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INTRODUCTION

Comparisons of the instructional effectiveness of color
(chromatic) and black and white (achromatic) versions of pictorial
materials in school learning contexts have not yielded consistent
results. This fact has led persons reviewing research on instruct-
ional use of color to suggest that the effect of color cues was
frequently obscured by failure to control adequately the relevance
of color cues (Miller, 1957; Hoban, 1960; Lumsdaine, 1964; Travers,
1964).

Cue relevance may be defined in terms of a correlation over
trials between the presentation of a given stimulus cue and the
reinforcement of a particular response. When so defined the pre-
sentation of relevant color cues as one component of a compound
stimulus which includes multiple relevant components has been found
to facilitate acquisition in tasks such as concept identification
(Bourne & Restle, 1959) and paired-associate learning (Weiss &
Margolius, 1954). However, in many instructional contexts, such
as the acquiring of distinctive labeling responses to nlmbers, .

letters, maps and other shape objects which are initially color
coded, color cues are relevant during acquisition but are not
present on retention trials. It has been generally found that the
addition of strong relevant color cues during acquisition trials
only has had an interfering effect upon performance in a transfer
task in which these cues were absent when compared with transfer
task performance following acquisition training in the absence of
relevant color cues. This interfering effect has been shown to
vary as a function of relative meaningfulness (Underwood, 1963),

formal similarity (Cohen & flbsgrave, 1966) orienting task (Mechanic,
1962) and incentive instructions (Bahrick, 1954) associated with
the color and shape components respectively. These findings of
interference are also generally consistent with the limited informa-
tion processing model of Broadbent as applied to predicted inter-
ference associated with visual embellishments ay Travers (1964).

Two procedures, however, seam to result in a decrease if
not a reversal of the interfering cue competition phelomenon.
Under appropriate orienting task instructions both ekments of a
compound stimulus have been conditioned with no evidence of com-
petitive interference (Mechanic, 1962). In addition appropriate
instructions have been shown to increase the probability of form-
ing mediating chains which have the effect of both facilitating
acquisition and transfer performance (Jenkins, 1963). It would
seem that the effect, negative or positive, of supplementary color
cues upon acquiring responses to associated shape cues may be a
function of instructional stimuli and subsequent implicit or overt
practice behavior of S.
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Supplementary color cues are most frequently found in
materials prepared for children. However, most of the evidence,
regarding the facilitating effect of instructions upon condition-
ing elements of compound stimuli has been obtained with adult Ss.
There is some evidence that characteristics of adult behavior with
respect to effects of instructional stimuli can not be readily
generalized to children. For example, Kausler, Laughlin Sc Trapp,
(1963) found that incentive instructions to children had a markedly
different effect upon the conditioning of incidental stimuli from
that reported by Bahrick (1958) in a similar experiment with adult
Ss. Tasks in which adult Ss routinely seem to employ implicit
mediational r-;:sponses were performed by children in ways that have
not suggested such mediational behavior (Suppes & Ginsberg, 1961;
Kendler & Kendler, 1959; Bruner, 1966; Osler & Trautman, 1961).
Thus if mediational responses are required to insure facilitating
effects of supplementary relevant cues, and if these responses are
relatively unavailable to children, it would follow that the addition
of such supplementary cues to stimulus displays would not facilitate
learning by children.

It was the purpose of the following experiments to investi-
gate the effects on the behavior of children in a shape labeling
task, of varying the relevance of supplementary color cues and the
nature of the orienting instructions and tasks.

EXPERIMENT I

When presented with a compound stimulus consisting of a
highly meaningful and relevant color component and a trigram of
low rated meandngfulness adult Ss readily conditioned responses
to the color component while evidencing no concurrent conditioning
to the trigram (Underwood, Ham & Ekstrand, 1962). It was argued
that cue selection had interfered with the conditioning of the
trigram alone. If, however, cues were conditioned in a more direct
fashion without biased cue selection behavior such that both color
cues and trigram were conditioned there would not be a basis for
interference in acquiring the trigram. There is some evidence that
children do tend to condition cues in a relatively non-selective
way. The Osler & Trautman (1961) and Kausler et. al. (1963) have
both interpreted their findings in a way that would suggest that
cue selection behavior may be less evident in children than in
adults.

It was the purpose of the present study to examine further
the cue selection phenomenon by extending the investigation to
children. In the first experiment the relevance of the incidental
color component in compound shape and color stimuli was varied
independently in both acquisition and transfer trials.
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Method

Construction of stimuli and Six shapes were con-
structed by reducing the complexity of contour detail and roughly
equating the total area of six countries chosen for their relative
similarity of shape and degree of unfamiliarity to fourth graders.
The countries were Bulgaria, Equador, Poland, Romania, Surinam and
Egypt. Directional orientation of the figures was determined
arbitrarily to further reduce the probability of any effects of
previous learning. The resulting contour shapes are represented
in Fig. 1. These modified map
contours were traced onto
colored Prang construction pap3r
so that each contour was repre-
sented on red, yellow, violet,
blue, dark green and light
brown paper. The six colored
versions of each map and the
corresponding six printed
country names were then separ-
ately mounted on white mount-
ing board and photographed

with Kodachrome film. The
resulting slides were then
positioned in a Sarkes-
Tarzian random access pro-
jector which was equipped
with an auxiliary timer set
to yield trials consisting of
a 3 sec. exposure of the projected map, 3 sec., anticipation interval,
3 sec. exposure of the country name and a 3 sec. unfilled intertrial
interval. The slides were projected on a 12 in. square rear-view
screen positioned 30 in. directly in front of the seated S. The
screen formed part of a visual barrier separating S from E and the
experimental apparatus. The screen image of the projected maps
averaged 8 in. in height and width.

