important 
relationships, must be supplemented by either 
additional relationships or improved measures 
of the concepts treated here for a thorough 
understanding of the processes affecting the 
adjustment of aged individuals. 

SUMMARY 

In a study of 257 individuals 60 years of age 
or older as well as their close associates, an 
analysis is made of the relationships among role 
changes, various aspects of subjective age, and 
adjustment. A correlational analysis, consisting 
of zero order and partial correlations, is utilized 
to test the hypothesized relationship between 
each pair of variables, as well as to explore the 
triadic relationships in evidence. 

Findings indicate that the relationship be- 
tween aspects of subjective age and adjustment 
is most consistent, followed by the relationship 

between role changes and adjustment, while the 
results on the relationship between role changes 
and aspects of subjective ages are mixed. Anal- 

ysis by means of partial correlations leads to a 
shift in the assessment of the triadic relation- 
ships. While the zero order correlational anal- 
ysis produces a predominance of situations 
where role change is related both to adjustment 

and subjective age, with subjective age being 

related to adjustment, the partial correlational 

analysis results in a predominance of situations 
where role change and subjective age are each 
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related to adjustment without being related to 

one another. The relatively low magnitude of 
the correlations indicates that a good deal is 

left unexplained in the processes affecting the 

adjustment of the aged. 
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AGE AND THE RIGIDITIES 

SHEILA M. CHOWN,}? Ph.D. 

Medical Research Council, Unit for Research on Occupational Aspects 
of Ageing, University of Liverpool 

It is a commonly held belief that as people 
grow older they become less adaptable. Cer- 
tainly it seems likely that they get less practice 
than younger ones in adapting to new circum- 

stances. Not only do social forces tend to en- 
courage habitual actions and modes of behav- 
ior, but within the fixed orbit of the older per- 
son’s life, fewer and fewer completely new ex- 
periences will occur as time goes on. However, 

the stereotype is that older people are unwilling 
to try out fresh activities and that they are ac- 
tually slower to learn. For example, in a recent 
industrial survey in the north-west of England 
(Heron & Chown, 1961), 39% of the foremen 

interviewed said spontaneously that older peo- 
ple were slower to learn, and some of them 

stated explicitly that people over 40 were in 
their view less adaptable. 

Nevertheless one meets exceptions to this pic- 
ture: people who exemplify the proverb “it’s 
never too late to learn,” who seek out and 
enjoy the challenge of new experiences. What 
makes them different? Is it just a different atti- 
tude to new situations? Is some special ability 
of adaptation involved? Is intelligence the de- 
termining factor, or does age itself play some 
part? These questions were obviously relevant 
to problems of training and retraining in middle 
life, under investigation by the unit of which 
the writer was a member; and they are in fact 
important in any situation whether formal or 
informal, in which people of different ages are 
faced with new activities. In order to try to 
answer some of these questions, it was decided 
to carry out an investigation of changes in ri- 

gidity with age. Rigidity in this context has 
been taken to mean lack of change of behavior, 
where a change is necessary for success at the 
task, and where the subject knows that a 
change is likely to be demanded. 

The literature on such rigidity is immense: 
it has been surveyed in some detail elsewhere 
(Chown, 1959). At least 50 tests have been 
used by different investigators as rigidity meas- 
ures. Often investigators have been interested 
in performance on only one test, and have not 
linked their results to other work. As a result, 

_\ Present address: Department of Psychology, Bedford College, 
University of London. 

the relationship between different tests of ri- 
gidity is largely unknown. A few studies (Guil- 
ford, Frick, Christensen, & Merrifield, 1957; 
Oliver & Ferguson, 1951; Schaie, 1958) using a 

variety of tests have been carried out, and it is 
fairly clear from these that rigidity is not a 
unitary trait. However, no clear-cut pattern 
emerges; how many different kinds of rigidity 
there are, which are the most useful tests to 
measure them, whether the kinds of rigidity 
remain equally distinct at all ages—these are 
questions still to be answered. 

It was difficult to choose tests for the present 
investigations since it was desired to cover as 
many types of rigidity as possible and yet to 
keep the length of the test battery to about two 
hours. Practical considerations also demanded 
that the tests be group-administered. It was 
decided to draw from tests already in existence 
and to pay special attention to those which had 
previously been included in factor analytic 
studies. 

In 1949 Cattell and Tiner described two 
types of interference which made it difficult for 
people to change from one task to another. One 
type, Mental Inertia, was defined as interfer- 
ence occurring at the moment of switching from 
one task to another, even when the person 
knows what response he should make. The 
other type they named Structural Rigidity, and 
one form of this, styled Disposition Rigidity, 
they held to be a resistance to change of neural 
discharge paths. This seems very similar to 
habit interference or retroactive inhibition. 
Those tests which were most highly loaded on 
their factor of Disposition Rigidity involved 
motor effort, and consisted of such tasks as 
speed of writing the word “ready” or the figures 
“237” backward compared with normal speed 
of writing and of fairly conventional alterna- 
tion type tasks. 

In a study of flexibility of thinking among 
American Air Force cadets, Guilford et al., 
(1957) found two clear factors of intellectual 
adaptability. Spontaneous Flexibility is shown 
in situations where there is little constraint in 
the requirements of the situation and a variety 
of responses is demanded: “think of as many 
uses as you can for a brick” is a good example. 

353 
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By contrast, Adaptive iexibility is the ability 
to solve a problem or respond to a stimulus in 
several different ways, where the requirements 
are rather closely defined. Having to find a 
number of solutions to Maier’s pendulum prob- 
lem would probably be a measure of the ability. 

Tests which attempt to measure willingness 
to change and liking for change, as distinct 
from abilities when faced with changes, are 
few in published literature. The Wesley Rigid- 
ity Inventory (Wesley, 1953) has been one of 
the most often used; it also correlated signif- 

icantly with certain rigidity tests against which 
it has been tried. It is, of course, a measure of 

self-appraisal which may or may not bear much 

relationship to behavior. 
A previous factor analytic study of rigidity 

in relation to age is that by Schaie (1958). His 
tasks consist of two habit interference tests, 

from which speed measures are also obtained, 
and two short questionnaires about attitudes 
and persistence of behavior. He also included 
the Thurstone Primary Mental Abilities bat- 
tery. Factor analysis showed three distinct ri- 
gidity factors—Motor-Cognitive Rigidity (al- 
most certainly similar to Disposition Rigidity), 
Personality-Perceptual Rigidity and Psycho- 
motor Speed. Scores on all of these decline 
markedly with age and seem to interact with 
intelligence measures at each age. 

These previous workers had named between 
them at least five rigidities or flexibilities— 
Spontaneous Flexibility, Adaptive Flexibility, 
Disposition Rigidity, Speed, and Personality 
Rigidity. From their work it is evident—to re- 
peat the point once more—that there is no such 
thing as a general factor or trait of rigidity. 

AIMS AND HYPOTHESES 

The purpose of the study was to examine 
the relationship between rigidity and age, and 
this was accomplished in three stages. The 
first was to find out the structure of those rigid- 
ities included in the test battery. The second 
was to see which of them were most closely 
related to age and the effects of age on perform- 
ance on the different rigidity tasks. The third 
was to discover whether any reorganization of 
the rigidity factors occurred among older sub- 
jects. It was thought that suitable data gathered 
with these aims in mind would permit a discus- 
sion of age changes in rigidity in relation to 
concomitant changes in intelligence. 

On the basis of Guilford’s work it was ex- 

pected that Spontaneous and Adaptive Flexibil- 
ity would remain distinct, at least among young 
subjects, although this might not be the case 
with older subjects. Schaie’s work, published 
after the present investigation began, led to the 
expectation that Disposition Rigidity, Personal- 
ity Rigidity, and Speed would remain separate. 
It was thought likely that any overlaps, or co- 
alescing of factors, would be between these 
groups of factors and with intelligence. 

TESTS 

Eighteen tests were chosen from those used 
by previous workers. All of them could be 
group-administered, and 25 scores could be ob- 
tained from them. The original administration 
instructions and scoring methods were used 
wherever possible. Details of tests, sources, and 
scores are given below. 

Tests in order of administration 

Progressive Matrices——Raven’s test (1938) of non- 

verbal intelligence was administered with a time limit. 

The score is the number correct in 20 minutes. 

Brick Uses.—This test was used by Guilford (1957) 

as a measure of Spontaneous Flexibility, and the in- 

structions are to list as many uses as possible for a brick. 

The time limit is 10 minutes. The score consists of the 

number of times the type of use mentioned is altered. 

Arithmetic Signs.—This test is adapted from one de- 

vised by Oliver et al. (1951). It has two halves. First 
the subject is asked to carry out straightforward arith- 
metic sums, of the type 3 + 2 — 5 , and (8 + 4) X 

4 . The time limit for this section is one and a half 

minutes. The second half consists of the same list of 
sums, but the conventional meaning of the signs is re- 

versed. Thus, a minus sign means add, a divide sign 

means multiply. The time limit for this section is three 
minutes. Two scores are obtained from the test. The 
first, the number correctly completed in the first half, is 
taken as a measure of Speed. The second score consists 
of the number correct in the second half, divided by 

twice the number correct in the first half. This ratio 
score is taken to be a measure of Disposition Rigidity. 

Matchstick Problems.—Guilford (1957) devised this 
test as a measure of Adaptive Flexibility. The subject is 
told that he will be given a figure of squares or triangles, 

the sides of which are meant to be made of matches, 
and that he will be asked to take away a given number 
of matches so that a given number of complete squares 

or triangles are left behind. He has to find three differ- 

ent solutions to each of 10 problems. There is a time 
limit of 10 minutes for each half of the test, and the 
score is the number of correct solutions found. 

Pictures—This was found by Cattell (1935) to be a 
test of Disposition Rigidity. Four puzzle pictures are pre- 
sented to the subject in turn, and he is asked to see as 
many hidden objects in each one as he can. The time 
limit is one minute for each picture, and the score is the 
number of hidden objects perceived. 
Unusual Uses.—The test was used by Guilford (1957) 

as a measure of Spontaneous Flexibility. Subjects are 
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ts are 

asked to list up to six other uses for six common objects, 

the normal use of which is stated. The test was given 

with a time limit of five minutes for each half, and the 

score is the number of different unusual uses given. 
Synonyms.—The synonyms section from Raven's 

(1943) Mill Hill test of vocabulary (senior level) was 

used; the score is the number of words correctly under- 

lined. No time limit was applied. 
(15-minute interval) 

Hidden Figures—The test is the Guilford (1957) 

adaptation of the Gottschaldt Hidden Figures, used as 
a measure of Adaptive Flexibility. ‘The subject is asked 
to choose which of five simple figures is present in each 

of 15 camouflage figures. ‘The time limit is five minutes, 

and the score is the number of simple figures correctly 

identified. 

Backward Writing—These are four tests of Disposition 

Rigidity used by Cattell (1949). Three straightforward 

tests of writing speed are interspersed with backward 

writing tests of the same material and alternation tests. 

The time limit is half a minute for each subtest. From 

each of the three straightforward tests, a measure of 

Speed is obtained. In each case, this consists of the 

number of letters legibly written. Four ratio scores of 

Disposition Rigidity are obtained. These are (1) “ready” 

backward/“ready” forward, (2) alternate capital letters 

ané small letters/ corrected mean score of written cap- 

ital letters subtest and small letters subtest, (3) double 

writing/forward writing and (4) “237” backward/“237” 

forward. Particular care had to be taken with these 

tests to demonstrate what was meant by backward writ 

ing. 

Squares.—This is a Guilford (1957) test of Adaptive 

Flexibility. The subject is given a set of diagrams re 

sembling draughtsboards and asked to place a certain 

number of X’s on each board so that no two are in the 

same row vertically, horizontally, or diagonally. ‘The 

time limit is five minutes for each half of the test, and 

the score is the number of correct different arrangements 

made. 

Object Naming.—This test was used by Guilford 
(1957) as a measure of Spontaneous Flexibility. The 
subject is given the name of a class of objects and has to 

write down as many objects in the class as he can. The 
time limit is two minutes each for the two classes of 

objects. The score is the number of times the type of 

object mentioned is changed during the subject’s list. 

Blots —The test was devised by Fisher (1950) and 

adapted for the present study by using only 10 of the 
blots and an open-ended presentation. Subjects are 

asked to write down all the things they think each blot 

might possibly represent or be, and there is a time limit 
of | minute for each blot. The score, the number of 

definite objects written down, was expected to be a 

measure of Spontaneous Flexibility. 

Alphabet Test.—This test was adapted from one de- 
vised by Oliver and Ferguson (1951) and it has two 

parts. First, the subject is asked to write the letter of 
the alphabet which comes second, third, or fourth after 

the one listed, depending on the number written after 
the letter. In the second half, the subject has to write 

the letter which comes second, third, or fourth before 

the one listed, according to the number written after the 
letter. The time limit for each half is one and a half 
minutes, Two scores are obtained from the test. The 
number of letters correct in the first half is taken as a 
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measure of Speed, while the second score is a ratio: the 
number of letters correct in the first half / the number 
correct in the second half. This ratio is regarded as a 

measure of Disposition Rigidity. 

Impossibilities——This was another Guilford (1957) 
test of Spontaneous Flexibility. The instructions are, 
“list all the complete and utter impossibilities you can 
think of in 4 minutes.” The score is the number of 

complete impossibilities given. 

The Wesley Rigidity Inventory.—This questionnaire, 

originally developed by Wesley (1953), here consists of 

39 items thought to describe the “rigid” person. ‘The 

scoring was adapted by the present author on the basis 

of a factor analysis of the answers given by these 200 

subjects (Chown, 1961). The first score includes items 

such as “I am a methodical person in whatever I do,” “I 

believe that promptness is a very important personality 
characteristic.” The second score was related to low score 

on the Progressive Matrices, and includes such items as 

“I prefer doing one thing at a time to keeping several 

projects going.” The third score, associated with chron 

ological age, consists of items such as “I dislike having 

to learn new ways ol doing things.” Unit weighting was 

given to the items. 

” 

Note on the use of ratio secores—Where one half of 

a ratio score consists of the average of two straightfor 

ward tasks and the other the performance at the two 

tasks mixed, the average score must be corrected for 

each subject to ensure that account is taken of any dif- 

ference in the difficulty of the two tasks making it up 

(Kleemeier & Dudek, 1950). The formula used in the 

2xy 
present instance was ———, where x 

x+y 
scores on forward writing sub 

score on capital 

letters subtest, and y 

test. 

Many people have preferred to avoid ratio scores be- 

cause a small chance difference in the raw scores obtained 

can make a large difference to the ratio. On short tests, 

this danger is particularly great, and strict instructions 

have to be given to subjects about starting and stopping. 

Diposition Rigidity as discussed by Cattell was mea- 

sured by ratio scores and it was therefore desired to 

follow his practice for the present study. In fact, it is 

sasier to criticize than to find a completely satisfactory 

alternative form of score. Backward and forward per- 

formances are themselves highly correlated; using ratio 

scores lowers the correlation between the normal and 
unusual aspects of the task since it helps to control the 

effects of speed. However, where one half of the ratio— 

in this case the numerator—is to be used as a measure 
of a different ability, there is a considerable risk that the 

two scores will still have a sufficiently high correlation 
to cause the emergence of a spurious factor. 

SUBJECTS AND METHOD 

Two hundred subjects, age range 20-82, were 
given the battery in small groups. Subjects 
were obtained from military hospitals, foreman 
courses, adult education classes, ex-servicemen’s 
and over-60’s clubs. Since the battery took two 
and a quarter hours to complete, a break for 
refreshments was provided after the first one 
and a quarter hours. With subjects from the 
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over 60’s clubs, the tests were given in two 

sessions one week apart. 
The tests were completed anonymously, and 

no personal information was sought apart from 
age. Scores on the Mill Hill Vocabulary were 
higher among older subjects until the 70-year- 
age group, while those on the Raven Nonverbal 
Intelligence (given here with a 20-minute time 
limit) rose until the 30’s and then fell off lin- 

early. These facts suggest that the group as a 
whole was probably of average to above aver- 
age intelligence, but that the 20-year-olds may 
have been less bright than the other subjects. 

STATISTICAL ANALYSIS 

Analysis 1. The intercorrelations of 25 test 
scores and age, all in the form of stanines, were 

analyzed by Hotelling’s principal components 
method. After obtaining eight factors, which 
accounted for 65% of the variance, the latent 

root of the ninth factor was found to be less 
than 1.00 (Kaiser, 1960a) and the analysis was 
stopped. Graphical rotations were first carried 
out to remove two factors of Nonverbal Intelli- 
gence and Age. Each factor in turn was rotated 
against factor 1, by putting one axis through 
the age loading and keeping the other ortho- 
gonal to it. A similar procedure was later car- 
ried out with each factor and factor 2, putting 

the factor 2 axis through the loading of Raven’s 
Progressive Matrices each time. This procedure 
ensured that as much of the variance as pos- 
sible should be removed in these two compo- 
nents and that pure rigidity factors should be 
left. It was an attempt to see how far each type 
of rigidity could be said to exist when age and 
nonverbal intelligence scores were partialled 
out. The remaining six factors were subjected 
to the “normal varimax” method of objective 
rotation (Kaiser, 1958) and later adjusted by 
graphical rotation, where this seemed to im- 
prove the purity of the factors and to cut down 
the number of tests which had high loadings 
on more than one factor. 

Analysis 2. A further analysis was used to 
provide clues as to the type of change to be 
expected with age in rigidity factor interrela- 
tionships. Three age groups of 60 subjects each 
were drawn from within the main sample. The 
mean ages of the three groups were 26.4, 40.7, 
and 60.7 years, with respective standard devia- 

tions of 4.48, 4.24, and 8.54. Age was partialled 
out for each group and principal components 
analyses were carried out to the same criterion 
already described. (The three correlation ma- 

5 
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trices were based on ‘T-scores, a refinement 

made possible by an improved computer pro- 
gram.) A similar rotation procedure was used 
to that already described: in each case an Intel- 
ligence factor was taken out by hand, by maxi 
mizing loading on the Raven test. “Normal 
varimax” objective rotation was carried out on 
the remaining factors, which were then ad 
justed by graphical rotation. 

RESULTS 

Analysis 1. The rotated factor loadings are 

shown in ‘Table |. Apart from the Intelligence 
and Age factors, four of the five rigidities remain 
distinct, with separate factors and no overlap. 

That is, not only were the factors orthogonal 
and uncorrelated, but no test loaded above 0.30 
on more than one of the rigidity factors. These 
factors are Spontaneous Flexibility, Personality 
Rigidity, Speed, and Disposition Rigidity 
(which gives rise to two factors, one with the 

alternation tests, the other with the backward 

writing tests). 

TABLE 1. ROTATED FACTOR LOADINGS OBTAINED AFTER 
PRINCIPAL COMPONENTS ANALYSIS OF RESULTS FROM 

200 SuBJECTS AGED 20 - 82, 

Obtained Factors 

Hy pothesiaed Alph 

PR Dy DK PeR Factors ‘Tests Age “y"” BF 

Age Au a 0-02 Oh Oh 02 Ol WO 

Ye Raven i 66 OO OL O86 —02 —O1 

Mill Hill 5b, 68 OF ~-16 17 -H -02 

Adaptive Matches iS 42 O08 2 —2) 16 —12 —10 

flexibility Hidden figures 7 71 OF 0 OF -11 me ON 

Squares 068 65 —24 —O1 0 22-25 

Brick uses 21 48 iG AG 4-06-01 

Spontaneous Unusual uses (2 7] jy 05 #17 -06 O# Ol 

flexibility Object naming 21 7) 42-21 —-07 —04 3805 -0 

Imypossibilities 02 4i Ja OF 22-285 % B 

Blots 10 33 66-06 -18 13 =I Ob 

Pictures 2 34 67-06 OL 10 —0K - 

Personality Wesley 1 12 04-02 Mw —12 OF It Wb 

rigidity Wesley 2 16 2 60 38 «(13 10 —08 —10 

Wesley 3 \8 27-22 32 21 —22 —07 —22 

Ready (ratio) 4-11 10-18 72 &% i 

Disposition Double (ratio) i -12 68 WW Oh fH WO 

rigidity Alternate (ratio) Ol —24 —O1 22 OG 18 —10 

237 (ratio) 1-6-0 -06 M7 0B w © 

Signs (ratio) 07-06 08 % 4-27 7 

Alphabet (ratio) -—11 —-23 00 06 —OI 10 A w 

Writing ready 8 5 A-18 6 Ww fw WW 
Speed Writing sentence 02 63 18-12 —02 2% (ih ll 

Writing 237 -17 63 W—-ll 06 22 G4 
Signs (normal) 08 6 02 0 13-14 4 bb 

Alphabet forward) -11 64 07-06 10-06 15 & 

§.2 5.5 4.8 7.2 4.8 

Total: 657, 

_ oe % Variance 9.8 20.0 
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On the factor of Non-verbal Intelligence it 

can be seen that Spontaneous Flexibility, Adap 
tive Flexibility, and Speed all load highly. Adap 
live Flexibility is in this heterogeneous sample 
ilmost wholly accounted for by this factor. One 
aspect of Personality Rigidity previously found 
to be associated with lack of intelligence 

(Chown, 1961) loads negatively on this factor, 

as expected, 

On the Age factor, verbal intelligence is 
highly and positively loaded; nonverbal intelli- 

gence, two of the Adaptive Flexibility tests and 
the Double Writing test of Disposition Rigidity 
load negatively. The Personality 
Rigidity involving liking for habit is also asso 

ciated with age as anticipated. 

aspect of 

Four tests of previously unproved factorial 
composition were included in the battery. Blots 
is a measure of Spontaneous Flexibility as ex 
pected; Pictures also proves to be a measure 

of this. It had been expected to load either on 
Disposition Rigidity as found by Cattell, or on 
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Adaptive Flexibility, since Guilford suggested 
that Perceptual Flexibility was likely to be a 
form of Adaptive Flexibility. The Alphabet and 
Arithmetic Ratio scores are not measures of 
Disposition Rigidity as defined by Cattell’s tests 
in this battery. The Forward and Ratio scores 
for the Arithmetic and Alphabet tests have 
emerged on the same factors. (See note above 
on use of ratio scores.) 

Mean scores on the tests of subjects of differ- 
ent ages are shown in Figures 1-6. Scores are in 
the form of stanines, and tests have been 
grouped into factors on the basis of the analysis 
already described. High scores are in the direc 
tion of flexibility. 

On tests measuring Spontaneous Flexibility, 
the average performance increases with age 
until the 40’s and decreases after the late 50’s. 
The tests of Speed show a slight increase with 
age up to the early 60’s and then a marked 
fall-off. In this respect the results differ from 
those of Schaie whose measures of Speed not 
identical with those used in the present study, 
declined in an approximately linear fashion 
with age. 

Disposition Rigidity tests do not all follow 
the same pattern with respect to age. Using 
ratio scores should have had the effect of hold- 
ing speed of performance constant. Thus, those 
people who were slow at the normal forward 
half of the task, could also be slow at the 
backward half without incurring any penality. 

Fall-off in speed on the backward half often 
occurred before any slowing on the forward 
half; hence these ratio scores tend to penalize 

subjects in the 40-60 age group. This slight 
U-shaped pattern is not maintained for the 
Double Writing task, which shows an approxi- 

mately linear decrease in ratio score with age. 

The Nonverbal Intelligence test scores and 
two of the Adaptive Flexibility test scores de- 
cline consistently with age. (The Squares Test 

has been omitted from the graph, since half the 
subjects obtained a score of 0 and the test was 
nondiscriminatory for this reason.) One of the 

Personality scores (Liking for Habit) shows a 
slight decrease with age also. The tests which 

show a most nearly linear decline when aver- 
age scores are plotted graphically against age 

are those which load highly on the age factor 
in the principal component analysis. 

Analysis 2. The rotated factor loadings from 

the principal component analyses of the three 

CHOWN 

age groups are shown in Table 2. From the 
tests loading highly on each factor it was pos- | 
sible to name the factors in the three analyses 
and fair correspondence seemed to exist between 
them. However, movement of loadings of indi- 

vidual tests from age group to age group helps 
to confuse this identity by inspection. It is 
likely that different age-inflexion points for the 
various tests cause the strength of the relation 
ship between tests to depend on the age of the 
subjects being tested, and thus it was expected 
that the factor structure would alter somewhat 
according to the age group considered. For ex 
ample, only in the old group does anything like 
a factor of Adaptive Flexibility emerge. Such 
flexibility is apparently characterized by Liking 
for Detailed Work, as measured by the first 
score of Personality Rigidity. While these 
groups are too small to give definitive results, 

they are certainly large enough to provide clues. 
Of the Spontaneous Flexibility tests, only Brick 
Uses and Unusual Uses are consistent measures 
through all groups. On the other tests, discrep- 
ancies occur in the middle and old groups, not 
in the young group for whom the tests were de- 
signed by the original investigators. In the mid- 
dle group Object Naming appears in quite a 
different factor—Impossibilities and Blots load 
on Spontaneous Flexibility but also on Disposi 
tion Rigidity 2 and Speed, respectively. Pictures 
appears on Disposition Rigidity 1; in this age 
group only, the loading agrees with Cattell’s 
results. In the old group, Pictures appears only 
on the Arithmetic factor. Object Naming ap- 
pears on Spontaneous Flexibility but also on 
Disposition Rigidity 1. 

An objective method of comparing factors in 
the three analyses was sought. A coefficient of 
similarity (Barlow and Burt, 1954) was tried, 

but as there is no test of significance for this 
coefficient it is difficult to interpret. Kaiser 
(1960b) has recently suggested a measure 
which may be treated as a correlation coeffici- 
ent. This depends on matching the variables 
between two studies, using all the available 
data, and then measuring the relationships be- 
tween all the factors. The relationships exceed- 
ing the 0.05 level of probability (i.e., at least 
0.71 for an N of eight factors) are shown in 
Table 3. This makes it clear that the factors 

of Nonverbal Intelligence, Spontaneous Flexi- 
bility, and Personality, are closely related in all 
groups. The Arithmetic and the Speed factors 

are closely related in young and middle groups; 
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TABLE 2. ROTATED FACTOR LOADINGS OBTAINED AFTER PRINCIPAL COMPONENTS ANALYSIS OF RESULTS 
FROM ‘THREE AGE GROUPS. 

Young Middle Old 

N=60 Mean Age=264 O=4,48 N=0 Mean Age=40.7 O=4.24 |) N=66 Mean Age=60.7 O84 

Obtained factors Obtained factors Obtained factors 
oo 

| ow i -% a 
Hypothesized Tests ‘ j ‘ “| ‘ ri 

Factors Age partialled out “eo” SFU PRI DRI DR? SP) & a “ PR) PRe DRY DRy & 7 lq" SF PR) PRE DR DRe & | a 

"y" Raven Ww OO OO) 00) 00) 00) 00) 00] 74) 00) 00) 00) 00 00) 00 00| 84) 00) 00) 00) 00) 00 7) OO 

Mill Hill 57] 22)—18) O8—10—04) 13 20 jk) Of—10 14) O08} O02) OV ~O1 | 50,03) ~ 28 —10)—26) 21)—02) 36 

Matchen p | 06} 13\—07] 21) 10-—07 08] $8) W382 —16 10-20) 42 19) 34-01) 7128-13) 04—10) 04 

Adaptive Hidden figures as} O4—07; 24) 12) 10-08 30) 7) 22-08 —08 —O1—15—02—00) 639) OW 38 —02)—02—31,—00 OR 

flexibility Squares {M27 — O13) 64)—27,—13)—21) 6b —1 A)—13'—23, 13) 14, 26—14 53-10 20) Ol Ol 1 4, O8 | | 

Brick uses 50) OO} WB) 12.27 —08)}—12)—04] 15) 68) 21) O4—08) 20/04 36) 33) 74, OR —O0) 04 —04—12)—07 

Spontaneous Unusual uses | 65, 66) OO OB O00 4) 02) 13) WwW 7-07-08 O04 OW-O7 14 6, 62 OO OL, OW O38) 2-02 

flexibility Object naming 63, 40 —24—20—04) 20-19-10) 28) 28-19) 24) 2H—12) O2 48) 38 44~20, OB —47' 26) 28) OB f 
Imponsibilitios j e 6H OO 2-02-02) O88} 23) 23) 48 12) OW 12)\—42) 27) 18 17, 57 O8F 26—14)—18 04 23 

Blots | 2 58) O28 14 26 2h 111 160 37)—07)—24,—02)—11}—16 60) 28 64) 20—26—20) OW 15 

Pictures 38) 64}—O0}—20) 22 —00)—24 o2| 10, 20) 22)—26 44;—O02}—25) 32) 26) 26 27 O04—11) 04 47) 08 

| 
| 
| Personality | Wesley 1 06) Ol 82) W144) 02)-06 16] 12;—16) 70—O8}—28 17) 13) 04 11) O04 7% ) 

rigidity Wesley 2 8] 05 73-10) WW 16-01 17| 3 — 2) 15) 87] OB} 14) 16 1O)—16, 12) 14) 75) 17 —14)—11)—12 

Wesley 3 | 22) 22) 30) 16—43) 19 20 0) WN 13) 76 —27) OW OF —16) OF —41 14) CH —23) 19 18) O02 

| | 
Ready (ratio) 07) 12)}—15) 75) 13) 02) 20 20) 07, 07-02) 26, 71) OO} 21) 20)—06 16-03 —00) 69 23-12) OD 

Disposition | Double (ratio) 2M) 26) OW 22) 64) 20-02) 07) —15)—03)—02)—02 21) 80 18-02 7 «19) 10) 1105, 64\—27\—00 

rigidity Alternate (ratio) }~37] 19) O05 66) 05 —18—28 15! 6) 11) 08) 17-20) 68 O05) OO) —23—20) 15,—02) 28 62 —03) OR 

237 (ratio) iI) 10) 04) 4824) 24) 12) 00)/—08}—07|—26) 20) 74 12) O1—08)—05)—18—26 13) 73 23) 10) 09 

Signs (ratio) 27; 03; O7| 16) 16) 27) 7 10)—34) 04) 07) OO—10) 03) 77, 07) 10-14-10) 12) O08 —O8) 76-03 

Alphabet (ratio) (7) O5 14-12 OW 11)—06) 68 15\—27| OF 10—28—14—22 62|—21) 05 06-04" 24-00 14 &8 

| 

Writing ready 25) 25-18) 22) 21) 6o/—15) OB) 38) 40—15—-04—01 03) 20) 46) 65) 24-08-02) 11) 46 20 05 

Speed Writing sentence | 24] O8—04' 18 25 7H—O1} 13) 48 21—16)—02—05 26 27, 68) WW 2—-06—04—06 39 24, 07 

Writing 237 12) 10—04, 18—25 77'—01) 05] 44, O38} —24) 04-—-07—14 23 GN 71, 2-15 038 16 34 20-05 

Signs (normal) | 5402) O8 O68 O38 44 28 16 hb} 15) 24) 04 22 O7| 63 20) 79 10 OW 22—14 038 26 OD 

Alphabet (forward) | 43 1204-04 13) 16) 22) 66 47; O1 28—06 28—17) 20 59 2 02-03-01 —-01, 04-12 67 

, | | | " 
% Variances 117.9) 9.9 6.0 7.6) 5,410.8) 6.3) 5.9/15.3) 9.9) 5.2) 6.1) 7.8 6.8 7.212.0)20.810.0, 6.8 5.8 6.9 6.9 7.2 6.1 

Potal: 70° Total: 70% | Total: 71% 

TABLE 3. RELATIONSHIP" BETWEEN FACTORS OF THE THREE AGE GROUP ANALYSES 

Young Middle Old Young 

“ . 89 “g 86 "4 87 4 

SF 83 SF 76 SF 03 SF 

Ww 80 Wi 88 Wi 73 W 

(NP) Ws 96 W2 (NP) 
Arith R . 82 Arith R 70 Arith R | Arith R 

75 

Speed .87 Speed /Alph (NP) Speed 

75 

Alph R (NP)b Aplh R 97 Alph R 

.78 

| 
DR: | DR: 90 . DR: 81 DR: 
Da DR: 84 - DRe 79 DRe 

"Based on Kaiser's measure (1960b), which may be treated as a correlation coefficient. Only values where p< .05 are included in the table. 

