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Variables affecting mediation in children's
verbal-motor paired-associate learning

JOAN H. CANTOR and WHEI-WEN SU
University ofIowa, Iowa City, Iowa 52242

Fourth-grade children learned both names and motor responses for random shapes in a
paired-associate learning task. Two levels of name similarity and two levels of stimulus
similarity were combined in a 2 by 2 factorial design. The hypothesized development of
mediated verbal-motor associations was assessed in terms of consistency in verbal-motor
responding. Significant evidence of mediation was obtained in all experimental groups, and
the relative strength of the mediational effect among groups was as follows: DD (dissimilar
stimuli, dissimilar names) = SD (similar stimuli, dissimilar names) > SS (similar stimuli, similar
names)> DS (dissimilar stimuli, similar names). The results were discussed in terms of the possible
effectsof the variables on the tendencyto adopt a rehearsalstrategy.

Verbal mediation has long been assigned an important
role by theorists in explaining children's performance
in a wide variety of situations including stimulus
generalization, discrimination learning, verbal learning,
and memory tasks. The postulation of mediational
mechanisms, including verbal mediation , has been
particularly prominent in the field of discrimination
learning (Kendler & Kendler, 1968; Spiker, 1970,1971).
Furthermore, there is now considerable evidence that
verbal mediation plays an increasingly important role
with age (e.g., Kendler, 1972; McGeehan & Cantor,
1977), and that young children frequently show
evidence of "mediational deficiency" (Reese, 1962).
One of the two hypothesized contributors to the young
child's failure to mediate is referred to as "production
deficiency" (Flavell, Beach, & Chinsky, 1966), that is,
the failure to produce the potential mediating response.
The second contributor is "control deficiency"
(Kendler, 1972), which is the failure of the mediating
response, when it does occur, to mediate or control
other behavior. Thus, it is postulated, within an S-R
framework, that two associations underlie the occur­
rence of a verbally mediated response: one between the
external stimulus and the verbal response (8 ~ Rv), and
a second between the verbal response-produced stimulus
and the instrumental response of interest (sy ~ RI).
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Children may fail to show evidence of mediation, then,
because either or both of these associations fail to
develop.

Cantor (1970, 1973) has studied the concurrent
development of both of these hypothesized associations
in a combined verbal and motor task. In these studies,
older children learned nonsense-syllable names and
button-pushing responses concurrently for a set of
three similar random shapes. On each trial, the subject
was required to say the name aloud before he pushed
the button. Evidence of mediation was provided by
consistency in verbal and motor responding. More
specifically, there was a strong tendency for the verbal
and motor responses to be either both correct or both
incorrect. If the subject made a correct verbal response,
there was a high probability that he would make a
correct motor response. If he made an incorrect verbal
response, there was a high probability that he would
make a "consistent" motor error, that is, make the
motor response that was appropriate for the verbal
response he had given. Subsequently, McGeehan and
Cantor (1977) adapted this method for use with younger
children ranging in age from 5 to 9 years. There was
again a strong tendency for the verbal and motor
responses to be learned in consistent pairs at all age
levels, and, as expected, this tendency increased with
age.

The analysis of verbal-motor consistency in this
situation appears to provide a highly sensitive method of
studying the factors affecting mediation in children.
Although there is clear evidence of both production and
control deficiency in younger children (Kendler, 1972;
McGeehan & Cantor, 1977), relatively little is known
about the stimulus and response variables that affect
the tendency to mediate. In the present study, the
combined verbal-motor task was used to study the
effects of stimulus similarity and verbal-response(name)
similarity on the performance of fourth-grade children.
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Two levels of name similarity and two levels of stimulus
similarity were used in factorial combination. On each
trial, one member of a set of four random shapes was
presented above an array of four identical wooden
blocks. The child's task was first to give the correct
name of the figure (shape) presented, and then to choose
the correct block (spatial position) for that figure. The
specific interest was in the effects of the similarity
variables on mediation. Evidence for mediation is
provided by conditional probabilities, which will be
defined following a description of the theoretical
analysis.