Egypt Bulgaria Poland

Romania Equador Surinam

Fig. 1. Shape components of
stimulus figures with associated
response terms.

Proledure: S was seated before the screen and told that he
would learn to identify several countries. Complete instructions are
in Appendix A . A primed card showing each of the country names
was given to 59 and he was asked to read the names from a card.
Any reading error was corrected. S was instructed to say aloud
the name of each country during the anticipation interval. The
six shapes were presented in successive random permutations with
the restriction that no shape was presented twice in succession.

There were three independent training conditions. In the
relevant-redundant (RR) condition Egypt was red, Bulgaria green,
Poland yellow., Romania blue, Equador brown and Surinam violet on
each trial. In the irrelevant-independent (II) condition the 36
possible shape-color combinations were assigned randomly to each
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set of six trials with the above noted restriction on slap- permu-
tations. In the irrelevant-redundant (IR) condition all couLour
maps were represented in red on all trials. See Appendix B for a
more detailed summary of the stimulus display.

Training continued until S completed two consecutive trials
without an anticipation error. The eight Ss from each of the
three conditions of color relevance in training were randomly
divided into two groups of four and assigned the two remaining
color relevance conditions. Training continued without inter-
ruption until the criterion of two errorless trials was again
attained. This design resulted in six training-transfer combi-
nations.

Subjects: Ss were 2!L fourth grade students from a single
classroom of the Indiana University Elementary School. Four Ss
were assigned on a random basis to each of the six experimental
conditions.

Results and discussion: Errors were tabulated on train-
ing trag7i7 transfer trials separately (Appendix C). Means
for each condition of color relevance on training and transfer
are shown graphically in Fig. 2. Mean of errors on training
trials for group trained with the
RR condition was 20.25, the IR
was 31.62 and with II was 55.13.
These means differed significant-
ly, F(2921)216349 p <005. The
Newman-Keuls (Weiner, 1962)
interval test indicated that
while RR and IR did not differ
significantly in training both
RR and IR differed signifi-
cantly from II9 p4c0010

On the transfer tasks,
the mean number of errors for
the six training-transfer con-
ditions differed significantly
in errors on the transfer
Usk, F(5218)=5.18, p<001.
The mean number of errors
during transfer for the RR-II
group was significantly

greater than for any of the
other groups, Neuman-Keuls,
p 4.019 while the other
groups did not differ from
each other significantly.

k
0

0
44
0

0

0

6o

5o

140

30

20

10

Training
o---DTransfer
a ACombined Train-

ing & transfer

A

cp.ft
low ancl...

own

RR IR II

Fig. 2. Mean errors an train-
ing and transfer and combined
training and transfer for three
color relevant conditions.
Exp. I.



Although the mean difference between the RR and IR groups
did not reach significance during training, the analysis of the
transfer results indicated a significant difference between the
RR-II and all other transfer groups including the IR-II group.
If responses were conditioned to the relevant color cues in the
RR training condition, then interference with performance in the
transfer task that included the noisy color cue condition of the
II transfer condition would be expected. If the RR training con-
dition had been characterized by cue selection of the highly
meaningful color cues with correspondingly decreased conditioning
of the shape cues, then the RR-IR transfer condition would have
been expected to be associated with an increased error rate when
compared with transfer performance following IR or II training.
The failure to obtain such a difference between the RR-IR trans-
fer condition and any of the other transfer conditions, except
the RR-II condition, is not consistent with the prediction of
cue selection affected by relative meaningfulness (Underwood,
1964)

Both training and transfer data lend support to the con-
clusion that both shape and color cues were conditioned in the
RR training condition, with no evidence of interference with the
shape cue conditioning as a function of the accompanying color
cue conditioning. While the supplementary relevant color cues
present during training did not sfgnificantly facilitate or
interfere with conditioning of shape cues during training trials,
their effect became evident in transfer. When transfered to the
noisy color condition (II), the group for which color had been
previously relevant (R11) suffered an interfering effect; the
group for which color had not been previously relevant (IR)
continued to respond to the shape cues and was functionally un-
affected by the presence of irrelevant color cues in the trans-
fer task.

While supplementary color cues had demonstrable effects in
this experiment during both training and transfer, there was no
evidence of a facilitating effect on the acquisition of responses
to the shape cues. The data seem most consistent with the
assumption that associations were formed in a direct, non-mediated
way between all relevant cues and reinforced responses. This
finding is consistent with the assumption that younger children
may make more direct associations while adults tend to employ more
complex mediational or symbolic procedures in learning tasks such
as this. Another interpretation of the findings suggested by
overtraining effect on conditions of compound stimuli reported by
James & Greeno (1966) is that since the instructions mentioned
maps and did not refer to color, that selection of shape cues
occurred and that the relatively easily conditioned color cues
were conditioned afterward during the two criterion or overtraining
trials. Such a sequence of events would not result Ln reducing the
training trials when compared with IR training and could result in
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some relative interference when Ss were later confronted with the
II set of stimuli. Instructions alerting S to the potential
facilitating function of the color component may increase the
possibility that if color components are conditioned rapidly they
might serve as prompting or mediating stimPli and thus facilitate
the conditioning of the shape component. Such a procedure would
provide a basis for facilitation of shape condition by adding
supplementary relevant color cues. Facilitation would be expected
both during training and transfer to a shape-only condition. In
a variety of tasks involving children, instructions (Osler & Weiss,
1962) and equivalent practice procedures (Suppes & Ginsberg,1961;
Olsen, 1966) have had effects interpreted as indicating an increase
in the frequency of complex mediational behavior in comparison to
the more direct association process apparent in uninstructed groups.

EXPERIMENT II

It was the purpose of the second experiment to determine
the effects of instructions regarding the relevance of supplement-
ary color under conditions that differed with respect to the
formal relevance of color in training and transfer. Responses
required during practice were also varied with respect to the
probability of vocally emitting mediational responses.