“(NP) «not present. 
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Disposition Rigidity and Alphabet factors are 
related in middle and old, and in young and old 
groups, but not in young and middle. Speed 
as measured in the young group is best mea- 
sured by Arithmetic in the old group, while 
Speed in the middle group links best to the 
Alphabet factor in the old group. Inspection of 
the loadings of the Speed tests through the age 
groups reveals a shift from young, where there 
is a distinct Speed factor, to old, where the 
effects of Speed are more diffuse and where, for 
example, the loadings of these tests on the Non- 
verbal Intelligence factor are much greater. 

DISCUSSION 

The first aim of the research was to find out 
how much overlap occurred between the dif- 
ferent kinds of rigidity included in the battery. 
It has been clearly shown from the whole-group 
analysis that they remain distinct. The investi- 
gations of Guilford and of Schaie already 
quoted should have made it obvious that rigid- 
ity can no longer be regarded as a unitary con- 
cept. It is hoped that the addition of the pres- 
ent evidence will further weaken the myth of 
the “rigid” person, since at least five kinds of 
rigidity were shown to preserve their individu- 
ality in this analysis. (Two further possible 
types of rigidity test, Einstellung and concept 
formation tasks of the card sorting type have 
not been included.) When age and intelligence 
are held constant ‘by statistical means—in this 
case the variance due to them was removed dur- 
ing tthe first stages of the rotation procedure— 
individual differences in at least five types of 
rigidity persist. 

A very small number of tests displayed an 
age relationship as distinct from an intelligence 
relationship. These tests and these only, gave 
approximately linear declines in scores with 
age. They were Matches, Hidden Figures, Writ- 
ing Letters Doubled, and Liking for Habit. 
(The latter suggests that older people do see 
themselves as preferring to keep to established 
routine.) Many of the tests showed a rise in 
score with age until the 40’s and even the 50’s. 
Although the tests were intended to be mea- 
sures of adaptability, in many instances those 
subjects with a wider background of experience 
would be able to do better on the tests—e.g., 
when giving uses for a brick, “to raise the foot 
of a bed in case of illness” would probably 
occur more readily to someone who had seen a 
brick used in this way. Men who have lived 
longer may have more of these unusual but 

CHOWN 

practical experiences to call on. A qualitative 
analysis of answers to this task lends some sup- 
port to this idea. There was a tendency for 
middle-aged men to give more “common”” re- 
sponses and for a few of these common re- 

~ 

sponses to hold up best in old age. Unusual | 
responses, given by 11 or less people, declined 
in number with age to some extent. 

A similar argument of “use” may be adduced 
to account for the continued rise in perform- 
ance on speed tests until the late 50’s. The 
fall-off in speed first becomes marked in the 
age group which includes men who have re- 
tired; the tests are of abilities which are con- 
stantly practiced until that time and which are 
given much less use thereafter. At the same 
time speed becomes more important in the old- 
est group of subjects in that slight speed load- 
ings are found on several factors. As might be 
expected, it looks as though performance on 
many tests in this age group was limited by 
the speed of work of the subjects concerned. 

It is necessary to stress the relationship be- 
tween nonverbal intelligence and the various 
forms of rigidity. A subject’s level of nonverbal 
intelligence plays a part in his performance on 
most kinds of rigidity test—in this battery, on 
all except the Disposition Rigidities. As long ago 
as 1935, Cattell pointed to low “g” as one caus2 

of “rigid” behavior as defined in this paper. The 
present results illustrate the closeness of the F 
relationship once more. In the first analysis, 
65% of the total variance was removed, and 

almost a third of this was accounted for by the 
Nonverbal Intelligence factor. Unless actual 
level of nonverbal intelligence regardless of age 
is taken into account, individual differences in 
rigidities may often be masked; or on the other 
hand, and just as serious, they may seem to be 
present when they are not. 

ad 

Since nonverbal intelligence declines fairly | 
regularly with age, its masking effect over rigid- 
ity is particularly important when age-rigidity 
relationships are being studied. It is fairly 
clear from the present results that where intel- 
ligence of the problem-solving variety seems to 
be lower among older people (true for most 
cross-sectional work at present), older people 

are also going to seem more rigid and slower 
— w 

in other respects. Studies relating age to any | 
form of rigidity have been rare. In general the 
evidence suggests that older people have the 
greatest difficulty with complex new _ tasks. 
Their problem often seems to be in holding sev- 
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eral conditions or aspects of the task in mind at 
the same time. Bromley (1953) reported this 
trouble in a qualitative analysis of responses to 
Raven’s Progressive Matrices, Clay (1954) 
found it in a task of arranging counters on a 
board to give fixed row and column totals, and 

Kay (1951) in a task where his subjects had 

to carry out two sets of translation in order to 

press the correct button in response to a light. 
Berg (1948) found that subjects in their 60’s 

were unable to shift from one concept to an- 
other and unable to explore the possibilities of 
a card sorting task as well as young people. 
Heglin (1956) showed that older people fell 
more readily into the “set” way of answering 
water jar problems than younger ones. His 
work is particularly interesting, however, for 
the second part of the experiment. When his 
subjects were warned of the danger of over- 
looking short cuts, the middle-aged did best, 

then the young, and last the old. Heglin re- 
ported the common experience of older people 
taking longer to carry out the tasks than 
younger ones. All these difficulties among older 
people are ones which might be expected to 
occur if highly intelligent and less intelligent 
groups of any age were being compared. 

It could be argued that rigidity is the cause 
and not the consequence of lack of “g” among 
older subjects. The apparent fall-off in ability 
of older subjects to carry out Raven’s Matrices 
could be attributed to lack of ability to shift 
from one idea to another, to failure to carry 

several ideas in the mind at once, and even to 

some extent to slower speed of performing psy- 
chomotor tasks. Once this idea has been set 
out, it can be seen that the abilities mentioned 
as part of the rigidities are in fact the very 
abilities which are included in most people’s 
concept of intelligence. From the present bat- 
tery of tests, it seems that in some part these 
abilities do occur together, in the form we nor- 

mally call “intelligence,” but that each of them 
also exists separately to varying degrees as the 
different form of rigidity. To regard decline in 
“g” as dependent upon changes in certain rigid- 
ities may be helpful for research purposes; but 
there seems no point in giving six tests where 

the single test of intelligence would do. Factor 
analytic studies naturally give no indication as 
to whether some form of the rigidities or “g” is 

the more fundamental, independent, variable in 
this respect. 

The role of age is at first sight a minor one. 
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It is complicated because “g”’ itself is negatively 
related to age. It is impossible to separate out 
age and intelligence into factors such that 
neither loads upon the other—just as it is im- 
possible to separate out the two satisfactorily in 
real life. Subjects who are chosen from similar 
backgrounds but who are of different ages will 
almost certainly show a decline in score on 
many rigidity tests. Even when the method of 
rotation gave all possible advantage to age as 
a factor, so that the age relationships found 
were the largest that could be obtained from 
these data, the effects of low intelligence score 
seemed to be more far-reaching than an in- 
crease in age as such. The first factor taken 
out was the Age factor, and this accounted for 
10% of the total variance. The Intelligence 
factor was taken out second and accounted for 
20% of the variance. A study is now under 
way whereby subjects of various ages, matched 
for present nonverbal intelligence score, will be 
given a series of rigidity tests. The results from 
this study are, however, unlikely to be wholly 
attributable to age, since it is highly improbable 
that factors such as social class and occupa- 
tional background can be matched at the same 
time as actual nonverbal intelligence level. 

The most marked change in the interrela- 
tionships between factors with age was in the 
role of Speed. The speed tests formed their 
own unique factor in the young group, main- 
tained this to a lesser extent in the middle 
group, and were loaded most highly on the 
Nonverbal Intelligence factor in the old group. 
Thus among old people, but not among the 
young, these speed tests became a measure of 
intellectual capability and of the extent of the 
preservation of this function. Work is at pres- 
ent under way on a large group of subjects to 
see whether the time limit on the nonverbal 
intelligence test used affects final score on the 
test. Data from Semeonoff (1958) suggest that, 
if anything, people over 40 are less handi- 
capped by such a time limit than younger ones. 
Lack of speed in itself has never been regarded 
by the present author as a type of rigidity, but 
rather as a way in which the adaptability of old 
people might often be judged by laymen. In 
this respect it is apparently as good—and as 
misleading—a guide as their present nonverbal 
intelligence score. 

SUMMARY 

Sixteen tests of rigidity and 2 of intelligence 
were administered to 200 men who ranged in 
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age from 20-82 years. A principal component 
analysis was carried out on the results from the 
whole group. Separate principal component 
analyses were also carried out on three age 
groups drawn from the main sample. 

Individual differences not associated with age 
or intelligence existed for five distinct kinds of 
rigidity, Spontaneous Flexibility, two factors of 
Disposition Rigidity, Personality Rigidity, 
Speed, and Alphabet Rigidity. 

It was not possible to separate out age and 
intelligence into factors such that neither 
loaded upon the other; in this analysis the max- 
imum possible effect was attributed to age. 
Thirty per cent of the total variance could be 
accounted for by the Age and Intelligence fac- 
tors together. 

Tests with the highest loadings on the Age 
factor were Matches, Hidden Figures, Double 
Writing, and Liking for Habit. 

The effects of low intelligence score were 
more far-reaching than age itself. In this anal- 
ysis, 20% of the variance was accounted for by 
the Intelligence factor and 10% by the Age 
factor. 

Statistical comparison showed that similar 
components could be identified in the three 
analyses of different age groups. 

However, the sharpness of the individual fac- 
tors varied from age group to age group, and 
the effects of Speed in particular became more 
diffuse with increasing age. 

The author wishes to thank Dr. Alastair Heron, 
Director of the Unit, for his help in obtaining subjects 
and his most useful criticisms at all stages of the work. 

The Deuce computer programs used in the analyses were 
written and operated by Mr. Alan Kirk of the Numerical 
Analysis Department, Liverpool University, and Miss 

Margaret McEwan of the Unit, to both of whom the 

author is deeply grateful. 
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ANALYSIS OF THE WAIS SUBTESTS IN RELATION TO AGE 

AND EDUCATION! 

JAMES E. BIRREN, Ph.D., AND DONALD F. MORRISON, Ph.D. 

(Section on Aging, National Institute of Mental Health, Bethesda, Maryland) 

The purpose of this study was to analyze a 
set of mental test correlations involving age 
and education in such a way as to lead to 
inferences about the nature of the functional 
changes implied by age differences in mental 
test scores. The analysis was based upon data 
obtained with the WAIS, a well known indi- 
vidual test of adult intelligence. A number of 
previous studies have been concerned with age 
changes in scores on the WAIS or the Wechs- 
ler-Bellevue (Balinsky, 1941; Birren, 1952; 
Cohen, 1957 a & b; Doppelt & Wallace, 1955; 
Eisdorfer, Busse, & Cohen, 1959; Kallmann & 
Jarvik, 1959; and Wechsler, 1955b). The com- 
prehensive review by Jones (1959) identifies 
most of the unresolved issues, some part of 
which are under investigation here. Perhaps 
the most important difference between pre- 
vious studies and the present one is the fact 
that the present study includes both age and 
educational attainment as variables in an anal- 
ysis of a matrix of inter-correlations of mental 
test scores. 

Recent studies are beginning to raise meth- 
odological questions about analyses of the or- 
ganization of psychological measurements with 
advancing age (Bromley, 1961; Chown, 1961; 
Pacaud, 1961; Riegel, 1959). 

With advancing age, the cumulative effect 
of experience presumably leads to an increase 
in scores on tests which have a large component 
of achievement in them, e.g., vocabulary and 
general information. In contrast to such posi- 
tive correlations with chronological age, nega- 
tive correlations are found between chronologi- 
cal age and certain sensory and_ perceptual 
functions. There is also an effect on test scores 
produced by the lower educational attainment 
of older generations; in the present adult popu- 
lation, educational level is somewhat negatively 
correlated with age. Other issues might also be 
raised, like the effect of change in content of 
education, e.g., the equivalence of 8 years of 
schooling today versus 30 years ago. Although 

Grateful acknowledgement is given to Elliott Cramer, who played 
an indispensable role in the machine processing of the data, and to 
4nn T. Randall, who rendered extensive computing and clerical 
assistance, particularly in the computation of the multiple, partial, 
and canonical correlations. 

such difficult issues lie ahead of us, we should 
at least begin to group those tests which are 
positively related to age and those negatively 
related to age and raise hypotheses to ac- 
count for their differences. For simplicity, the 
initial hypothesis is posed that an analysis 
of age and mental test data should show at 
least one incremental factor reflecting increased 
experience and one decremental factor reflect- 
ing changes in functioning of the central 
nervous system. While suitable for testing 
such a simple hypothesis, the principal com- 
ponent analysis used in the manner of the 
present study does not preclude the possibility 
of identifying larger numbers of mutually in- 
dependent incremental and decremental com- 
ponents in aging of intellectual performance. 

SOURCE OF DATA 

The data on which the present analysis is 
based are a selected portion of the standardiza- 
tion data of the Wechsler Adult Intelligence 
Scale (Wechsler, 1955a). These data were used 
because they were perhaps the most adequate 
available from a population of subjects of a 
wide age span and known characteristics of 
education and occupational background. Their 
use is made possible through the kindness of 
David Wechsler and the Psychological Corpor- 
ation. 

To avoid the uncertain contribution of 
language problems and educational equivalance 
and opportunity, only data obtained from male 
and female native-born, white subjects were 
used. A total of 933 subjects, aged 25-64 
years, was used in the analysis (Table 1). 

METHOD OF ANALYSIS 

Product moment correlations were computed 
for 13 variables; the 11 WAIS subtests, age, 
and education (Table 2). Correlations were 
initially determined for men and women 
separately, but the sex differences were re- 
garded as of impractical significance and the 
data were combined. 

From the data in Table 2 it is possible to 
compute partial correlation matrices with the 

363 
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subtests intercorrelated with the effect of edu- 
cation held constant (Table 3). The correla- 
tion and partial correlation matrices were sub- 
jected to Hotelling principal component analy- 
ses. 

RESULTS 

As might be expected from the size of the 
correlation coefficients in Table 2, the variance 
associated with the first component was rather 
large (Table 4). Component I accounted for 
51% of the total variance in the correlation 
matrix. This component was found to be iden- 
tical with the first factor extracted by a cen- 
troid factor analysis and can be regarded as 
the common factor, or g, measured to some 

TABLE 1. SAMPLE OF SUBJECTS ACCORDING TO AGE 
AND YEARS OF SCHOOLING. 

BIRREN AND MORRISON 

extent by all subtests of the WAIS. Of interest 
is the relatively small coefficient associated with | 
age —.13, in contrast to the higher and positive 

coefficient for education .29. In fact, the rela- 

tionship between the first component and edu- | 

vation is about as high as that between the 

first component and any single subtest. Thus, 

as a single variable, educational attainment | 
for this population would be about as good as 
any single subtest in estimating the level of 
ability as measured by the common variance of 
the WAIS. 
When the principal components were ex- 

tracted from the partial correlation matrix of 
Table 3, which holds education constant, the 

first component accounted for a smaller part 
of the total variance, i.e., about 37% (Table 5), 

AGRE RAE TS 

In this analysis the relation of age to the first j 

en oe 

Age Years of Schooling Total component became relatively trivial. 
0-8 9-12 13+ In contrast to the first components, where } 

aaa P= aa - an age was of small relationship, component II 
35-44 151 52 99 302 was intimately associated with age, in both 
45-54 54 133 40 227 analyses (Tables 4 and 5). In fact, chronologi- 
55-64 85 87 19 191 ‘ é 
: od iste Sesesia __. cal age was the largest single contributor to the 
Ted... - = wad %%3 common variance identified in component II 

TABLE 2. WAIS CoRRELATION MATRIX: 11 SUBTESTS AND AGE AND EDUCATION". 

1 2 3 4 5 6 7 8 9 10 11 12 

1 Infovmation.............. 

2 Comprehension... . 67 

3 Arithmetic 62 54 

DD Ts occ ccccccccnesece 66 60 51 

5 Digit span........... 47 39 51 41 

6 Vocabulary 81 72 58 68 45 

7 Digit symbol... 47 40 41 49 45 49 

8 Picture completion........ 60 54 46 56 42 57 50 

9 Block design....... 49 45 48 50 39 46 50 61 

10 Picture arrangement.......... 51 49 43 50 42 52 52 59 54 

11 Object assembly 41 38 37 41 31 40 46 51 59 46 

es —07 —08 —08 —19 —19 —02 —46 —28 —32 —37 —28 
13 Education............ 66 52 49 55 43 62 57 48 44 49 40 —29 

Norg.—N =933 native-born white males and females, age range 25-64. 

"Decimal points omitted. 

TABLE 3. WAIS PARTIAL CORRELATION MATRIX: 11 SUBJECTS, AND AGE; EDUCATION CONSTANT®. 

1 2 3 4 5 6 7 8 9 10 il 

Sct ccscsncoseneese 

SR cccidbenccccreoccece ie 

6s ng cans dueuieold's son vee 46 38 

IIE eo ocnvccccccccdecss scene 48 43 32 
|. cr 28 21 38 22 
Dig Tees 6 od. by winten.s 68 60 40 52 26 

i | terre ; 15 15 18 25 27 21 

8 Picture completion................... 44 39 30 40 27 39 31 

9 Block design................ 29 29 33 34 25 26 34 50 
10 Picture arrangement................... 29 32 25 31 27 32 34 46 41 

11 Object assembly....................005 21 22 22 25 17 21 31 40 51 33 
Ne oe acti -conlewanit 17 08 08 —04 —08 22 —38 —16 —22 —27 —19 

Nors.——-N = 933 native-born white males and females, age range 25-64. 

*Decimal points omitted. 
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AGE AND EDUCATION EFFECTS ON THE WAIS 

TABLE 4. PRINCIPAL COMPONENTS: ANALYSIS OF WAIS 
CORRELATION MATRIX, TABLE 2+. 

I II iit IV 

1 Information 32 28 —04 —12 199 

2 Comprehension 29 26 08 —20 200 

3 Arithmetic 28 21 —09 42 305 

4 Similarities 30 12 00 —25 170 

5 Digit span 24 00 —42 69 713 

6 Vocabulary 32 32 —03 —19 242 

7 Digit symbol 28 —30 —29 —09 254 

8 Picture completion 30 —08 —28 —01 173 

9 Block design 28 —22 40 21 336 

10 Picture arrangement 28 —19 05 —06 123 

11 Object assembly 25 —25 53 15 4.3 

12 Age —13 67 29 21 o91 

13 Education 29 01 —33 —27 266 

Latent Roots 6.69 1.42 .80 71 

Variance 51.47% 10.90% 6.15% 5.48% 

EVariance 51.47% 62.37% 68.52% 74.01% 

‘Decimal points omitted. 

TABLE 5. PRINCIPAL COMPONENTS: ANALYSIS OF WAIS 
PARTIAL CORRELATION MATRIX; EDUCATION 

CONSTANT, TABLE 3« 

I II Ill IV r1;? 

1 Information 34 32 —03 —07 220 

2 Comprehension 32 25 —16 —16 212 

3 Arithmetic 29 17 41 33 387 

4 Similarities 32 11 —15 —32 238 

5 Digit span 23 —04 76 11 645 

6 Vocabulary ae 34 34 —08 —21 285 

7 Digit symbol 23 —36 21 —36 357 

8 Picture completion 34 —12 —20 05 174 

9 Block design ? 31 —25 —16 41 354 

10 Picture 30 —23 —06 —17 172 

11 Object assembly 26 —27 —30 51 492 

12 Age —06 59 —05 34 464 

13 Education : 

Latent Roots 4.39 1.83 95 -83 

Variance - 36.57% 15.27% 7.90% 6.94% 

> Variance 36.57% 51.85% 59.75% 66.69% 

“Decimal points omitted. 

TABLE 6. MULTIPLE REGRESSION OF AGE ON WAIS 
SUBTESTS: WEIGHTS BASED ON STANDARD SCORES. 

Subtest Weight Held Constant 

| ee -08 12 

2 Comprehension............. -00 -O1 
S Arithmolic............0000% 10 -09 
4 Similarities........... —.11 —.09 
5 Digit span........... —.04 —.02 

6 Vocabulary........... ae 40 35 

7 Digit symbol.... ......... —.43 —.32 
8 Picture completion......... —.08 —.08 
9 Block design.......... how —.09 —.08 

10 Picture arrangement —.25 —.31 

11 Object assembly ........... —.04 —.04 

Multiple correlation coefficient. . . R=.60 R=.57 
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for both analyses. By contrast with component 
I, component II is smaller in its proportioh of 
variance and is also narrower in scope irj the 
sense of involving fewer subtests. 

Components III and IV appear interchahged 
in Tables 4 and 5, likely because of remqving 
the effect of education in Table 5, which 
changed the relative variance associated with 
the two components. Component IV af Table 
4 and III of Table 5 because of the highly re- 
lated tests likely reflect a number factor or 
facility with numbers. Component III of Table 
4 and IV of Table 5 appear equivalent in that 
the block design and object assembly tests are 
most related; this component would seem to in- 
volve a spatial perception or spatial imagery 
ability. These two components will not be dis- 
cussed further here since they are relatively 
small in the proportion of variance associated 
with them, and their nature is a somewhat tan- 

gential issue to the purpose of this study. 

To compute separate component scores for 
an individual subject, one cross multiplies scores 
and coefficients and sums for each component. 
Thus the individual’s standard scores on the 
subtests are multiplied by the normalized co- 
efficients in the columns I, II, III, and IV of 
Tables 4 and 5. These coefficients differentially 
weigh the subtest according to its contribution 
to the common variance of the several compo- 
nents. In a more global manner one could de- 
vise an age index for adults by differentially 
weighing all subtests according to their corre- 
lation with chronological age. This is a less 
analytical way of proceeding, since the infer- 
ences one could draw from a single age index 
would be less precise than those drawn from 
component scores. A multiple correlation be- 
tween age and the 11 subtests was computed for 
this sample and was found to be .60. If educa- 
tion is held constant, the multiple R between all 
subtests and age is .57. Since this is for the age 
range of 25 to 64 years, the multiple R is some- 
what lower than would be obtained if subjects 
over the age of 65 were included. 

The opposite trend of digit symbol and vo- 
cabulary scores is reflected in the multiple re- 
gression weights of Table 6, in which these two 
tests are weighted about the same extent but 
opposite in sign. This result we had already 
seen in the principal component analysis and 
results from the fact that the two tests are quite 
different in their relation to age. 

One could proceed with the analysis in a 
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TABLE 7. CANONICAL CORRELATIONS AND VECTORS FOR 
AGE AND EDUCATION AND THE ELEVEN SUBTESTS OF 

BIRREN AND MORRISON 

THE WAIS. 

SET I. 

Variable Canonical Vectors 

1 2 

1 Education 1.000 452 

2 Age —, 187 1.000 

Canonical Correlation . 737 564 

Set IL. 

Variable Canonical Vectors 

1 2 

1 Information . 908 505 

2 Comprehension 15 036 

3 Arithmetic 014 244 

4 Similarities . 239 185 

5 Digit span 138 039 

6 Vocabulary .073 1.000 

7 Digit symbol 1.000 . 686 

8 Picture composition 109 227 

9 Block design 036 192 

10 Picture arrangement . 332 477 

11 Object assembly 5 096 
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Fig. 1. Mean scores on the WAIS subtests as a func- 

tion of age and education. Upper curves for education 
13 years and above; middle curves for 8-12 years; and 
lower curves for less than 8 years. Age intervals are 
25-34, 35-44, 45-54, and 55-64 years. 

different manner by computing the canonical | 

correlations of age and education and the || 
WAIS subtests. This analysis would answer 

the question, given two sets of variables (edu- 

cation and age, and 11 subtests), what is the 
linear combination of the scores in the first set 

which will have maximum correlation with 

some linear compound of the other set’s vari- 
ables. The second canonical variates are those 
linear compounds from the two sets that are 
uncorrelated with the first canonical variates 
and whose correlation is at a maximum. The 
results of the canonical correlations are pre- 
sented in Table 7. Of the larger values, posi- 
tive weights with age are seen for vocabulary, 
information, and arithmetic subtests; negative 
weights are seen for digit symbol, picture ar- 
rangement, picture completion, block design, 
and similarities. 

These quantitative findings support the vis- 
ual impression one gains from an examination 

of the graphs of each subtest plotted against 
age (Fig. 1). It is remarkably clear that edu- 
cational level makes a difference for all sub- 
tests for all age groups. For most tests, their 
association with age is less than their associa- 
tion with educational level. Even in the digit 
symbol test the effect of educational level is 
maintained despite the manifest age decline. 

DISCUSSION 

The present study was primarily a method- | 
ological one and attempted to use a form ol 
statistical analysis to sort out or isolate the 
effects of aging in a large array of data. Such 
a statistical or quantitatively analytical ap- 
proach is complementary to experimental meth- 
ods of gathering data. Quite different psycho- 
logical or physiological data might have been 
used than the mental test data of this study, al- 
though the discussion is focused here on the 
results obtained from a particular set of data. 

Ii we were to call component I the general 
ability component of the WAIS and component 
II the aging component, we would be attempt- 
ing to describe the data in terms of the distri- 
bution of variance. Yet to designate II as the 
aging component does not imply much in an 
analytical sense, for we find that some tests are 
positively and other tests negatively related to 
the component. The largest negative value was 

associated with the digit symbol test, long} 
known to show lower scores with advancing age 

and the largest positive value was associated 
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with the vocabulary test, known to rise with 

age in some populations. Thus within compo- 

nent II we have both aspects of the original 
hypothesis demonstrated, incremental and de- 
cremental processes of aging. 

One might choose to look upon the age com- 
ponent as bipolar. However, if one were to 
interpret component II literally as a_ bipolar 
factor, then high verbal or vocabulary scores 
would necessarily be associated with low digit 

symbol scores, and conversely. This would 

seem to be a most difficult view to defend, i.e., 

that a low digit symbol score would necessarily 
be associated with a high vocabulary score. 
Rather the results would seem more reasonably 
regarded as reflecting two, at least, concurrent 

essentially independent processes operating si- 
multaneously in opposite directions. One plaus- 
ible bipolar age factor might be a use-disuse 
dimension in which the degree of use deter- 
mines the extent to which a function improves, 
remains unchanged, or undergoes atrophy. If 
selectivity in the functions we exercise pre- 
cludes use of other functions, a negative rela- 
tion would develop between the functions. In 
this manner, if a high verbal comprehension 
factor was gained through speaking or reading 
at the expense of time devoted to a spatial per- 
ception factor, exercised in other activities, these 
two functions would tend to be negatively re- 
lated with increasing age. The mere fact that 
man is a time-limited organization—if he does 
some things he cannot do others—may induce 
some organization into mental test data. Be- 
cause of what we know about changes in sen- 
sation and perception with age from other 
sources, however, the major consideration is 

not likely such a simple bipolar use-disuse, al- 
though it may not be dismissed as an influence 

without more evidence. 

Education was found to be much more sig- 
nificant for the first component, the g factor 

of the WAIS, than was chronological age over 
the age range 25 to 64 years. In this age range, 
at least, the amount of education an individual 
has is more important than his age. It is not 
likely, however, that all the variance removed 
by holding education constant could be attrib- 
uted to the effect of the number of years of edu- 
cation. An unknown part of the correlation of 

education and test scores is related to capacity 

to learn, since to some extent those persons 

most likely to profit by further education are 
selected or select themselves to receive more 
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education. Thus a partial correlation removes 
a mixture of the effects of education and ability 
to profit from education. The effect of educa- 
tion may therefore be somewhat exaggerated, 
just as the effect of aging is exaggerated in an 
opposite direction if the covariance of differing 
educational attainment of the generations is left 
uncorrected. 

One of the most intriguing aspects of the 
results are the opposite trends with age of the 
vocabulary and digit symbol tests. While these 
two measures go in opposite directions over the 
adult years, in childhood these tests show a 
concurrent advance in scores. Some hints about 
these trends may come from the nature of the 
tests themselves. 

The vocabulary tests of the WAIS is a defini- 
tion test which requires the subject to define an 
unambiguously presented word. Neither the 
word nor the task of searching for the response 
seems particularly important. The subject for 
the most part either can or cannot identify the 
word. This does not deny other differential 
effects of aging on language functions, but 
merely views the WAIS vocabulary test as 
largely a test of stored verbal information, in- 
formation which may be increased over a life- 
time by living in an advantageous environment. 
In contrast to the vocabulary test, the digit 
symbol test consists of an unfamiliar task of 
translating or decoding symbols according to a 
numbered system. While the task is timed, the 
timing seems less important than other fea- 
tures of the task. In a sample of 47 elderly men 
studied previously (Birren, Botwinick, Weiss, 
& Morrison, 1958) the correlation between the 
digit symbol test and simple auditory reaction 
time was .53, whereas its correlations with the 
block design and the object assembly subtests in 
the same population were .65 and .72, respec- 
tively. This is merely to make the point that 
it is doubtful if the mere inability to record 
answers quickly is the pertinent variable. Per- 
formance on the digit symbol test seems to in- 
volve holding in mind a perceived unfamiliar 
symbol while performing a decoding operation. 
Since the digit span test of the WAIS does not 
show appreciable change with age it is not 
likely that the digit symbol performance is low 
because of inability to retain or keep simple 
perceptions in mind. It may be, however, that 
the limiting variable is the ability to keep in 

mind the symbol while searching to decode it; 
this would be somewhat analogous to memory 
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through distraction, or task set. Equally plaus- 
ible, however, is the notion that the decoding 
operation itself is the critical or limiting factor. 
Beyond this we cannot go at present; future 
experiment will have to reveal the nature of the 
critical element in the task. 

The principal component method of analysis 
seems to have had considerable value in this 
study in the sense that it helped to separate and 
lead to the identification of the larger sources 
of variance. The decremental effects of aging 
on mental test scores now seem to be small rela- 
tive to incremental effects associated with edu- 
cation. Aging also seems narrower or more 
specific in effect. We will not attempt to evalu- 
ate whether the principal component method is 
the only appropriate analytical method or nec- 
essarily the best method of procedure. The 
same data were also analyzed by centroid fac- 
tor analysis with subsequent rotation of axes. 
These results are not reported here but the two 
analyses seem comparable in major results at 
least. Interpretation of components or factors 
which involve small amounts of variance was 
not attempted in either instance, since the reli- 
abilities of several of the subtests would not 
lend themselves to the expectation of having 
more than a possible 50% common variance at 
the greatest. 

