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1,n the present experiment, the first 
of a series of experiments intended 
to study concept formation in young 
children, 5- and 6-yr-old Ss are re­
quired to learn two fairly difficult 
concepts, each represented by three 
stimuli. The concepts to be learned 
are numbers in binary notation and 
the stimuli repreSenting them are 
varied by the use of different symbols 
for the binary digits. A feature of 
the experimental situation is that it 
permits the application of a simple 
sampling model to the data and in 
addition suggests two methods of 
analysis, one in terms of paired­
associate (PA) learning and the other, 
which we shall later refer to as "pure 
property analysis," more directly 
concerned with acquisition of the 
concepts involved. 

If, in analyzing the present data 
the six stimuli representing two con­
cepts are treated as if they were 
independent, the situation is analo­
gous to a P A learning experiment. 
The data then become amenable to 
analysis in terms of a statistical learn­
ing theory that has been successfully 
applied to PA experiments (Bower, 
1961; Estes, 1961). 

In the second analysis the three 
stimuli representing the same concept 
are treated aslf ihe-y were ide~tical-

1 The research reported was performed 
pursuant to a contract with the United States 
Office of Education, Department of Health, 
Education, and Welfare. We are indebted 
to W. K. Estes for a number of constructive 
suggestions. 

in effect one stimulus. The learning 
situation is then reduced to the asso­
ciation of two stimuli and the twe 
appropriate responses and the P A 
model used in the first analysis may 
again be applied to the rearranged 
data. In this second method of 
analysis the learning situation is 
viewed as involving the association 
between the common property of the 
stimuli which determines a concept 
and the identification of that concept, 
which is the correct response. To 
distinguish the two approaches the 
first method-six independent stimuli 
and two responses-is designated the 
"paired-associate" analysis, and the 
second approach-two independent 
stimuli and two responses-the "pure 
property" analysis. 

A further aim in the present experi­
ment is to establish the role in young 
children's learning behavior of an 
overt correction response following 
an incorrect response. In two-re­
sponse situations with adult human 
Ss, when S is informed whether he is 
correct or incorrect on each trial, the 
probability of making a correct re­
sponse is affected by the outcome of a 
trial rather than the specific response 
made on that trial. Requiring S to 
make an overt correction response 
after reinforcement neither improves 
his learning rate nor influences hi~ 
asYmptotic behavior (Burke, Estes, 
& Hellyer, 1954). The present experi­
ment attempted to establish whether 
an analogous situation obtains when 
Ss are young children. 
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METHOD 

Subjects.-There were 48 Ss divided be­
tween two groups. Each group consisted of 
12 Ss from Grade 1 and 12 Ss from the 
kindergarten class of Stanford Elementary 
school. The average age of the former was 
6 yr. and' 3 mo., of the latter 5 yr. and 1 mo. 

Design.-Dn each trial a stimulus was 
presented to which S made one of two possible 
responses. The E always indicated whether 
S's choice on that trial was correct or incor­
rect. For 24 Ss (Group C) a wrong choice 
was followed by an overt correction response' 
for the remaining 24 Ss (Group NC) n~ 
overt correction response was required. 

Equipment.-The stimuli, printed symbols 
on 8! X 11 in. white cards, were presented 
one at a time on a small metal reading stand 
to the front of which a sizeable white hook 
was attached. Two responses were available 
the Arabic numerals 4 and 5 each printed i~ 
i-in. red tape on a 2! X 4 in. white card. A 
I-in. composition ring attached to the top of 
each response card enabled S to hang the 
chosen response on the reading stand hook. 

Six different stimuli were presented. 
Three of the stimuli represented 4 in the 
binary number system, the remaining three 
represented 5. The equivalent binary num­
bers are,. of course, 100 and 101, but as quite 
small chlldren are often familiar with some 
combinations of 1 and 0, different symbols 
were used in place of the Arabic numerals. 
The stimuli used and their Arabic numeral 
equivalents are shown in Table 1. Sixteen 
copies of each stimulus were prepared, making 
96 stimuli in all. Four different random 
sequences were used and matched across 
groups. 

Procedure.-The Ss were run individually. 
Each S was seated on a sI)1all chair with· the 
reading stand on a low table in front of him. 
A response card was placed in front of and 
to the right and left of the reading stand (the 
position, left or right, of the responses was 
balanced across Ss). The Ss were told that 
the numbers on the response cards were 4 or 
5. All the children were familiar with these 
Arabic numerals although recognition was 
not, of course, necessary to complete the 
task. I t was explained that all the "pictures" 
to be shown were different ways of writing 
4 or 5; that is, they were all the "same as" 
4 or the "same as" 5. The Ss were instructed 
to ..guess whether a picture presented on the 
reading stand was the same as 4 or 5 and to 
indicate their guesses by putting the chosen 
response on the hook in front of the picture. 

