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Age and sex differences in 
discrimination learning 

MITRI E. SHANAB and FAITH H. McCLURE 
California State University, Fresno, California 

The present study tested the hypothesis of a decreasing ontogenetic trend in the rate of learn
ing a discrimination as a function of age. A three-phase optional shift design was employed. 
One hundred and twenty male and female subjects from three age groups, 50-59, 60-69, and 70 
years and older, were tested. The results indicated that, with advancing age, more trials were 
required to meet the learning criterion in the initial and shift discrimination phases. Female 
subjects learned the initial discrimination significantly faster than did male subjects. Although 
subjects aged 70 years and older were less likely than those in the younger age groups to choose 
a reversal shift in the test phase, they chose the reversal and extradimensional shifts at compar
able rates. The finding of a reversed ontogenetic trend as a function of age is discussed 
in terms of both the mediation and attention theories. 

A number of investigations using children and young 
adults have shown that whereas preschool children learn 
an extradimensional (ED) shift more rapidly than a re
versal (R) shift, older children and young adults learn the 
R shift more rapidly than the ED shift. Kindergarten chil
dren, on the other hand, learn both shifts at comparable 
rates (H. H. Kendler & T. S. Kendler, 1975). Typically, 
the subject first learns to discriminate between two stim
uli that differ on two dimensions, with one dimension 
arbitrarily designated as relevant and the other as irrel
evant. In the shift, the previously relevant dimension re
mains relevant but the previously incorrect cue of the 
relevant dimension becomes correct. Thus, if the two 
dimensions were form (e.g., triangle or circle) and color 
(e.g., black or white), and circle was correct regardless 
of color, then triangle would become correct regardless 
of color in the R shift, and color, regardless of form, 
would become relevant in the extradimensional shift. 

The mandatory design, as used initially, contained 
certain methodological problems, since subjects given 
the ED shift would be correct on half the trials if they 
continued to respond as they had during the initial 
phase. Several modifications have been introduced to 
control for this fortuitous partial reinforcement. One 
of these modifications, introduced by Buss (1956) as the 
optional shift design, allows subjects to solve the dis
crimination in the manner they wish (see Figure I). 

Following criterion learning on the initial discrim
ination, the subjects are presented with only one of the 
pairs of stimuli used earlier, with the reinforcement 
reversed. In this way, both dimensions are made redun-
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Figure L mustration of the optional shift design. 

dant and relevant. The subjects then have the choice of 
learning the shift by using either a R or an ED strategy. 
To test which strategy has been employed, a third phase 
is introduced in which the original Phase 1 stimulus pair 
is used and both stimuli are reinforced. Subjects who 
consistently choose the stimulus that was previously 
the negative cue of the relevant dimension are labeled 
reversal subjects, and those who choose the previously 
positive cue of the irrelevant dimension are labeled ex
tradimensional subjects. To insure that the subjects are 
responding as they did in the previous phase, the stim
ulus pair used in that phase is interspersed with the test 
pair. 

Research using both the mandatory and the optional 
shift designs has shown that the probability of making 
the R shift rather than the ED shift increases with age, at 
least within the preschool to college age range (T. S. 
Kendler & H. H. Kendler, 1970). H. H. Kendler and 
T. S. Kendler (1962) proposed a two-stage mediation 
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theory to explain this difference in shift behavior. Ac
cording to this model, the behavior of young children is 
controlled by a single-unit S-R system (see Spence, 
1936) according to which direct associations are formed 
between the external stimulus and the overt response, 
with no intervening links. As a result, young children 
find the ED shift easier to learn than the R shift be
cause only one, rather than both, of the previously rein
forced responses is replaced. Older children and young 
adults, however, behave according to a two-stage S-r-s-R 
system, in that they learn to discriminate by utilizing a 
conceptual mediating link (r-s) between the external 
stimulus and the overt response. Consequently, these 
subjects find the R shift easier than the ED shift because 
the same mediating response is used in the shift. The ex
tradimensional shift is more difficult to execute because 
it requires the extinction of the old mediating response 
and the acquisition of a new mediating response. Al
though most of the support of the Kendlers' two-stage 
mediational theory is based on studies that used Amer
ican subjects (H. H. Kendler & T. S. Kendler, 1975), ad
ditional support has been reported in studies that used 
Jordanian subjects (Shanab & Yasin, 1978, 1979). 