SUMMARY 

The purpose of this study was to examine 
mental test data for possible incremental and 
decremental effects of aging. For this purpose 
a subsample of the standardization data of the 
WAIS subtests was analyzed. The sample con- 
sisted of 933 native-born, white, men and wo- 

men, in the age range 25-64 years. 

Product moment correlations were computed 
for the 11 subtests and age and education, 
yielding a 13 variable correlation matrix. In 
addition a partial correlation matrix was de- 
rived holding education constant. A principal 
component analysis was made of the two cor- 
relation matrices. 

The first. principal component appears to be 
the large common variance of the WAIS or g. 
Age is not important in this component, al- 
though education has about as much in com- 
mon with the component as any single subtest 
of the WAIS. The first component accounts for 
51% of the total variance. When education is 
held constant, the first component accounts for 
37% of the variance. 
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In contrast to the first component, age is by! 
far the most significant factor in the second 
component. The second component contains 
a group of tests positively related to age, eg, 
vocabulary, and a group negatively related t 
age, e.g., digit symbol. This aging component 

may have within it at least two concurrent, 
independent, processes operating in opposite 
directions. 

Removing the effect of education through 

partial correlation likely exaggerates the role of 
education, since ability is to some extent related 
to years of schooling. In a similar but opposite 
way failure to control the effects of education 
exaggerates the decremental effects of aging, 
since older populations have had fewer years 
of education. In these data, however, the man- 
ifest incremental effects of education wer 
greater than the decremental aspects of aging 
Also the effects of education are wide in effect, 
whereas the age-decrement is rather narrow in 
the WAIS subtests. 

Both multiple correlations and canonical cor- 
relations were determined for the 11 subtests 
and age and education. The multiple correla- 
tion between age and the subtests was .60; 
holding education constant the multiple corre- 
lation was .57. 

The incremental and decremental effects as 
sociated with advancing age seemed to be well 
illustrated by the opposite age trends of the 
vocabulary and digit symbol subtests. More 
precise information is required to identify the | 
processes involved. 
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AGING EFFECTS ON SIMPLE, DISJUNCTIVE, 

AND ALERTED FINGER REACTION TIME’ 

GEORGE A, TALLAND, Ph.D., AND JEAN CAIRNIE, B.A. 

(Department of Psychiatry, Massachusetts General Hospital, Boston 14, Massachusetts) 

Aging tends to be accompanied by certain 
irreversible changes in the organism’s capacities, 
of which a loss in speed is probably the least 
debatable example. Experimental evidence is 
accumulating (Birren, 1955; Birren and Bot- 

winick, 1955; Welford, 1958) which traces these 
changes to central rather than to receptor or 
effector processes. Experiments investigating the 
effects of anticipatory sets on performance pro- 
vide a test of this centralist hypothesis and 
have also explored some of the parameters 
which show decrements with age. They have 
demonstrated that complexity of response and 
choice (Griew, 1959) and the reduction of a 

preparatory interval (Botwinick, Brinley, and 
Birren, 1957) delay the response in older more 
than in younger persons; that expectancies tend 
to help accurate perception less effectively in 
later life, and that the latter effect is progressive 
in old age (Talland, 1959). The purpose of the 
present study was to extend this work by deter- 
mining the differential effects of simple as com- 
pared with disjunctive responses, and of short 
alerting signals compared with unprepared re- 
sponse signals, on speed of finger reaction in a 
younger and two older age groups. 

METHOD 

Subjects 

Group A consisted of 20 men, veterans of the 
Spanish-American War, aged 77 to 89 years, 
with a mean of 80.9 (SD 2.95). Group B was 

composed of 10 men and 10 women, aged be- 
tween 65 and 75 years, with a mean of 69.8 
(SD 2.55). None of the members of groups A 
and B was resident in a hospital or other care- 
taking institution; none was known to have a 
disabling illness; all travelled without aid from 
their homes to the laboratory. Group C was 
made up of 10 men and 10 women from the 
staff of the department in which the experi- 
ment was conducted. In age they ranged from 
20 to 40 years, with a mean of 26.4 (SD 6.1). 

1 This research was supported in part by the U.S. Air Force Office 
of Scientific Research; Contract No. 49 (638)-98. The authors wish 
to thank Dr. Oliver J. Harris and Dr. James F. Cummins of the 
V. A. Outpatients Clinic, Boston, and Miss Fannie Allen of the 
South End Federation, Boston, for their help in providing subjects. 
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None of the Ss in any of the three groups suf- 
fered from a motor or uncorrected visual dis- 

order. 

Apparatus 

The experimental apparatus consisted of two 
boxes placed at either end of a table and con- 
nected by a cord. The box at the Ss side was 
1 ft. high and 5 in. wide and displayed in the 
vertical midline of the front panel three round 
lights, each | in. in diameter, spaced | in. apart. 
Starting from top, the lights were red, yellow, 
and green; below them was a bar which could 
be depressed under very light pressure, and 
served as S’s response mechanism to green light. 
S sat facing the panel, leaning his dominant 
hand on the table so that one or several fingers 
rested on the bar. The experimenter’s (E) con- 
trol box had a bank of switches, two lights, and 
was connected with an electric timer. Red, yel- 
low, and green lights were each turned on by 
different switches. Red and yellow lights were 
instantly extinguished by the flashing on of an- 
other light; the green light was extinguished by 
S’s response. Switching on the green light 
started the timer, and depression of the bar | 
stopped it. During phase 2 of the experiment, a 
telegraph key was placed in front of S’s non- 
dominant hand, which on contact turned off 
the red light. Reaction time to red light was not 
recorded. Bar pressure flashed on one light on 
E’s panel, telegraph key another. 

Design 

The experiment consisted of three phases. 
The first tested simple reaction time (RT) in 
successive trials, without repeated warning and 
preparatory set. To distinguish it from the pro- 
cedure with alerting signals, this will be re 
ferred to as simple RT. S was presented with 
20 consecutive green light signals spaced arbi- 
trarily, each following his last response within 
1.0 to 1.5 sec. His instruction was to press the 
lever as soon as he saw the green light. The 
second phase tested disjunctive RT with 20 
green and 20 red signals presented in a standard 
randomized order. S’s task was to press the 

lever a 

telegra 
The 

ing se 

would 
lights, 
by pre 
consist 

anothe 
yellow 
spaced 
100, in 

9 of ye 
red (R 
nals v: 

1.0 sec 

always 
as he : 
YGs 

his ale 
the in 

facilita 
green 
errors 
or thre 

Firs’ 

ined s 
ances 
source: 
As sh 
betwee 
larger 
in-sub 

TA 

Test 

Simple 

Disjunct 

Alerted 



ups sul- 
ual dis- 

of two 

1d con- 

ide was 
| in the 
» round 

|. apart. 

yellow, 
n could | 
e, and 

n light. 
minant 

fingers 
‘) con- 

its, and 

od, yel- 

on by 
ts were 

of an- 

hed by | 
1 light | 
he bar 

nent, a 

$ non- 

1ed off 

vas not 

ght on 

phases. 
tT) in 

ng and 
1e pro- 
be re- 

d with 
1 arbi- 

within 
ess the 

The 

ith 20} 
andard 

iss the 

Soachaied 

lever as soon as he saw the green light and the 

telegraph key, on sighting the red light. 
The third phase tested alerted RT by present- 

ing sequences of lights. S was told that he 
would be shown sequences of red-yellow-green 
lights, but that he should respond to green only, 
by pressing the bar as before. The entire series 
consisted of 100 signals, of which the first 8 and 
another 55 were the standard pattern of red- 
yellow-green (R Y G). The other signals, 
spaced in standard positions within the series of 
100, included 18 sequences of red-green (R G), 
9 of yellow-green (Y G), and 10 of red-yellow- 
red (R Y R). The duration of the alerting sig- 
nals varied arbitrarily within a range of .5 to 
1.0 sec. Except for R Y R signals, S’s task was 
always the same, i.e., to push the bar as soon 
as he saw the green light flash on; but RG and 
Y G sequences reduced, and possibly confused, 
his alerting information. R Y R signals probed 
the interference effect of anticipatory sets by 
facilitating incorrect response. E scored RT to 
green light in units of 10 ms., and recorded 
errors that occurred either by incorrect response 
or through failure to respond. 

RESULTS 

First, RT to the 5 types of signal was exam- 
ined separately within each group, and vari- 
ances were partitioned according to their two 
sources: between S and within S variability. 
As shown in Table 1, tested by F ratio the 
between-subject mean square was significantly 
larger (p<.01) in every instance than the with- 
in-subject mean square. In view of these find- 
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ings, the more rigorous test of inter-group dif- 
ferences in RT was that based on mean indi- 
vidual scores rather than on scores obtained 
after single trials. The differential scores be- 
tween RT to one or another signal, or between 
one and another stage of the test, were neces- 
sarily derived from Ss’ mean scores on several 
trials. 
RT measures listed in Table 2 are therefore 

group means of mean individual scores. ‘The 
significance of inter-group differences in RT 
was tested on these group means by t ratio when 
applicable, or by Wilcoxon’s test for unpaired 
replicates when the variances were not homo- 
geneous. The significance of mean differences 
between RT to several pairs of signals was tested 
by t ratio within each group. Differences be- 
yond the 1% level were taken as statistically 
significant. 

Mean differential scores were significant with 
the following exceptions: R G- Y G in groups 
A and B, and alerted-simple in group A. In 
group A, 5 and in group B, 3 Ss had a shorter 
mean RT to alerted than to simple signals; in 
group C this was the direction of the difference 
for the majority of the members, 17 out of 20. 
Within the two older groups, the magnitude 
and sign of this differential score did not signifi- 
cantly correlate with age. It is evident from 
Table | that both inter-S and intra-S variability 
increased with age in RT to all five types of 
signal; the latter differed significantly between 
groups C and B. 

Practice and fatigue effects were examined 
both in the first and the third phase. The for- 

TABLE 1. SOURCE OF VARIANCE WITHIN GROUPS OF REACTING TIME, MEASURED IN 10 MILLISCORES. 

Age Groups 

Group A Group B Group C 

77-89 65-75 20-40 

Test Signal Source of Variance df Mean sq. F Mean sq. F Mean sq. F 

Simple 

between S 19 2551 794 779 
. 9.4 19.5 

within S 380 108 %.6 84 40 ° 

Disjunctive 

between S 19 2316 4311 e 2120 
i 23. 8 within 8 380 221 i 181 _ 126 as 

Alerted RYG 

between S 19 6077 2534 989 
. 34.3 22. 

within S 1240 69 0.8 74 45 ° 

RG 

between S 19 3104 1152 561 
x 2. R within § 340 125 _ 91 _ 58 - 

YG 

between S 19 1592 610 213 
6 . 5. within 8 160 96 — 88 ae 37 . 
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mer was split into equal halves, and the differ- 
ence was calculated between each S’s mean RT 
on the first and second 10 trials. Similarly, in- 
dividual differences were taken between each 
S’s mean RT to the first 8 R Y G signals and 
(a) to the last 8, as well as (b) his mean RT 
to the other 55. Simple RT to the first 10 sig- 
nals was significantly longer in all three groups 
than to the second series of 10, and the three 
groups did not differ significantly in this warm- 
ing-up effect. In none of the groups was the dif- 
ference significant between mean RT to the first 
8 R Y G signals and the subsequent 55 or the 
last 8. In the two older groups the difference 
between RT to R Y G sequences and simple sig- 
nals was wider still if only the last 10 of the 
latter were considered; for group C this differ- 
ence was reduced to 2.89, which was neverthe- 
less significant (t = 3.13). 

Since the occurrence of irregular signals, like 
R G, Y G, and especially R Y R, was thought to 
interfere with response to the subsequent stand- 
ard (R Y G) signal, differences were calculated 
for each S between his RT to the standard signal 
immediately following and immediately pre- 
ceding each of these irregular signals. The over- 
all effect of the irregular signals was that of 
lengthening RT to the immediately following 
R Y G signal in all three groups, but owing to 
high intra-S variability, this effect was not sta- 
tistically significant. After the first occurrence 
of an R Y R sequence RT to the standard signal 
was significantly lengthened in group C, but 
not in the other groups. 

Error by failure to respond occurred only in 
the third phase of the experiment: once in the 
records of seven members of group A, of four in 

TALLAND AND CAIRNIE 

group B and twice in those of one S in both of 
these groups. Younger Ss made no error by 
omission, but more by incorrect response to 
R Y R sequences than the older Ss. All but four 
members of group C made at least one incorrect 
response, and one had an error score of 8. Two 
Ss in group B and nine in group C responded 
to R Y R sequences, none more than twice. No 
errors were made by premature response in the 
first phase of the experiment; the mean error in 
the second phase was 1.0 in all three groups. 

DISCUSSION 

The effect of aging on speed in simple re- 
action seems to be so pronounced by the late 
sixties that no consistent further trend can be 
determined beyond that age level. When the 
task involves choice, the decrement in speed of 
response was significant at that age, although 
barely half as large as in the performance of the 
veterans. In accordance with the view that the 
neural source of aging effects is central rather 
than peripheral, it is expected that a task which 
involves such relatively complex coordination as 
disjunctive reaction should show significant 
aging effects and progressive deterioration with 
further aging. The disjunctive reaction test re- 
sembles an experiment using a “double set” 
(Talland, 1959), which showed the first marked 
influence of aging on the facilitating effect ol 
sets in accurate perception. Both our experi- 
ments seem to differ from Griew’s, who, while 
investigating other effects, incidentally found 
that his older Ss did not differ from the younger 
in RT in a two-choice situation. It is likely that 
in that experiment the perceptual task involved 
no choice, in the sense of scanning or shifting 

TABLE 2. MEAN AND DIFFERENTIAL REACTION TIME IN MILLISECONDS AND SIGNIFICANCE OF 
INTERGROUP DIFFERENCES. 

A B 

Age Group 77-89 65-75 

Mean RT 

Simple . 328 309 

Disjunctive 543 423 

NIN oo 5c cscaasannceveus 368 349 

RG.. 472 465 

wa.. 465 453 

Differential RT 

Alerted—Simple..................... 39 40 

Disjunctive—Simple ; 214 112 

RG—RYG........ vena 104 116 

YG—RYG.... wick ro gee eectadl 97 104 

ren rtrs isso dude hee sdhoace 7 12 

C 

A-B B-C 20-40 

253 T=423 t=2.89 

333 t=2.95« T=31314* 

219 T=400 T=179" 

315 =.22 =7. 64" 

281 =.04 T=186" 

—34 T=430 t=6.28 

77 T=2738 T=389 

107 t=1.31 =.54 

62 t=1.62 t=3.01* 

44 t=.35 

*signifies p< .01. 
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attention, just as the response involved no de- 

cision between alternatives. 

The paradoxical effects of alerting signals in 
the older groups raised more difficult problems. 
In view of the finding of Botwinick et al. (1957) 
it was expected that an alerting signal would 
benefit the older group less than the younger 
and, perhaps, the oldest least, but not that it 
would delay their responses. Other explanations 
have therefore been considered than that which 
attributes the differential performance of the 
three groups directly to age. Practice or fatigue, 
for instance, might conceivably impinge at rates 
differing with age, but further analysis of the 
scores provided no support of this hypothesis. 
All three groups needed a brief warming-up pe- 
riod; nevertheless, even after excluding the first 
10 simple reactions, group C still responded sig- 
nificantly faster in the remaining 10 tests than 
to alerted signals, while for groups A and B the 
difference increased in the opposite direction. 
Furthermore, none of the groups showed any 
marked practice or fatigue effects in the longest, 
the third phase of the experiment. 

Age seems to have a direct influence on the 
facilitating effect of alerting signals, reversing it 
into a delaying effect at the level of 65 or older; 
at any rate, if the preparatory period is between 
1.0 and 1.5 sec. An experiment is now in prog- 
ress to investigate the effects of longer prepara- 
tory intervals, which may indeed speed up re- 
action even at a more advanced age. It is quite 
improbable that shorter signals would have that 
effect. 

The reversal of the alerting effect in older 
persons can be attributed to one of the follow- 
ing changes in function. (1) Older persons can 
operate so much more effectively with a single 
and homogeneous signal than with a divided 
and heterogeneous source of information that 
any advantage accruing from alerting is more 
than offset by the differential difficulty of the 
task of perceptual discrimination; (2) even 
though the task of discrimination does not over- 
load the capacity of the older brain, the receptor- 
effector mechanism is so rigidly focused on one 
value of a source of input that all other sources 
or all other values of the same source are coded 
in one general class of irrelevant, and therefore 
inhibitory, events; (3) alerting signals are not 

ignored but elicit the reaction proper to the re- 
sponse signal; this response, however, being in- 

appropriate, is inhibited before completion, and 
recovery from the inhibitory phase delays 
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prompt reaction to the green light. The inhibi- 
tory and the recovery process, and particularly 
the reversal may be slower in older persons. 
Whichever of these hypothetical aging effects is 
operative, it may not increase beyond a certain 
phase. 

The larger incidence of incorrect response to 
R Y R sequence in the youngest group agrees 
with hypotheses (1) and (2) i. e., older people 
may restrict themselves to the one critical cue 
and may treat all other cues as irrelevant or in- 
hibitory. Given the expectancy of a full signal, 
partial cues have more of a delaying than pre- 
paratory effect at all age levels, and this nega- 
tive effect is greater in older persons. This find- 
ing supports hypothesis (3), i. e., that the imme- 
diate effect of an alerting signal is inhibitory 
and more markedly so in old age. For the older 
Ss, R G and Y G had the same retarding effect; 
for the younger, R G caused more delay than 
Y G. The former, of course, was a misleading 
cue in that it suggested the regular alerting sig- 
nal but failed to provide it; while the latter, 
although unexpectedly, did signal immediate 
readiness. 

The older Ss did not compensate for their 
slower RT with greater consistency; on the con- 
trary, their performance was more variable than 
that of the younger Ss. In agreement with other 
studies, it was found that intra-group variability 
also increased with age and that the older Ss, 
although slower and less consistent, made fewer 
mistakes by precipitate or incorrect response. 

SUMMARY 

Speed of finger response was tested in three 

groups, aged 20 to 40, 65 to 75, and 77 to 89, 
in tasks of simple reaction, disjunctive reaction, 
and simple reaction with alerting signals. The 
older Ss responded significantly more slowly 
under all conditions, and the oldest group was 
significantly slower than the middle group in 

disjunctive reaction. Alerting signals made for 
faster reaction in the youngest group but caused 
delay in the older Ss. This paradoxical effect 

may be due to one or more age-connected 
changes in central processes, all of which are 
consistent with one or another incidental find- 

ing of the experiment. At the behavioral level, 
both the negative and the positive effects of set 
are more marked in younger than in older per- 

sons. The latter are more cautious but less con- 

sistent as well as slower in their response. 
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LEARNING AND MORTALITY IN ELDERLY PSYCHIATRIC PATIENTS' 

R. E. SANDERSON, M.A., AND JAMES INGLIS, Ph.D. 

(Ontario Hospital and Department of Psychiatry, Queen’s University, Kingston, Ontario) 

Reviews of those studies which have tried to 

relate psychological test results to prognosis in 
psychiatric disorders (Windle, 1952) show that 
one major problem in securing such relation- 

ships lies in the difficulty of adequately defining 

the criterion variables relevant to the course 
and outcome of these disurbances. Few studies, 
however, have been specifically concerned with 
the kinds of disorders found in elderly psychi- 
atric patients. Since these are the only com- 
monly fatal mental disorders (Norris & Post, 
1954), they may be quite unlike other psychi- 
atric disturbances in that they can at least af- 
ford the investigator one unequivocal criterion 
of outcome, mortality. 

In a prognostic study with elderly psychiatric 
patients, Walton (1958) tried to assess the pre- 
dictive accuracy of the Modified Word Learn- 
ing Test evolved by Walton and Black (1957). 
Walton used as his criterion indicator the 
changes in diagnoses which took place over a 
two-year period. It is, however, rarely possible 
to determine how much “contamination,” 
either direct or indirect (Shapiro, Post, L6fving, 

& Inglis, 1956), may have influenced results 
assessed in this way. Accordingly, Inglis 
(1959¢) reanalyzed the data available in 19 out 
of the 48 cases described by Walton (1958) in 
terms of more objective criteria of outcome. 
This reanalysis suggested that the score ob- 
tained on the learning test could predict the 
outcome of illness better than did the initial 
psychiatric diagnosis. Furthermore, an un- 

favorable outcome usually meant death. 

The data reported here were collected as part 
of a series of studies (Inglis, 1960; Inglis and 

Sanderson, 1961a; Inglis and Sanderson, 1961b) 

in which processes of learning and attention in 

elderly people are being investigated. These 
studies have now been going on long enough 
to permit a further longitudinal cross-validation 
of learning tests as prognostic indicators in a 

sample of patients suffering from psychiatric 
disorders of the senium. 

_? This study is part of a series carried out with the assistance of a 
Canadian Mental Health Grant (Project 605-5-285). The authors are 
indebted to the ye pm and staff of the Ontario Hospital, 

elp and cooperation. Kingston, for their 

METHOD 

Subjects —One of the groups examined com- 
prised 15 elderly patients clinically estimated to 
be suffering from memory disorder. This esti- 
mate was in each case based on complaints 
about the patient’s memory made by the physi- 
cian in charge and/or the ward staff. Another 
group of 15 elderly patients without memory 
disorder was also investigated and followed up. 

The age range of the first group was 68 to 
83, of the second 66 to 84. The Verbal Scale 

1.0.’s (Wechsler, 1955) ranged in the former 

group from 77 to 103; in the latter, the range 
was from 75 to 112. There were 4 men and 
11 eleven women in each group, all psychiatric 
patients of the Ontario Hospital, Kingston. 

Tests. — The Wechsler Adult Intelligence 
Scale (Wechsler, 1955) was used so that the 

two groups could be matched on verbal ability. 
The vocabulary subtest of this scale also pro- 
vided the words to be learned in the Modified 
Word Learning Test. The latter test was used 
after the manner described by Walton and 
Black (1957). The subject is required to learn 
the meanings of 10 of the words from the 
Wechsler Vocabulary Scale which he has failed 
to define correctly. The score is the number of 
trials to learn to the criterion of six correct defi- 
nitions so that a high score indicates poor per- 
formance. A paired-associate learning test (In- 
glis, 1959b) was also used to assess learning 
ability. A high score on this test again reflects 
poor performance, since it shows that a large 
number of acquisition trials were required to 
learn to the criterion of three consecutive cor- 
rect associations. 

RESULTS 

The means, standard deviations, and signif- 
icance of the differences (McNemar, 1949) be- 
tween the memory-disordered and non-mem- 
ory-disordered groups are shown in Table 1. 

As was expected from the results of previous 
studies (Inglis, 1957; Inglis, 1959a) the cri- 
terion groups differ very significantly in their 
performance on the learning tests. 

It is also the case that if a score of less than 
30 is called a low score, and a score of 30 or 
above is called high on both the Modified Word 
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Learning Test and the paired-associate learning 
test, then, on each of these tests, all the mem- 
ory-disordered patients make high scores and 
all the control patients make low scores. It re- 
mained to be seen if such scores were associated 
with differential mortality rates. 

A follow-up of these patients 16 months after 
initial testing showed that 6 members of the 
memory-disordered group were dead, whereas 
none of the non-memory-disordered group had 
died. 

A contingency table best illustrates these re- 
sults (Table 2). 

The association between score and outcome 
in this contingency table can be assessed by the 
exact chi-square test described by McNemar 
(1949). A value of 7.11 is obtained which, with 
1 degree of freedom, is significant at beyond the 
0.01 level. There is, in other words, shown to 
be a significant relation between scores on these 
learning tests and mortality over an interval of 
less than two years. 

In this table outcome in terms of mortality is 
also assessed against a two-way psychiatric 
classification of “senile psychosis” and “other 
disorders,” the expectation being that the first 
of these labels is the more likely to be associated 
with mortality. 

The value of ihe exact chi-square test in this 

TABLE 1. MEANS, STANDARD DEVIATIONS AND THE 
SIGNIFICANCE OF THE DIFFERENCES BETWEEN THE 
MEANS OF THE CRITERION GROUPS ON THE CONTROL 

VARIABLES AND LEARNING TESTS. 

Memory- Non-memory- | Between Group 

Variable disordered disordered | Differences 

Group Group | 

m oc | m co t p 

Me ccs: 75.73 4.42 | 75.00 4.46 | 0.57 NS 

WAIS L@s........ 89.00 9.27 95.40 10.38 1.78 NS 

Verbal Scale 

Modified Word..... | 52.00 10.77 | 11.33 5.86 | 12.83 <.001 

Learning Test | 
| 
| 

Inglis Test........ | 80.80 12.71 9.8 5.51 19.83 <.001 

TABLE 2. CONTINGENCY TABLE. 

Relation Between Test Scores and Mortality 

Alive Dead 

tosis caiecn eas viekee.s 15 0 

NS nkciicveacaicvnewhie 9 6 

Relation Between Initial Diagnosis and Mortality 

Senile psychosis.............. 6 4 

Other disorders............. 18 2 

SANDERSON AND INGLIS 

case is only 1.13 which, with | degree of free- 

dom, is not significant. 

The association between initial diagnosis and 
mortality is therefore not so close as is the asso- 
ciation between clinically ascertained memory 
disorder (and consequently demonstrable learn- 
ing impairment) and death. This association 

is not simply due to differences in age, since the 
mean age of survivors is 76.31, whereas the 
mean age of the patients who died was 75.17, 

SUMMARY 

The number of deaths occurring in a group 
of elderly psychiatric patients suffering from 
memory disorder has been compared with the 
mortality in a matched control group over a 
period of 16 months. There proves to be a 
closer association between memory disorder, 

test scores, and mortality than between mortal- 
ity and initial diagnosis. 
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Nap wee AND WILLIAM B. KOUNTZ, M.D. 
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sociation (Washington University School of Medicine, St. Louis) 

since the 

reas the 

s (9.17, In a previous study (Pauker, Kheim, Mensh, groups, which were equated on the basis of 

a group 

& Kountz, 1958), an androgen-estrogen com- 
bination was administered to a group of aged 

psychological tests and evaluations, medical rat- 
ings, treatment in the previous study, and rele- 

ng from patients in the St. Louis Chronic Hospital. At vant social data.‘ Each group was then as- 

vith the the end of five months of drug administration, signed at random to one of four hormone ad- 

over a the patients where compared with a placebo ministration categories: full recommended dos- 

to be a | group on several psychological and medical di- age of an androgen-estrogen preparation, half 

lisorder, | mensions. The results of the psychological and dosage, quarter dosage, and placebo. The pa- 

mortal- medical evaluations were found to be at vari- tients were again evaluated at the end of three 

ance, the psychological evaluation showing no and five months of hormone administration. 

significant differences between the groups and More specific information about criteria for 

sine anil the medical evaluation suggesting that the selection of subjects and about the details of 

patients, group administered androgen-estrogen bene- the medical and psychological evaluations can 
fitted by an elevated mood and sense of well- he found in the report of the previous study 

al usage being. (Pauker, et al., 1958). In general, the medical 

ney I In our discussion of these findings (p. 396), evaluation was based on physical examination, 
Se ae we wrote: laboratory tests, interview, and daily observa- 

mt. Sci. One reason for this variance in results may be that tion. The major psychological variables were 
) the psychological evaluation was made at the end of measures of memorv and other intellectual be- 

Modified | a five-month period, and might have missed the peak havior. social earenniien: general mood, and 

over 65 in patient well-being, a peak observed at the third : cae s 
month by those who were involved in the week-to- mount of physical activity. The psychological 

ory dis- week medical assessment of the patients. Two possi- methods used were four subtests of the Wechs- 

° bilities arise: (1) the cumulative effect of the pre- Jer Memory Scale, words per minute, a test of 
yonses to scribed dosage of hormones may have resulted in 4 flexibility in switching names of geometric fig- 
nts with decline in well-being following three months of admin- - . sf 
1961. in istration, and (2) lower dosage of hormones may have Urs, Naming of other patients and staff mem- 
"J beneficial effects which are more long-lasting. — bers, sentence completion, and behavior sam- 

sand The present study was an attempt to test pling. 
Internat. 

these two possibilities. The purposes were (1) 
to check on the cumulative effect of hormone 

The psychologist did not know to which 
group any patient belonged. The evaluating 

w York: we ange 

administration, and (2) to look at the differen- Physician and the research nurses had this in- 

elderly tial effects of varying dosage levels. formation. 
lessifice- The plan of this report is, first, to give an The drugs and placebos were supplied by 
ngiie, 1 ' overview of the general research design and Ciba Pharmaceutical Products, Inc. The hor- 
er sixty, » ther considerations, then to present in sepa- mones, ethinyl estradiol (0.02 mg.) and 
ications. rate sections the medical and psychological eval- methyltestosterone (5.00 mg.) were combined 

uations, and finally to integrate the results of in 1 linguet (Fermandren, ® Ciba). The half 
accuracy h z ° a d d ] b bl 

Adele the two approaches and discuss some of their dosage, quarter dosage, and placebo tablets were 

1, 1119- implications. identical in size, shape, and coloring to the full 

RESEARCH DESIGN dosage linguets. This linguet is dissolved in 
f a psy- Seventy-four patients who had been used in the mouth for absorption via the oral mucosa 
J. med. } the previous study were divided among four directly into the blood stream. Each patient 

— was given | linguet daily during the five-month 
e scale ? This study was supported by a research grant from Ciba Pharma- 8 " 8 y 8 

ceutical Products, Inc. treatment period. 
h * Adapted from part of a paper presented by the senior author at 

opatho- the Annual Convention of the American Psychological Association, -———_ . 
151-482. Chicago, 1960. 4 The help of Dr. A. Jack Hafner, now with the Dest. of .Psy- 

*Now with Dept. of Psychiatry, UCLA Medical Center. chology, University of Minnesota, is gratefully acknowledged 
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SUBJECTS 

Seventy-four patients, 30 men and 44 wo- 
men, were divided among the four experimental 
groups. The distribution for sex was fairly 
even, with the exception of the placebo group, 
which had relatively fewer males and relatively 
more females. 

As in the first study, the attrition was quite 

large. Of the original 74 patients, it was pos- 
sible to use only 48. The other 26 were dropped 
for a variety of reasons, including discharge 

from the hospital, illness, death, and refusal to 

participate. The remaining 48 patients were 
distributed among the four experimental groups 
as follows: 8 placebo (3 men, 5 women), I1 

quarter dosage (7 men, 4 women), 13 half dos- 

age (7 men, 6 women), and 16 full dosage (6 
men, 10 women). 

It is of interest that the higher the amount 
of hormone administered, the more patients re- 
mained for evaluation at the end of the study. 
We can draw no conclusions from these figures, 
however, in view of the fact that the original 
number of patients was also distributed among 
the groups in that order (17, 18, 18, and 21, 
respectively ), and that there could be no trend 
distinguished as to reason for dropping out. 

Analyses of variance or the extension of the 
median test as appropriate were made for age, 
duration of hospitalization, and initial mean 
score on the psychological evaluation proce- 
dures. Because of the relatively low number of 
subjects, the data for men and women were 
grouped together. None of the F-ratios or chi- 
squares was significant at the .05 level, indicat- 
ing that the four attrited groups did not show 
significant differences among themselves ini- 
tially. 