A practice card was then placed on the 
reading stand; 2 sec. later E said "now" and 

TABLE 1 

STIMULI AND EQUIVALENT ARABIC NUMERALS 
USED IN LEARNING AND TEST TRIALS 

Trials Stimuli Numerals 

Learning r** X1I"1I" ~}";}"; 4 
r*r X1I"X ~}";~ 5 

Test - OEE aAA 4 
OEO aAa 5 

S placed the chosen response card on the 
hook. The E said "right" if the answer was 
correct and "no" if the answer was incorrect. 
In Group NC (noncorrection) this completed 
a trial: in Group C (correction) after an 
incorrect response, the response' card was 
taken from the hook and S was given time 
to place the correct card on the hook. The 
trial was terminated by E saying Uright." 
In both groups at the end of a trial S was 
allowed to remove the response card from the 
hook while E changed stimuli. The correct 
intertrial position for the response cards was 
established before the next stimulus was 
exposed. A fairly constant speed for each 
movement on each trial was in general easily 
established both for Sand E. For all Ss it 
was not necessary after the first few trials 
for E to initiate S's response by saying "now." 

To demonstrate the procedure to S, two 
practice trials were given. Each of the 
stimuli used on these trials consisted of two 
different objects (dissimilar also to the 
symbols used in the learning trials) and the 
:esponse to the first stimulus was always 
Judged as correct, to the second stimulus as 
incorrect. The order of presentation of 
practice stimuli was reversed for half the Ss 
across both groups and grades. 

. The 96 training trials following the practice 
trials were broken up by a 2-min. rest period 
between the first and second 48 trials. The 
learning trials were succeeded by a second 
2-min. rest period after which 4 test trials 
were given. The test stimuli, two of which 
represented 4 and two represented 5 are 
shown in Table 1 together with the c~rrect 
responses. No information of any kind was 
given on these four trials but at the end of 
this short session all Ss were told they had 
answered correctly on all trials. 

RESULTS AND DISCUSS'ION 

Mean learni-ng curves.-As there was 
no significant difference between the 
percentages of correct responses for 
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kindergarten and Grade 1 Ss (the 
total n urn bers of correct responses 
for the two grades being, respectively, 
1526 and 1534) t the data from both 
grades were combined and are pre­
sented in terms of proportion of errors 
for Groups C and NC in Fig. 1. The 
t of 4.00 (df = 46) computed between 
overall responses for the two groups 
is significant at the .001 level. Al­
though Group C does significantly 
better than Group NC, Ss in the 
former group do not achieve perfect 
learning. As a matter of interest 
both groups were divided into Ss who 
reached a criterion of at least five 
correct responses on each of the last 
three presentations of the six stimuli, 
and Ss who did not achieve that 
criterion. In Group C, 6 of the Grade 
1 Ss and 6 of the kindergarten Ss 
reacped criterion; in Group NC, 2 
Grade 1 and 2 kindergarten Ss reached 
criterion. Figure 2 describes the 
correct responses of criterion and 
noncriterion Ss in Groups C and NC. 
The difference in learning rate be-
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tween Ss not reaching criterion in 
Groups C and NC is apparently 
considerably affected by the correction 
response variable. A t of 2.75 
(df = 30) between the overall correct 
responses of these two subgroups was 
'significant at the .01 level. These 
results, both for the full groups and 
the subgroups, indicate that the mak­
ing of an overt correction response 
has a positive additional reinforcing 
effect in young children. This is 
contrary to the Burke et al. (1954) 
results for adults. 

Theory.-Bower (1961) has recently 
presented a one-element model for PA 
learning from which he derived an ex­
tensive number of predictions. (A 
mathematically equivalent model was 
first formulated by Bush and Mosteller, 
1959; see also Estes, 1961.) In effect, 
it is assumed that in a PA experiment 
each item may be represented by one 
stimulus element which may be in one 
of two states, conditioned to the correct 
response or unconditioned. On each 
trial the stimulus associated with the 

NONCORRECTION GROUP 
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BLOCKS OF 2 TRIALS 
FIG. 1. Observed errors for the 16 trials on each item, averaged over Ss and items, 

and predicted curves from the paired-associate analysis. 
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BLOCKS OF 2 TRIALS 
FIG. 2. Proportion of correct responses for Ss with at least five out of six correct on 

each of the last three trials (criterion Ss) and for HnoncriterionU Ss. 

item presented is sampled. If the stim­
ulus is unconditioned and the trial is 
reinforced, it becomes conditioned to 
the correct response with probability 8 
and remains unconditioned with prob­
ability 1 - 8. At the outset of the ex­
periment the stimulus is assumed to be 
unconditioned. The probabihty of a 
response if an unconditioned stimulus is 
sampled is 11k where k is the number of 
available responses. The probability of 
a correct response if a conditioned 
stimulus is sampled is unity. The reader 
will recognize that this model is a special 
case of stimulus sampling theory when 
the presence of exactly one stimulus 
element is assumed. 