Zeaman and House (1963) have proposed an alterna
tive theory that assumes that discrimination learning in
volves two responses. The first response entails attending 
to a stimulus dimension, and the second involves an in
strumental choice response to one of the stimulus cues. 
The probability of making a response to either of the 
two cues increases or decreases depending on whether 
or not the response in question is reinforced. The subject 
must thus attend to the relevant dimension (e.g., form) 
and approach the correct cue of that dimension (e.g., 
circle or triangle). 

Support for Zeaman and House's (1963) attention 
theory comes from studies in which intradimensional 
shifts (ID) are compared with extradimensional shifts. 
This comparison is similar to the R-ED shift comparison, 
except that, unlike the latter comparison, in which the 
same stimuli are used throughout, stimuli with new 
values are used during the shift phase in the ID-ED 
shift comparison. The attention theory predicts that, 
regardless of age, the ID shift would be learned faster 
than the ED shift because the attention response learned 
during the initial discrimination transfers in an ID shift. 
This prediction did not receive support in at least two re
cent studies (T. S. Kendler & H. H. Kendler, 1970; 
Shanab & Yasin, 1979) in which significant interaction 
effects between age and type of shift were found, which 
indicates that whereas 4- and 6-year-old children solved 
both shifts at comparable rates, older children and 
young adults solved the ID shift faster than the ED 
shift and chose the ID shift more frequently than the 
ED shift. 

The question of whether developmental changes in 
discrimination learning behavior observed in subjects be
tween preschool and college age continue in older sub-

jects has only recently been investigated (Coppinger & 
Nehrke, 1972;Nehrke, 1973 ; Nehrke & Coppinger, 1971). 
The results of the three studies showed that there was no 
significant difference among elderly subjects, aged 55 
years and older, in terms of the rate of solving either the 
R shift or the ED shift. Since the behavior of these sub
jects was similar to that observed in preschool children, 
Nehrke (1973) and Nehrke and Coppinger (1971) inter
preted their findings as implying that these elderly sub
jects might be in transition from mediational sufficiency 
to mediational deficiency. 

Shanab and Qassim (1978) examined more closely 
the effect of aging on discrimination learning in three 
groups of Jordanian subjects aged 50-59, 60-69, and 70 
years and older, and found that subjects aged 50-59 
years, similarly to older children and young adults, 
solved the R shift faster than the ED shift. However, 
those subjects aged 60-69 years, similarly to kindergarten 
children, solved the R and the ED shifts at comparable 
rates. Subjects aged 70 years and older, on the other 
hand, similarly to preschoolers, solved the ED shift 
faster than the R shift. Shanab and Qassim interpreted 
this finding of a reversed ontogenetic trend as suggesting 
that after middle age, subjects function according to a 
single-unit S-R system. 

The purpose of this study was to investigate further 
the effect of age on the discrimination learning behavior 
of older adults in the United States by using the optional 
shift paradigm rather than the mandatory shift paradigm 
used in the Shanab and Qassim (1978) study. Based on 
the Coppinger and Nehrke (1972), Nehrke (1973), 
Nehrke and Coppinger (1971), and Shanab and Qassim 
(1978) investigations, it was hypothesized that a de
creasing (or reversed) ontogenetic trend would be 
observed in the test phase, and that the rate at which 
the discriminations were learned in both the initial 
and the shift phases would be a decreasing function 
of age. 

The present study also investigated discrimination 
learning as a function of sex. Young (1971) found that 
although men were superior to women in solving prob
lems prior to age 60 years, they were inferior to women 
after that age. In contrast, Nehrke (1973) and Shanab 
and Qassim (1978) observed no sex-related differences. 
Since this investigation used tasks similar to those used 
in the Nehrke (1973) and Shanab and Qassim (1978) 
studies, it was expected that no sex-related differences 
would be found. 

METHOD 

Design 
A 3 x 2 three-phase factorial design combining sex and three 

age groups (50-59, 60-{)9, and 70 years and older) was used. In 
. Phase 1, the subjects learned to choose the correct member of a 
pair of stimuli that differed on two dimensions: shape (circle or 
triangle) and color (black or white). In Phase 2, the subjects were 
presented with only one of the stimulus pairs used in Phase 1, 



with the reinforcement contingency reversed. In Phase 3, both 
stimulus pairs were presented. For the test pair (the pair pre
sented in Phase 1 but not in Phase 2), both values were rein
forced. The reinforcement contingency for the relearning pair 
(the pair given in Phase 2 ) remained the same. 

Subjects 
The subjects were 120 male and female volunteers. There 

were 19 males and 21 females in each age group. Each subject 
was either a member of a church or a community service organi
zation or a resident of a privately owned senior citizens' com
plex. All subjects had received some formal schooling and were 
literate. 