MEDICAL EVALUATION 

Results 

The women of the full and half dosage 
groups showed subjective and clinical improve- 
ment. As the treatment period progressed there 
was an elevation in mood and increased phys- 
ical and mental activity. Eight women (66% )° 
of the full dosage group and seven women 
(70%) of the half dosage group showed a good 
response starting at the end of the first week of 
the sex hormone administration. Their mood 
seemingly improved, and they had a better 

5 The numbers reported in the medical evaluation may vary some- 
what from those reported elsewhere in the paper; the patients were 
seen by the physician throughout the period of the study whereas the 
psychological evaluations were conducted only on those remaining at 
the end of 3 and 5 months. 

PAUKER, KHEIM, MENSH, AND KOUNTZ 

mental outlook. Most of them had an increased 

interest in the opposite sex, they dressed more 
carefully, and occasional masturbation was no- 

ticed. A difference between the full and half 
dosage groups showed up during the fourth 
month, in a few cases around the end of the 
third month, when the women receiving the 

full dosage revealed some nervousness, which 

turned after several weeks into more or less 

marked depression accompanied by some stom- 
ach trouble. They also expressed an aversion 

to the linguets. The women in the half dosage 

groups did not experience these difficulties until 
the fifth month of therapy. 

The quarter dosage group, both men and 
women, also displayed improvement in mental 
and physical activity, but it was slow in onset; 
it was three to four weeks before any change 
was noticed, except for two women who re- 
sponded sooner. A depression in mood appeared 
in both sexes of the quarter dosage group to- 
ward the end of the fifth month of hormone 
administration and during the first few days 
of the withdrawal period, but it was very slight 
as compared with that of the females in the 
higher dosage group. 

The changes in mood and activity of the men 
receiving the various hormone dosages was less 
marked than those seen in the women. ‘There 
was some increased interest toward the oppo- 
site sex, but far less than that shown by women. 
Of the total number of men receiving hor- 
mones, only 14 (52%) showed some nervous- 

ness in their behavior and any aversion to the 
linguets. 

A slight vaginal bleeding occurred in the case 
of three of the women who were getting the 
full dosage. The spotting lasted for only three 
days. There was no withdrawal bleeding no- 
ticed during a three-month observation period. 

The monthly workup in blood cytology re- 
vealed no definite trend in cell volume or hemo- 
globin content. There was an incidental labo- 
ratory finding in the subjects receiving the hor- 
mone treatment: 82% of the treated subjects 
showed a decrease in fasting blood sugar level. 
The average decreases for the three treatment 
groups varied between 11.3 and 36.5 mg. %. 
The decreases were greater in the women than 
in the men. Burnstein (1950) reported several 
years ago that elderly diabetic individuals re- 
quired less insulin to control their blood sugar 
levels during sex hormone administration. 
We did not notice in this study the favorable 
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changes in blood pressure that were experi- 

enced by elderly subjects treated with sex hor- 

mones by Birnberg and Kurzrock (1955). In 
our study, two women on full dosage showed a 
permament decrease in their blood pressure. 
Their prehormone-administration level was 
about 165/90 Hg. mm., whereas toward the end 
of five months it reached about 120/65. No per- 
manent decrease was seen in those few subjects 
with year-round blood pressure of 200/100 Hg. 
mm., but temporary decreases occurred in sub- 
jects with slight hypertension or with values in 
the upper normal range. These favorable 
changes in blood pressure paralleled, in most 
cases, the clinical improvements and were in- 
dependent of the hormone dosage level. 

Discussion 

The clinical improvements in subjective feel- 
ing, mood, and sense of well-being, which are 
experienced by elderly, postmenopausal men 
and women during combined sex hormone 
treatment mean very much to them and to 
others around them, even if the changes per- 

sist for only a limited time (McGavack, 1950; 
Shelton, 1956). We do not contend that all 

good results brought about through proper 
treatment of the aged are due to sex hormone 
therapy alone, but among the numerous other 
measures commonly employed, the proper ad- 
ministration of sex hormones makes its positive 
contribution in helping to make the postmeno- 
pausal life more enjoyable (Shelton, 1956). It 
is the duty of the geriatrist to ameliorate by all 
available means the disturbing sensations of 
postmenopausal life, even if only temporarily 
and even if in objectively unmeasurable degree, 
rather than to be entirely nihilistic about the 
aging person and his metabolic disruption 
which is caused, at least in part, by decreasing 
endogenous hormone production (Masters, 
1955; Shelton, 1956). 

PSYCHOLOGICAL EVALUATION 
Results 

Two-way classification analyses of variance 
(dosage group by testing period) were per- 
formed on the data of the six tests to which this 
procedure was applicable in order to check the 
assumption that there were statistically signif- 
icant differences existing among the mean test 
scores. The data for men and women were 

placed in 1 group, due to the small number of 
patients. None of the resulting F-ratios for dos- 
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age groups were found to be significant at the 
.05 level. Any differences in mean scores among 
the treatment groups, then, could be accounted 
for on the basis of chanc2 alone. 

The extension of the median test was used 
with the data from the remaining two tests. The 
resulting chi-squares were not significant at the 
05 level, indicating that chance variation 
could well have produced the differences among 
the experimental groups. 

Discussion 

The results of the psychological evaluation 
do not offer evidence in support of any bene- 
ficial effects of sex hormone treatment in the 
area of the functions tested. This is in keeping 
with the results of the psychological evaluation 
in the previous study (Pauker et al., 1958). It 
should be emphasized that these conclusions 
apply to this particular combination of male 
and female sex hormones administered at these 
particular dosage levels for these particular pe- 
riods of treatment. The significant intra- and 
inter-individual variation commonly reported 
in studies of older patients (e. g., Shock, 1956) 
for metabolic, physiological, and anatomical 
variables, as well as psychological (e.g., Wel- 
ford, 1959) recommends this caution. It is en- 

tirely possible that a different kind of popula- 
tion, a more individualized determination of 

dosage levels, and other methods of evaluation 
might result in indications of beneficial effects. 
Studies to date (e.g., Caldwell, 1954; Freeman 
et al., 1956) have not given much encourage- 
ment in this direction. On the other hand, it 
may be argued (Pauker, 1960) that there is a 
need for new approaches to the problem before 
definitive conclusion can be reached. 

DISCUSSION 

As was the case with the first study in this 
series (Pauker et al., 1958), the results of the 
psychological and medical investigations are 
again at variance. The psychological evalua- 
tion results are not in keeping with the two as- 
sumptions suggested at the beginning of this 
report, whereas the medical evaluation results 
support those assumptions. These differences in 
results do not seem to be a matter of different 
areas of study, since the major medical findings 
(i.e., of changes in mood, sense of well-being, 
and general activity) very definitely fall within 
the area of psychological inquiry. Some of the 
factors which might be significant in account- 
ing for the variance are the differences in eval- 
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ulation techniques used, their method of ap- 

plication to the experimental groups, and the 
part played by statistical manipulation of the 
data. As we observed in our previous paper 
(p. 396): 
The methods and circumstances of the psychological 

observations were essentially the same for each patient. 

There was little room for subjective error since the 

experimental group to which each subject belonged was 
not known to the psychologist, since the test stimuli 

were not varied, and since each bit of test behavior 

was scored against a clearly defined standard. The 
medical evaluation, on the other hand, may have been 
open to subjective error in that it was known to which 
experimental group each patient belonged and in that 

the standard of judgment was the physician’s personal 
experience with these patients. 
On the other hand, the observations of the physician 

undoubtedly encompassed a broader range and variety 
of behavior in this study than did those of the psy- 
chologist. Such factors as social interaction and_be- 

havioral spontaneity which entered into the medical 
evaluation were not considered in the psychological 

assessment. 

SUMMARY 

Four groups of aged, nonpsychiatric, hospi- 
talized patients, men and women, equated on 

the basis of various psychological, medical, and 
social data, were administered full, half, and 

quarter dosage of an androgen-estrogen prepa- 
ration, and placebo, respectively. They were 
re-evaluated psychologically and medically at 
the end of three and five months of hormone 
administration. The medical evaluation indi- 
cates that improvements in mood and sense of 
well-being and increases in activity resulted 
from the administration of the sex hormones, 
that there was a depression in mood of the 
members of the half and full dosage groups 
which occurred toward the end of the five- 
month therapy period, and that a similar de- 
pression in the quarter dosage group was not as 
marked as that which occurred in the higher 
dosage groups. An incidental laboratory finding 
was a decrease in fasting blood sugar level of 
82% of the treated subjects. The psychological 
evaluation leads to the conclusion that the dif- 
ferences among the experimental groups in their 
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scores and ratings on the psychological tech- 
niques can be accounted for on the basis of ran- 

dom variation, that 

changes cannot be attributed to the effects of 

suggesting behavioral 

the sex hormones. There are individual discus. 
sions of the medical and psychological evalua- 
tions and a discussion of the entire study. 
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RESPONSE VARIABILITY AND RIGIDITY IN THE ADULT CHIMPANZEE! 

IRWIN S. BERNSTEIN, Ph.D. 

(Yerkes Laboratories of Primate Biology, Inc., Orange Park, Florida) 

Studies of the effects of age on performance 
have considered two types of response variabil- 

ity. The first may be described as a qualitative 

variation in the mode or class of responses 

made, and the second as a quantitative variation 

within a single response class. Each of these 
forms of response variability is reported to 
decrease with age. In this paper we shall be 
concerned primarily with qualitative response 
variability. 

The fact that qualitative response variability 
decreases with age has been regarded as 
evidence for increased rigidity with age. Vari- 
ous authors have described this as a loss of 
flexibility or as response perseveration accord- 
ing to the tasks under consideration. A number 
of early studies of this phenomenon are sum- 
marized by Fiske and Rice (1955). More 
recently, Botwinick (1959), Botwinick, Brinley, 
and Robbin (1958), Kay (1959), and Welford 
(1958) have presented evidence for a decrease 
in qualitative response variability with age. 
The techniques included studies of problem sets 
showing continuous error repetition resulting 
from an inability to change responses, percep- 
tions, or identifications once established. 

Increased scores on tests of rigidity have been 
found to correlate with declines in intelligence 
test performance (Schaie, 1958). Both of these 
factors are correlated with age and operate 
continuously even during the early middle 
years. The perseveration of initial or old re- 
sponses may account for the decreased effi- 
ciency of new learning observed in the aged. 
Jerome (1959) and Strother, Schaie, and Horst 

(1957) report a general decline in both learn- 
ing and memory with age. Welford (1959) 
reports that older persons may become more 
meticulous, thus making fewer errors at a 
sacrifice in speed. This produces greater intra- 
individual differences in time-related scores 
and also contributes to the greater interindi- 
vidual differences which occur due to the 

general decline in performance. 

The data on human subjects are thus 

"This research was performed under Army Contract #DA-49-193- 
A. J. Riopelle, principal investigator. MD.-2095, Dr. 

generally consistent in describing decreases in 
response variability and general declines in 
learning and memory with age. This paper 
reports the results of a series of experiments 
designed primarily to measure qualitative 
response variability in the chimpanzee. The 
effects of increased effort and food reward 
manipulation upon perseveration were ex- 
plored, as were also the effects of changing 
contexts and stimuli. Data on retention, learn- 
ing, responses to new objects, angular discrim- 
ination thresholds and perceptions, and the 
comparative efficiency of different display tech- 
niques were also obtained. In each case the 
hypothesis of age related differences was tested. 

Data from the Yerkes Laboratories indicate 
that chimpanzees achieve reproductive ma- 
turity at about 10 years of age. The lifespan of 
the chimpanzee is still uncertain, but estimates 
by Schultz (Hofer, Schultz, and Starck (1956), 
of 35 years, and Pearl, as quoted by Lansing 
(1959), of 15 to 20 years, with an upper limit 
of over 30 years, equivalent to a human upper 
limit of 110, seem reasonable. The chimpanzees 
selected for this study were between 11 and 40 
years of age and so can be said to include both 
young adults and aged individuals, even if the 
estimates for the upper limit of chimpanzee 
lifespans are conservative. These animals were 
specially suitable for this series of experiments 
because of the extensive biographies available 
for each individual and the continuous training 
and testing all had received to the time of these 
experiments. 

EXPERIMENT I 

The purpose of this experiment was to mea- 
sure response variability in a situation in which 
perseveration responses were not penalized 
either by increased effort requirements or by 
withholding of food rewards. Data on acquisi- 
tion, retention, and responses to new objects 
were also obtained. 

METHOD 

Subjects 

Sixteen adult chimpanzees were used.’ Eight 
of these were between 11 and 19 years of age 
and 8 were between 28 and 40 years of age. 
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All Ss had extensive laboratory testing histories 
and were familiar with the techniques requir- 
ing the displacement of objects to obtain re- 
wards from food wells. 

Procedure 

The test objects were 75 laboratory-fabri- 
cated stimuli differing in multiple dimensions 
and selected to maximize diversity of stimulus 
characteristics. ‘These were presented on a 
movable three-hole test tray mounted on a table 
equipped with an opaque screen. To initiate 
a trial, the screen was raised and the tray was 
slowly advanced toward the animal until it 
came in contact with the chain wire fence of 
the cage. Ss worked through the 2 in. opening 
of the chain wire fence. On any trial the S 
was permitted to displace only one object. 
Two objects were designated “A” and “B” 

and always covered baited food wells. A third 
object was designated “C” and always covered 
an unbaited food well. All of the positional 
permutations of three objects taken three at a 
time were used in a random sequence of 100 
trials. On three trials each, the A, B, and C 
objects were replaced by a novel object and on 
three trials novel objects replaced both A and B. 
The novel object always assumed the reward 
value of the object it replaced; thus if it replaced 
C, the food well covered was empty; or if it re- 
placed A or B, the food well was baited. Since 
novel objects never replaced both C and another 
object simultaneously, it was possible on every 
trial for the Ss to select a familiar positive 
stimulus and/or avoid a familiar negative 
stimulus, thereby receiving 100% reward. Each 
novel object was used only once with each 
animal and the same A, B, and C objects were 
used throughout. 

One hundred trials were presented in each 
session. Five sessions occurred in the first 
week, a sixth session was given four to six weeks 
later, and at one month intervals thereafter two 
additional sessions were completed. The first 
five sessions were considered as training and the 
subsequent sessions as retention tests. 

RESULTS 

The age groups were indistinguishable in 
scores of response variability as measured by 
variations of response between objects A and 
B, and by the frequency of selection of new 
objects. The responses of the majority of Ss 
in both groups continued to vary between the 
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A and B objects throughout training and test- | 
ing. Only seven individuals ever chose the same 
correct object on significantly more than half 
the trials of a session, and of these individuals 

only two showed such a preference on more 
than a single session. Among the Ss showing a | 
consistent preference for one of the positive ob- | 
jects, the nonpreferred positive object or a novel 
positive object was chosen rather than the in- 
correct C object if the preferred positive object 
was not available. 

Error scores, or choices of object C, de- 

creased progressively for both groups over the 
five training sessions, with mean errors approxi- 
mating 3% on the fifth session. Figure | shows 
a graph of errors for each session for each of 
the two groups. Learning was evident in both 
age groups, and differences between groups 
were slight and not statistically significant. 

Examination of individual records shows that 
despite general similarities, considerable in- 
dividual variation existed in both groups with 
respect to responses to novel objects. Some §s 
consistently chose novel objects regardless of 
reward value somewhat more often than would 
be expected by chance, whereas others con- 
sistently chose novel objects somewhat less 
often than would be expected by chance. All 
animals occasionally selected the novel objects 
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Fig. 1. Mean errors for young and old adult chim- 
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and group differences were not statistically 
significant. 
The four to six-week interval between the 

first five sessions and the sixth session, or first 

retention test, produced no deterioration in per- 
formance. The second retention test after an 
additional month still showed no deterioration 

in performance, and the differences in error 

scores between the two retention tests and the 
last training session did not exceed 2%. Similar 
results were obtained on the third retention test. 
No differences between training and retention 
sessions in the response variability scores were 
apparent, and in fact the differences between 
the three retention test scores could not be dis- 
tinguished from the differences between the 
scores of the last two training sessions. One 
young adult refused to continue testing on the 
third retention test and was dropped from the 
program after repeated efforts failed to induce 
the animal to work again. 

EXPERIMENT II 

This experiment measured response vari- 
ability in a situation in which increased effort 
was the penalty for perseveration. In addition, 
a measure was made of individual tendencies 
to rotate a wheel in a particular direction, and 
a measure was made of the variability of these 
response tendencies. 

METHOD 

Subjects 

The Ss used in experiment I were used in 
this experiment with the substitution of two 20- 
year-old animals for two younger ones who re- 
fused to continue testing. One 35-year-old 
animal died during the collection of biological 
samples after completing only the first portion 
of this experiment. 

Procedure 

A horizontal wheel 22 in. in diameter was 
attached to the test apparatus used in experi- 
ment I. The wheel rotated freely in either 
direction and its circumference was serrated at 
5-degree intervals with indentations to a depth 
of 34 in. 
On the initial trial, food was placed between 

the indentations directly in front of S. After 
attainment of the food by S a second piece was 
placed on the wheel 10 degrees in a clockwise 
direction from S. Each food attainment con- 
stituted a trial, and after each trial baiting con- 
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tinued in a clockwise direction for 360 degrees. 
Inasmuch as the Ss were working through 
chain wire fencing, no S could directly reach 
food placed at a distance of more than 70 de- 
grees from it and most animals could not reach 
food more than 40 degrees distant. Thus, each 
S could obtain some food by direct reaching, 
but was forced to rotate the wheel to obtain 
the rest of the food. 

After completion of this first session, Ss were 
tested on experiment III, before returning to 
the wheel situation. In this second session 
food placement started at 90 degrees from S 
and moved in 10-degree steps after each trial 
away from S for 180 degrees and then returned 
in 10-degree steps over the same 180 degrees. 
Half the animals started with clockwise dis- 
placements and half with counterclockwise dis- 
placements. 

The following test session repeated this pro- 
cedure using 5 degree steps starting the food at 
135 degrees from the animal and rotating 
through an arc of 90 degrees and return. 

After these sessions were completed, food 
was placed at 180 degrees from S and moved 
in 5-degree steps in the direction opposite the 
direction S rotated the wheel thus approximat- 
ing the up and down method of limits. Fifty 
trials were given each day for 5 days. 

RESULTS 

Most Ss showed a response bias in direction 
of wheel rotation as measured by the point on 
the wheel at which they changed direction of 
rotation. In almost all cases the biases were 
consistently to one side of the 180 degree mark. 
Some animals showed an increasing response 
bias (a drift of the critical sector) to one side, 
and one animal always turned the wheel coun- 
ter-clockwise, regardless of the position of the 
food whenever it could not be obtained by 
direct reaching. 

Most animals, however, on any one day had 
a consistent critical sector, and the average 
standard deviation about this sector was about 
10 degrees, or two steps on the wheel. Drift of 
the critical sector from one test day to another, 
however, averaged over 15 degrees. The oc- 
currence of a large shift in the critical sector 
from one day to another was not reflected in 
any change in response variation on either test 
day, and the standard deviation of the animal 
for either day was usually less than the shift 
between days. 
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No difference between old and young Ss 
were found in response biases, standard devia 

tion of responses, or amount of change in the 

critical sector from one test day to another. 

EXPERIMENT II 

This experiment punished perseveration of a 
learned discrimination by nonreward for such 
responses. In some problems a cue was pro 
vided indicating when response reversal should 
occur (conditional discrimination) whereas in 
others the only cue was the first nonrewarded 
response (discrimination reversal). In addi 
tion, data were obtained on acquisition and the 
effects of various presentation techniques. 

METHOD 

Subjects 

The Ss used in experiment II were also used 
in this experiment. The 35-year-old animal 
which died during the previous experiment 
completed the first eight of the problems de 
scribed below before his death. 

Procedure 

The apparatus described in experiment I 
was used with a series of three boards, each 
equipped with two food wells. The first board 
was the typical two-hole test tray, The second 
and third boards were similar to the first but 
each was equipped somewhat differently to pre- 
sent blocks vertically. The suspended blocks in 
both cases were pivoted at the upper corners 
and could be pushed back to expose the food 
wells. 

The discrimination objects included 2 typical 
laboratory-fabricated multidimensional blocks; 
10 blocks identical in all respects except that 
each had a differently cut and patterned piece 
of wallpaper glued to the front (“figure” 
blocks); and 8 uni-color blocks differing in 
color and shape, all 3/, in. thick and essentially 
planometric (“simple” blocks). Identical forms 
of the latter stimuli were made to permit hori- 
zontal and vertical presentation. 

The problem series consisted of 10 problems 
presented in the order given below: 

1) A discrimination reversal presented hori- 
zontally using the multidimensional blocks. 

2) A conditional discrimination using the 
simple blocks with horizonal or vertical pres- 
entation as the contingency cue. 

3) A discrimination reversal presented hori- 
zontally using figure blocks. 
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4) A conditional discrimination, as 

except that figure blocks were used, 

5) A discrimination reversal presented yer- 
tically using figure blocks. 

6) A discrimination reversal using simple 

blocks presented vertically to half the animals 
in each group and horizonally to the other half, 

7) The same as 6 except that those animals 
previously learning the vertical discrimination 

reversal were here trained on the horizontal 
discrimination reversal and vice versa, 

8) A conditional discrimination, as in 2, 

using simple blocks. 

9) A discrimination reversal using figure 

blocks presented vertically to half the animals 
in each group and horizontally to the other 
half, 

10) The same as 9 except that those animals 

previously learning the vertical discrimination 
reversal were here trained on the horizontal dis- 

crimination reversal and vice versa. 

In each problem, one object was used as the 

positive object first with half the animals and 
the other object was used as the positive object 

first with the other half of the animals. In the 

conditional problems, half the animals started 

with a horizontal presentation and half with a 

vertical presentation with 
problem 4 due to experimental error. Criterion 
for learning was 10 successive correct responses 

one exception in 

for any discrimination problem, including dis 
crimination reversals. For conditional problems, 
the S was required to make 10 successive correct 

responses prior to each contingency change (or 

reversal). Following the reversal, testing con- 
tinued until the criterion was again met where- 
upon the original problem was presented again. 
This procedure continued until two  errorless 
changes (or reversals) occurred. 

RESULTS 

The perseveration scores on reversal problems | 
for the two-age groups were virtually identical, 
and in neither group was the number of errors 
committed during reversals significantly greater | 
than errors committed during original learning. 
Further, no significant improvement in either 
errors or trials to criterion could be found over | 

problems when similar problems were compared 
(Wilcoxon, Mann-Whitney U-Test) and the 

two groups did not differ significantly from 
each other on either discrimination reversal or | 

conditional discrimination problems (Mann- 
Whitney U-Test). Figure 2 shows a bar graph 
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of median errors committed by each group on 
each of the 10 problems presented, In the cases 
of problems 6 and 7, and 9 and 10, horizontal 

presentation data are shown in 6 and 10 and 
vertical presentation data in 7 and 9. 

DISCUSSION 

Of the several types of response variability 
in the present experiments, not one 

from 
tests used 
successfully distinguished young-adult 

old-adult chimpanzees, Further, 
significantly related to rate of 

age was not 

acquisition on 

any of the tasks, nor to retention measures, 
Learning speed was apparently not related to 

age. On all tasks, wide and consistant indi 
vidual differences were observed in both groups. 
Some individuals learned slowly on all tasks, 

whereas others were generally found to be near 
the top of their group. ‘There was no evidence 

that variability and learning speed 
were related in these experiments except in ex- 
periment IIT which required a previously learned 

response 

response be discarded for successful reversal 

learning. 

The failure to discover a relationship be 

tween age and measures of response rigidity or 

ae 
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Fig. 2. Median errors for young and old adult chim- 
panzees on a series of discrimination reversal and con- 
ditional discrimination problems. 
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perseveration and the failure to discover age 
relationships with regard learning speed or 
memory in these experiments contrasts sharply 
with the data obtained using human subjects. 
It is possible that the particular tests used with 
the chimpanzees were not appropriate measures 

of performance changes associated with aging, 

but in view of the relatively large number and 
variety of tests used and the similarity of these 
tests to those used with human subjects, such 

a possibility seems unlikely. It might also be 
argued that despite longevity estimates for the 

chimpanzee, none of the chimpanzees used in 
these experiments was truly aged. This, how 
ever, is not a sufficient explanation for the pres 
ent results, inasmuch as even middle-aged hu 

mans show significant differences in perform 

ance when compared with young human adults 
(Schaie, 1958). In this experiment, on the other 
hand, comparisons of just those Ss with age 
differences of 20 years or more failed to produce 
differences. One possibility which must be con 
sidered, however, is that the presence of broad 
individual variations in chimpanzee perform 
ance, such as revealed by the present experi 
ments, will obscure any age differences unless 
a much larger population of Ss is available. 

An alternate explanation is that the psycho 
aging are different in 

chimpanzees and humans. Some possible fac 
tors relating to this difference are differential 
intelligence levels, effects of physical aging in 

logical consequence ol 

the two species, and effects of differential daily 
routines and testing histories. 

The failure of the retention tests to reveal 
any evidence of performance deterioration sug 
gests that recent memory is quite good in aged 
as well as young chimpanzees. It is clear, how- 
ever, that the intervals between retention tests 
were too short to permit an adequate compari- 
son of long-term memory capabilities. 

SUMMARY 

The effects of age on response variability in 
chimpanzees was investigated under three con- 
ditions of penalty for perseveration responses. 
Eight Ss were between 11 and 19 years of age 
and 8 were between 28 and 40 years of age 

The first test presented two positive objects 
and one negative object in a three-choice situa- 
tion. Novel objects were systematically intro- 
duced replacing one or both positive objects or 
the negative object. Age differences in adult 
chimpanzees produced no differences in _re- 
sponse variability or response to novel objects. 
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Learning occurred at about the same rate in 
both groups with errors falling to the 3% level. 
A four to six-week interval between blocks of 
trials and two additional intervals of 30 days 
each produced no differences distinguishable 
from a 24-hour interval. 

The second experiment measured angular 
thresholds and variability about the threshold. 
Old and young adults were indistinguishable 
both in regard to their individual rotational re- 
sponse biases and in the standard deviation 
about the critical areas for rotational response 
biases. 

The third experiment used a series of 10 dis- 
crimination reversal and contingency problems. 
Old and young animals were indistinguishable 
in learning the series of discrimination reversal 
and conditional discrimination problems, both 

with respect to initial discrimination and re- 
versal scores. 

Improvement in performance with time over 

a series of similar problems failed to reach sig- 
nificance in either group. No evidence could 
be found supporting a theory of general decline 
in performance and memory, or an increase in 
perseveration and response rigidity with age in 

adult chimpanzees. 
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Aging and Leisure. Edited by Robert W. Kleemeier. 

New York: Oxford University Press, 1961, pp. xvi + 
447, $5.75. 

This is one of the books which will evoke unani- 

mous agreement that it is a notable contribution to 

gerontology. Gerontology has passed another milestone. 
Its relevance goes much beyond leisure activities of the 

retired; the contents of the book are relevant to all of 

adult life. One of the impressive unplanned byproducts 
of the efforts of the 19 collaborators in this book is in 
fact their thinking about the uses of time outside the 

context of late life. 

It seems as though gerontology characteristically raises 

questions which underscore shortcomings and gaps in 

our knowledge in science other than those concerned 

with aging. When a group conscientiously pursues its 

purposes, as this one has, contributions to theory and 
research are made which go much beyond the original 

intent. This is of course science and scholarship at its 

best, and it is to the credit of the editor, the contributors, 

and to the Ford Foundation that a working climate and 

relationships were created that encouraged the partici- 

pants to keep their peripheral vision functioning while 

maintaining a central focus. 

Technologically advanced countries are faced with 

issues about the distribution of time in their popula- 

tions: length of the work week is changing, new patterns 

of production are introduced, and complicated manual 
skills are being replaced by machines under the control 

of men with a much different pattern of behavior. As 

economies move from simple survival levels where 
supply and demand explain much, they move into a 

state of development wherein explanation of productive 

behavior and the flow of goods requires mixtures of the 
concepts and measurements of economists, psychologists, 

sociologists—the range of social scientists. One even 

wonders after reading this book if the increasing num- 

bers of retired people are not really employed after all, 
but ina new way; they are employed at low wages as 
consumers by their private pensions, if they are for- 

tunate, and by the state through old age benefits. This 
use of words merely emphasizes the different point of 
view which may be directed toward the same social 
phenomenon. Under the provocation of this book one 
wonders what change in attitudes might occur in the 

individual upon retirement if he were told he was now 

employed by society as a full-time consumer. 

When leisure or the use of time are seriously dis- 
cussed, issues of classification of the uses of time cannot 

be avoided. The same sample of activity of an indi- 

vidual may be classified in many different ways, some 
of which reveal different implicit value systems. The 
use of the term “free time” in place of “leisure,” or 
“productive time” in place of “meaningful use of time,” 
connotes shades of differences in attitudes or values 

which the social scientist may hold toward the activities 
of men. These differences can be bothersome when one 
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wants to put together information from different projects 

or sciences. Running through the present chapters is a 

common thread of the western point of view which 
places heavy emphasis on the value of activities for the 

continued development of the individual. 
Appropriately the authors in this book avoided circular 

musings about the uses of time in retirement and kept 
pressing for more data about how people now use their 
time. They presented what data they now know about 
the uses of time, discussed the limitations of the data, 

and where profitable next steps might be taken. Keeping 
their feet on the firm ground of evidence the authors 

give the reader a feeling of confidence about the future 

research and its service to men. Here the scope is vast, 

for the implications of this book can lead toward theory 
and research on human development and the evolution 
of culture. 

This book is going to be found more on the shelves of 

professional persons and college students than in the 

hands of those who are looking for a receipe for the 

good life. Not that the book is antagonistic toward 

attainment of the good life, rather the writings are 

sophisticated and regard the good life in retirement like 

a good cake, as being the product of the skill of the 

cook, the material available, and the “taste” of the eater. 

It is impossible to describe the contents of the many 

chapters (13) of this major collaborative volume, and 

even less possible to evaluate them separately. The 

book itself provides some self-criticism in an appendix, 
which contains separately prepared comments on certain 

of the chapters. Yet it is not desirable to place a book 
above criticism, no matter how good the book is. If one 

looks closely for a shortcoming, perhaps one can see 
the absence of a biologist in the proceedings, and per- 

haps a social historian as well. This would have been a 
good education for the biologist and historian as well as 

providing a reminder that there is more to gerontology 

and its interactions than most of us would like to think. 

J. E. BIRREN, Ph.D. 
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An electron microscopic study on types of age 
change in nerve cells, with particular reference 

to chromophilia and to accumulation of pig- 
ment in man and laboratory animals’ 

Warren Anprew, Department of Anatomy, School of 
Medicine, Indiana University 

The cerebella of 17 mice of the C57 Black strain and 
biopsy material from several human brains have been 

studied with the electron microscope. A remarkable 
paucity of Nissl material is seen in many of the nerve 

cells of old mice. The chromophilic cells, however, those 

in which both nucleus and cytoplasm are very dark, 
seem aS numerous as in young animals. It has not 
been possible to identify chromophilia as a condition in 
which the mitochondria are primarily involved, al- 
though studies by earlier authors, with the light micro- 

scope, had led to this conclusion. It seems, rather, that 
alteration of the endoplasmic reticulum, with the pro- 
duction of very prominent and close-set lamellae, to- 

gether with increased density of the nucleoplasm, are 
the factors which bring about this condition. Study of 
fine structure of pigment granules shows them usually 

to consist of two portions, a lighter one of about the 
density of mitochondrial matrix, and a denser one, 
evidently the pigment proper. Evidence is presented 
for a mitochondrial origin of the pigment complex. 