The statistics which Bower derives are 
presented in some detail and are not 
therefore developed here. However, 
since many of the derived expressions 
assume a larger number of trials or a 
larger value of 8, they are not appropriate 
in the present case where both nand 8 
are small. Consequently wherever neces-

sary we have re-estimated the statistics 
for finite n and small 8. Some but not 
all of the formulas we used are given in 
Estes (1961). 

Paired-associate analysis.-Using the 
one-elemen t model described, with each 
stimulus treated as an independent 
item, the single parameter 8 was esti­
mated from the number of errors. The 
value of 8 for Group C was .088, for 
Group NC, .031. The theoretical mean 
error curves are presented in Fig. 1. 

Table 2 presents some predicted and 
observed statistics for Groups C and NC. 
For both groups the model, judged from 
the statistics presented, describes the 
data rather well. The sums of squared 
deviations between predicted and ob­
served statistics are nearly the same for 
both groups, being .118 for Group C and 
.122 for Group NC. 

Certain observed and predicted joint 
probabilities are given in Table 3. 
Designating the probability of response 
i on trial m and response j on trial m + 1 
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TABLE 2 

PREDICTED AND OBSERVED STATISTICS FOR GROUPS C AND NC: PA ANALYSIS 

Statistic 

Expected errors per item per S 
SD of errors per item per S 
Expected errors before first success 
SD of errors before first success 
Expected number of error runs 
:Expected error runs of Length 1 
Expected error runs of Length 2 
Expected error runs of Length 3 
Expected number of alternations of 

success and failure 
Expected errors on Trials nand n + k 

jointly 
(a) k = 1 
(b) k - 2 

Net difference between success following 
error and error foHowing error 

Net difference between error following 
error and error following success 

Conditional probability of success 
following error 

as P.(ij) for i,j == 1,2 (where "1" de­
notes the correct response, "2" the 
incorrect response), and letting: 

1 n-l 

P(ij) = --1 E P",(ij) 
n - ",-1 

it can be shown that: 

P",(l1) = 1- (1-0)",-1(3/4-0/4) [lJ 

and: 

P(l1)=l/(n-l) [2J 

n-l 

X E [1- (1-0)",-1 
tn-I 

X (3/4-0/4)J 

= 1- (3/4-0/4) 

and similarly: 

X [1- (1-0)"-1] 
(n-l)O 

P(12) =P(22) = (1-6) [3J 

X [1- (1-0)"-1] 
4(n-l)0 

P(21) = (1 +9) [1- (1-0)"-1] [4J 
4(n-1)0 

Group C Group NC 

Pred. Obs. Pred. Obs. 

4.32 6.37 
3.13 3.00 3.05 2.97 

.92 .94 .97 .89 
1.30 1.29 1.36 1.44 
2.44 2.48 3.42 3.53 
1.36 1.48 1.85 2.00 
.59 .52 .86 .78 
.27 .20 .40 .41 

4.25 4.31 6.07 6.20 

1.94 1.86 2.94 2.87 
1.71 1.51 2.69 2.67 

.375 .486 ' .188 .306 

.000 .111 .000 .160 

.544 .558 .516- .525 

The P(ij) values, calculated with the 
value of 0 obtained from the mean error 
curve, are presented in Table 3 together 
with the observed P(ij). Again the fit 
for both groups is good. In addition, 0 
was estimated directly from each of the 
four observed joint probabilities for 
Group C. The results were 811 = .089, 
§12 = .0861 821 = .086, and 822 = .094. 
The mean of these four values is .089, 
which is surprisingly close to the mean 
error curve estimate of .088. The close­
ness of these two,estimates is encouraging 
because in many probabilistic learning 
experiments the value of 0 estimated 

TABLE 3 

AVERAGE JOINT RESPONSE PROBABILITIES 
P(ij) 

Group C Group NC 

P(iJ) 

Predicted I Observed Predicted Observed 

P(11) .587 .589 .399 .394 
P(12) .129 .131 .196 .202 
P(21) .155 .156 .209 .212 
P(22) .129 .124 .196 .192 
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from the mean learning curve is smaller 
by a factor of from 3 to 10 than the value 
estimated from sequential data. 