Procedure: Ss were 72 fourth grade students from Indiana
University Elementary School and were assigned randomly to each
of the twelve practice conditions in a 3 x'2 x 2 factorial design
such that there were six Ss in each group. The three conditions
of color relevance were relevant redundant (RR), independent

Jundant (IR) and irrelevant independent (II) and were defined
with the same set of stimuli used in Experiment I. The two
instructional conditions differed in that the observe-color (0)
group was instructed that "c lr may help you remember the letter
that goes with each map", and the ignore-color group (I) was
instructed that the label for each map should be learned *without
depending upon the color of the maps". The third factor was the
behavior required during practice. One g-oup (R) was instructed
to repeat vocally the initial letter of the country name at
approximately 1 sec. intervals during the presentation of the map
stimulus. The other group (S) was instructed to state vocally
during the presentation of the map stimulus "anything that helps
you remember which letter goes with the map", (Complete instruct-
ions are presented in Appendix D)

The stimulus materials were the same as those used in
Experiment I except that the Egypt stimulus was reserved for use
as a sample stimulus presented only during instructions. Miltipae
copies of the five remaining map slides and associated name slides

6



were ordered in the Kodak Carousel projector in random permutations
of the five pairs of maps and names. The country names were printed
on a card that was taped to the desk top where S sat, and was in-
structed the+ these were the names of the countries he was to learn
to identify, but that ha needed only to say the initial letter of
the country name during the experiment.

During practice trials the projected name of a country was
presented for 1 sec. followed by a 10 sec. presentation of a pro-
jected map. During the map presentation interval the R and S
groups practiced as instructed. Following the completion of each
practice trial, consisting of a serial presentation of the five
.:,ame and map pairs, a test trial occurred, consisting of a presen-
tation of each map for an S controlled interval of up to 10 sec.
that was terminated wt.sm he uttered one of the initial letters.
No information feedback occurred on test trials.

Alternating practice and test trials continued until a
criterion of two errorless test trials was reached. When the
first criterion of two errorless trials was attained, either the
same or one of the other two sets of stimulus slides defining one
of the three conditions of color relevance was substituted for the
training stimulus set, and training continued without further
instructions until two consecutive errorless trials was again
attained.

Verbatum practice and test responses were recorded by E.
Ss were assigned randomly with the restriction that there be an
equal number in stsch of the thirty-six cells resulting from com-
bining orthogonally the 3 x 2 x 2 training design with the three
conditions of color relevance (RR, IR, II) introduced in the
transfer task.

Method and Discussion

Errors were totaled for both training and transfer tasks
separately (Appendix E), and an analysis of variance of training,
transfer and combined training and transfer errors was completed
(Appendix F) . The mean number of errors associated with the RR
condition was 8.96 which was well below the mean of 21.33 errors
for IR and 23.04 for II. These means differed significantly,
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TABLE 10 MEANS AND SD'S OF TOTAL ERRORS FOR EACH COMBINATION OF
COLOR RELEVANCE, INSTRUCTIONAL COLOR REFERENCE AND PRACTICE
CONDITION, EXPERIMENT II

Relevance
of color
component

Observe Color Ignore Color
Repeat Strategy Repeat Strategy

14 SD N SD SD

II

IR

RR

39.00 16.16 26067 19021 8067 4.35

25000 11.27 18.33 11.37 20.00 15.05

9.67 3068 8.67 6.90 8.33 4.46 9.17 6.26

14 SD

17.83 13.90

21.50 16.74

F(2960)4.21, p4(.010 The Neuman-Keuls interval test indicated
that the substantially lower error rate associated with the RR
condition differed significantly from those of the IR and II con-
ditions, p.(0010 Although the IR and II conditions did not differ
significantly with respect to mean errors, a significant inter-
action between color relevance and instructions regarding color
was obtained, F(1960)1'50199 1)4(005, which must be considered in
making the comparison. As illustrated in Fig. 39 the difference
in instructions to ignore or
observe color was associated
with a significant difference 40
only in the II stimulus con-
dition, Neuman Keuls, p<001. Et 30
In the II condition the mean 2
error score for the group m 20
instructed to observe color
was 32.84 while it was only 110
13.25 for the group instructed
to ignore color.

Although the general
trend of difference between
color relevance conditions
was in the direction of those
found in Experiment I, the
interval test showed that
with respect to the shape
onl7 (IR) control condition,
the color relevant (RR)
condilion was associated with significantly fewer errors in
Experiment II but not in Experiment I. In addition, while there
had been a significant difference between IR and II in Experiment
19 II was not uniformly interfering in Experiment II. The

RR r_R II

Relevance of Color Component

Fig. 30 Mean errors on train-
ing:task:as a function of
relevance of color component
of shape-color compound
stimulus.
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transfer results were very similar to
Experiment I. The mean number
of errors on the transfer con-
ditions was one or less for all
groups that had been originally
trained with II and IR stimulus
sets. Only in the case of the
groups originally trained with
color relevant (RR) and trans-
fared to a condition in which
color was not relevant was
the error rate significantly
elevated, F(2,36)215029 1,4:0010
An interval test revealed

that both the M-IR and the
RR4I condit.ms differed
significantly frown the other
groups. The interference
indicated by the significant
RR-IR error rate in transfer
was not observed in Experi-
ment I. Thus in the absence
of a difference in Experi-
ment I between IR and RR
during training and between
RR-IR and IR-RR or IR-IR in
transfer, a possible con-
clusion was that cue
selection had not occurred.
The corresponding results
in Experiment II make such an interpretation more difficult to
defend. Either a cue selection or a differential threshold inter-
-pretation could account for the experimental findings. The relative
high judged meaningfulness of the color cues may have made it
possible for the threshold, for reliably emitting responses to color
cues, to have been reached before all shape cues had been condi-
tioned. Such an interpretation would account for the differences
obtained in Experiment II in both training and transfer results in-
volving the groap initially trained with RR stimuli. The absence
of significant differences for corresponding groups in Experiment
I does not seriously weaken such an interpretation since in both
training and transfer in Experiment I the corresponding differences,
although not significant, were in the same direction as those
obtained in Experiment II. The various differences in procedure
between the two experiments dould have combined to yield the
difference in level of significance obtained without requiring
additional assumptions of cue selection.