1 Grateful acknowledgment is made to the Smith, Kline and French 
Foundation for support of this study. 

Physical parameters of citric acid soluble human 
skin collagen of the newborn 

Seymour BAKERMAN, Biophysics Laboratory, Depart- 

ment of Pathology, University of Kansas Medical 

Center 

In order to establish basic molecular parameters for 
present studies in this laboratory on mechanisms of 
aging on a molecular level, investigations were under- 
taken on human skin collagen from the newborn. Al- 

though there have been a number of physical chemical 
investigations carried out on various animal species of 

this form of collagen, there have been no reports in the 
literature on acid soluble human collagen, nor has 

there been consideration of individual sample variations. 
The collagen preparations were obtained from autopsy 
cases and treated individually, purified with cold 0.5M 

sodium acetate and water, extracted with O.1M citric 
acid and 0.1M sodium citrate, collected by dialyzing 
against water, and dissolved in 0.15M citrate buffer, 
pH 3.7, for physical measurements. The purified col- 
lagen was studied by analytical ultracentrifugation, vis- 
cometry, and optical rotation. The Svedberg constant 
was found to be S®,, wy = 3.10; intrinsic viscosity 11.5 

388 

dl/Gm, and [a]*°,, 415. Denaturation was initi- 
ated at about 31 C., was half complete at 36 C. and 

essentially complete at 39 C. The viscosity of the 

denatured material was 0.7 dl/Gm. and gave two peaks 

by analytical ultracentrifugation. The molecular dimen- 
sions and weight of soluble collagen was based on the 

experimental results and for the newborn calculated as 
follows: Molecular weight 263,000, length 2740 A, width 

12.6 A. 
The next logical phase of this study is in progress, 

Citric acid soluble collagen was extractable from the 

skin of individuals in all decades of life including a 

95-year-old individual. There is apparently a_ several 

fold decrease in production of acid soluble collagen 
when the extremes of the age spectrum are compared. 

The molecular parameters of skin collagen of the older 
age group are in process of evaluation. 

Myelin degeneration in the spinal roots and per- 

ipheral nerves of aging rats 

BENJAMIN N. Berc, ABNER Wo Lr, AND Henry §. 

Simms, Department of Pathology, Columbia Univer- 

sity, College of Physicians and Surgeons 

Myelin degeneration was observed in the spinal roots 

and peripheral nerves of rats after 500 days of age. The 

condition seemed to be a primary one and had no 
relation to the skeletal muscle degeneration of the 

hindlegs, which also developed with age. Both types 

of lesions are believed to be pathological rather than 
age changes. 

A comparison between ad-libitum-fed rats and rats 

receiving 54% of the unrestricted food intake showed 

no difference in severity or incidence of neural degener- 
ation. However, onset of lesions of four other major 

conditions (glomerulonephritis, periarteritis, myocardial 
degeneration, and skeletal muscle degeneration) was 

retarded by dietary restriction. 

Age of donor and behavior of non-dividing cells 

in vitro 

RatpH Bucuspaum, KrystyNa ANSEVIN, Joz MIGLioni, 
AND AurELIA Koros, University of Pittsburgh 

Tissue cultures were made from tissues derived from 

mice of ages varying from newborn to two years. Care 

was taken to keep the cells in maintenance media. Bits 

of tissue were minced, treated with trypsin, centrifuged, 
and the pellet explanted. Cells migrated from. this 
pellet into the surrounding medium. Alternatively, cells 
were suspended to a certain desired concentration and 

a measured amount put into a cylinder about 7 mm. 
in diameter and 14 cm. high placed on a coverslip. 

After the cells settled to the bottom and_ attached, 
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the cylinders were removed. Subsequently, the cover- 

slips bearing the cells were placed in perfusion cham- 

bers. Three kinds of observations are reported here. 
|, Osmotic pressure. Cells from young, middle-aged, 

and old animals were compared with respect to their 

ability to withstand treatment with distilled water. It 

was found that half of the cells from young animals 

recovered after 15 minutes of exposure to distilled 

water, whereas cells from old animals did not survive 

10 minutes’ exposure under the same conditions, Evi- 

dently there is some sort of change in the structure or 

ability of the cell to deal with osmotic forces with age. 
2. Adhesion to cover glasses. Cells from old animals 

attached in only small numbers to cover glasses, whereas 

cells from young animals easily attached. 

3. Radiation experiments. Cells from young, middle- 

aged, and old animals were subjected to standard doses 

of beta radiation from a = strontium 90 No 

significant differences were noticed in the ability of 
radiation under conditions of these 

source. 

cells to survive 

experiments, 

From these studies we can say only that cells from 

young animals are more adaptable, can adhere better, 

and seem to have more flexible membranes. Cells from 
old animals seem to have more rigid membranes, move 

more slowly, and cannot adhere to glass as well as cells 

from young animals, 

Relative insensitivity of adipose tissue of old rats 

to lipolytic action of epinephrine 

ApraHaAM Dury, Research-in-Aging Section, Veterans 

Administration Hospital and Department of Anatomy, 

University of Pittsburgh 

The effect of epinephrine in vivo and in vitro upon 

lipolysis of epididymal fat has been compared in young 

and old rats. In the young animal, the epididymal free 

fatty acids (FFA) content was 46% higher than in the 

old rat. Twenty minutes after injection of adrenaline 
in oil (2 mg./Kg.) FFA content in epididymal fat re- 

moved from young rats was significantly increased 

(P = 0.035), while in old rats the FFA content of 

epididymal fat was not different from the controls. 

To elucidate these findings, studies were done on the 

direct effect of epinephrine on FFA release by adipose 
tissue removed from young and old rats. Epididymal 

fat samples obtained from animals of both age groups 

were incubated for two hours in Krebs-Ringer phosphate 
buffer and 5% albumin in presence of epinephrine 

varying from zero to 5.0 micrograms per milliliter of 

incubation medium. With young epididymal fat, the 
release of FFA was significantly increased by very small 
amounts of epinephrine, while relatively high con- 
centrations of epinephrine in the incubating medium 
was required to induce lipolysis in epididymal fat from 
old rats. Furthermore, even the highest concentrations 

of epinephrine with old epididymal fat caused FFA 
release only 50% of that which occurred with adipose 
tissue obtained from young rats. The results indicate 
that mobilization of fat from adipose tissue in  re- 
sponse to epinephrine is greatly reduced in the old rat. 

Aging and nuclear DNA 

Josep HorrmMan, CHEN-YA Huan, AND JosePH Post, 

New York University Research Service, Goldwater 
Memorial Hospital 
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Spectrophotometric analyses of Feulgen-stained nuclei 

have shown that during the life span of the male Wistar 

rat there is a gradual change in the ploidy classes of 

the liver cell nuclei. The most rapid change occurs 
during the first 9 weeks of life when the ploidy pattern 

of 100% diploids (at birth) shifts to about 20% dip- 

loids, 75% tetraploids, and 5% octaploids. ‘The pattern 
is unchanged at 6 months and | year. At 2 years the 
diploid class is further reduced and the octaploid class 

is increased to about 17%. This pattern persists at 3 

years of age. 

The kidney tubular nuclei do not show any appre- 
ciable changes in their ploidy classes throughout the 

life span of the rat. The predominantly (80-90%) 

diploid class persists. 
Studies of the renewal rates of liver cells throughout 

the life span of the rat will be discussed. 

Age changes in the rate of palmitate-1-C" oxida- 
tion by blood cells in vitro! 

Josep P. HracHovec AND Morris Rocxsrein, New 

York University Medical Center 

We have observed that red blood cells in vitro oxidize 

palmitic acid to CO, (1). Further investigations have 

shown that the rate of palmitate oxidation by washed 
red blood cells from old animals is significantly lower 

than the rate of palmitate oxidation by red blood cells 
from young animals, prepared under exactly the same 

conditions. These observed age changes seem to be due 

either to an agewise increase of inhibitory 

located either intracellularly or on the surface red blood 

cells, or to an age-wise decrease of stimulatory factors, 

with similar location. 

By this procedure also the presence of inhibitory 

extracellular substances in blood plasma has been 

demonstrated, because the rate of palmitate oxidation 

is considerably lower if the blood plasma has not been 

removed by washing. Several washings of red blood 
cells by suspending and centrifuging them in isotonic 

Tyrodephosphate medium are necessary in order to 

obtain maximal rate of palmitate oxidation. A subse- 

quent addition of even a very dilute blood plasma to 
washed red blood cells decreases again their rate of 

palmitate oxidation. However, too many washings re- 

sult again in a decrease of the rate of palmitate oxida- 
tion below its maximal rate, although still above the 

original rate, observed in the presence of blood plasma. 
Results of investigations (a) on the influence of age 

and of other factors upon the rate of palmitate oxida- 
tion by red blood cells in vitro, and (b) on the natural 

mode of action of some constituents of the blood 

plasma, which concurrently keep the rate of palmitate 
oxidation by the red blood cells in vitro at a very low 
level, will be presented and discussed. 

factors, 

1 This research was supported in part by grants from U. S. Public 
Health Service. (1) Proc. Soc. Exper. Biol. & Med., 107: 205, 1961. 

Protein composition of bone and cartilage in 
young and old rats 

Kunc-Yinc Tanc Kao, WituiaM E, Hirt, Ricuarp L. 

Dawson, AND THomMas H. McGavack, Geriatrics Re- 

search Laboratories, Veterans Administration Center 

(Martinsburg, West Virginia) and Department of 

Medicine, George Washington University School of 
Medicine 
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The proteins from bone and cartilage of the skull, 
femur, vertebra, and rib of female rats 6 weeks and 2 

years old, respectively, were fractionated by a combined 
method of Lowry and Fitch into nonscleroprotein, 
soluble collagen, insoluble collagen, and elastin. Be- 

tween the two ages mentioned, the non-scleroprotein 

content was decreased in the femur by 33%; rib, 39%; 

vertebra, 17%; costal cartilage, 38%; and vertebral carti- 
lage, 28%. There was no change in the amount of non- 

scleroprotein in the skull. The soluble collagen content 

was decreased in the femur by 42%; rib, 40%; and 

costal cartilage, 34%. There was no change with age 

in the content of insoluble collagen in any of the 
tissues studied. The elastin fraction of costal cartilage 

increased by 40% between 6 weeks and 2 years of age. 

The synthesis and turnover of protein in bone and 
cartilage will be discussed. 

Age and wound healing in the palatal mucosa of 

the rat 

Jutes Kiincsperc’ AND Eart O. ButcHeEr’, Depart- 

ment of Anatomy, College of Dentistry, New York 

University 

Circular wounds, 1.5 mm. in diameter, were made 

with a trephine between the two most anterior trans- 

verse rugae of the palatal mucosa of rats 22 to 830 

days in age. A protective cylindrical shield limited the 

depth of the wound. In another method of creating 

a wound, an area of mucoperiosteum was taken uni- 

laterally from the palate medial to the first and second 
molars. 

Areas including the wound were biopsied from differ- 
ent animals on successive days after the injury, his- 
tologically prepared and stained either in Mallory’s 
connective tissue stain, Weigert’s resorcin fuchsin or 
hematoxylin and eosin. 
The excavation in the submucosa, resulting from the 

circular injury, became filled with granular connective 

tissue which, with the surrounding connective tissue, 

pulled the surface epithelium together which fused in 

3 to 4 days after the injury. The granular tissue was 
gradually replaced by collagen and elastic fibers. 

In the wounds medial to the molars healing involved 

a sequence of tissue changes including proliferation of 

granulation tissue over the palatal bone, formation of 

a sequestrum, followed by resorption and expulsion of 
the sequestrum and finally closure of the wound by 
granulation tissue and epithelium. 

Palatal wounds always healed more rapidly in the 
youngest animals. Aged rats had more defects in heal- 
ing. This acceleration was probably due to greater 
reparative potentiality and more ability of the tissue to 
rid the area of necrotic tissue. 

1 Special Postdoctoral Fellow. 
hon gama by Grant D 366 from the National Institute of Dental 

Research. 

Synthesis of free and ester cholesterol in various 

tissues of rats at different ages 

Tuomas H. McGavack, Epcar C. Trout, Jr., CHARLES 

A. Hizer, AND Kunc-Yinc Tanc Kao, Geriatrics Re- 

search Laboratories, Veterans Administration Center 

(Martinsburg, West Virginia) and Department of 
Medicine, George Washington University School of 
Medicine 
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The in vitro synthesis of free and ester cholesterol by 
liver, skin, aorta, and tendon slices from young (2 days 

to 8 weeks) and old (2 to 2!% years) rats, Wistar 

strain, was compared. 

Tissue slices obtained from groups of young and old 

rats were incubated in Krebs-Henseleit buffer with 
1-C!4 acetate or 2-C!4 mevalonic acid lactone for 5 
hours at 37.5° C. in a Dubnoff incubator. After freeze- 

drying, the tissues were extracted with lipid solvents 

and free and ester (after hydrolysis) cholesterol were 
precipitated as the digitonide. Both colorimetric analysis 

and radioisotope counting were performed on the cho- 
lesterol digitonides. 

Comparisons were made on the basis of counts/min- 
ute/mg. of wet weight of tissue and the arbitrary as- 
signment of 100% for the values obtained in the young 
rats. 

In the 1-C14 acetate study, the livers of the old rats 
synthesized 25% free and 28% ester cholesterol of the 
amounts found in the young animals; the skin 35% 
free and 13% ester cholesterol and the tendon 6% for 
free cholesterol (esters too low to calculate). No dif- 

ference in the ability to synthesize cholesterol was 
found in aorta at the several ages studied. 

In the 2-C!* mevalonic acid study, the livers of the 
old rats synthesized 18% free and 27% ester cholesterol 
of the amount found in the young animals; and the 
aorta 55% of the amount of free cholesterol (esters too 

low to calculate accurately). No difference could be 
found in the synthesis of cholesterol in skin and tendon 
at the several ages studied. 

Aging of the maxilla of the guinea pig utilizing | 

Alizarine Red S. 

James B. Rocers AND Frank E. WeseEr, Department 

of Anatomy, University of Louisville School of 

Medicine 

It is proposed to analyze the ossification centers and 
suture unions in the guinea pig maxilla by use of in- 

jections of Alizarin Red S and also (1) to determine 

the age factor in the response of this bone tissue to 
the dye and (2) to measure the growth rate of the 
maxilla. 

In conjunction with this, it is also proposed to cor- 

relate the findings obtained in a previous project on 

the growth rate and aging of the guinea pig skeleton 
(Aging of the Guinea Pig Skeleton, 1960, Rogers) by 

use of the dye as a marker of epiphyseal-diaphyseal 

closure. 
A determination of the dye concentration, dosage, and 

areas of dye absorption after separate intravenous, in- 
tramuscular, subcutaneous, and intraperitoneal injec- 

tions has been investigated. The injection of choice is 
the intraperitoneal one. Absorption is slower, but tissue 
injury and toxicity are negligible. Various concentrations 

of filtered saturated solutions of Alizarine Red $ 
(2-10%) at dosages of 25 mg.-120 mg./Kg. have pro- 
duced staining of calcifying bone at the time of injec- 
tion. Gross observation of skeletal preparations show | 
localized coloration depending upon the active sites in 
the areas of the alveolar part of the maxillary, the 
premaxillary, ethmoid, and marginal parts of the pa- 

rietals in growing and adult animals, as also shown 

by Ercoli (1943). Microscopic investigation is planned 
after completion of injection schedule and gross observa- 
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tion to include fetuses, newborn (1-7 days), growing 

(30-365), and senile (1095+days) animals. Twenty 

animals were used in this investigation, An additional 
100 animals are to be used to complete the investigation 

and render more valid statistics. Any physiologic and/or 
pathologic calcifications in other systems observed at 
post mortem will be routinely noted. 

Autopsy findings and clinical diagnosis in elderly 

patients in a state hospital 

James B. Rocers, Western State Hospital (Hopkins- 
ville, Kentucky), Nina Kateryniux, Central State 

Hospital (Lakeland, Kentucky) and Cwartes W. 

Morris, Central State Hospital (Lakeland, Kentucky) 

An evaluation of case histories, physical, psychiatric 
and autopsy findings in a series of 100 patients who 

died in 2 state hospital at the age of 65 years or more 
has been made. In this study of 100 consecutive cases 

in this age group who came to autopsy, we have tabu- 

lated: Primary causes of death and contributing causes 
of death, as stated on the official death certificates. We 
have also shown primary and contributing causes of 

death in each case, as reported by the pathologist at 

autopsy. Gross autopsy findings in each case have 
been verified by microscopic studies. 

In general, there has been a good correlation between 

clinical physical diagnosis and post-mortem findings. 
However, clinical psychiatric diagnoses do not correlate 

well with autopsy findings. 
The post-mortem findings in senile guinea pigs kept 

under standard conditions will be compared with these 
human cases. 

Effect of breathing 6% CO, on peripheral circula- 

tion in young and older healihy men’ 

Ernst Simonson, Laboratory of Physiological Hygiene, 
University of Minnesota 

The impedance plethysmogram (using a 25 KC 
alternating current) was recorded from forehead and 
leg before and during breathing a 6% CO, 20% O, 

and 74% N, mixture in supine position. Impedance 

plethysmography is an inertia-free indirect recording of 
blood circulation. Absolute values of blood flow are not 
obtained, but changes of pulse contour and amplitudes 
in experimental situations in the same subject reflect 

reliably underlying circulatory changes. Analyzed were: 
a) peak amplitude, b) height of dicrotic notch, c) peak 

time, and d) cycle length in 57 young (mean age 23 

years) and 83 older men (mean age 61 years). There 

were significant differences in the pulse contour before 

CO, breathing between the two groups and also differ- 

ences in the contour between pulses from the forehead 
and from the leg in the same subjects. During CO, 
breathing, there was a significant increase of the ampli- 

tude (10% in young men, 23% in older men) of the 
forehead pulse. The greater increase in the older men 
Was statistically significant. There were no significant 
changes of the amplitude in the leg plethysmogram in 
both age groups. In the older men, there was also a 

significant increase in the height of the dicrotic notch. 
Changes of c) and d) of the forehead pulse were similar 
in both groups. Compared to the large increase of 
cerebral circulation (about 10 times) under CO,, the 

amplitude increase of the forehead impedance plethys- 
mogram is small and shows that it records primarily 

391 

extracranial circulation in contrast to claims by Polzer 
and Schuhfried and by Posteli. 

, 1 Supported by Grant B 1859 (C3), National Institutes of Health, 
Bethesda, Maryland. 

Histochemical and _ biochemical alterations in 
actinic (senile) elastosis 

J. GraHam Situ, Jr., W. MircHect Sams, Jr., AND 

Eucene A. Davipson, Departments of Medicine and 

Biochemistry and the Center for the Studying of 

Aging, Duke University Medical Center 

The gross clinical changes in the skin which are 

usually considered to be caused by aging are primarily 

a result of chronic sun-damage. Histologically, the 
changes seen are: basophilia, an increase in acid 
mucopolysaccharides, and an increase in material stain- 
ing like elastic tissue (elastosis). Methylation of tissue 

sections eliminates basophilia and acid mucopolysac- 
charide staining but has no effect on the elastosis. 

Saponification after methylation restores all the baso- 
philia but only a small amount of the acid mucopoly- 
saccharide staining. Hyaluronidase, however, has no 

effect on basophilia or elastosis but eliminates most of 

the acid mucopolysaccharide staining. In unexposed 
skin hydroxyproline is increased and hexosamine de- 

creased with aging (Sobel et al., J. Gerontol., 13: 128, 

1958). In actinically damaged skin, however, hydroxy- 

proline is decreased and hexosamine increased, repre- 
senting a pattern which is the exact opposite of un- 

exposed skin. 

Aging and cellular malnutrition 

Harry Soper, Laboratory for Research on the Bio- 
chemistry of Aging, Department of Experimental 

Medicine, Saint Joseph Hospital, (Burbank, Cali- 
fornia) 

Consequent to a theory of aging under consideration 

in this laboratory, it is predicted that as a result of 
age-associated changes in the connective tissue, the rate 

of delivery of oxygen and nutrients to the cells will be 
impaired. The literature will be reviewed to determine 

whether existing data lend support for this concept. 

The following areas will be covered; 1) accumulation 

of collagen, 2) evidence of impaired clearance of nutri- 
ents, 3) evidence of inadequate oxygen supply to the 
cells, and 4) consequences of this inadequency. These 
could result in advancement of the aging processes and 
increased susceptibility to age-associated disease. Par- 
ticularly pertinent to cardiovascular disease is the 
increase in susceptibility to hypoxiating agents in rats 
and spontaneous myocardial infarction in older dogs on 
a cholesterol-thiouracil diet. Astrup has postulated the 
existence of a critical zone in the media which may be 
inadequately maintained by the vasa vasorum. in- 
creased fibrosis of the media, which occurs in aging, 

would increase the probability of the occurrence of 

necrotic areas with subsequent thrombosis. Cellular 
adaptation to hypoxia could lead to decreased depen- 
dence on oxidative energy and to neoplasia, a possibi- 
lity long held. Loss of mitochondria in aging and in 

cancer cells is quite consistent with this concept. 
If this theory is correct, therapeutic experiments em- 
ploying increased gradients of nutrients and oxygen 

should be attempted. In view of the fact that there 
is evidence of increased fibrosis as cells die, such ex- 
periments should start with young individuals. 
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Localization and distribution of tritiated histidine 

in bone and changes concomitant with aging’ 

Epcar A. Tonna, Medical Research Center, Brook- 

haven National Laboratory (Upton, New York) 

Tritiated histidine autoradiography seems to offer an 
adequate method for the study of this amino acid in 
cells of the skeletal system and during aging. Such a 

study is of interest from several aspects, namely, 1) 

histidine makes up a small part of collagen, 2) it would 
be of basic significance to ascertain whether intra- 
cellular histidine is utilized in bone and cartilage matrix 

formation, and 3) how the histidine picture changes 

with age. 
Studies were made on 72 female mice, 2, 8, and 52 

weeks-old. The animals received a _ subcutaneous 

injection of tritiated histidine (1 puc/Gm. Body 
weight) and were sacrificed 1, 4, 8, 24, hours, 7, and 

14 days later. Autoradiographs were prepared from 
decalcified femora by covering with NTB; liquid 
emulsion and exposing for 30 days. 

In all sections studied, cellular labeling included 

both the nucleus and cytoplasm. In 2-week-old mice, 
1 hour after isotope administration, cells of the 
osteogenic layer of the periosteum, especially at the 
perichondrial zone, and the endosteum, at the epiphys- 

eal-metaphyseal junction, were heavily labeled. Disk 
cells at the zones of proliferation and hypertrophy 
were also labeled, as were cells at the articulating 

surfaces. At 4 hours, labeling appeared in regions of 
new bone and cartilage formation. By 8 hours, labeling 

was essentially extracellular. Within 24 hours, the 
labeling was weaker, and by 14 days only a few grains 
could be seen. 

Autoradiographs of older mice exhibited a similar 

localization of histidine, however, a lower maximum 

uptake. At 8 hours, only a few grains were observed in 
autoradiographs. No appreciable turnover of intra- 

cellular histidine to extracellular compartments was 
noted in 52-week-old animals. 

The localization and distribution of histidine paral- 

lels the events taking place during matrix production. 

Cells seem to initially take up histidine and incor- 
porate it into matrix precursors, which appear extra- 
cellularly shortly thereafter. 

With increasing age cellular utilization of histidine 

becomes diminished as matrix production is reduced. 

1 Research supported by the U. S. Atomic Energy Commission. 

Glucose-6-phosphatase activity in the liver of mice 

of different ages! 

Anita Zorzo.t, Department of Physiology, Vassar 

College 

It has been reported that the alkaline phosphatase 
activity of the liver of th C57B1/6 mouse increases in 
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senility, while the acid phosphatase activity decreases 

during the same period. The present study is concerned 
with quantitative estimation of the glucose-6-phos- 

phatase activity of the liver of the same strain of mice, 

The animals were bred and raised in the laboratory 

under uniform conditions. They were sacrificed in the 

unfasted state but always at the same time of day, 

Enzyme activity was determined by the method of Cori 
and calculated as ug P/mg. N/15 minutes’ incubation 

a 3° C. 
Glucose-6-phosphatase activity is extremely low 

from the 15th to the 17th prenatal days. Then it 

rises very sharply to a level which is maintained for 

the remainder of fetal life. Following birth the activity 

rises again, reaching the peak for the life span. The 

activity remains high in the early postnatal days and 

then begins a slow but steady decline. By the 12th 

month the activity is down to the level of the late 
fetal stages. From 12 to 24 months of age there is no 

significant change. 

Comparing the ranges of activity for males and | 

females of the same age, overlapping is found. 

However, starting at 2 months, the mean values for 

the females are consistently lower than those for the 

—___——— 

males. 

1 Supported by a grant from the National Institutes of Health. 

Relationship between the chrondroitin sulfates 

and collagen in human arteries with aging 

FreperickK T. Zucise, Histochemistry Research 

Section, Veterans Administration Hospital and 

Department of Anatomy, University of Pittsburgh 

Medical School 

A histochemical study of human coronary arteries, 
cerebral arteries and aortas ranging from fetuses to 7 

years of age has been made, utilizing new histochemical 

and histological techniques developed in our laboratory. 

These include a new histochemical technique for 
identifying and localizing the individual acid mucopoly- 

saccharides and a collagen technique using purified ; 
collagenase. 

The following is a preliminary report of our obser- | 

vations: In the fetuses, infants, and young juveniles, 

chondroitin sulfate A and/or C is the major com-| 
ponent and is associated with fine collagen fibers or 
with the absence of collagen. As age and/or severity 

of elastic changes occur, there is an increase in the 

ratio of chondroitin sulfate B to A, and/or C. There} 

is a concomitant increase in the ratio of coarse to fine 
collagen. It is suggested that this relation between 

coarse collagen and chonroitin sulfate B is due to 4 

reinforcement mechanism to strengthen the arterial 

wall. This would be a reaction to injury as occurs at 
the site of the wound formation. 
The significance of these findings will be discussed 

} 
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General nutrition of the aging patient 

AntHony A. ALBANESE, Nutrition and Metabolic Re- 

search Division, The Winifred Masterson Burke Re- 
lief Foundation (White Plains, New York) 

It is now well established that aging is associated with 
a gradual but significant reduction in basal oxygen con- 

sumption (cal/m2/hr). Since this determination 1 
flects the sum total of all metabolic processes in the 
body, it provides a useful measure of age-inducei 
changes in turnover rates for various metabolites. The) 

reduced needs of the aging for calories and proteins 0 
a weight basis appear to be directly influenced by this 
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phenomenon. Other known but less understood bio- 

chemical characteristics of aging are the decreased toler- 

ance to glucose, the increasing blood cholesterol levels, 

and the differences in requirements for protein and 
amino acid pattern. Experience with modalities, such 

as fructose, unsaturated fats, and anabolic steroids, 

which may alter these characteristics, require consider- 

ation in the clinical management of the elderly patient 
and will be described. 

Modifying effect of conforming behavior upon 

lipid responses accompanying CNS arousal 

M. D. Bocponorr, R. F. Krieimn', E. H. Esres, Jr., 

D. M. SHaw? anv K. W. Back, Duke University Med- 

ical Center 

The role of social interaction as an important factor 

relating to physiologic changes has been studied experi- 
mentally. The variable of social pressure has been con- 
trolled; the behavioral and physiological responses have 
been directly measured. Nine groups of 4 subjects (nor- 

mal, fasting males), seated in individual booths before 

a panel of lights, were given the task of identifying one 
of 4 momentarily-projected images on a screen. The 
answers of the other 3 subjects—actually provided by 
the experimenters — were flashed on the individual’s 
panel prior to his recording his own choice. The be- 
havior (i.e. the individual subject’s actual choice) is 
recorded and compared to the true answer and to the 

answers of the other subjects, providing an index to 

social conformity. Physiologic response is judged by 

changes in plasma-free fatty acid (FFA) level, drawn 
sequentially throughout the experiment, and is consid- 
ered to be an index of CNS arousal. The task itself is 
a significant stimulus (FFA rise + 153 wEq/L; p = 

<0.01 compared to no task). Under conditions in 

which the conformity index is low, FFA rise is unmod- 

ified; under those where the conformity index is high, 
FFA rise is reduced (correlation between decrease and 

conformity is .63; p = <0.05). These studies are inter- 

preted as indicating that the social behavior of conform- 

ity does modify the plasma lipid response accompanying 
CNS arousal of having to make a judgmental decision. 

Presently associated with Strong Memorial Hospital. 
2 Deceased. 

Bone resorption and osteoclast problem! 

F. BonatircHuk, Department of Anatomy, Univer- 

sity of Ottawa 

It was found that in old age the resorption of mineral 
matrix precedes that of the organic. Several authors re- 

ported also that the amount of osteoclasts or multi- 

nucleated giant cells is very scarce in old age (Tonna, 

Myers et al., Arnold and Webster, and others). In 

other words, the aging bone atrophy proceeds appar- 

ently without the direct or indirect participation of 

osteoclasts. It was considered of interest to compare 

these results with new data on bone resorption of other 
origin. ; 

Results of our investigations are discussed in this 
work of 3 cases of Paget’s disease, 5 cases of arthroso- 
arthritis, and 5 cases of bone tumors. As a paradox, 

only in cases of Paget’s disease was an increased num- 
ber of giant cells found. However, neither these cells 
nor those in our other cases revealed any features typi- 
cal of osteoclasts (brush border, excessive vacuolization). 
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Conclusion: According to data of this research, there 

is no morphological ground whatsoever indicating that 

bone destruction in humans is connected with any 
osteoclastic activity of giant cells. It seems that osteo- 
clasts are simply giant cells with functions similar to 
those of any giant cell in the body. 

The work was performed with stain-historadiography, 
i.e, combined microradiography and coloring of sections 

of undecalcified bone (Bohatirchuk, 1957). 

1This work is supported by grant A-2298 U.S.A. Public Health 
Service. 

A comparison of hexacyclonate (W1597), pen- 

tylenetetrazol (Metrazol), and placebo in ger- 

iatric patients with depression 

EuceNne Byrp aNp SAmMurL GERTMAN, University of 

Miami School of Medicine 

The search for methods and medications for reducing 

depression in the aged continues. This paper reports 
a controlled double-blind study of 55 geriatric patients, 
both sexes, with signs and symptoms of depression with- 
out psychosis of at least three months’ duration. Be- 
havior ratings and clinical laboratory tests were made 
before, during, and after termination of treatment. Ten 

clinic and 20 nursing home patients received 50 mg. of 

WI1597 «.i.d.; 15 nursing home patients received 200 

mg. of Metrazol t.i.d.; and 10 nursing home patients 

received lactose placebo capsules t.i.d. for eight weeks. 
Drugs and placebo were in uniform capsules of same 

size and shape. No significant differences were found 

between groups on either behavior ratings or laboratory 
test data. Increased agitation was observed in a few 

patients for both drugs, but no other side effects were 
noted. Behavior ratings by physician and nurses im- 
proved in all three groups. Other placebo effects were 
dramatically demonstrated. 