The S-R associations that are assumed to develop
in the present learning task are diagranuned on the left
side of Figure 1. The requirements of the task are
assumed to result in the development of figure-name
associations (e.g., SI -+ Ry ), figure-block associations
(e.g., SI -+ RM ), and nam~-block (mediated) associa-

1

tions (e.g., Sy -+ RM ). Motor performance on a
1 I

particular trial is assumed to be a function of the
strength of both the figure-block and name-block
associations. As noted earlier, consistency in verbal­
motor performance is the major source of evidence
for mediation. A motor response is consistent if it
follows the particular verbal response that is paired
with it in the learning task. For example, RMI is
consistent when it follows Ry 1 • The generalized repre­
sentation of consistent motor responses on the right
side of Figure 1 shows that they may be either correct
responses or errors . On a correct naming trial (Ry . is
made to Sj), the mediated association (sy . -+ RM') dhes
not compete with the correct figure-block assobation
(Sj -+ RMj); rather, the two associations combine to
produce a stronger tendency for the correct motor
response to occur. Thus, a correct motor response
following a correct verbal response is always consistent.
On an incorrect naming trial (RYk is made to Sj), the
mediated association (SYk -+ RMk) may be sufficiently

strong to successfully compete with the correct figure­
block association (Sj -+ RM.), thereby producing a
consistent error (RMk) ' An J example of a consistent
error would be the occurrence of RM2 following Ry 2

when SI is presented. Nonconsistent motor responses
may also be either correct responses or errors .

On the basis of the above analysis, two predictions
can be made regarding the motor performance of medi­
ating subjects. (1) The probability of a correct motor
response should be greater on correct-naming trials
than on incorrect-naming trials [i.e., P(MIV)> P(MIV).
Mediated correct responses should increase the first
probability and mediated errors should decrease the
second probability. In the absence of any mediation,
motor responding should be independent of verbal
responding, and the two probabilities should be
equal. (2) On incorrect-naming trials, the probability
of a consistent motor error should be greater than
an adjusted probability of a nonconsistent error
[i.e., P(McslV} > P(Mncs1V}/2] . In the latter measure,
the probability of nonconsistent errors is divided by
two, since there are two ways in which a nonconsistent
error can occur, and only one way in which a consistent
error can occur. Mediated errors should increase the first
probability and decrease the second probability. In the
absence of any mediation, the two probabilities should
be equal.

METHOD

Design and Subjects
The use of two levels of stimulus similarity and two levels

of name similarity in factorial combination resulted in four
groups designated as DD, DS, SD, and SS, where the first letter
represents dissimilar or sinlilar stimuli, and the second letter
represents dissimilar or similar names. A total of 144 fourth­
grade children in the Iowa City Community School District
served as subjects. Thirty-six children were randomly assigned
to each of the four groups. The children ranged in age from
9 years 0 months to 10 years 0 months, with a mean age of
9 years 9 months.

S4-----.
~R ~S ,...." RM4V4 V4

Figure 1. A theoretical analysis of associations learned in
the verbal-motor task.

CORRECT ASSOCIATIONS
IN VERBAL-MOTOR TASK

ANALYSIS OF CONSISTENT
MOTOR RESPONSES
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INCORRECT NAMING TRIAL

Stimuli and Apparatus
Two sets of four random shapes were used as stimuli. The

four similar stimuli were selected from sets of random shapes
developed by Somnapan (1961), and the dissimilar stimuli were
selected from the 24-point random shapes developed by
Yanderplas and Garvin (1959). The specific figures used have
been reproduced elsewhere (Su, 1975). Each figure was photo­
graphed and appeared as a black figure centered in a 5 x 5 em
white square.

Eight nonsense syllables were used as stimulus names. The
similar ' names were GEY, YEK, KEZ, and ZEG, and the
dissinlilar names were BIJ, YEK, DAX, and ZOL. The names
were well matched with respect to meaningfulness values
(Archer, 1960). Each name was printed in the center of a white
cardboard square, 5 cm on a side.

Four black, round, wooden blocks were used in the motor
task . They were arranged in an arc on the platform of a
55.9 x 45.7 cm rectangular gray turntable. The distance between
the centers of adjacent blocks was 13.3 ern, Each block was
7.6 em in diameter and was hinged on the back. Opening the
block revealed a marble well that was used to bait the correct
block on each trial . The turntable was rotated between trials,
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and a 45.7 x 35.6 cm vertical screen located along the midline
of the turntable prevented the subject from observing as the
experimenter prepared the appara tus for the next trial. A small
platform mounted above the block s in the center of the vertical
screen at approximately eye level was used to present the
stimulus on each trial.

Procedure
Each child was tested individually in a mobile research trailer.