the results obtained in

ti
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O 3
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di. AND '"411
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II IR RR

Color relevance during training

Fig. 4. Errors on transfer for
each combination of color
relevance during training and
transfer, Experiment II.

However, without making further assumption, neither this
interpretation nor a cue selection interpretation, with bias
favoring the more meaningful color cues, is consistent with the
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results of the comparison of the combined training and transfer
results. The means of combined errors on both training and
transfer for the color cue training conditions was 11.83 errors
for RR, 22.12 for IR and 23027 for II which differed signifi-
cantly, F(2,36)=747, p .01, with an interval test showing that
RR differed (p <.01) from both IR
and II which did not differ
significantly from each other.
Cue selection during training,
biased toward the more mean-
ingful color cues, would have
resulted in combining the
errors associated with
forming the color associa-
tions during training with
the errors mcuired in
establishing the shape
association in the trans-
fer tasks. These combined
errors should have been
more than those incurred
by the group trained with
shape alone (IR) from the
beginning. Unbiased
conditioning of both sets
of releyant cues should
have required as many
trials for RR as for IR

since the final criterion
in both cases required
transfer performance with
IR alone; and under the
assumption of unbiased conditioning, the conditioning of shape cues
in the RR condition procedes independently of the conditioning of
the associated relevant color cues. Furthermore, because of the
procedures used, there is little support for an interpretation of
the finding of sizable facilitation associated with the RR condi-
tion whinh would posit a prompting effect of relevant color made
possible by the early conditioning 'of the color components, thus
making the response term more available during anticipation. In
the procedures employed in this experiment there was no anticipa-
tion interval during training. An anticipation interval was
available during the test sequences, but since it was S controlled
it seems highly unlikely that, after he had made the correct
anticipation by refering only to the color component, S would have
engaged in the kind of precursory behavior alluded to by Holland
(1966) as being required to insure the establishment of associations
to shape cues.

g20

X10
se

& Transfer

RR IR II

Color relevance condition

Fig. 5. Mean errors on train-
ing and training plus transfer
for stimulus conditions of
color relevant and redundant
(RR), irrelevant and redundant
(IR) and irrelevant and inde-
pendent (II), Experiment II

The verbal responses emitted during anticipation trials
give little indication regarding the effect of the color cues.
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There was no difference in error rate associated with the two
practice conditions. In the content analysis of the emitted re-
sponses of the strategy group there were only rare and unreliable
references to color cues. References tended to be single word or
short phrase responses apparently elicited by shape alone and
including such words as "shoe", "flag" and "arrow". These
references tended to appear in all protocols regardless of color
condition, by the second practice trial and were relatively in-
variant over the remaining trials. These responses suggest that
the shape cues were discriminated readily and reliably by the
second trials and that formal differentiation of the shapes
after the first trial was established and apparently not enhanced
by the available color cues. While shapes could be reliably
discriminated and labeled with highly meaningful labels, it may
be that the color condition affected the frequency of non-
discriminating responses. Color cues have been demonstrated to
be highly dominant cues for children, and since reliably discrimi-
nating color cues were available only in the RR condition, con-
siderable interference as a function of color, may have occurred
in both the IR and the II conditions. However, the fact that
significant differences between groups instructed to ignore or to
observe color resulted in marked differences in performance for
the II condition and not for the IR condition could lead to
interpretations that selectively ignoring the color cues followed
appropriate instructions to the II groups; that corresponding
instructions to the IR group were redundant, since instructions
to ignore the irrelevant color cues resulted in the same per-
formance on both training and transfer as instructions to observe
them. If both the IR groups and the II group, receiving appro-
priate instructions, did effectively avoid potentially interfering
responses to irrelevant color cues, then the relatively lower
error rate of the RR groups must be accounted for by a facilitating
effect of relevant color cues in RR rather than by the interfering
effect of irrelevant color cues in IR and II.

The establishment of a mediational chain, linking first the
color cues to the responses and finally the shape cues to the color
cues, would provide a basis for facilitation by the supplementary
color relevant cues. Instructions suggesting the relevance of
color may have increased the probability of such chaining; whereas
in the absence of such instructions regarding color, (as in
Experiment I) Ss may have either relaxed any selective processes
or delayed color conditioning until after shape cues had been
first conditioned. In either case facilitation of shape associa-
tion as a function of color association found during training
(or combined training and transfer) would not have been expected.

Although color cues present in compound stimuli tend to
be functionallydominamtfbr both children (Bruner) and adults
(Grant), it is clear that in many tasks, adults tend to avoid
categorizing or responding selectively to color cues unless
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271structions clearly establish the relevance of color. This re-
sponse bias may be sufficiently established by the fourth g14de
to have made possible the differences in facilitation associated
with the presence of relevant color. However, any reference in
the instructions to the possible relevance of color, including
even the suggestion that the task should be accomplished "without
depending upon color" seems to have been sufficient to signifi-
cantly alter the mode of response to the color cues present. The
effect of these instructions was apparently a function of the
objective relevance of color in the task such that, in the case
of RR, color was facilitating and that, in the case of II, the
potentially interfering effects of irrelevant color were avoided.