Concept of acute brain disorder in geriatric mental 
illness 

Rosert B. CAHAN AND ALEXANDER Simon, The Lang- 

ley Porter Neuropsychiatric Institute and the Depart- 
ment of Psychiatry, University of California School 
of Medicine (San Francisco) 

Acute brain syndromes (ABS) precipitated the hos- 
pitalization of half of the geriatric patients in a serial 

study of (534) admissions to a metropolitan hospital 
psychiatric receiving ward. One-eighth of the patients 

had an ABS without clinical evidence of other organic 

brain disease. These (70) patients can be meaningfully 
compared to (68) patients having an acute brain syn- 
drome superimposed on an underlying senile brain dis- 
ease and those (60) with only senile brain disease. 

Patients with acute brain syndromes died earlier and 
more frequently, physical illness being much more com- 

mon in this group. Alcoholism was found in high pro- 
portion, leading to a high incidence of the usual physi- 
cal concomitants. On the other hand, psychological 
testing and psychiatric examination revealed less intel- 
lectual deterioration in the ABS group; and delusions, 

hallucinations, confusion, and disorientation were more 
common among the seniles. Sociological and ecological 
data will be presented. Implications for differential 
diagnosis, treatment, and prognosis will be discussed. 
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Vitamins and mineral supplements in the diet of 
the elderly 

Bacon F, Cuow anp Samuet D. J. Yeu, Johns Hop- 

kins University Medical School 

Aging is influenced by the composite result of vita- 
min deficiencies and endocrine malfunctions which may 

lead to abnormal metabolisms. Some of these effects 
are reversible. 

Our findings are: 

An agewise regression of tissue levels of vitamin B,, 
and B,, exists in man. 

Mild deficiency of B, induced by dietary depriva- 
tion raised the pH and decreased the B,, binding 
power in the gastric juice. The lack of it reduced the 
gastrointestinal absorption of vitamin B,,, which could 

be increased by B, therapy, but not by co-administration 
of intrinsic factor. Animals placed on a diet insufficient 
in B, but rich in B,, eventually developed B,, defi- 
ciency, as indexed by low B,, levels in serum or liver. 
Vitamin B, deficiency resulted also in adrenal insuf- 
ficiency and hypothyroidism. 

Some of our old individuals (65 years) were achlor- 

hydric. Their gastric juice had low B,,-binding power. 
Vitamin B,, absorption was low, but not improved by 
concomitant administration of intrinsic factor. A reduc- 
tion of the thyroid activity of old individuals as deter- 
mined by the uptake of tri-iodothryonine by red blood 
cells was indicated. 

In rats, one of the metabolic consequences of pro- 
longed B, deficiency is low B,, serum level. Vitamin 
B,. deficiency reduces the glutathione content in the 
erythrocytes and promotes hyperglycemia. Our old sub- 
jects had the low glutathione and the diabetic type of 
glucose tolerance test. 

These data show the similarity in the metabolic de- 
rangements between vitamin-deficient rats and aging 

humans, with no implication that repletion with vita- 
mins will bring about the effects of rejuvenation. 

Radioactive isotopes metabolism, diagnostic and 

therapeutic uses 

Lee E. Farr, Brookhaven National Laboratory Hos- 

pital (Upton, New York) (Abstract not received) 

Endocrine agents other than the adrenal forms 

Harry FREEMAN AND Grecory Pincus, Medfield State 

Hospital (Harding, Massachusetts), and Worcester 

Foundation for Experimental Biology (Shrewsbury) 

The review will deal with the therapeutic effects of 
endocrine substances in the aged with the exception of 

the adrenal corticosteroids. An evaluation will be made 
of the physiological bases for such therapy; the clinical 
efficacy of such agents not only upon special tissues but 
also upon general metabolism; varying tolerances in the 

aged; and possible untoward effects of such drugs. The 

value of thyroid extract in the aged and testosterone in 
the male climacteric will be particularly discussed. In 
addition, placebo effect in the aging population will be 
assessed. 

Adrenergic drugs 

EstHER M. GreEIsHEIMER, Temple University Medical 
School 

The adrenergic drugs are those which excite responses 

similar to those produced by impulses in sympathetic 
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adrenergic nerves. Most of these agents have chem. 

ical similarities to beta-phenylethylamine. ‘The dihy. 

droxyphenyl derivatives, with hydroxyl groups in. the 
meta and para positions, are the most potent, as well 

as the most rapidly inactivated. The structure indicates 

the action and suggests not only the therapeutic use but 
also undesirable side-effects. 

Fundamentally, adrenergic amines are vasoconstrictor 

pressor drugs, useful in preventing hypotension associ- 

ated with spinal anethesia and in the treatment of car- 

diogenic shock. They are used in the treatment of 

bronchial asthma, allergic and anaphylactic reactions, 

and in ophthalmology. 
Some of the adrenergic drugs have not only peripheral 

vascular effects, but may also affect the rate, force, and 

rhythm of the heart. The central nervous system, for 
example, is stimulated by some of these drugs. Effects 

vary with the dose and in the presence of anesthetic 
agents. 

Adrenergic blocking agents are those which produce 

a blockade between the effector cell and epinephrine 

and levarterenol in the blood stream, They interfere 

with the usual cardiovascular responses to gravity, hy- 

poxia, and asphyxia. They have been used in the treat- 
ment of peripheral vascular 
essential hypertension. 

Choosing the proper adrenergic drug may be difficult, 

While epinephrine is the most potent drug for stimu. 

lating an arrested heart, it may initiate ventricular 

arrhythmias. Levarterenol produces vasoconstriction, 

which is undesirable in some areas. With ephedrine the 
cardiac effect is more conspicuous than the vasoconstric- 

tor effect. Methoxamine exerts no effect on the heart. 

Mephentermine stimulates the heart and is also a vaso 

dilator. 

disease, migraine, and 

Correlation of mental status and fasting blood 

sugar in the elderly 

Raymonp Harris,! Acapiro S$. LorENzO, AND Epuarpo 

Orvonez, Department of Medicine, Ann Lee Hom 

and St. Peter’s Hospital (Albany) ) 

Two hundred residents of the Ann Lee Home in} 

Albany, New York, were selected at random to study 

the relationship of fasting blood sugar and clinical men- 

tal status. The mental status examination of the elderly 

individuals included clinical evaluation of orientation, 

judgment, intellectual function, and Fasting 

blood sugar, taken within several weeks to eliminate 

time variation, was determined by a single laboratory 

to insure uniformity and reliability. All the patients 
had eaten a similar diet for months. 

Analysis of the data and their statistical significance 

will be presented. An attempt to correlate length of 

stay in the Home with mental status at the time of 

this study will also be included in this report. 
The basic reason for confinement in the Home will 

be discussed in the final evaluation. 

mood. 

Va Assistant Medical Director, Ann Lee Home. 

Relief of intractable arthritic pain with extended | 
sympathetic denervation: a six-year study 

Rosert A. Herrort (White Plains, New York) 

The principal source of disability presented by most) 
patients with chronic arthritis is pain originating in the 
weight-bearing joints. Over the course of the past sit | 

years, Ur 
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years, tne author has employed a technique of so-called 

extended sympathetic denervation in 79 patients with 
advanced painful rheumatoid arthritis or osteoarthritis 

of the hips and/or knee joints. The surgery consists of 

q retroperitoneal resection of the lumbar sympathetic 

trunks from the superior margin of the common iliac 

vessels to the body of the second lumbar vertebra en- 

compassing accessory ganglia on the rami communi- 

cantes and also decussating fibers in the retro-aortic 

prevertebral plexus at the level of the third and fourth 

lumbar vertebrae. ‘The operative procedure is carried 
out, at present, bilaterally at one sitting. This surgery 

in middle-aged and elderly arthritic invalids has had 
no mortality. In the immediate postoperative period, 

the patients exhibit, consistently, relief of arthritis pain 

with concomitant improvement in joint mobility and 

general functional capacity. The patients have been 
followed for periods up to six years after surgery; the 

relief of joint pain and improved range of motion have 

been maintained. ‘There have been no undesirable ef- 
fects noted extended sympathetic denervation. 

Neuropathic disorganization of the affected joints has 

not occurred, 

It is suggested that the principal afferent pain path- 

ways from the articular surfaces of the hip, knee, and 

ankle joints traverse the lumbar sympathetic trunks 
and plexuses. 

after 

Analgesics, hypnotics, and sedatives 

Trevor H. Howe, St. John’s Hospital, London 

Insomnia, restlessness, and agitation are common 

problems among elderly patients. Bromides and_bar- 

biturates tend to be excreted poorly and can have an 

accumulative effect. Chloral hydrate and_ glutetha- 

mide are preferable hypnotics where pain is not the 
cause of restlessness. It is not necessary to administer 

large doses of tranquilizers to old people. Many rest- 

less, confused patients respond better to chloral hydrate. 
Multiple pains and aches are common in old age; one 

lesion will often alter the pain threshold of another. 
In rheumatic lesions good results are often obtained 

by carefully selected local treatment. The elderly have 
a wide variation of response to simple analgesics. Side 

effects sometimes occur, so that alternatives must be 

sought. Much discomfort can be relieved by selective 

use of aspirin or phenacetin, or combinations. Codeine 

preparations are effective analgesics but tend to promote 

constipation. Phenylbutazone is valuable but liable to 
cause gastric disturbances if administered by mouth. 

There is a definite art in knowing when to give me- 

peridine or morphine in the terminal stages of chronic 

ailments. 

Drugs in gastrointestinal diseases in aging in- 

dividuals 

JosepH KirsNer AND Cuarces B. Clayman, University 

of Chicago Medical School 

A presentation of the drugs and preparations com- 

monly employed in gastroenterology will be made. A 
review of the pharmacologic actions and physiologic re- 
sponses will be compared vis 4 vis the response in the 
young and the aged patient. Reference to the disease 

under treatment and modifications in response thereto 
related will be attempted. In general the pharmacologic 

response to these’ drugs in the aged will be found to 
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be identical to the young adult. Exceptions encountered 
will usually be related to the presence of active chronic 
disease, or the impairment in reserve of an organ-sys 

tem resulting from disease, active or inactive. 

Novocaine treatment of patients with senile and 

arteriosclerotic brain disease 

V. A. Krat, C. Cann, anp M. Murer, Verdun Prot 
estant Hospital and the Gerontologic Unit of the 

Allan Memorial Institute, McGill University 

Aslan reported that long-term treatment of old people 

with novocaine has a rejuvenating effect as well as a 

therapeutic effect in certain physical and mental dis 

orders of the senium, 

To investigate this, three groups of subjects, 65 years 

and older and suffering from senile or arteriosclerotic 

brain disease, were treated with novocaine strictly fol- 

lowing Aslan’s published method. The first group con- 

sisted of Il patients who received novocaine for Il to 

14 months (average 13 months); the second group of 

10 patients received novocaine for 6 months; the third 

group (10 subjects) received physiological saline for 

6 months, 

The mental condition of the patients, particularly 

memory reactivity, activity level, 

and degree of socialization, was evaluated at the begin- 

ning and the end of the observation period by means 
of scorable memory and rating scales. Changes in the 

physical condition (skin, hair, joints) as well as side 

effects were also followed, and the results obtained in 

the three groups compared. 
Although there was an increase in the activity level 

and emotional reactivity in the novocaine-treated 

groups, no significant change in memory function could 

be observed as compared with the control group. Some 

increase in the turgor of the skin and hairgrowth and 

a tendency to hemorrhages were found in the patients 

of the first group. ‘The practical and theoretical impli- 

cations of these observations will be discussed. 

function, emotional 

Pharmacological considerations in aging patients 

Cuauncey D. Leake, Ohio State University School of 

Medicine 

With increasing age there are many significant alter- 

ations in human metabolism. These changes give an 

indication of the types of chemicals which might be 
developed for making longer life more worth the living. 

In older people, drugs are indicated which (1) will 

improve the activity of the reticuloendothelial system, 
promoting greater resilience of tissue and greater pro- 

tective action against infection, stress, and degeneration; 

(2) may reduce sensitivity to sensory annoyances, pro- 

duce some degree of euphoria, and relieve muscle ten- 
sions without inducing lack of coordination; (3) may 

stimulate brain activity, without inducing nervousness, 

restlessness, irritability, or increased muscle tension; (4) 

may maintain the functional activity of the gastro- 

enteric tract so as to maintain digestive capaciiy; (5) 

may maintain the functional enzyme systems of cells 
for effective metabolic processes; (6) may alleviate the 
symptoms or progress of cardiovascular-renal disease; 
(7) may influence neoplastic states; and (8) may pre- 
vent or reduce the effects of stress reactions. Improved 

drugs and proper application of all types can promote 

the comfort and health of older individuals. 
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Psychopharmacology and the aged 

KENNETH LirsHitz AND NaTHAN S. Kune, Rockland 
State Hospital (Orangeburg, New York) 

In much of the practice of medicine very often time 
is on the physician’s side, healing takes place and the 
patient improves. This favorable state of affairs tends 

to be reversed in the aging and aged. The realistic 
closeness of death and the diminished psychic flexibility 
results in a decrease in the practicality of using purely 
dynamic psychotherapies in the treatment of mental 
disturbances in the aged. Therefore, the newer potent 
psychopharmaceuticals take on an increased importance 

in alleviating the suffering due to anxiety, depression 
and agitation in old people. Intellectual performance 
can also be improved secondarily by freeing available 
mental capabilities from their involvement in psycho- 

pathologic symptomatology. The attainment of a pri- 
mary improvement in mental functioning is an even 
more desirable goal, though more difficult to achieve. 

There are a considerable number of reports on the 

use of psychically active pharmaceuticals in aged popu- 
lations, many of which are in conflict. It is necessary 
to realize that even in double blind, controlled studies, 

unrecognized variables may be introduced which affect 
the treated and control population differently. For ex- 

ample, a medication given in an anti-therapeutic milieu 

may be ineffective and a therapeutic milieu by itself 

may also be ineffective; however, the same medication 

plus an improved dynamic milieu may be effective. 
In the report the effects of various types of psycho- 

pharmaceuticals will be considered in the light of per- 
sona! experience and the literature. Efficacy in the treat- 
ment of anxiety, depression and the organic brain syn- 
drome will be discussed. The problems of side effects 
and toxicity, which are of increased importance in the 
aged, will also be discussed. 

Antibiotics in the control of acute and chronic in- 

fections in the elderly 

Perrin H. Lona, Professor Emeritus of Medicine, Col- 
lege of Medicine, Downstate Medical Center (Brook- 

lyn) 

In any consideration of the use of antibiotics for the 
prevention or treatment of infections in aging individ- 

uals, one has to take into consideration those factors 

which influence the incidence and course of such infec- 
tions. Among these are cardio-vascular disease, dia- 

betes, new growths, accident hazards and results, nutri- 

tional disorders, anemias, various metabolic disturb- 
ances, and the over-all changes associated with senes- 
cence. These tend to affect adversely attempts at spe- 

cific therapy. Furthermore, as in babies, certain bodily 
mechanisms such as the balance of electrolytes, the 
maintenance of proper fluid intakes, of adequate nutri- 

tion, of the integrity of the integument, and the regula- 

tion of excretory functions may be much more difficult 
in elderly patients who have infections and fever. 

From the point of view of the administration of anti- 
biotics, the possibility of reactions to the antibiotic (es- 
pecially penicillin) appears to increase as a population 
ages, due probably to repeated exposures to penicillin. 
However, while the management of antibiotic prophy- 
laxis and therapy requires more thought and more time 
on the part of the physician than does the management 
of similar therapy in adolescents or younger adults, the 
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results are very satisfactory as such relate to life Saving 
and the prolongation of, and adding comfort to, life 

Pneumonia, the ancient “friend” of the elderly, no 

longer takes its enormous toll. Tuberculosis can hp 
brought under therapeutic control; the course of pyelo. 

nephritis can be altered definitely. In other words, phy. 

sicians can “do something,” and by doing so, make life 
more enjoyable for elder patients. 

Adrenal corticosteroid agents 

Leo Lutwak anp G. Donato WHEDON, Division of 

General Medical Sciences, National Institutes of 

Health (Abstract not received) 

Controlled clinical studies on the anabolic effects 
of Nandrolone phenpropionate in a variety of 
debilitating conditions 

BENJAMIN O. Morrison (New Orleans) 

A double blind placebo study was performed on 42 
patients, most of whom were senile. Twenty-one pa- 

tients on injections of Nandrolone phenpropionate 
weekly and 18 on the placebo were compared over a 

period of five months (3 patients did not return for 

evaluation). The most striking improvement was noted 

in relief of pain from arthritis and improvement in 

appetite and digestion on the real drug as compared 
with the placebo. Side effects were minimal. Head- 

ache, epididymitis, and cystitis were noted in only 4 
cases of the trial drug and also noted in the placebo, 

The enhanced and prolonged anabolic effect as com- 
pared to the androgenic effect is believed responsible 

for the dramatic improvements in well-being in this 

small group. However, the results compare almost iden- 
tically with other investigations over similar periods of 

time. 

Impairment in blood gas exchange and types of 

treatment in the elderly with chronic pulmonary 

disease 

Hurtey L. Moriry, Cardio-Respiratory Laboratory 
University of Southern California School of Medicin 

(Los Angeles) 

Chronic pulmonary disease in the elderly may be 
classified in three groups as evaluated by lung volume 
measurements; (1) obstructive (associated with signifi- | 

cant emphysema as the dominant feature), (2) restric- 

tive (most often associated with fibrosis) and without | 

emphysema (total lung capacity decreased), and (3) em- 

physema associated with significant fibrosis. In this dis- 

cussion groups one and two will be compared for the 
blood gas exchange measurements and treatment proce- 
dures, namely (1) the severe emphysema (residual air 
above 200%, of predicted and rapid exhalation markedly 
prolonged on the spirogram), and (2) severe fibrosis 

without emphysema (residual air decreased in all cases 
below predicted and no prclongation of rapid exhalation 

on the spirogram). The maximal breathing capacity was 
markedly decreased in the emphysema group, and nor- 
mal or decreased in a slight to moderate extent in the 

fibrosis group. Intrapulmonary mixing, as evaluated by 

the nitrogen washout test with the nitrogen meter, was 
markedly impaired in the emphysema group and nor- 
mal in the fibrosis group. From the standpoint of lung 
volume measurements and x-ray appearance, these two 
groups are quite different. 

Arter 

lar fine 

tion, pt 
monoxi 

blood « 

group a 

tion oc 

as a SY 

dosis Or 

oxygen 

ventilat 

both gr 

ventilat 

both gi 
as poss 

bon dic 

Antihy 

JoHN 

Medi 

Effec 

be acce 

with m 

ever, { 

In gene 
with «! 
ity of 

age. T 
pertens 

in you 

such m 

specific 

individ 

change: 

Diure 

elderly 

for diu 
process. 

organ | 

Relatic 

ages 

Wat 

Bispe 

LOFF, 

The 

blood { 

in the 

found 

psychia 

sistance 

hospita 
from cl 

was ut 

ployed 
corded 

which 

for the 

A sig 

cerebra 

of EEC 

momen 

method 

sets of 

means 

larly h 



ife saving 
t to, life 
derly, no 

S can be 
of pyelo- 

rds, phy- 

make life 

ivision of 

itutes of 

c effects 
riety of 

d on 42 

-one pa- 

ropionate 

d over a 

turn for 

/as noted 

‘ment in 

‘ompared 

Head- 

1 only 4 
placebo, 

as com- 

sponsible 

in this 

ost iden- 

priods of 

ypes of 

monary 

horatory, 

Medicine 

may be 

volume 

| signifi- 

restric- | 

without 

(3) em- 

this dis- 

for the 

t proce- 

dual air 

varkedly 

fibrosis 

all cases 

halation 

city was 

nd nor- 

} in the 

ated by 

ter, was 

nd nor- 
of lung 

ese two 

ORGANIZATION SECTION 

Arterial blood studies, rest and exercise, revealed simi- 

lar findings in the two groups for hemoglobin satura- 

tion, pulmonary blood flow, oxygen uptake, and carbon 

monoxide diffusing capacity measurements. The arterial 

blood carbon dioxide was variable in the emphysema 
group and decreased in the fibrous group. Hyperventila- 
tion occurs in the fibrosis groups and may be mistaken 

as a symptom of a cardiac condition. Respiratory aci- 

dosis occurs in some cases in the emphysema group on 
oxygen breathing. In the emphysema group, poorly 

ventilated alveoli contribute to the hypoxia, and in 

both groups there was perfusion of blood through non- 

ventilated areas, especially with exercise. Treatment in 
hoth groups is directed at maintaining as near normal 

as possible the blood gas exchange for oxygen and car- 

bon dioxide. 

Antihypertensive agents and diuretics 

Joun H. Moyer anv Axperr N. Bresr, Hahnemann 
Medical College and Hospital 

Effective reduction of diastolic hypertension can now 

be accomplished in the majority of instances, Patients 

with moderate or severe blood pressure elevation, how- 

ever, generally require double or triple drug regimens. 

In general, the indications for treatment in the patient 

with «hronic hypertension are dependent on the sever- 

ity of she diastolic pressure elevation rather than the 

age. The antihypertensive response of the elderly hy- 

pertensive to drug therapy is similar to that achieved 
in younger individuals. However, it is essential that 

such management be appropriately planned to meet the 

specific and frequently changing requirements of each 

individual, particularly as they relate to vascular 

changes elsewhere in the patient. 
Diuretic therapy is 'ikewise equally effective in the 

elderly as well as the young patient; and the indications 

for diuretics are dependent on the underlying disease 
process. The ultimate response obtained is related to 
organ involvement rather than age per se. 

Relation of EEG to cerebral hemodynamics in 

aged psychiatric patients 

Watter D. Osrist, Duke University, Nems A. Lassen, 

Bispebjerg Hospital (Copenhagen), ano Louis Soxo- 

LoFF, National Institute of Mental Health 

The hypothesis was made that a reduction in cerebral 
blood flow and oxygen consumption might be a factor 
in the production of abnormal slow waves commonly 

found in the electroencephalograms (EEG) of aged 
psychiatric patients. Cerebral blood flow, vascular re- 

sistance, and oxygen uptake were determined in 20 
hospitalized patients over age 65 who were suffering 
from chronic brain syndrome. The nitrous oxide method 
was utilized in 10 cases; radioactive krypton was em- 

ployed in the remaining 10. Waking EEGs were re- 

corded separately and subjected to a frequency analysis, 

Which yielded an index of slow activity (1 to 7 cps.) 

for the occipital area. 
A significant negative relationship was found between 

cerebral metabolic rate for oxygen and the percentage 

of EEG waves under 7 cycles per second. Product- 
moment correlations were as follows: nitrous oxide 
method, —.69; krypton method, —.77. When the two 
sets of metabolic determinations were combined by 

means of T-scores, the correlation became —.78. Simi- 

larly high coefficients were obtained for cerebral blood 
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flow and vascular resistance in relation to electrocortical 
slowing. 

The results indicate that when oxygen consumption 
is impaired the number of EEG slow waves increases. 
Most patients gave abnormal values for both EEG and 
cerebral hemodynamics, suggesting that a common path- 

ological process underlies the relationship. This is in 
striking contrast to the zero correlations previously ob- 
tained on healthy old people who had normal EEGs 
and cerebral metabolism. The implication of these find- 

ings for the etiology of senile mental disease will be 

discussed, 

Anticoagulant drugs in the elderly: their indica- 

tion, metabolism, and tolerance 

Armanpb J. Quick, Marquette University School of 

Medicine 

The indications for anticoagulant therapy in 

elderly are not significantly different from those in the 

younger age groups. Coronary thrombosis constitutes by 

far the most important condition for which this type 

of treatment is considered efficacious. In the prophy 

laxis of post-operative thrombosis, favorable results have 

been obtained. In thrombophlebitis, especially of the 

migrans type, the response to oral anticoagulants is 

equivocal and in cerebral thrombosis, the advisability of 

this therapy is seriously questioned. 
In selecting a patient for anticoagulant therapy, a 

careful history is mandatory. Bleeding early in life may 

be a clue to a subclinical hemorrhagic tendency in later 

life. Loss of weight, spontaneous thrombophlebitis and 
similar signs may be the early indications of a malig 
nancy. In the physical examination, the skin should not 

be overlooked. Moderate bruising in women is rather 

common and usually is not significant. 

A careful study of the blood should be made before 

the drug is given. This should include a determination 

of hemoglobin, a differential leucocyte count, a bleed- 

ing and a prothrombin time. A tourniquet test is some- 

times helpful. A platelet count need not be done unless 

clot retraction is absent. 
A response of the individual to the oral anticoagulant 

drug is unpredictable in any age group. It depends on 

various factors, the first of which is absorption of the 

drug from the intestinal tract. This is in part influenced 

by the drug used and by the state of the intestinal tract. 
Both the courmarin and the phenylindanedicne type of 
compounds are vitamin K antagonists. Vitamin K prob- 
ably is the prosthetic group of the enzyme system which 

may be expressed by the symbol AZ K (4 apo- 
enzyme). The antagonistic action of Dicumarol (D) 

to vitamin K can be graphically shown by the equation: 
EH#K+D2A£D+K 

(active (inactive 

enzyme) enzyme) 

Vitamin K opposes the action of Dicumarol. The higher 

the storage of this vitamin in the body, the greater will 

be the resistance to the drug. On the other hand, the 

greater the amount of Dicumarol, the more will the 

concentration of AS K be reduced and the more will 
the prothrombin activity as measured by the one-stage 
test be depressed. Dicumarol is eliminated by detoxi- 
cation and this action is primarily hepatic and it is 
excreted by the kidney; consequently, impaired liver or 
kidney function will cause the drug to be retained and 
therefore will intensify its action. 

the 
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Age, per se, is not a factor in determining the re 

sponse of the individual to an anticoagulant drug. It is 

only the indirect influence of age on nutrition, prin 

cipally the storage of vitamin K, and on kidney and 

liver function, that determines the individual sensitiv 
ity and refractiveness to the action of these drugs. 

Diabetes mellitus and the hypoglycemic agents in 
the elderly 

Henry T. Ricxerrs, University of Chicago Medical 

School 
A suspected diagnosis of diabetes must be confirmed 

by determination of the blood sugar, preferably two 
hours after an ordinary meal, Values above 140 mg.% 

(true glucose in venous blood) are diagnostic. Lower 

values are inconclusive and require a glucose tolerance 

test. This test must be interpreted with the realization 

that many elderly, presumably non-diabetic, individ- 

uals have higher and/or later blood sugar peaks with a 

slower return to normal than do younger persons. 

Diabetes with onset in middle or late life typically is 

mild and frequently can be controlled by diet alone. 

If, in patients 65 years of age or older, a proper diet 

results from glycosuria, two-hour postprandial blood 
sugar levels below 180 mg. per 100 ml., and mainte- 

nance of normal body weight, further measures are un- 

necessary. Higher blood sugar values require adminis- 

tration of hypoglycemic agents. 
Of the available oral agen's in common use, tolbuta 

mide is the oldest and best. For most patients the dose 

is 0.5 Gm. two to four times given daily before meals, 
and never more than 3 Gm. daily. It rarely causes hypo- 
glycemia. Side effects are infrequent and minimal. 

Chlorpropamide is more potent and lasts longer than 

tolbu‘amide, but serious hypoglycemic reactions have 

been reported especially in the aged. The dose should 
not exceed 500 mg. given once daily before breakfast. 

Phenformin is effective in some cases but often  pro- 

duces gastrointestinal disturbance. It rarely causes hypo- 
glycemia. The usual dose is 25 to 50 mg. two or three 

times daily with meals. 
If oral agents do not maintain the postprandial blood 

sugar below 180 mg. per 100 ml., they should be with- 
drawn and NPH or lente insulin given. The initiating 

dose is 10 units daily 30 minutes before breakfast. This 
can be increased by 5 units each week until satisfactory 
control has been achieved. 

Diuretics and intravenous electrolyte solutions in 

geriatric patients 

KATHLEEN E. Roserts, Presbyterian Medical Center, 

University of California School of Medicine and 

Stanford University School of Medicine (San Fran- 

cisco) 

The clinical situations requiring diuretic agents will 

be discussed. The dosage and mode of administration 

of parenteral mercurial agents and derivatives of oral 
thiazides will be evaluated, and mechanisms of action 
will be compared. Both groups of diuretic agents act 
primarily to block the renal tubular reabsorption of 
chloride and secondarily of water and of the major 
cations, sodium and potassium. Both types of diuretics 
are enhanced by previous administration of acidifying 
chloride salts, such as ammonium, calcium or arginine 

hydrochloride. It will be stressed that all diuretic agents, 
regardless of their nature, may cause potassium deple: on 
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and potentiate the action of cardiac glycosides, A lig 

of the basic electrolyte solutions available for therapy 

and the situations requiring their use will be outined, 
Special detailed emphasis on the administration of ele. 

mentary electrolyte solutions will be elaborated in the 
paper to be published. 

Interrelationships of arcus senilis and cardiovas. 

cular indices of arteriosclerosis in the aged 

Manuet Ropsrein AND Frepertc D. ZEMAN, Medical 

Services, the Home for Aged and Infirm Hebrews 

and the Diagnostic Services of the Equitable Life As 

surance Society of the United States (New York) 

The degrees of arcus senilis was established by slit 

lamp examination in 287 elderly individuals from 68 

to 101 years, With increasing age there was a_progres- 

sive rise in the degree and frequency of arcus  senilis, 
There was a moderately greater degree and frequency of 

arcus senilis in men as compared to women. 

The comparative incidence of various cardiovascular 

indices of arteriosclerosis was determined in 

parable groups with varying degrees of arcus senilis, No 

significant correlations were found between the degree 

of arcus senilis and the degree of calcification of the 

aortic knob and degree of calcification of the ab- 

dominal aorta x-ray films. The transverse 

diameter of the heart shadow in terms of the Unger- 

leider and Clark table, the width of the aortic shadow 

in terms of the Sheridan index, the patency of the 

dorsalis pedis pulses, the blood pressure levels, and the 

serum cholestrol found to 

relationship to the degree of arcus senilis of the eye. 

Significant correlations were found between the de- 

gree of arcus senilis and the occurrence of electrocardi- 

agze-com- 

as seen in 

levels were also have no 

ographic evidence of coronary artery disease and _ the 
degree of retinal arteriosclerosis. 

It was concluded that there is a progressive increase 
in the frequency and degree of arcus senilis with in 

creasing age in the seventh, eighth, and ninth decades 

of life and that there is an 

tween the degree of arcus senilis and the degree of 

coronary and retinal arteriosclerosis. 

apparent correlation § be- 

General cholinergic drugs in the elderly 

Ben F, Rusy, Department of Pharmacology, Templ 

University Hospital (Abstract not received) 

Depression in medical practice 

Peter E. Siecier, Tisor Bopr, Arnoitp D, Ducanes 

AND Joun HEI. Nopine, Department of Medicine, 

Hahnemann Medical College and Hospital 

Definition and classification of depressive syndromes, 
methods of treatment, and the factors to be considered 

in choosing the proper treatment are outlined. The 

pharmacologic classification of presently available psy- 
chic energizers is given and their properties are com | 

pared. Results of our studies using most of the presently 
available psychic energizers as well as those in investi- | 

gational phase are summarized and the technique for 

evaluating new agents is discussed. Psychologic testing 

methods which can be used as objective research tools 
are illustrated. In conclusion, criteria are given for the 

medical practitioner to aid in judging the need of psy- 
chiatric or medical management with particular regard 
to depression in the aged. 
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Problems in diagnosis in geriatric mental illness— 

the senile versus the arteriosclerotic 

ALEXANDER SIMON AND Roserr B, Canan, The Lang 

ley Porter Neuropsychiatric Institute and the Depart 

ment of Psychiatry, University of California School 

of Medicine (San Francisco) 

Diagnosis in geriatric mental disorders poses many 
dificult problems. Although the diagnosis of a chronic 

brain disorder in a patient who demonstrates intellec- 

tual deterioration and behavioral disturbances is gen- 
erally correctly made, whether this is primarily related 

to senile or arteriosclerotic brain changes, a mixture of 

both, or some other type of brain disease, is not so 

clearly determined, The diagnosis may be further com- 

plicated by associated acute physical illness which may 

lead to acute brain syndrome clinical manifestations. 