The child was first given some practice trials on a simplified
verbal-motor task. A circle and a square, which served as stimuli ,
were named "Pete" and "George," and each was associated with
one of two blocks used for the motor responses. The child was
told that his task was to first give the name of the figure and
then to open the block that went with that figure. He was
further told that if he opened the correct block , he would find
a marble. Pretraining continued until the child made four
consecu tive correct responses.

Following pretraining, the child was shown each of the four
stimuli for his similarity condition for approximately 5 sec and
was told to try to remember what each one looked like. Children
in all groups were then given name familiarization in order to
reduce the number of extralist verbal errors.

Verbal and motor training began immediately after the name
familiarization . The experimenter gave the name of each stim­
ulus and pointed to the correct block, allowing approximately
2.5 sec of stud y time. All children were given 40 trials (stimulus
presentations), with every stimulus presented twice in each block
of eight trials. The anticipation interval was not strictly con­
trolled, but the child was urged to respond after approximately
4 sec. During an interval of approximately 2.5 sec following
the child's motor response, the experimenter repeated the
correct name and pointed to the correct block for the stimulus
being displayed.

Response Measures
Only those verbal-motor trials in which the child responded

with one of the four designated names were considered in
analyzing the data, since evidence pertaining to mediation
could not be obtained from trials in which the child used other
names. The basic response measures used to compute the
conditional probabilities were the following: frequencies of
correct verbal responses (Y), correct motor responses (M),
trials in which verbal and motor responses were both correct
(VM), trials in which verbal and motor responses were both
incorrect (VM), and trials in which the verbal response was
incorrect and the motor response was correct <VM). The VM
trials were further divided into two categories: consistent
errors (McS:> and nonconsistent errors (MncS:>. The frequencies
were converted into proportions, and the conditional proba­
bilities were computed in the conventional manner [e.g.,
P(MIY)=VM/Vj .

RESULTS

Overall Performance
The proportions of correct verbal and correct motor

responses for the four groups were computed for
each block of eight trials. Learning occurred in all
groups, and both stimulus-similarity and name-similarity
effects were evident, with Group DD showing the
best performance and Group SS showing the poorest
performance. The mean proportions of correct verbal
responses combined over trials for Groups DD, DS,
SD, and SS were .70, .52, .57, and .46, respectively.
The mean proportions of correct motor responses
for these four groups were .72, .58, .57, and .50 ,

respectively . An analysis of variance was performed
for each measure separately, with trial blocks as a
within-subjects factor, and name similarity and stimulus
similarity as between-subjects factors. In the analysis
of correct verbal responses, significant effects were
obtained for trial blocks, name similarity, and stimulus
similarity [F(4,560) =111.56, p < .001; F(1,140) =
24.71, p< .OOI ; and F(1 ,140) =11.62, p<.OOI,
respectively]. The same results were obtained for
correct motor responses [F(4 ,560) = 103.37, P < .001;
F(1 ,140) = 13.68 , p< .OOI ; and F(1 ,140) = 16.39 ,
p < .001, respectively] . No significant interactions were
obtained in either analysis.

Verbal-Motor Performance
The four conditional probabilities of interest were

derived for each trial block on an individual-subject
basis, as described earlier. Members of one pair of
measures, P(MIV) and P(MIV), were compared to test
for mediational effects on correct motor responses.
Members of the second pair, P(Mcs IV) and P(Mncs \'1)/2,
were compared to test for mediational effects on motor
errors. A four-way analysis of variance was performed
for each pair of measures, with trial blocks and measures
as within-subjects factors, and with name similarity and
stimulus similarity as between-subjects factors. If the
mediational hypothesis is correct, there should be a
significant measure effect in each case. Interactions
between measures and either or both of the similarity
variables (name and stimulus) are of particular theo­
retical interest. In reporting the significant effects
relevant to each major prediction, only the main effects
and those interactions involving measures will be
described.