Although the gross differences in avert practice response
between the S and R groups were not significant, there were
qualitative differences between the utterances of the rapid
learners in the S group and the slower learners. The rapid
learners produced responses that could be readily associated with
both the stimulus shape and the response term. For example, a
common response by the slower learners to the map associated with
Romania was shoe"D by the more rapid learners -- "rubber boot".
The few Ss that produced such vague and general responses as
"shape" or "color" had the greatest number of errors in learning
the task. If S was employing a complex learning strategy in-
volving color cues, there was no direct indication of it in either
the responses emitted on practice trials nor in the post-experi-
mental inquiry. In the case of both S and R practice conditions,
when asked how they learned to remember the items, almost all Ss
in all conditions indicated that they remembered the item because
it looked like some familiar object.

The kind of overt responses emitted during practice were not
controlled in the present experiment and seemed to have served as
highly effective mediating responses in some cases. If association
could be greatly enhanced by suggesting highly meaningful mediating
responses to S which could be readily associated with both shape
component of the stimulus term and the response term independently
of the color component present, it seems that both relevant and
irrelevant color cues would be expected to be relatively ineffective.
If S were forced to attend to the color component by the additional
requirement of a color orienting response during practice, the
effect would seem to depend upon the relevance of color and the
relevance of the shape association term.

12



EXPERIMENT III

If the facilitating effect of color depended upon the estab-
lishment of a mediational chzin involving color, then it would seem
that the availability of relevant color cues would be: most helpful
when the available mediating responses associated with shape cues
are most difficult to associate with the response term; of little
or no help when the mediating response to shape is initially highly
associated with the response term.

The Experiment II data can be interpreted in terms of an
assumed establishment of a mediational chain involving color-
associated mediating terms. The overt practice responses by the
S groups revealed that the emission of shape-associated mediators,
which were also highly associated with the response terms, greatly
f.cilitat id ie.lraing. The design of EXperiment II was such that
it =lid not be determined whether the selection of these highly
efficient shape-related mediators interfered with any interfering
or facilitating effects associated with the color component of the
stimuli. If children are capable of making highly selective re-
sponses to the shape or color component as a fUnction of instructions
or formal relevance of the color component, then it would seem that
they might also make selective responses as a function of the effec-
tiveness of the shape-related mediator. If mediational activity
depends heavily upon instructions to mediate, as suggested by
Jenkins (.963), and if alternative and easier mediational chains
are available, it seems that the law of least effort would require
that the color mediators would not be used. If learning in this
case is to be accounted for entirely in terms of mediating events,
it would seem that the formal relevance of the color components of
the compound stimuli should have no effect under conditions of
optimal effectiveness and availability of shape-related mediating
terms. It was the purpose of Experiment III to investigate the
above hypothesis over a range of two degrees of response-relatedness
of a set of mediating terms that were all readily associated with
the shape components. It was of particular interest to investigate
the interaction of this effect with the effect of varying the
formal relevance of the color component of the compound stimulus.

Method

Subjects: Sixty-four fourth graders and 32 third graders
from the indiana University Elementary School served as Ss. They
were randomly assigned to experimental conditions with the re-
striction that 8 fourth graders and 4 third graders were assigned
to each cell of the 2 x 2 x 2 factorial design. Children were
initially screened for ability to name correctly some circular
samples of color similar to those used in the stimulus material.
None was rejected due to inability to do so.
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Desi and procedure: Alternating prompted practice and
test trials with the same corresponding time intervals were used
as in Experiment II. In addition, the two conditions of color
relevance were defined by using the RR and II sets of stimuli
used in Experiments I and II. Two conditions of color orienting
instructions were defined by instructions to one group to name
the color of the map on each frame (N) and to a second group not
to name the colors (T). The third factor was defined by two sets
of shape-related terms which differed in that each term in one
set (I) had the same initial letter as the required response term,
whereas no term in the second set (I) had an initial letter which
was included in the list of response terms. Complete instructions
are found in Appendix G. The I list of terms, with associated
response terms were: ear-E, rubber boot-R, banner-B, patch -Ps and
spear-Sr The corresponding 1 list contained the following terms
with their associated response terms: mitten E, overshoe-R,
flag-B lake-P and arrowhead -S. Items from both lists had been
taken from the practice protocols of Ss in the S group of
Experiment II where each term had been reliably and readily
associated with the appropriate map stimulus.

S was presented a printed list of the response-related terms
associated with his assigned experimental condition and was in-
structed to read and define each term 9 being prompted by E in the
rare cases of difficulty. He was instructed that these terms were
to be used as "clues" and that each term was to be repeated twice
on every practice trial during the presentation of the appropriate
map. An illustration of the required practice response, employing
such a clue word, was presented verbally by E, explaining that if
the map to be learned were that of Mexico, the clue might be the
word banana. It was pointed out that a banana was curved like the
map of Mexico is. S was prompted on practice trials for the first
two trials by hearing the appropriate clue word stated by E if he
had not volunteered it after approximately 2 sec. Ss rarely
required more than one prompt to associate the practice term with
the approprlate map stimulus. In addition, as part of the clue
instruction those Ss in the N condition were instructed on
practice trials to name the color of the map as part of the clue.
Thus the practice response illustrated by E for the N group while
viewing the green map of Mexico was "14 -- green banana, M --
green banana"; while for the N group it was "M banana,
M -- banana".

The required practice procedure was followed without
difficulty by all Ss, throughout the experiment.