Pure properly analysis.-The one-ele­
ment model described was again applied 
to the data, but in this instance it was 
assumed that the stimuli representing a 
single concept could be treated as a 
single stimulus. For example, there were 
three items to which the correct response 
was the Arabic numeral 4. These three 
items were treated as if they were 
identical, representing one stimulus to 
which S must learn to associate the 
response 4. Therefore, instead of six 
items as in the previous analysis, there 
were now two items-each to be asso­
ciated with one of the two responses 
available. The one-element model as 
described above was used to analyze 
the data in this form for Group Conly, 
for reasons to appear later. 

The single parameter (J estimated from 
the number of errors was .028 for Group 
C. As the present analysis is concerned 
with two distinct items, as compared 
with the six items of the PA analysis, 
it follows that the method of estimating 
(J from the mean errors will give a param­
eter value approximately one~third that 
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of the estimate for the PA approach. 
The theoretical and empirical curves for 
Group C, plotted over blocks of four 
trials, are presented in Fig. 3. 

Table 4 lists some of the obtained and 
predicted statistics for the data analyzed 
for pure property learning. The approxi­
mate fit of the model is not bad, but it 
does not compare with the fit of the PA 
model. 

In view of the excellent fit of the PA 
model to the present data and the com­
parative lack of success of the pure 
property model, the immediate question 
is whether the experimental situation, 
in fact, involved concept formation 
learning, or whether it was reduced by 
the difficulty of the task to a P A situa­
tion. If S8 were learning a conc~pt 
rather than, or in addition to, asspciation 
of specific stimulus and response, the 
probability of a correct response when S 
is faced with a completely new stimulus 
illustrating the same concept should be at 
least greater than chance. For both 
Groups C and NC the initial probability 
of a correct response on the first experi­
mental trial of the original learning session 
was .5. Over the 4 test trials introduced 
after the 96 learning trials, the propor-

o OBSERVED 
- THEORETICAL 

OLO----~2--T3--~4--~5--,6--~1--~8r--917-I~O--I~I-:.12 

BLOCKS OF 4 TRIALS 
FIG. 3. Observed errors and predicted curve for Group C from pure property analysis. 
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TABLE 4 

PREDICTED AND OBSERVED STATISTICS POR GROUP C: PuRE PROPERTY ANALYSIS 

Statistic 

Expected errors, per item per S 
SD of errors per ite S 
EXPC9ted errors bef first success 
SD of errors before first success 
Expected number of error ru ns 
Error runs of Length 1 

Predicted 

8.85 
.972 

1.36 
6.78 
5.76 

Observed 

13.12 
6.29 
1.06 
1.49 
8.50 
5.57 

Expected number of alternations, successes, and failures 
Expected errors on Trials nand n + 1 jointly 

13.06 
6.34 

16.25 
4.48 

don of correct responses for Group C 
was .646, for Group NC .479. The ob~ 
tained value for Group C is significantly 
different from chance at the .01 level 
(t == 2.76, df = 23). The fact that the 
proportion of correct responses for Group 
NC on the test trials was at the level of 
chance is the reason the pure property 
analysis was not applied to this group. 

The better fit of the PA model in 
comparison with the pure property model 
for Group C and the somewhat para­
doxical evidence from test trials that 
learning had occurred with respect to 
the property do not seem inconsistent 
to us, but rather appear to have a natural 
psychological explanation. Initially S8 
were mastering the problem by acq uiring 
the six individual S-R associations. At 
a slower rate, because of its greater 
difficulty, at least some Ss were also 
mastering the problem of learning the 
two general properties, to which they 
responded on the test trials. Additional 
experiments will be needed to study in 
more detail the interaction of these two 
learning processes. 

SUMMARY 

Five~ and 6-yr-old Ss were to 
learn two concepts in the number 
system, each concept three 
different stimuli. In Group C (correction) 
each S was required to make an overt correc­
tion response after an incorrect 
in Group NC (noncorrection) S was 
informed at the end of a trial whether he 
responded correctly or incorrectly. The re~ 
suIts indicate that Group C performed sig­
nificantly better than Group Ne. 

Two methods of analysis were used. For 
the paired-associate (PA) analysis the stimuli 
were treated as if they were independent 
items and for the pure property analysis, all 
stimuli describing a single concept were 
treated as if they were identical items. A 
simple sampling model for PA learning was 
applied to the data in each case; a good fit 
of the model to the data was obtained for the 
P A analysis, the pure property analysis was 
performed only with the data of Group C and 
did not approach the adequacy of the PA 
analysis. 

Test trials on new stimuli following the 
learning trials provided evidence that some 
Ss in Group C were learning the concept 
involved. I t was pointed out that evidence 
of concept learning is not incompatible with 
success of a PA analysis in the present experi. 
mental situation because the learning of the 
concept may occur after S-R associations have 
been established. 
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