Apparatus 
The apparatus consisted of an overhead projector used to 

present the stimuli. The stimuli were imposed on eight trans
parencies and were divided into two sets, A and B. For each set, 
there were four possible combinations of shape (circle or tri
angle), color (black or white), and position (left or right). Set A 
used only white circles and black triangles, and Set B used only 
white triangles and black circles in Phase 2. Although all four 
combinations were used in Phases 1 and 3, only two of the com
binations were used in Phase 2. 

Procedure 
The experimenter told each subject that she was interested 

in seeing how people solve certain problems. The subjects were 
told that their task was to guess which of two shapes, circle or 
triangle, which could be either black or white, was correct. They 
were also told that if they tried hard enough, they would be able 
to make the correct choice every time. 

The subjects were tested individually and were seated in 
front of a white screen; the experimenter was positioned behind 
the subjects to operate the projector. 

The experiment was run in three phases, with order of 
presentation, positive stimulus cue, and position counter
balanced. The subjects were given feedback after each choice 
in each phase, with the experimenter saying "right" to a correct 
response and "wrong" to an incorrect response. The stimuli 
were presented one pair at a time for 5 sec. If no response was 
made in that time period, the stimulus pair was removed and 
presented again after a short delay. On each presentation, the 
experimenter asked the subject to guess which member of the 
pair was the correct one. 

In Phase 1, the subjects were required to learn which member 
of the stimulus pair was correct. The subjects were trained to a 
criterion of 10 consecutive correct responses or were given 100 
trials. None of the subjects failed to reach criterion within these 
limits. 

In Phase 2, which followed Phase 1 immediately, the subjects 
were presented with only one of the stimulus pairs used in 
Phase 1 and the reinforcement contingencies were reversed (see 
Figure 1). The criterion for learning was 10 consecutive correct 
choices. All subjects reached criterion within 50 trials. 

During Phase 3, which was started immediately after comple
tion of Phase 2, a test pair, which was the same stimulus pair 
presented in Phase 1 but not in Phase 2, was presented to all 
subjects; responses to both cues were correct. The stimulus pair 
used in Phase 2 (the relearning pair) was interspersed ran
domly with the test pair, with its reward contingency un
changed. The test pair and the relearning pair were presented 10 
times each. Each time the subjects made an incorrect response 
when the relearning pair was presented, the pair was presented 
again until the subjects made the correct choice. The relearning 
pair was used as a safeguard to ensure that the subjects con
tinued to respond in the test phase by using the same strategy as 
in the previous shift phase. 

The subjects who chose at least 8 out of 10 times the stim
ulus that was previously the negative cue of the relevant dimen
sion were labeled reversal subjects, and those who chose at least 

DISCRIMINATION LEARNING 389 

8 out of 10 times the previously positive cue of the irrelevant 
dimension were labeled extradimensional subjects. 

RESULTS 

The results of a two-way analysis of variance per
formed on the mean number of trials needed to learn the 
initial discrimination yielded significant main effects for 
age [F(2,114): 5.01, p < .01] and sex [F(1 ,114) = 4.75, 
p < .05] . No significant age x sex interaction effect was 
obtained (F < 1). Although female subjects learned the 
task significantly faster than male subjects, the results of 
a Newman-Keuls test (p < .05) revealed that, regardless 
of sex, subjects who were 50-59 years old learned the task 
significantly faster (mean: 14.27 trials) than those who 
were 60-69 years old (mean: 21.14 trials) and 70 years 
and older (mean : 23.63 trials). The means of the last two 
groups did not differ significantly from each other. 

The results of a two-way analysis of variance per
formed on the mean number of trials required to learn 
the discrimination task in Phase 2 yielded a significant 
main effect for age [F(2,114): 4.70, p < .025] . Neither 
the effect of sex nor the interaction of age and sex was 
Significant (both Fs < 1). The results of the Newman
KeuIs comparison (p < .05) showed that the oldest sub
jects learned the discrimination significantly slower than 
those in the two younger age groups, which did not dif
fer significantly from each other. The means for the sub
jects who were 70 years and older, 60-69 years old, and 
50-59 years old were 17.33,14.25, and 13.47 trials, re
spectively. 