Results

Errors were tabulated for each experimental group and are
reported in Appendix H. A summary of the results of an analysis
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of variance is reported in Appendix I. Although the means for the
third and fourth grades were 27.72 and 19.68 errors respectively
and differed significantly, F(1,87)=8.120 p4c.01, there was no
significant interactions between grade level and other conditions.
Therefore, the scores of the two grade level groups were pooled.
The resulting means and SDe for each experimental group are
reported in Table 2 and Fig. 6. It was evident that the attempt

TABLE 2. MEANS AND SD'S OF ERRORS TO CRITERION AS A FUNCTION OF
SHAPE AND COLORNAMIht PRACTICE CONDITIONS AND COLOR RELEVANCE
CONDITIONS.

Color
Relevance

Orienting Task2esponses

Not Name Color Name Color

Initial letter Non-Ini. ltr. Ini. ltr. ltr.
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9083

5.87

8.50
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Fig. 6. Mean errors for
color and shape naming
condition as a function
of color relevance
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to establish wide differences in error rate between the two condi-
tions of shape related orienting tasks was successful. The over-
all mean for the I condition was 32.93 errors and differed
significantly from that of the I condition which was 11.53 errors,
F(1,87)=60.81, p.G.001. Relevance of color, F(1,87)=21.18, 1)4.01
and naming color, F(1987)=114,519 134.01 were also significant
factors. As in previous studies relevant color was associated
with fewer errors than irrelevant independent color. The inter-
fering effect of II was greater when color naming was required,
F(1,87)214085, P4:4,05 and when the less effective shape-related
practice response (I) was required, F(1,87)=6.60, p <.05.

The introduction during practice trials of an orienting
task that was readily related to both shape cues and the response
term did not eliminate the effect of relevant color cues present
in the compound stimulus. The Neuman-Kauls interval test indicated
significant differences between II and RR even under the most
favorable shape-related orienting task conditions, p 4(.05. This
difference may have remained due to the selection of color cues in
spite of specific instructions regarding the relevance of the shake
orienting responses and the absence of reference to color in the N
groups. However, the reference to color in the initial screening
test may have been sufficient to sensitize the Ss to the possible
relevance of color, just as the negative instructions regarding
color in Experiment II seemed to have sensitized the RR groups to
the relevance of color.

Discussion of Experiments I, IY and III.

In all three experiments, involving children averaging 10
years of age, evidence has been obtained concerning the effect of
varying the relevance of the color component of a compound stimulus.
This effect has also been shown to be a function of instructions
and practice conditions. Some degree of color cue selection seems
to occur, particularly if both instructions and stimulus array
provide consistent information regarding color relevance. Color
cue selection in Experiment II seemed to be associated with the
conditioning of shape cues in such a way as to facilitate combined
training and transfer performance. This behavior seemed to be
somewhat in contrast with the apparent independent associations
to shape and color cues formed in Experiment I under instructional
and practice conditions that provided no information regarding the
relevance of color cues. If the color cues were facilitating only
because they provided a mediating link between the shape stimulus
and the response term, it seemed that the procedure of providing
S with such a mediator that was not associated with the color
component would eliminate the effect of the color cues present. It
was found, in Experiment III that the effectiveness of the color
cues was reduced but not eliminated under such practice conditions.
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It seems, in summary, that while instructions to use the color cues
in an appropriate way can both increase the positive effect of rele-
vant cues and reduce the interfering effect of irrelevant cues, there
is reason to believe that there is a residual effect that is not
entirely displaced by these procedures. Its characteristics are
such that the most parsimoneous set of assumptions seems to require
that some stimulus sampling of available color cues continues
through training. Instructions regarding the relevance of other
sets of cues do not eliminate the continuing effectiveness of these
cues during training. The effectiveness of color relevance seems
to be generally proportional to the length of training required.
When instructions and procedures are such that shape cues are
conditioned slowly, the relative effect of associated color cues
seems greater. This suggests that the effect is present over
trials and not only after initial criterion is reached, as was
found with adults by Janes and Greeno (1966). Thus, behavior
resulting in the selection of only color or shape cues exclusively
may be only partially established in 10 year-olds although possibly
evident in adults.

Conclusions, Implication and Recommendations

If color cues are added to a stimulus array with the expecta-
tion that they have a facilitating effect upon the acquisition of
associations to the shape component, then it appears that active
intervention by presenting appropriate instructions and practice
procedures may be required. The data suggest that such procedures
significantly affect stimulus sampling and may have an additional
effect upon the development of mediational chains.

The findings of these three experiments have several implica-
tions for further research and developmental activity. One question
concerns the possible generality of these findings to tasks involv-
ing other types of compound stimuli. Instructional displays are
typically compound, consisting usually of various visual, auditory
and other elements of varying degrees of relevance to the learning
task required. The class of stimuli studied in the present series
of experiments consisted of intrinsically associated components.
In the intrinsically associated class of stimuli, orienting
responses which result in the sensory reception of one stimulus
component insure the reception of the other component(s). It may
be that the apparent difficulty of children in sampling from only
one set of cues may be a function of the special characteristics
of intrinsically associated stimuli such as were used in this
experiment. It is clear that non mediating organisms come to
respond selectively to elements of compound stimuli by inhibiting
or adapting some of the elements. It has also been observed that
orienting responses may change the probability of sampling from
one or more of the cue sub-sets. However, the orienting response
is not effective in differentialy changing the sensory input of
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components of an intrinsically associated stimulus. If the only
alternative is to undergo a relatively lengthy and unpleasant
process of adapting irrelevant cues, then the case of the intrinsi-
cally associated stimulus poses a very difficult challenge to
efficient learning. That selectivity is possible, if not routine,
in the case of intrinsically associated stimuli is suggested by
Mechanic's (1962) demonstration of the need for appropriate
orienting tasks to insure that adults make appropriate responses
to both components of such stimuli,

An attempt to design instructional procedures that make
optimal use of supplementary stimulus components is complicated
by the possibility that procedures which are optimal for children
are interfering for adults and conversely. It may also be that
compound stimulus materials which are intrinsically associated
require different procedures for optimal utilization than those
which are discretely associated,

The second part of this series of studies attempted to
investigate certain effects of color relevance with adult Ss.