(1) The probability of correct motor responses
should be greater on correct naming trials than on
incorrect naming trials [i.e., P(MIV) > p(MIV)]. The
group means combined over trial blocks are presented
in the top half of Table 1. It can be seen that P(MIV) is
markedly higher than P(MIV) in all four groups. Also,
it can be seen that the difference appears to be smallest
in Group DS, moderately large in Group SS, and largest
in Groups DD and SD, which do not appear to differ
from each other. The overall analysis showed signif­
icant main effects of trial blocks and measures

Table 1
Means of Conditional Probabilities for

Each Experimental Group

Group

DO OS SO SS

P(MIY) .91 .75 .87 .78
P(MIV) .14 .33 .10 .17
Difference .77 .42 .77 .61

P(McsIVL .77 .45 .81 .68
P(MncslY) .04 .11 .05 .07
Difference .73 .34 .76 .61
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[F(4,560)= 15.42, p<.OOl; and F(1 ,140)= 1,023.76,
p < .001, respectively] . Significant interactions were
obtained for Measures by Trial Blocks [F(4,560) = 31.58,
p < .001], Measures by Name Similarity [F(1,140) =
40.38, p < .001], Measures by Stimulus Similarity
[F(1,140) = 5.70, p = .0 18], and Measures by Name
Similarity by Stimulus Similarity [F(1 ,140) = 5.88,
p = .0 17] . Follow-up tests of these interactions indi­
cated that all groups showed a significant mediational
effect, and that the relative strength of the effect among
groups was the following : DD = SD> SS > DS .

(2) The probability of consistent motor errors on
incorrect naming trials should be greater than the
adjusted pro~bili~ of nonconsistent errors [i.e.,
P(McslV) > P(M ncsIV)/2] . The group means fo r these
measures are presented in the bottom half of Table 1.
Again, there are large differences in all groups, and the
pattern of differences is the same as that found for
correct responses. The overall analysis showed significant
main effects of trial blocks and measures [F(4,560) =
10.55, p<.OOl; and F(1,140) = 998.57, p<.OOl ,
respectively]. Significant interactions were obtained for
Measures by Trial Blocks [F(4,560) = 27.31, p < .001],
Measures by Name Similarity [F(1 ,140) = 48.81, ,
p < .00 1], Measures by Stimulus Similarity [F(1,140) =
15 .20, p < .00 1], and Measures by Name Similarity by
Stimulus Similarity [F(1,140) = 9.18, p = .003]. Follow­
up tests of the interactions indicated the same pattern
of results found for correct responses.

DISCUSSION

Strong evidence of mediation was obtained in all groups.
These results are consistent with earlier findings for conditions
in which similar stimuli were used. Cantor (1970, 1973) used
conditions similar to Groups SO and SS with older children and
found evidence of mediation in both conditions. McGeehan
and Cantor (1977) also found strong mediational effects for
fourth-graders in a condition similar to Group SO.

Of particular interest here are the effects of stimulus and
name similarity on the tendency to mediate. Cantor (1970,
Experiment 2) had previously found greater evidence of
mediation with dissimilar names than with similar names, a
result that could be explained on the basis of generalization
effects. Although the present results confirm the earlier findings,
they also point to a rather surprising interaction between
stimulus and name similarity. It will be recalled that the relative
strengths of mediation among the groups were the following:
OD =SD > SS > DS. Contrary to what might be expected on
the basis of generalization effects, mediation was not reduced
by increased stimulus similarity when the names were dissimilar
(DD =SD). Furthermore, mediation was actually greater for
similar stimuli than for dissimilar stimuli when the names were
similar (SS > DS).

Our hypothesis is that these results reflect differential
strategies used by children in the various similarity conditions.
Spiker (1956) suggested that subjects may adopt the strategy
of using verbal labels for stimuli to rehearse the correct motor
responses between trials. More recently, investigators (e.g.,
Flavell et al., 1966; McGeehan & Cantor, 1977) have suggested
that failure to rehearse may be responsible for control deficiency

in young children. In the present task, rehearsal would take the
form, "VEK goes with Block 2," thus theoretically strengthening
the mediated name-button associations.

If we are correct that the similarity variables affect the
tendency to rehearse, then the results point to two conclusions.
First, the children have a strong tendency to rehearse with
distinctive names under all conditions of stimulus similarity
(00 =SO), since it is very easy to do so. Second, the children
are less likely to adopt a rehearsal strategy with similar names,
since it is more ditficult to do so, and this tendency is reduced
even further when the stimuli are distinctive (SS > OS). In other
words, only when the stimuli are hard to discriminate do the
children resort to the relatively difficult task of rehearsing with
similar names (Group SS). In Group DS, on the other hand,
it is perhaps easier to associate the correct block directly with
each (distinctive) stimulus. Although these assumptions about
how situational variables affect mediation through a rehearsal
strategy account well for the present results, additional research
will of course be needed to verify the assumptions and to
determine their usefulness in explaining other mediational
effects in children.
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