From a study of 534 patients admitted to the psychi- 
atric service of a metropolitan hospital an effort is made 

in this presentation to define more clearly the diagnos- 

tic criteria and their limited value and to answer such 

questions as: How do clinically diagnosed senile and 
arteriosclerotic brain disorders differ, if at all, in age, 

sex, duration of illness, and Are 

there intellectual changes and psychological and social 

factors that distinguish between these two conditions? 

course, prognosis? 

Goals and limitations of group psychotherapy with 

geriatric patients in a psychiatric hospital 

Kurt Wore, Professional Services for Education, VA 

Hospital (Coatesville, Pennsylvania) and Associate 

in Psychiatry, The University of Pennsylvania Med- 

ical School 
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The purpose of this investigation was to define clearly 

the goals and limitations of group psychotherapy with 

geriatric patients in a psychiatric hospital. 

In contrast to individual psychotherapy with elderly 

emotionally disturbed patients, the author has found 
that group psychotherapy offers more advantages for 

this type of patient. The goal of group psychotherapy 

was directed toward rehabilitation, resocialization, and 

adjustment in and outside the hospital. The definitive 

advantage of group psychotherapy compared with indi 

vidual psychotherapy consisted in an economical gain 

in regard to time. The difficulties centered around prob- 
lems of identification and transference between the in- 
dividual members of the group and the therapist. The 

limitations were due to ihe fact that insight was not 
always possible and recommendable as a_ therapeutic 

goal. 

The method used was one of having 6 patients of 

both sexes in group psychotherapy session of 50 min- 

utes’ duration, once a week, for at least 6 months. The 

average age of the patients was 63 years. The psychi- 

atric diagnosis was of minor importance. However, the 

majority of the patients belonged to the schizophrenic 

group with an average hospitalization of 20 years. 

The results of group psychotherapy with geriatric 

patients of both sexes were remarkable. In a period of 
6 years, 110 patients were treated with this method; 

40%, showed great improvement and could be released. 

Very few returned to the hospital once a week to con- 
tinue group psychotherapy on an outpatient basis. The 

great majority were able to readjust in the circle of 

their own family or community. 

SECTION ON PSYCHOLOGICAL AND SOCIAL SCIENCES 

ABSTRACTS EDITED BY InviNG L. WEBBER, PH.D. 

Family disinterest as a factor in the mental hos- 

pitalization of the aged 

MaLcoum 

and Marjorir 

Project (Boston) 

This paper reports data from an investigation of 

a random sample of 40 patients, 60 years and older, 
newly admitted to the Boston State Hospital, Boston, 

Massachusetts. The research was done by a multidis- 

ciplinary team and was financially supported by the 

National Institute of Mental Health. 
Data from this study are used here to test recurrent 

statements in the literature that family ties in the 

United States are weakening and that many geriatric 

admissions to state mental hospitals are a result of 

these diminishing strengths. Three dimensions of family 

involvement are treated: (1) How much contact did 

these patients have with relatives? (2) Do the relatives 

assume responsibility for the patients, particularly, in 
time of crisis? (3) Are there strong feelings of affection 

between the patients and their relatives? Finally, the 
over-all question is asked: Are these dimensions of 

Davin Brau, 
Hospitalization 

ARTH, JACQUELYNN WEST, 

KETTELL, Geriatric 

contact, responsibility, and affect crucial in the hospi- 
talization of the patient? 
These data demonstrate that relatives make a positive 

showing in a majority of the cases on all three dimen- 
strong sions. Furthermore, in those cases where 

involvement by the relatives is not found, there are 
usually other factors than family disinterest which are 
responsible for the admission of the patient. 

In brief, the often expressed opinion that family 
disinterest, neglect of duty, and lack of contact are 

significant factors in causing the placement of geriatric 

patients in state mental hospitals is not supported. 

Role of community physicians in the psychiatric 

hospitalization of aged patients 

Davin Brau, Boston State Hospital 

University School of Medicine 

and_ Boston 

A group of 40 randomly selected, newly admitted 

geriatric patients have been under intensive investiga- 

tion at the Boston State Hospital. In 38 cases a 
telephone interview was conducted with the referring 

physicians to determine the reasons for admission of 
patients in this age group. 

Physicians interviewed were questioned concerning 
the length of time they knew the patient, what treat- 
ment was attempted, whether the admission was an 
emergency, what unusual behavior was displayed, the 
presence of physical illness, and the decisive reason for 

hospitalization. 

In only 11 cases were the patients known to the 
physician for over a year. Past history obtained from 
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others was heavily relied upon and usually was quite 
accurate. Physical illness, although frequently de- 
scribed, was never mentioned as a major reason for 
hospitalization. Treatment was employed in only 12 
cases, usually consisting of minimal doses of ataractic 
drugs employed too briefly. Many admissions were not 
considered emergencies. 
Community pressure was described as decisive in 

hospitalizing 17 patients. In only 6 instances was the 
pressure for psychiatric hospitalization. In 23 cases 
assaultiveness, depressive symptoms, noisiness, inability 
to care for one’s own needs, or patient’s desire for 
admission were paramount. Commonly the decisive 
behavior was not directly observed by the referring 
physician. 

Doubt was often expressed concerning the need for 

hospitalization, but littke was known about community 
facilities or modern psychiatric treatment of aged 
patients. Frequently patients were hospitalized to 

obtain the services of trained consultants. A diagnostic 

and treatment center consulting with community 
physicians is obviously needed. 

Religious groups and conceptions of aging 

Leonarp Z. BreEN, Department of Sociology, Purdue 

University, and Caro Trumpe (Hammond, 
Indiana) 

This paper reports on a research project designed to 

investigate the conceptions of aging and the aged as 

reflected in official publications of the largest organized 
religious bodies in the United States. This report 
summarizes the findings of a content analysis made of 
the official publications of 13 Protestant groups with a 

combined membership in 1959 of 37,305,536 persons. 
All of the items analyzed had been published since 
1951. 
A picture of the elderly in our society as lonely and 

insecure, needing fellowship, acceptance, recognition, 

and opportunities to feel useful was commonly pre- 
sented in the publications of all groups. In terms of the 
functions of the church and religion for older persons, 
six of the groups state that religiosity grows with 

increasing age and that older persons with problems 
turn to the church for help. All but one of the groups 
felt that an important function was that of fostering 

spirituality; all believed that the personal and social 
adjustment functions were significant. None of the 
groups placed a major emphasis on the spiritual needs 
of the aging in their publications, while all but four 
emphasized the economic, social, health, and emotional 

hygiene needs of the aging. 
The conceptions held of the aging were strikingly 

similar from group to group in the items analyzed. 
That the religious bodies have assumed for the aged a 
social-service orientation that is more pronounced than 
the personal religious-experience orientation may be 
inferred from the findings if one assumes that the 
amount of attention given to a topic in the publications 
of a group is equivalent to the emphasis placed on that 
topic in actual affairs. 

Rate of stimulus presentation as a factor in serial 
learning in an aged population 

Cart EIspoRFER, FRANCES WILKIE, and SEYMOUR 

AxELRopD, Department of Psychiatry, Duke University 

JOURNAL OF GERONTOLOGY 

Aged persons perform more poorly than young 

controls in a variety of learning situations. Sing 
senescents manifest a decline in speed of processing 
new stimuli, it seems appropriate to investigate the 

relationship between rate of presentation and _ the 
deficit in learning. 

Hypotheses: In serial rote learning: (1) younger 

subjects (Ss) will show fewer errors than older Ss: 
(2) increasing stimulus-exposure time will facilitate 
learning for aged Ss to a greater extent than for 
youngster Ss, 

Procedure: Lists of 8 words, equated for size, associa. 

tion value, and structure, were used in a serial rote 
learning experiment with a one-second interword inter- 

val and a 40-second intertrial interval. Ss learned to 
a criterion of two errorless trials or until 15 trials were 
run. Groups of young and old Ss (48 males aged 20-49, 

mean 37.3, and 33 males aged 60 and older, mean 
66.5) were each divided into three subgroups. The 

stimulus words were presented to the pairs of subgroups 

at exposure durations of 4, 6, or 8 seconds. Performance 

on the WAIS Vocabulary subtest was not different for 
the various groups. 

Results: Results of the 3 X 2 factorial analysis 

indicate that: (1) young Ss learned significantly better 
than senescents; (2) no difference in number of errors 

appeared between 4- and 6-second exposure intervals for 
either age group. Old Ss showed a significant decrease 

in errors at the 8-second exposure interval. Young §s 
produced a greater number of errors during the 8-second 

trials. 

The results are interpreted as confirming the hypo- 

theses. They also suggest a non-monotonic function 

relating performance to exposure time. 

Effect of time lapse on consistency of self and 
medical evaluations of health of elderly persons 

DorotHy K, HrymMAN and Frances C._ JEFFERS, 

Center for the Study of Aging, Duke University 

In the course of an initial study of a biracial group 

of 251 community volunteers over 60 years of age, 65% 
consistency was found (Maddox, 1961) between self- 

assessment (single item) and medical assessment of 

health status (physical functional rating based on 
extensive examinations and studies). 

Further exploration (based on a longitudinal exten- 
sion of the interviews and examinations using the same 

group of subjects) was made to determine the changes 
which may occur with lapse of time (3 years approxi- 

mately) between various measurements of self-assess- 
ment of health on one hand and an objective health 
evaluation as determined by physicians on the other. 
These changes were tested for relationship to age, sex, 

and socio-economic status. 

Reliability of self-assessment of health was tested by 
a comparison of responses on 3 separate items. 

The chief question being investigated here is whether 
older persons tend to remain realistic in self-appraisal 

of health over a period of time or whether a pattern of 
self-health attitude may be more persistent in spite of 
actual change in health. 
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Factors determining age identification. II 

Frances C. Jerrers, Cart Eisporrer, and EwaLp W. 
Busse, Center for the Study of Aging, Duke Univer- 

sity 

In a previous study of age identification in an elderly 

community population (Busse, Jeffers, Obrist, 1957), 
age-category placement, when tested against 21 other 
variablep—demographic, physical, psychological, psy- 
chiatric, and social—was found to be significantly re- 

lated only to chronological age, race, and subjective 

evaluation of health. 
The semantics involved in the identification of self 

in age categories was investigated, Differences were 

found in the sequence of terminology for words such as 

elderly, old, and aged, which might affect the 
results of studies in this area. A card-sorting technique 
was used to establish the sequence of the adjectives 
describing age categories, and this in turn was used to 

define operationally the verbal response of each S. 

On the basis of a_ longitudinal re-examination 

including the same population, the change with lapse 

of time (approximately 3 years) in the concept of age 
identification was tested, External and internal factors 
(e. g., health changes, retirement, death of spouse, or 

change in living arrangements) which occurred between 

examinations were also examined in relation to age 

categorization, 

It was proposed that the aspect of self-concept 
defined by age-category placement would remain stable 

over this passage of time in older subjects. 

Two frameworks for futurity in later life 

Rosert KasrENBAUM, Cushing State Hospital (Fram- 
ingham) and Department of Psychology, Clark 

University 

Do elderly people really “live in the past?” If this 
common opinion is correct, then two major psycho- 
social implications might be expected to follow the 
assumed loss of futurity: (1) estrangement from the 
dominant value system of American society with its 
emphasis on novelty, progress, and futurity; and (2) 

shrinking of the psychological self with futurity no 
longer available as a category for interpreting and 
organizing experience. 

Previous research suggested that psychological futurity 

involves a complex of variables which do not neces- 
sarily show identical transformation as the individual 
ages. For the purposes of this study two frameworks 
for futurity were distinguished. Personal futurity refers 
to the individual’s attitude toward his own time-to- 
come, i.e., the future as conceived within a_ private 

lifespace. Cognitive futurity refers to the use of 
futurity as an abstract cognitive category for organizing 
and interpreting experience in general. 

Personal and cognitive frameworks were studied in a 
population of 24 men and women aged 65 and older 

and a control group of 24 college students. An 
“Important Events” technique and a story-construction 
procedure were applied to the study of personal and 
cognitive frameworks, respectively. 

Results indicated that intellectually intact elderly 
people equal and, in some respects, exceed younger 
people in their ability to use futurity as an abstract 
category for organizing experience. The older people, 
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however, were more limited than the younger in deal- 
ing with futurity within a personal framework. 

These findings suggest that the assumed loss of 

futurity in later life is not necessarily pervasive. 

Retaining and improving his organization of events in 

terms of futurity, the elderly person has the potenti- 
ality to remain an active and valuable member of a 

future-oriented society. 

Affective involvement in institutionalized aged! 

Marjorie E, Ketreit, Geriatric Hospitalization Proj 

ect (Boston) 

Understanding emotional responsiveness and_ social 

interactions of elderly people is basic to planning for 

compatible living arrangements, recreational groups, 

and family relationships. According to disengagement 

theory, with increasing age cathexes are withdrawn 

from the outside world and re-invested in the self. 

Less emotional investment in others is suggested by 

investigators such as Ames, Eisdorfer, Dorkin, and 

Kral, and Rosen and Neugarten, who report a sparsity 

of affect in projective tests given to normal or path- 

ological subjects. 
The hypothesis of this paper is that the lack of 

color in Rorschach responses or feelings in TAT stories, 
two accepted indices of affect, may not result from 

lack of feelings, but a lack of feelings as represented 

in fantasy. It is assumed that affects must be suflici- 

ently integrated with perceptual-cognitive processes to 

allow reportable fantasy images. Otherwise affects may 

be defensively avoided, poorly modulated, or expressed 
directly in behavior. 

These considerations are discussed in evaluation of 
30 institutionalized subjects aged 60-89 who were given 

the Thematic Apperception Test. Protocols are scored 

for level of perceptual organization, affects, stability of 

characters’ identity, interaction, and test behavior. 

Criterion measures of affective behavior and_percep- 
tual-cognitive clarity will be added to age, sex, and 

diagnosis to define the subjects. Analysis of variance 

is expected to reveal significant differences in affect 

expression with different levels of ego organization. 

3 + ie supported by a grant from the National Institute of Mental 
Health. 

Dynamics of aging in Puerto Rico 

Monte Hiviiarp Kopper, Department of Sociology 
and Anthropology, University of Puerto Rico 

Puerto Rico is a unique field laboratory for geron- 
tological study. The island is both American and 
un-American at the same time, oriented to a future 
of rapid industrialization and its concomitant urbani- 
zation, but anchored with varying degrees of tenacity 
to religious, social, and folk mores of a modified 
Hispanic past. It is perhaps the last place under the 
American flag in this affluent age that has not yet 

become standardized and consonant in_ its social 
make-up. 

An island-wide study of 928 interviewees, represent- 
ing five age categories (from 20-29 onwards, at 10 

year intervals, including the 60+ group) adequately 
distributed for race, residence, and education, was 
analyzed for cross-cultural comparisons with mainland 
Americans. Findings were classified under seven head- 

ings: general demographic characteristics; income and 
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employment mobility; housing, family, married life, 
and friendship groups; leisure time and social organiza- 

tions; religious background and convictions; and per 

spectives for the future, including retirement. 

All age groups except the 60+- were found to play 

integral roles in the industrial-urban dynamism of 
present day Puerto Rico. The contemporary elderly 
are overwhelmingly agricultural and unschooled. Adult- 
hood has not prepared the aged for positive adjustment 
to life in a metropolitan, developed economy, and 
social attitudes are radically inconsistent with those 
of other age groups. They will nevertheless be the 

last generation to be notably different as the “strain 
toward cultural homogeneity,” of a qualified version 
of Americanism, is evident among those under 60 years. 

Labor force requirements and labor supply, 1970 

and 1975 

Juanira M. Kreps, C. E. FerGuson, ano James M. 

Forsom, Department of Economics, Duke University 

Estimates of future labor-force requirements gene 

rally rely on a straightforward extrapolation of the 

trend in gross national product and therefore ignore 

two crucially important features: changes in the com 
position of aggregate demand and differential rates 

of growth of average productivity within the various 
output sectors. 

In order to incorporate these features in our projec 

tions, separate estimates are made (both of output 

and of average productivity per man-hour) for the 

approximately 70 sectors of the economy corresponding 
to the National Income Division industrial classifica- 

tion. With a standard error of estimate, we derive 
upper and lower limits to the average estimates ob- 

tained from the (usually linear) regressions. From 

these estimates we obtain the predicted labor-force 

requirement for each sector. Aggregation of these 

individual estimates thep yields an estimate of total 
labor-force requirements at the selected future dates. 

This estimate of the demand for labor is then 

compared with existing projections of the labor force 

available in 1970 and 1975. Policy implications, par- 

ticularly with respect to retirement, are drawn in the 
light of the projected pattern of labor supply and labor 
demand. 

Health insecurity of the aged 
Aaron Lipman, Department of Sociology, University 

of Miami 

It is necessary to periodically re-examine and criti- 

cally evaluate some of the commonly-accepted funda- 
mentals in the social sciences. One of these funda- 
mentals, repeatedly emphasized in the gerontological 
literature, states that the retiree experiences a loss of 

esteem and self-worth after his retirement from the 
occupational system. In interviews with 100 retired 
couples over 60 years of age, this reduction in the 

feelings of self-worth emerged as only a minor con- 

sideration; most of the retirees did not feel that they 

were treated with less respect or that they suffered a 
loss of self-esteem after retirement. It was their phys- 
ical health that caused these retirees the greatest 

amount of concern and insecurity (even though the 

majority of the respondents did not consider them- 

JOURNAL OF GERONTOLOGY 

selves to be in poor health). Since illness affects the 
functioning of every normal role activity, this primary 
concern with health is not at all unwarranted, jy 

would therefore seem fruitful for gerontologists to 

investigate those areas which might contribute to the 
amelioration of this health insecurity. 

Some correlates of differences in self-assessment 
of physical health status among the elderly 

Gerorce L. Mappox, Department of Psychiatry, Duke 
University 

An individual’s assessment of his physical health 

and his participation in a social system are always 
potentially relevant in understanding disturbances in 

normal physical functioning, their etiology, and the 
conditions of successful therapy. 

While congruence between self-assessment and ob 

jective medical assessment of physical health status are 

presumably modal in any social system, incongruence 

is also observed. This incongruence may take the form 
of denial or acceptance of poor health or illness by an 

individual when this assessment is not warranted by 

medical evaluation. 

This paper 
congruence self-assessments of 

— health status among 251 elderly subjects who 

volunteéred to participate in a multidisciplinary, longi- 

tudinal study of human aging at the Center for Aging, 

Duke University Medical Center. Subjects ranged in 

age from, 60 to 94 with a median age of 70. 

Congruence in self-assessment and medical assess 

ment Gf physical health status was found in about 

two out of three subjects (65%). 

responses, 12% denied that they were in poor health 

and 23% accepted this designation even though these 

reports some of the correlates of in 

between medical and 

Among. incongruent 

responses were considered inappropriate from a medical 
standpoint. 

constellation of physical, psychic, and social charac 

teristics. 

propriate assessment was associated with the absence of 

preoccupation with the body and with health, of a 

history of depressive episodes, of a feeling of neglect, 

Denial, in contrast to acceptance, 

was also associated with being older (70 or over), with 

higher socio-economic status, with relative social in- 

activity, and with being male. 

Incongruent responses were indicative of a 

Denial, in contrast to acceptance, of inap 

and of low morale. 

Self and social structure: some theoretical con- 

siderations concerning retirement 

Joun C. McKinney, Department of Sociology and 

Anthropology, Duke University 

Remunerative work is declining in relative impor- 

tance as one of the meaningful activities in which 

elderly persons may engage. This has occurred with 

the simultaneous decrease in the proportion of men 
aged 65 and over in the labor force and increase in 

the proportion of men 65 and over in the population. 
Retirement, therefore, is becoming an_ increasingly 

prevalent and significant societal phenomenon. As an 
obviously important age-related phenomenon, retire- 
ment has attracted considerable research attention in 
recent years. To date, however, it has been approached 
primarily through the concepts of either labor force 
or adjustment. For broader and deeper understanding 
of the phenomenon of retirement, it is suggested that 
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it must be approached on the level of differential 

meaning. ‘This requires a view of retirement as a stage 

in life, comparable to the stages of entering school, 

entering the labor force, getting married, and raising 

children. Leaving the labor force is seen as an entry 

into a stage, not necessarily for the better or worse, 

but as related to the whole process of self development 

and maintenance and to the social structure within 

which this takes place. This in effect calls for the 

conceptualization of retirement as a special case of 

adult socialization, In turn, this calls for the assess 

ment of the meaning of retirement within the frame- 

work of symbolic-interaction and structural-functional 

theory. An attempt is made to specify some of the 

theoretical considerations involving the socialization of 

salient aspects of the social the self in relation to 

structure, 

Psychological and sociological factors in predie- 

tion of career patterns of women 

Mary C. Mutvey, Division on Aging, State of Rhode 

Island (Providence) 

This is a study of some antecedent and current 
characteristics of women in their middle years who 
followed specific career patterns. Replies to a ques 

tionnaire from 475 middle-aged women were analyzed 

with respect to career patterns as these unfolded over 

a period of 20 to 27 years beyond graduation from the 

public high schools of Providence, Rhode Island. 

Career pattern is defined in terms of a career both 
with and without marriage, and with and without 

work; it is further specified in terms of an acceptance 

of work as a primary or secondary mode of validating 

identity. ‘Twelve career patterns were devised. 

Many interesting interrelationships were found 

among career patterns, current levels of satisfaction, 

and future hopes and orientations. A major finding 
was that marital status appears to be the career carrier. 

A multiple discriminant analysis was made to de- 

termine the relative contribution of each of the high 

school variables to prediction of career patterns. Five 

discriminants were derived. Results on all five di- 
mensions suggest the folly of too early commitment to 
marriage without full exploration of career. 

This study offers many leads for further research. 
Since the career pattern notion is important for theory 
of personality development itself, our findings might 

prove helpful in developing more psychologically useful 

classifications of career patterns of adult women. This 
study further indicates that empirical investigation of 

career development of women can be productive in 
evolving new theoretical concepts which may in turn 
be useful in planning education and guidance programs 
for girls and women. 

Training and research in social gerontology in 

American universities and colleges 

Haron L, Orsacn, Division of Gerontology, Institute 
for Human Adjustment, University of Michigan 

The development of training and research in social 
gerontology in American universities and colleges has 

been accelerated in recent years because of the growing 
recognition and concern over the problems involved 
in the phenomenon of an aging population. 
To determine the nature and extent of current train- 
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ing and research as well as plans for future programs, 

The Inter-University Council of Social Gerontology 
surveyed universities and colleges in 1957-1958 and in 
1961. The present paper reports the results of the 1961 
survey and compares them with those obtained in 

1957-1958, giving particular attention to trends in 

training and research which have appeared, especially 
in the interest shown by the different social science 

disciplines. 

An evaluation study of public health nursing 
services provided to older rehabilitated persons! 

Harry Posman, Community Service Society of New 

York (New York City) 

The major objective of this four-year project is to 

develop and assess the effects of a program of family 

centered public health nursing provided to individuals 

60 years of age and older after discharge from a hospi 

tal geriatric rehabilitation center. 

All individuals discharged from 1958 through 1960 

have been admitted to the project and assigned to an 

experimental (served) group or to one of the control 
groups. Assignment was based on randomization within 

strata defined by theoretically relevant factors, such as 

functional status and setting at intake. Individuals in 

the experimental group are eligible for public health 

nursing services provided by the Community Service 

Society for a period of 18 months 

All participants receive research evaluations, includ- 

ing a medical examination and a research interview 
by a public health nurse at entry into the project and 
two years thereafter; cases in the experimental and in 

the concurrent control groups in addition receive pe- 

riodic research evaluations at designated intermediate 

points. Comprehensive interview and rating schedules 
are completed at each research evaluation, 

A preliminary analysis of data obtained during the 
intake assessment provides information concerning 

demographic characteristics, functional status, and 

identification of problem areas by participants and 

public health nurses. Some of the findings in each 
of these areas will be presented, with particular atten- 

tion to the older rehabilitated person’s views concern- 
ing his health and impairment and the problems he 
faces after hospital discharge. 

1Supported in part by a grant from the Office of Vocational 
Rehabilitation. 

WAIS performance of intellectually superior aged 

individuals 

Pau J. Ruupicx, Age Center of New England, Inc. 
(Boston) 

Purpose of the investigation: This study focuses on 
three aspects of intellectual functioning in aged per- 
sons: (1) testing the generality of norms from the 
Kansas City and Duke studies, (2) examination of 
the relationship between Verbal and Performance IQ’s, 
and (3) analysis of the effect of superior endowment, 
health, and differential life experience on this relation- 
ship. 

Method: (a) Sample: 59 healthy, urban-residing, 
non-institutionalized volunteers, whose average educa- 
tion was 13 years, were used. They ranged in age 
from 50-89 years, with the mean at 71 years. There 
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were 24 men and 35 women, including married and 

nonmarried, working and retired persons. 

(b) Procedure: The WAIS tests were administered 
in the usual manner by graduate students of a nearby 
university. 

For purposes of comparison the variables of age, sex, 

IQ level, and health status (as measured by the Cor- 
nell Medical Index) were selected. 

Results and Conclusions: The findings in this sam- 
ple, which averages 125 Full Scale IQ, tend to sub- 
stantiate those of the Kansas City and Duke studies, 
i.e., an overwhelming superiority of the Verbal IQ over 
the Performance IQ. As in the Duke study, at least 
75% of the sample had Verbal IQ’s which exceeded 
the Performance IQ’s. In relation to initial endowment, 

the discrepancy between Verbal and Performance IQ’s 
was greater as the IQ level was higher. Additionally, 

this discrepancy was independent of age, sex, and 
health status. 

In summary, differential life experience, health 
status, and initial superior endowment appear to be of 
little influence in the relationship between Verbal and 

Performance IQ. 

Wishes in later life 

FrorENcE C. SHELTON AND RoBERT 
Cushing Hospital (Framingham) 

What are some characteristics of the inner lives of 
older persons? This study examines the inner lives of 
a sample of old people as they express them in their 
wishes. Specifically, the purpose of the research was to 
explore the nature and function of wishes in a sample 
of institutionalized older persons. The subjects were 22 
women, ranging in age from 65 to 89 years (mean age: 

76.9 years), and 15 men, from 54 to 85 years (mean 

age: 74.3 years), who were interviewed within one 

month of their admission to Cushing Hospital. At the 
end of a semistructured interview, each patient was 

asked: “If you had three wishes, what would you wish 
for?” Sex, previous institutionalization, and age were 
examined for their influence upon wish-content. 

KASTENBAUM, 

The major results from a content-analysis of wishes 
are as follows: 

Sex differences: Women differed from men in that 
women more frequently tended to: (1) make wishes 
involving abstract processes and imagination; (2) make 

wishes involving their own activity; and (3) make 

wishes bestowing benefits upon people other than 

themselves. Men made more wishes for improved 

health. 

Previous institutionalizatios;: Patients with histories 
of previous institutionalization (mental hospitalization) 
made more wishes for material goods than did patients 

without previous institutionalization. No wishes _in- 
volving self-activity, abstract processes, or benefits for 
others were made by previously institutionalized pa- 
tients. 

Age: Age in this sample appears to have little or no 

influence on wishes. 

General: Although all patients were requested to give 
three wishes, the mean number of wishes was only 1.68. 

The most frequently made wish for all subjects was the 
desire to leave the institutional setting. 

is suggested that 

In the dis- 

cussion of results, it leaving-field 
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wishes may have an adaptive function for the subjects 

lhe differential meaning of institutionalization to men 
and women is also discussed. 

Participation in a senior citizens day center’ 

Rosert B, Sivety, Senior Citizens, Inc. (Nashville) 

The aim of this study was to provide a description of 
a population of members of a Senior Citizens Day 

Center in terms of certain psychological and_ social 

history variables and to relate these variables to the 
level of participation in the Center’s activities. 

Four hundred and four members of the Center were 

rated on their level of participation and the amount 
of helping services they had received, and attendance 
of each member for one month was tabulated. Three 
groups of 50 (representing the most active, average, and 

least active members) were asked to fill out a personal 

information questionnaire. Of these, 112 responded, 

Thirty subjects were chosen (10 from each of the 
three groups) to take a battery of psychological tests, 

including the Rorschach, Stanford Binet Vocabulary, 

and the Miale-Holsopple Sentence Completion tests, 

While the amount of helping services received was 
found not to be significantly related to the degree of 

involvement in the program of the Center, certain 

other social history and psychological variables were 

highly correlated with level of participation. More 
active members differed from others in degree of psy- 

chological health, community activity, marital stability, 
social life, and somatic concerns. 

1 Mental Health Project Grant M-433, Senior Citizens. Inc., Nash- 
ville, Tennessee, in conjunction with the Tennessee Department of 
Mental Health. 

Alienation in the aged 

E. Mark Stern, New York Clinic for Mental Healih 

(New York City) 

The older person’s image of self may have undergone 

radical changes through the years, Being old carries 

with it the specter of one who must now face the 
abridgment of responsibility and knowingly enter the 
last phase of life. Preconceived fantasies of being old 

coupled with possible remorse about dealings with now- 
dead elderly parents seem to reach sharp focus. On the 

one hand there is a wish to remain young and, on the 
other, guilt and shame for not being able to cope with 
his present existence. The disparity of these sentiments 
seems to result in alienation from significant feelings. 

Such patients reach the psychoanalyst suffering from 
what seem to be depressive states. Actually, the term 
alienated is a more accurate one since there is a re- 
moteness resulting in a lack of what Karen Horney 

calls “the feeling of being an active determining force 

in his own life.” Such individuals feel faced with the 
neurotic choice to resign from life or establish a quasi- 

opinionated existence. They seem unaware of the fact 
that there is also the possibility of creating a unique 

personal expression of the later years. Their need for 
emotional dependence seems to diminish once they are 

able to grasp an instrinsic affirmation of life. 

This paper attempts to explore psychoanalytic ap- 
proaches to elderly alienated individuals and to clarify 
some essential psychotherapeutic issues in this task. 
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Participants and drop-outs in a longitudinal study 

of retirement 

Gorpon F. Srreis AND Wayne E. Tuompson, De- 

partment of Sociology and Anthropology, Cornell 

University 

The detailed investigation of those who participate 
and drop out of a longitudinal study is of interest to 

many social scientists because it constitutes a serious 

research problem. 

This paper is part of the analysis of a longitudinal 

survey of retirement in which information has been 

gathered at five different points in time. In a statistical 

sense, the respondents do not constitute a representative 

sample of the older population of the United States. 