EXPERIMENT IV

It was noted that in the first three experiments evidence
of the effectiveness of variation in color relevance was obtained
under instructional conditions that were contrived to indicate
that color was either not relevant, or that stated alternative
cues were available in lieu of color. In both cases, however,
color was apparently effective. It could be argued that children
are _effectively unable to ignore color, even when they are
actively responding to other cues. An alternative argument is
that mediational behavior was affected by the stimulus conditions
of the training and test sequence, and that the initial verbal
instructions were modified according to these task characteristics.
In each of the earlier experiments the stimuli present on the
test trial were drawn from the same color condition as were the
training stimuli. This would provide the basis for confirmation
or disconfirmation on the firs '.1st trial, of the validity of
the initial instructions regardil; the relevance of the color
cues. Thus, it would seem that the effect of supplementary color
on training trials depends upon the color condition present on
the test trials independently of the condition on the training

Another possibility is that color cues were sampled
selectively on trials in which shape cues did not provide a
basis for forming discriminations. Poulson, Restle and
Poulson (1965) have presented evidence that indicates a two
step learning process in the case of learning paired-associate
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responses to highly confusable shapes. A discrimination step, in
addition to an association step, seems to have been required. It
seems possible that relevant color may affect the discrimination
step and not the association step. If this discrimination step
were facilitated by the presence of associated color cues, then
relevant color might be expected to facilitate the acquisition of
highly confusable stimuli but not to facilitate the acquisition
of readily discriminable stimuli.

It was the purpose of this experiment to investigate the
effects of varying the relevance of color independently in train-
ing and test trials, and of varying the discriminability of
associated shape components under those instructional conditions
which indicate that color is not relevant. The length of the
anticipation interval during training trials was also varied.
If it is assumed that discrimination typically precedes associa-
tion and that discrimination may be facilitated by the associa-
tion between the shape and color components, it seems possible that
extending the anticipation interval prior to the information feed-
back event would facilitate the formation of such discriminations.

Method

Subjects and designs The 215 Ss were from summer session
graduate and undergraduate classes in education. The population
sampled was relatively heterogeneous with respect to age and
nationality. Data from thirty-five Ss were omitted from the
final analysis because of procedural and apparatus irregularities.
The three training conditions, two test conditions, and two
interval conditions resulted in a 3 x 2 x 2 factorial design with
repeated measures of the paired and non-paired stimulus sets.
Two cells were filled by substitution since transfer from IR to
the same color relevance condition was logically identical with
transfer to the identical condition used in training. In the
final analysis of the data the 36 Es trained under the IR to IR
conditions were used for both St and IRt transfer cells.

Stimulus materialsg Eight simplified line drawings that
had been used by7PRIFEE: Restle, and Poulson (1965) served as
the shape component of the stimulus set. Figures representing
an apple, a hat, a trefoil and the knight chess piece were readily
discriminable from all other shapes, while two figures represent-
ing leaves differed only slightly, and two figures representing
diamond shapes also differed only slight. The fizst four figures
were refered to as non-paired (P) and the last four as paired (P).
Response terms were the words part, hope, rush and only. Each term
was matched arbitrarily with one of Wirfo---Pui figures. Similarly
the same four terms were matched with the P figures and were
lettered in black India ink immediately below the figures.
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Each of the eight
figures was rendered on
eight very distinctive
value of colored paper
(Craftint papers; yellow,
red, blue, green, brown,
grey, orange and purple).
The resulting 61 drawings
were cut out and mounted
on white background
material and photographed
on 35mm Ektachrome film.
The resulting colors were
-Pmewhat distorted in
color value but were
readily discriminable.
Multiple copies were
produced so that five
randomly ordered permu-
tations could be
successively ordered
in the Carousel slide
drum.

Paired items

Part Hope

0
Rush

Non Paired Items

Only

Part Hope Rush Only

Fig. 7. Response words did not
appear during test trials.

The three conditions of color relevance were defined as in
the first three experiments. That is, in the relevant redundant
(RR) condition, a given figure had a different color from each of
the other eight figures and had that same color on each trial. In
the irrelevant independent (II) color conditions varied independently
of shape over trials. In the irrelevant redundant (IR) condition,
the color for all figures on all trials was red.

Procedures Each S was assigned by order of appearance to one
of the three conditions of color relevance. These groups were
orthogonally divided such that the test trial stimuli for a given
S were from either the same (St) or the IR set (IRO. This eras

mechanically arranged by using two projectors with one containing
the training stimuli and the other the test stimuli and using
auxiliary switching controls to accomplish the necessary switching.
The third independently manipulated factor was the interval of
time by which the stimulus term anticipated the response term
during the training trials. In the anticipation (A) condition the
stimulus term was presented for 4 sec. before a shutter opened
exposing the response term for an additional 2 sec. In the non-
anticipation (A) condition there was no corresponding 4 sec
presentation of the stimulus term preceding the paired presenta-
tion of the stimulus and response terms. A 2 sec. intertrial
interval was employed. Training proceded with alternating test
trials until the earlier criterion consisting of either two
errorless trials or a total of 11 test rials, had occurred.
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The instructional stimuli (Appendix J) indicated that "color
will not always help you on test trials, and you should try to
concentrate on the associated shapes and words." The A group was
told that they would see the shape alone preceding the presentation
of the paired shape and word. They were told to try to remember
the associated word during the anticipation interval and to say
it aloud if they remembered it.