Choice of the reversal shift was a decreasing function 
of age, in that of 40 subjects in each age group, the num
ber of reversal subjects in the 50-59-years-old, 60-69-
years-old, and 70-years-and-older age groups was 32, 28, 
and 20, respectively. No significant difference between 
the male and female subjects was obtained [X2 (1) < 1]. 
Collapsed across the sex variable, the result of the analy
sis of the reversal data as a function of age and type of 
shift yielded a significant effect [X2 (2) = 8.39, p < 
.02] , indicating that, with increasing age, fewer subjects 
chose the reversal shift. To supplement the chi-square 
test, a 3 (age) x 2 (sex) analysis of variance was per-' 
formed on the mean number of reversal choices. A 
significant main effect for age [F(2,114) : 4.43, p < 
.025] was obtained. Neither the sex factor [F(1,114) = 
1.33] nor the interaction of age with sex (F < 1) yielded 
significant results. Newman-Keuls comparisons (p < .05) 
showed that, whereas subjects in the 50-59- and 60-69-
years-old age groups did not differ significantly from each 
other with respect to the number of reversal choices, 
they did differ significantly from those in the 70-years
and-older age group. 

DISCUSSION 

The main finding of the present study indicates that after age 
50 years, subjects apparently resort less frequently to using the 
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reversal than to using the extra dimensional shift strategy in solv
ing discrimination problems. This finding confirms and extends 
the findings of Coppinger and Nehrke (1972), Nehrke (1973), 
Nehrke and Coppinger (1971), and Shanab and Qassim (1978), 
which suggest an ontogeny of shift behavior in older adults that 
is a reversal of the ontogeny found in children between pre
school and college age. 

In the present study, a transition period was observed in the 
70-years-and older age group, in that they were equally likely to 
choose either a reversal of an extradimensional shift. These find
ings are similar to those reported by Coppinger and Nehrke 
(1972), Nehrke (1973), and Nehrke and Coppinger (1971), 
whose subjects aged 55 years and older solved the reversal and 
extradimensional shifts at comparable rates. Shanab and Qassim 
(1978), however, observed the transition period in their 60-{)9-
years-old age group. This transitional stage in development has 
been interpreted by T. S. Kendler and H. H. Kendler (1959) 
as resulting from the fact that some subjects use a conceptual 
mediating link between the external stimulus and the overt re
sponse, whereas others operate according to a single-unit S-R 
system. Nehrke and his associates proposed that the transition 
period in the older age group indicated a transition from media
tional sufficiency to mediational deficiency. This might also ex
plain the inferior performance of the older subjects in both the 
initial and shift discrimination phases in the present study. 

It is possible that the inferior performance of the oldest 
group reflects a decline in their attentional capacity. In review
ing the literature on encoding operations, Hasher and Zacks 
(1979) concluded that elderly subjects exhibit a reduction in 
their ability to effortfully process information. As a result, they 
are not as proficient as young subjects in performing tasks that 
require attentional effort. The inferior performance of the old
est group may have also been influenced by a decline in their 
ability to discriminate relevant from irrelevant features of the 
environment (Hoyer, Rebok, & Sved, 1979; Rabbit, 1977) or by 
a decline in their ability to classify and categorize information 
(Cicirelli, 1976; Denney, 1974). 

An interesting and unexpected rmding in the present investi
gation was that the female subjects solved the initial discrimina
tion significantly faster than the male subjects. These results are 
inconsistent with Nehrke's (1973) and Shanab and Qassim's 
(1978) findings. Several variables may account for the discrep
ancy. For example, the Shanab and Qassim study differs from 
the present one in that different experimental designs were 
used. Furthermore, the subjects in the two studies differed with 
regard to cultural and educational backgrounds. The Nehrke 
study also differed from the present study in terms of the ex
perimental design and age groups employed. 

The superiority of the females relative to the males in solving 
the initial discrimination is more in line with Young's (1971) 
findings. Young tested 40 married couples aged 41 to 76 years on 
various problem solving tasks and found an age x sex interaction. 
Specifically, she found that before age 60 years, the males were 
superior to the females in solving some of the problems. After 
age 60 years, these sex-related differences diminished and the 
performance of the females was slightly, although insignifI
cantly, superior to that of the males. Close examination of the 
data in both Young's study and the present study indicates that 
the performance of the females changed very little with increas
ing age, whereas the performance of the males was adversely af
fected by increasing age. Further research examining the effect 
of sex on problem solving behavior in the elderly needs to be car
ried out. 

In conclusion, the present study provides additional evidence 
for a reversed ontogenetic trend as a function of age and suggests 
that the developmental changes in older adults occur regardless 
of diverse cultural differences or marked variations in experimen
tal design. 
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