However, the subjects are widely divergent in their 
demographic characteristics and reside in all parts of 

the country. We wished to hold age constant and there- 

fore at the beginning of the study we selected respon- 
dents who were approximately 64 years of age. In the 
main, the original contacts were made at the place of 

employment. Follow-ups were made by mail, but a 
small number of persons have been interviewed per- 

sonally on subsequent occasions. 
The study population was divided into homogeneous 

subgroups by controlling on age, sex, and nativity. 

Comparisons were made between the persons who 
participated and with those who dropped out of the 
study between the first and second contact and with 
those who dropped out after the first follow-up. Among 
the native-born men the following differences are 

noted when we compare those who continue to par- 
ticipate with those who drop out: the participants tend 
to be characterized by: a higher occupational s‘atus, 
higher level of educational attainment, higher incomes, 

and a greater proportion have a middle-class identifica- 
tion. The two categories are very similar in regard to 

characteristics such as marital status, living arrange- 

ments, number of close friends, and also social-psycho- 
logical variables which index satisfaction with life, 

self-image, and major comforts and satisfactions in life. 

The aging lodginghouse resident! 

Leon J. TAUBENHAUS AND JOHN G. McCormick, 
Health Department, Town of Brookline, Massachu- 
setts 

This paper contrasts the differences in utilization of 
health resources by persons age 65 years and over in 
relation to type of residence. It compares the use pat- 
terns of elderly lodginghouse residents with those of 
other elderly residents of the Town of Brookline, Mas- 
sachusetts. Brookline is particularly suitable for this 
type of study because it has a high concentration of 

persons 65 years and over (13.2% in 1955 and 16.5% 
in 1960) plus an abundance of preventive, diagnostic, 

therapeutic, and restorative facilities. The findings are 

based on interviews with a stratified random sample of 
604 noninstitutional aged Brookline residents. 

Factors such as age, sex, length of residence, marital 
status, living arrangements, employment, nativity, edu- 
cation, religious affiliation, income, and health status 

of both lodgers and nonlodgers are compared to de‘er- 
mine the difference in character between lodginghouse 
and nonlodginghouse residents. These major variables 
are in turn analyzed in respect to the different utiliza- 
tion of medical care facilities and preventive health 
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services. Lodgers tended to be older widows who lived 

alone, were worse off financially, were less able to get 

around than nonlodgers, but who, in general, made less 

use of medical care and preventive health services and 
had less health insurance coverage. Those lodgers who 

did use medical resources used certain ones more than 
nonlodgers. 

1 Supported by a Grant from the Div. of Gen. Med. Sci., National 
Institues of Health. 

Social characteristics of elderly migrants in a 

mild-climate retirement center 

Irvine L. Wesser, Pinellas County Health Derart- 
ment (St. Petersburg) and University of South Flor- 

ida 

In recent decades migration of retired people in the 
United States has been facilitated by relatively easy 
mobility, portability of retirement income, increased 
knowledge of alternative living arrangements, and other 

factors. One outcome has been the concentration in 
certain mild-climate areas of large numbers of elderly 
people whose earlier lives were spent in northern and 
eastern states with more rigorous climates. 

In this paper the social characteristics of the elderly 
migrants to such a retirement area, Pinellas County, 
Florida (in which the city of St. Petersburg is situated), 

are examined in an effort to identify some selective 
factors operating in long-distance migratory movements 

at the higher ages. Data regarding migrants and non- 

migrants aged 65 and over are available from a house- 

hold survey of 2,544 persons constituting a representa> 
tive sample of the resident, noninstitutional population 
in those ages. Nearly two-thirds of the respondents had 
resided in the county less than 10 years at time of 
interview in 1959. Only one-tenth of the survey popula- 
tion was engaged in paid employment, and more than 

nine-tenths of the men considered themselves retired. 
In order to acertain the degree to which the migrants 

are atypical with respect to important attributes, com- 
parisons are made with available census data. 

Methods of studying group interaction processes 

among middle-aged and retiring workers 

Stuart Wison1, George Peabody College for Teach- 
ers and Martin Lakin, Duke University Medical 
Center 

The purpose of this study was to compare small 
groups of middle-aged (YG) and retiring skilled laborers 

(OG) on the basis of formal aspects of group inter- 

action processes. The men met for 10 one-hour dis- 

cussions on problems of retirement during which a 
conductor practiced minimal intervention. Using type- 
written protocols and observer reports, analyses were 
performed on a number of communication and affective 
variables and some systematic differences were found. 

In number of individual contributions to themes 
under discussion, OG exceeded YG but their verbaliza- 

tions were perfunctory in nature and lacking in clarity. 
OG also gave many more unqualified or unelaborated 
statements expressing agreement and disagreement, in- 
dicating the utilization of minimally communicative 
verbal modes. OG interrupted thematic development 
with many idiosyncratic, self referent, and manifestly 
irrelevant statements, thereby reflecting a tendency to 
personalize the discussion and to offer tangential com- 
ments. 
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Affectively, no major differences were noted except 

that YG was extremely critical of elderly men. Psy 
chomotorically the results are of borderline significance, 

but there is some evidence that OG exceeded YG in 
activity level (e.g., shifting position in the chair). OG 
left the field (stared off into space) more often than 
YG: this is interpreted as a disengagement or disinterest 

factor. Except for leaving the field, however, the find 

ings do not indicate affective attenuation in the group 

situation. 

The paper discusses the reliability problem, the 
limitations imposed upon generalizations from this 

study, practical implications in group work with the 

aged, and a profile approach to an individual’s inter 
action processes. 

1 Presently at the Center for the Study of Aging, Duke University 
Medical Center. 

Behavioral efficiency in a visual monitoring task 

as a function of signal rate and observer age 

C. Micuart York, American Institute for Research 

(Washington, D.C.) 

In an attempt to evaluate the extents and limits of 

human capacity for signal detection, a laboratory study 

was conducted to evaluate the  interrelationships 
among three gradations of signal frequency and three 

levels of observer age with respect to three indices of 

vigilance performance. ‘The task requirement was de 

tection of .05 {t-c double-flashes interspersed at. jr. 

regular intervals upon the background simulation of 
one flash every second. The brightness contrast ratio 

was 4:1, Signal schedules were programmed at 3, 6, 

and 90 double-flashes per 15 minute period. The 

signal rates were systematically counterbalanced, 
Thirty-six Veterans Administration domiciliary mem. 

bers served as observers; the three groups clustered 
around age -30, -50, and -70, 

Results indicate, for this particular sample, that an 

increase in either signal frequency or in age of the 
monitoring individual does not produce significant per 

Although 

observed in the course of time in the detection task, 

the downward trend was not greater than that attri- 
butable to random sampling error. As predicted by the 

expectancy hypothesis, ability to estimate 

regular intervals—even if at various signal rates—was 

precluded by the use of irregular intersignal intervals 

Association between pretest critical flicker frequency 

(CFF) and the vigilance criterion of percentage de- 

tection was .24, .29, and .41 for the low, moderate, 

and high signal rates, respectively. ‘Test-retest reliability 

of CFF was .74, whereas the age-CFF relation was 24 

The notion that CFF measures human capabilities 

formance variation. some decrement was 

observer 

similar to that of short-term vigilance was not sup 
ported, 
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A survey of dreams in the aged, Il. non-institu- 

tionalized subjects 

KENNETH Z. ALtsHULER, Martin Barap, Atvin I. 

Goxprars, Office of the Consultant on Services for 

the Aged, New York State Department of Mental 

Hygiene (Queens Village) 

This investigation surveys the dreams of 25 non- 

institutionalized aged persons. A preliminary survey of 

the dreams of residents in a Home for the Aged, 

previously reported, revealed dreams frequently re- 
flecting a preoccupation with loss of emotional, phy- 
sical, or other adaptive resources. The dreams of resi- 

dents with moderate or severe chronic brain syndrome 
were often stereotyped and repetitious. 

The dreams of about half of the non-institutionalized 
subjects in this present study were similar to those of 
the previously reported institutionalized group in that 
they suggested preoccupation about loss of resources 

for mastery of common problems. 
Examination of the data suggests a relationship be- 

tween dreams of lost resources and the existence of 
clear or incipient chronic brain syndrome. The types of 
dreams reported by old persons may possibly be helpful 
in the early detection of chronic brain syndrome. 

A system to identify and classify services in 
facilities licensed as nursing homes in metro- 
politan St. Louis 

Wacter M. Beatriz, Jr., Planning Director, Services 

to the Aging, Health and Welfare Council of Metro- 
politan St. Louis 

Although there has been much descriptive material 
in regard to nursing homes and homes for the aged, 

little has been developed in the way of criteria against 

which to identify existing services in such facilities or 

the acceptable level of such services. The identification 

of such services is essential as a matter of public policy 

and in determining the appropriate relationship of such 

facilities to the health and welfare services of the 

community. This paper will discuss the methodology 

utilized in a study conducted by the Health and Wel- 
fare Council of Metropolitan St. Louis in order to 

make the identification of such services possible. 

The research plan was to organize professional com- 
mittees, including medical, nursing, social — services, 

dietetics, dental health, social and recreation activities, 
home administration and hospital administration and 

to utilize these committees to identify the criteria or 
objectives of services which should be offered to resi- 

dents and patients of nursing homes and homes for 

the aged. Each professional committee was requested 

to orient its thinking to four questions: What is the 
objective of this service? What are the activities to be 

performed in providing this service? Who should per- 

form this activity and at what level of training or skill? 
Finally, what are the limitations of the type of facility 

as related to this service area? 
Research staff, in consultation with a Research Ad- 

visory Committee, utilized the materials developed in 

the meeting process in building interview schedules. 

In this way the specific questions raised by each pro- 
fession as related to its area of service served as a 
basis for identifying existing services as well as the 
acceptable level of such services. A mailed general 
information schedule and a services schedule for inter- 
view purposes were developed. Ninety-two homes were 

identified in the four-county Missouri part of the 
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mewopolitan area, Experienced interviewers — visited 

these homes with interviews lasting between two and 

one-half and three and one-half hours, This paper 

will discuss some of the findings from this study as 

well as the implications of the method which allowed 

each professiona! group to identify its responsibilities 

to these homes. 

Sensorially disabled older adult—his place and 
care in a home for the aged 

Murray Berc, Executive Director, Park View Home, 

Rose Eisenberg Memorial (Chicago) 

In recent years some Homes for the Aged have 

instituted a more flexible intake policy in regard to 

the chronically ill older adult. ‘This development has 

had an impact on the over-all program of service. 
Significant adaptations had to be made on the part of 

staff as the Home moved increasingly into medical and 

related areas. Concentration of effort led to greater 

competency and to the advancement of professional 

skills. Optimism and acceptance of the chronically ill 

group became incorporated in the attitudes of the staff. 

Rehabilitation, recreation, and social work principles 

were integrated into the everyday activities and life 

of the people. 

As the Homes turned their attention toward meeting 

the needs of the chronically ill group, there was found 

to be a mounting percentage of individuals with visual, 

auditory, and perceptual disabilities. ‘These persons 

present unique problems for which the staff has little 
preparation and is handicapped by lack of experience 

and specific knowledge. In an effort to improve the 

quality of service, specialization is essential. There is a 

growing need for a study and survey point of view 

which will focus on the scope, nature, and differential 

factors which are present. 

This paper will attempt to describe the kind of 

exploration and treatment required by the sensorially 

disabled older individual who resides in a normal in- 
stitutional setting. 

Day center reaches out to the socially isolated 

older person 

F, Esrente Booru, Senior Citizens Inc. (Nashville) 

Group activities are held to be a potent therapeutic 

force for the maintenance of physical and mental 

health of older persons. Outgoing and physically active 
senior citizens seek out and readily avail themselves 
of the activities of day centers. The physically and 
emotionally isolated are rarely seen at a center without 
a concerted effort on the part of the staff to find them 
and bring them in. 

Techniques for reaching homebound persons who are 
withdrawing because of their fear of people, physical 

exertion, and fatigue have been under study for the 

past two years by Senior Citizens, Inc., a demonstra- 
tion project of the State Department of Mental Health. 
It was found that socially regressed persons who would 
not come in spontaneously or risk themselves in group 
activities, if brought in would eventually relate to a 
group, provided they first experienced a warm one-to- 
one relationship with parent figures who provided them 
with undivided attention. 
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This paper will describe a project based on the 

above findings, which sought to provide in a structured 

situation the kinds of relationships already found to be 
therapeutic—first in the home and then in a loosely 
organized group at the Center—in order to try to re- 

verse a downward drift toward invalidism and eventual 

institutionalization. The relationships indicated were 

provided by the staff nurse visiting in the home as 

long as necessary, by the volunteer drivers who brought 
the homebound to the Center when ready, and then 

by individual “parents” in the group. 

The results to date have shown a very steady at- 

tendance, which has surpassed expectations by a con- 

margin, and marked _ personality 

changes. An interesting development of a “family,” 

atmosphere has resulted in a seeming recapitulation of 

relationships as they normally occur in the maturing 

human being, starting with the close tie with the 

mother person, moving on to an ability to share the 

parent figure with “siblings,” and in the final stage 

relating mainly to the “siblings” with a readiness for 

group participation and an interest in other groups 

at the Center. 

siderable some 

Use of union-sponsored senior centers by retired 

union members, a study of characteristics and 

motivations of 325 U.A.W. retires in relation to 

use or non-use of U.A.W. retired workers centers 

NATHANIEL Brooks AND DorotHy C. Roger, School 

of Social Work, Wayne State University 

What proportion of retired members use the Centers? 
Why do some come to the Centers while others never 
do? Why do some return after their first visit, while 

others do not? Questionnaires received from a random 

sample of 325 retired auto workers provide the data 

for this study. 

One-third of the respondents had visited the Centers. 

There were no significant differences in attendance be- 

tween native-born and foreign-born, nor between En- 

glish-speaking and other retirees. Amount of schooling, 

and whether the retirees reported having time on their 
hands, were also uncorrelated with attendance. Those 
making their first visit to the Centers alone were just 

as likely to return as those who came with someone. 

There was a somewhat greater likelihood of at- 

tendance among married men than unmarried, among 
voluntarily, rather than compulsorily - retired, and 

among skilled rather than non-skilled workers. 

A definitely greater likelihood of attendance was 
found among homeowners, among those who had 

usually attended union meetings, among those in good 

health, and among those who very often visit friends 
and relatives. 

Retirees who had attended Centers strongly approved 

of them and cited needs that the program was meet- 
ing. Most retirees said they would like to attend the 
Centers. However, many were deterred by problems 
of transportation and illness. Lack of knowledge of 
the Centers was the next most common deterrent. 
Others reported having no time, no interest, or no 

reason to attend the Centers. 

The study draws conclusions concerning planning 

for senior centers. 
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Public social welfare and public health relation- 

ships 

Euias S. Conen, Commissioner, Office for the Aging, 

Department of Public Welfare, (Harrisburg, Penn- 

sylvania) 

The approaches in planning services to meet the 

problems of older people have been insular in nature. 
Agency programing typically has been set up to deal 

with what seemed to be particular problems. This has 
been especially true in recent developments in public 
programing. The attempt to isolate certain problems 

and deal with them alone may lead to inappropriate 

and ineffective “treatment” of social problems. 

Certain problem and program areas are, at times, 
more popular than others. For example, health ser- 
vices and housing developments may receive consider- 
able attention from political, legislative, and admin- 

istrative leadership. This popularity factor tends to 
compound the problem of dealing with an individual’s 
life problems. 

There is a major need for a broad social welfare ap- 
proach to problems of the aged. This has been rec- 
ognized in some jurisdictions for public assistance 
recipients, but the concept must be extended to others 
if it is our intention to extend services to older people. 

In the health field particularly, there are major 
programs developing to resolve the so-called health 
problems of the aged. The ordinary health problems 
of the older person frequently require altered modes of 
living such as changes in patterns of recreation, hous- 

ing arrangements, relationships with families, friends 

and community, changes with reference to indepen- 
dence or dependence. These factors require a different 

approach to health services in order to avoid the crea- 
tion of clinical services without consideration for the 
social welfare aspects that will make optimum utiliza- 
tion of clinicial facilities a stronger possibility. 

Therefore, we must explore and develop the health 
components of social welfare programs and bring into 

the public health programs concepts which include 

the utilization and enhancement of the vast network 
of public social welfare programs. 

Senile patient—society’s dilemma 

Swney Entman, Executive Director, River Garden 

Hebrew Home for the Aged (Jacksonville) 

Increasing concern is being manifested by large 

numbers of State Hospitals for the Mentally Ill that 
they are becoming glorified Nursing Homes for the 

senile aged. More and more beds in these hospitals 
are taken up with the senile patients to the point 
where society is using the State Hospitals as dumping 
grounds for its social rejects rather than as true 
hospitals for the treatment of the mentally ill. 

The public image of the senile individual is a 
stereotype, and frequently the family’s or society’s 
view of the individual is the determinant of the 
existence or non-existence of mental illness in elderly 
people. The growing trend to quickly label the aged 
person who manifests peculiarities or eccentric be- 
havior as psychotic is causing alarm. Many people are 
now being classified as senile who actually need noth- 
ing more than attention to their physical needs and 
could be cared for quite easily in a facility such as a 
modern Home for the Aged. With a multiprofessional 

approach and good classification of medico-nursing 
services, the deteriorating aged can still find dignity 
and meaning in a community setting. : 

The Home must make a conscious effort to serve 
such a group and develop programs to meet individual 
needs. Recognition that the same basic elements are 

needed for the senile patient as any other patient js 
essential to a successful program. 

It has been successfully demonstrated that the senile 
individual need no longer be the sad and forlorn 

figure wandering the halls if a concerted and multi- 

discipline effort is made in his behalf. 

Preplacement planning in the development of cri- 
teria of selection for institutionalization 

JEROME HamMERMAN, Drexel Home (Chicago) 

Homes for the Aged have served as a traditional 

community resource, to render a variety of  inter- 

related and readily available supportive and/or thera- 

peutic services. The community’s image and expecta- 

tion of the Home is frequently, however, at variance 
with the institution’s self-image and the actual level 

of professional skills and services which the Home 

may be able to offer. Selection for admission may 
vary from a simple request by an individual to the 

most intensive psycho-social, medical, and_ financial 
evaluation and is related to the wide variation in 

agency policies and goals. There are no uniform 
criteria of selection which are applicable to all Homes. 

Nor has any method of selection been firmly validated 

to establish the success or appropriateness of such 

placement. 

Due to an increasing demand on its limited facilities 

as well as growing recognition of its unique role in 

treatment, many more institutions are initiating efforts 

to select for placement those individuals whose needs 
correspond most closely with: a) the social and health 
needs that are defined by the community as most 
urgent; b) the established services of the institution; 

and c) the capacity of the individual to adapt himself 
to or utilize the institutional milieu. 

This latter area of adaptive capacity is examined 
and must be added to the traditional pattern of match- 
ing needs and services. An experimental approach 

must begin to supplement our experiential base of 
evaluation. Techniques of preplacement planning are 
considered in order to develop experimentally derived 

admission criteria. 

Some aspects of concern and planning for pos- 

sible chronic illness in an elderly southern 
population 

DorotHy K. HEYMAN AND Frances C, JEFFERS, Geri- 
atrics Research Program, Duke University Medical 
Center 

Extension of the life span in today’s society permits 
a longer period for degenerative changes in the individ- 
ual and hence the greater likelihood of occurrence of 
various types of chronic illness. Since many of these 
chronic diseases of later life begin to be noticed in 
middle age, it might be assumed that a large number 

of older persons have already foreseen the possibility 
of protracted illness and have made some effort to plan 
in advance. 
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In order to investigate this topic, study was made of 

a biracial group of 86 volunteers over the age of 60, all 

able to maintain themselves independently in the com- 

munity, to determine their concern over possible 

chronic illness in the future and the extent to which 

they may have done some planning for such an 

eventuality. The relationship of age to their current 

physical functional status was evaluated. 
Although every older person may have some aware- 

ness of the possibility of chronic illness, there were, 

in the group studied, relatively few expressions of 
great concern or of specific planning. In an effort to 

account for this discrepancy, the variables of extent of 

concern and actual planning were explored for rela- 
tionship to age, to socioeconomic status, to present 

functional health status (as determined by physicians), 
and to self-health assessment, as well as to psychiatric 

measures of hypochondriasis and depression. 

Patterns of medical care and expense in an elderly 

southern population 

DororHy K. HEYMAN AND FRANCEs C, JEFFERS, Geri- 

atrics Research Program, Duke University Medical 

Center 

Exploration was made of the use by older persons 
of medical care and of their resources for meeting 

health expenses. This study was part of a broad series 
of intensive interviews and examinations conducted at 

Duke University on a biracial group of volunteers 

over 60 years of age, all able to maintain themselves 

independently in the community. Covering the pre- 

vious two years in the subject’s life, such topics were 
investigated as frequency of visits to physicians, cost 

of medications, and need for glasses, dentures, or 

surgical appliances. 

An analysis was made, with respect to socioeconomic 

status, of the ways in which medical expenses were 

met, that is, whether by income or savings, insurance 
plans, assistance from relatives, other resources, or by 

a combination of these means. Frequency of visits to a 

physician was studied in relation to subjective and 

objective health estimates, as well as to age, socio- 

economic. status, and hypochondriasis. 

In this group of community volunteers there seemed 

to be no significant expression of unmet medical needs. 
This may be due to a high health concern on their 
part as evidenced by their willingness to participate 
in a longitudinal series of examinations. Interest was 

tested in possible use by these subjects of a geriatrics 
medical center if one were available. 

Suggestions for research in administration of 

homes for the aged 

Morton Leeps, Borinstein Home (Indianapolis) 

A survey of 77 homes for the aged has revealed some 
extremely suggestive data about the nature of institu- 
tional management and evolution of the homes. Several 
stages of institutional evolution and development are 

postulated, based on awareness of aging needs, period 

in which the home was established, size of the home, 

nature of the services provided, and concepts of the 
sponsoring organization. The role and title of the 
administrator are seen as an extension of the spon- 
soring body’s awareness of the needs of its aged at 

any given time. The Board president, the matron, the 
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superintendent, the executive director, and the execu- 

tive vice president at different periods express certain 

trends in administrative supervision and control, reflect- 

ing different aims and wishes by the community being 
served. 

Homes would seem to move from small volunteer- 

run operations to larger and larger structures, with 

more power delegated to the administrator from the 

board. Backgrounds of the administrators, or registered 

nurses, also reflect key attitudes of the sponsoring com- 

munity. 

The general movement of the homes today would 
seem to be away from purely residential care, toward 

broader service, development of medical care, in- 
volvement with the general community, and planning 
the non-institutional aspects of aging as well. 

A study of family-patient relationships in a ger- 

iatric hospital 
SAMUEL Lusstrz, Executive Director, Sheltering Oaks 

Hospital (Cincinnati) 

Objectives of investigation: a) to analyse the inter- 
relationships of patients and their families, the varia- 

tions of such ties, and their causes; b) to study the 

causative factors in these varied patterns of family- 

patient relationships, aging and its effects upon these, 

dependency, the hospital atmosphere and _ its effects 

upon the ties, fear of death, economic factors, and 

other related factors; c) to learn how, and if, early 

family patterns change with time, and to observe 

what community forces operate, such as cultural atti- 

tudes toward aging. 

General methods of investigation: a) interviews in 

depth of staff members, patients, and families to de- 

velop yardsticks of what either makes or breaks family- 

patient ties, b) study of medical and social service 

records to attempt a correlation of the following: aging 

and disease and family, economic-social indices, se- 

nility, social mobility of children, marital status, living 
arrangements, size of family; c) attempt to find out 
how changing health of patient, length of stay at 

hospital, prognosis, flare-ups, and other health changes 

influence the relationships by interviews with family 
and patient; d) study of psychiatric consultations on 

patients. 

Conclusions and possible implications of investiga- 

tion: a) attempt to develop realistic counseling program 

within the hospital for patients and their families; 

b) strive to develop pre-hospital and non-institutional 

counselling and preventive services that will bolster 

family-patient relationships; c) attempt to develop 
program of motivation and patient rehabilitation, 

wherever possible, that will reduce and minimize fear 

and guilt on part of family and patient. 

Health maintenance aspects of home care services 

Cewta Moss, Home Care Program, Montefiore Hospi- 

tal (Pittsburgh) 

The paper will discuss the health maintenance as- 
pects of home care services. Home care of the ill is 
accepted as an essential element in the continuum of 

medical care and the maintenance of health. The 
present concept of hospital-based home care denotes 

the coordination and extension of hospital services, 
personnel, and equipment to the greatest possible de- 
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gree, with the use of supplementary community re- 
sources. In providing this phase of comprehensive 

medical care, many services previously thought possible 
only within the hospital are made available to patients 
at Montefiore Hospital in Pittsburgh, where services 
were rendered to a study and control group of private 
and indigent patients. Home care services will be 
emphasized as one approach to meeting health main- 

tenance needs and enabling the older person to remain 
in the community. 

Response patterns of self mirror reflection in 
institutionalized aged subjects 

Max Po.iackx, Eric Karp, Ropert L. KAHN, AND 

Atvin I. Gotprars, Office of the Consultant on Ser- 

vices for the Aged, New York State Department of 
Mental Hygiene (Queens Village) 

The verbal responses of institutionalized aged to 
mirror reflection of the face were analyzed and related 
to koth age and mental status. 

The subjects of the study were 581 persons over the 
age of 65, randomly selected from 6 homes for the 

aged, 11 nursing homes, and 3 state hospitals in New 

York City, and 2 comparison groups, one of 62 persons 

selected from 3 day centers, and the other of 35 persons 
of a chronic geriatric state hospital ward. 

A 9 by 11 inch mirror was placed directly in front 
of the head of the person who was then asked “What 
do you see?” If the response needed clarification he 
was questioned further. A mental status questionnaire 
(MSQ) consisting of 31 questions covering basic in- 

tellectual functioning was administered to each person. 
Only in state hospitals did persons respond to their 

own reflection with no or questionable recognition of 
themselves. 

Concretistic language patterns were found more fre- 
quently (p= .001) in state hospitals than in nursing 

homes and homes for the aged. These patterns were 
highly related to the MSQ score. They were most 
frequent in the chronic geriatric ward and absent in 

the day center group. 
Derogatory remarks about themselves as seen in the 

mirror were made by 21% of the persons studied. 
Self-abusive statements were significantly greater in 
females (p = .01), and were unrelated to age and 
mental status. Fewer were found in the day center 
(8%) and most in the chronic ward of the state hospi- 

tal (44%), otherwise this finding was unrelated to 
place of residence. The study reveals that altered 
linguistic, perceptual, and attitudinal patterns in aged 
persons with chronic brain syndrome are revealed by 
this technique of questioning the person about his own 
mirror reflection. 

Significance of the family in the resident’s ad- 
justment in a home for the aged 

THEODORE Rosen, San Diego Hebrew Home for the 
Aged 

Among the most important of the aged person’s 
interests and activities, his relatives still serve as a 

source of gratification and deep personal satisfaction. 
He affects and is affected by the family whether he 
lives with them, or alone, or in an institution for the 
aged. 
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This paper calls attention to the significant role 

played by the family during the intake, under care, 
and ending phases of the residential process in a home 
for the aged. 

The attitudes of the resident and his relatives toward 

each other and toward the Home have a direct influ- 
ence on his adjustment in the institution. Casework 
counseling given concurrently to the resident and his 

family contributes toward a resolution of their prob- 
lematic relationship and thereby helps remove a major 
obstacle standing in the way of the aged _person’s 
potential use of the program, services, and facilities of 
the Home. 
When the social work and other institutional staff 

members respect and accept the resident’s family as 
part of the therapeutic team, a new dynamic comes 
into play which, together with other forces and ele- 
ments in the total push helping process, enables the 

resident to enjoy to the fullest extent of his capacities, 
a satisfying and meaningful group living experience at 
the Home. 

Organization of out-patient and other ambulatory 
services 

JEROME Soxron, Medical Care Studies Unit, Beth 
Israel Hospital (Boston) 

The paper will discuss the present organization of 
out-patient and other ambulatory services, which have 
been based on the addition, from time to time, of more 

and more clinics. Studies of out-patient department 
usage at Beth Israel Hospital in Boston indicate there 
is a wide range of expectations, needs, and practices on 

the part of the persons coming to the Out-patient 
Department for care. This is especially true of older 
people. Suggestions are made regarding modifications 

and orientation of ambulatory services to make them 
more effective for the older person. 

New directions in ambulatory services for older 

people 

Jerry Soton, Director, Medical Care Studies Unit, 

Beth Israel Hospital (Boston) (Abstract not received) 

Midwest council for social research in aging 

AMELIA Wau, Regional Representative on Aging, 

Kansas City Regional Office 

Among the many activities stimulated by the 1961 
White House Conference on Aging is a newly or- 

ganized Midwest Council for Social Research in Aging. 

The Council is composed of representation from the 
social science departments of 20 universities, colleges, 

and research organizations in the North Central States 
of Iowa, Kansas, Minnesota, Missouri, Nebraska, North 

Dakota, and South Dakota. 
The creation of the Midwest Council clearly demon- 

strates cooperative efforts with local, state, and federal 
organizations each contributing a part. The Council 
was formally organized on April 27, 1961, after num- 
erous meetings of the initial interest group during the 
White House Conference on Aging and the subsequent 
period. 
Community Studies, Inc., a non-profit social research 

organization in Kansas City, has been designated the 
host institution. A grant has been given to Community 
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Studies by the Kansas City Association of Trusts and 

Foundations. Fellowships are being offered to seven 

members of the Midwest Council to formulate a long- 
range research design whereby research in the social 

aspects of aging is to be conducted cooperatively by 

the various institutions. The research proposal is to 

be completed by the Fall of 1961. 

This paper will describe the organization of the 

Midwest Council for Social Research in Aging, its 

aims and objectives, and its method of operation in 

conducting social research in aging through these co- 

operative efforts. 

Therapeutic Workshop for Older Persons of the 
Jewish Vocational Service of Chicago 

Haroip J. WersHow, Project Supervisor, Jewish Vo- 
cational Service, AND Greorce M. FriepmMan, Chief, 

Bureau of Services to the Aged and Handicapped 
Cook County Department of Public Aid 

The Therapeutic Workshop for Older Persons is a 

non-sectarian five-year research and service program 
which utilizes a rehabilitation workshop to provide a 
productive work atmosphere designed to retard or re- 
verse the negative aspects of psychological aging. 
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The Workshop’s goals are to enable the apparently 

unemployable older worker to re-enter the labor 
market, to help older persons who need the feeling of 

being productive to make better use of existing com- 

munity resources, to overcome the dependency of per- 
sons on old age assistance roles, to motivate older per- 
sons to remain in the community after they have 
applied for admission to an old age home, and to 

induce institutionalized older persons who are phy- 
sically capable of living in the community to leave 
the old age home and return to the outside world. 

The Workshop population is drawn from four 
groups: apparently unemployable older workers, Old 
Age Assistance clients, applicants for admission to 
homes for the aged, and residents of homes for the 
aged. Matched pairs were chosen from these groups, 

one of each pair received the workshop program, the 
other received the traditional counselling and_place- 
ment services. The differences between these experi- 
mental and control subjects will be reported. The 
development of criteria for determining readiness for 

placement, the tempo of movement for various sub- 
groups in the client population, and problems in secur- 
ing participants in the program will also be discussed. 

GENERAL MEMBER DIVISION 

(No abstracts received) 
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