Results

There were three types of errors recorded. On the paired
items a response that could have been correct for the other
members of the pair was considered a confusion error (C). All
other responses were called non- confusion errors (ff), and failure
to respond, omission (0). All three types of erro,s were possible
for the paired items while only Z; and 0 were possible for the non-
paired items. }bans by error types and conditions are reported in
Table 3.

TABLE 3. MEAN ERRORS OF ON PAIRED AND NON PAIRED ITEMS FOR
ANTICIPATION INTERVAL AND COLOR RELEVANT CONDITIONS IN TRAINING
AND TEST TRIALS.

Antici-
pation
Interval

Color Relevance

Training Test

Paired Non-Paired

C

4 sec. IR IR 9083 7017 3.17 2.11 1.67
4 sec. RR RR 5.89 5.06 4022 2.17 1.44
4 sec. RR IR 10089 5033 3.22 4.17 2.06
4 sec. II II 12033 8.56 2.00 4.11 1.33
4 sec. II IR 9.78 7039 3.11 2.89 1.00

O sec. IR
O sec. RR
CI sec. RR
O sec. II
O sec. II

IR 9.67 4.50 2.50
RR 4.33 5027 3.11
IR 9017 5056 3.17
II 10067 7.06 4444
IR 9.06 7.83 2.67

3022 1.33
2.00 .67
MO 1.56
4000 2.00
3022 1.56

Total errors for the paired and non-paired items was compared
first. An average of 15.52 errors was associated with paired items
while 4.60 was associated with the non-paired items, resulting in a
substantial difference, F(1,204)=12520980 p4.001. This made
possible a test of color effects in a list including items with
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markedly different discriminability. Although the absolute differ-
ences between the mean number of errors associated with the three
training color conditions were small (IR, 22.61, RR, 22.06 and
26.25)0 they did differ significantly, F(2,204)=5059 P<01, in
this experiment. Color relevance during training was associated
with discriminability of cues, indicating that color condition was
effective in the case of paired stimuli but not in the case of the
non-paired items, F(2,204)-9.74, pec.01. Further analysis of the
data, comparing each of the three types of paired and non-paired
errors0 indicated that for each type of error possible, the
differences between color training conditions were significant
(as indicated by an interval test) only when comparing the effects
on confusion errors for paired errors, F(8,816)=3.36, p<.001.
In this case the
combination of RR
on training trials
and RR on test 13
trials was associ-
ated with a signi- 12
ficantly lowdr
error rate than any 11
of the other combi-
nations. The 10
specific comparison
of difference in 9
error rate between
RR-RR and RR.IR 8
reveals a ratio
of errors of 7
almost 2 to 1
favoring the 6
RR -RR condition.

This finding is 5
consistent with
the assumption 4
that the cue
relevance of 3
color during
training is modi- 2
fied by the rele-
vance of cues 1
during the
practice trials.
In the case of
the RR-IR group,
the initial in-
s truc tions

indicating that
color would not
help was sufficient
to result in com-
plete absence of evidence of response to those relevant cues, even in

Train/Test
IR - IR

0-* -.-4) RR - RR
ERR -IR

- - II II
II IR

C NC
Paired

0 NC 0
Non-Paired

Fig. 8. Mean errors for groups differing
in color relevance during training and
test trials as a function of item type,
Experiment IV.
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the presence of stimuli that were exceedingly difficult to discrimi-
nate. The data are not sufficiently unambiguous to determine
whether or not the relevant cues were used selectively with the
paired items but not with the non-paired items. The absence of
transfer data also precludes determining whether the selection of
color cues competed with the selection of shape cues or had a
facilitating effect.

The data did not uniformly support the assumptions regarding
the possible facilitating effect of the extended anticipation
interval. However, a significant interaction between anticipation
effect and item type does indicate that the extended interval may
have had a facilitating effect on the paired items, F(1,204)219.75,

p4C0010 Since S was encouraged to anticipate overtly it may be
that this overt behavior interfered somewhat with associations
between color and shape that might have otherwise occurred.

The data in general indicate that adult Ss are capable of
responding very selectively to color and may maintain selective
biases that are inefficient if instructions and test procedures
lead to such selective modes of responding.

EXPERDIENT V

Introduction

The specification of the behavioral effects of variations
of color in visual displays has been an e*remely important issue
in the audio-visual field (Hoban and Van Ormer, 1950; Hoban, 1960;
Travers, 1964). In spite of considerable research work the current
situation seems aptly summed up by Dale's (1955, p. 353) observation
that the educator has "precious little to draw on" in guiding his
utilization cif color in educational media. Even though preference
for color, especially realistic color, has been consistently
demonstrated there is little evidence available for a similarly

Nate -- Experiment V was written by Mr. Dan Lee Isaacs
under the direction of Dr. Harvey B. Black as part of the
requirements for a Master's Degree. This report appears on the
following pages and is organized as an independent report. It
does, however, follow Experiment IV sequentially, which is
refered to as Black & Isaacs (1966) in the Experiment V report.
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facilitating effect of color on learning. This failure to find a
general facilitative effect has led to more analytic consideration
of the potential effect of color. It has been suggested that
color cues must be relevant, or must emphasize relevant cues
(Miller, 195'7)9 or help differentiate relevant cues (McGeoch and
Irion 1952), but certainly not draw the learner's attention away
from the important cues (Hoban and Van Ormer, 1950) 0

Many laboratory studies have shown positive effects of
supplementary color cues. Several studies (Peterson and Peterson,
1957; Seitz, 1963; Weiss and Margolius, 1954) utilizing words and
trigrams have found that background color cues definitely facili-
tate acquisition of the primary stimulus. Similar data were
found when variations in the color of stimulus figures were
correlated with differences in responses in concept identification
(Bourne and Restle 1959), paired associate learning (Black, 1966),
and search time (Green and Anderson, 1956). However, often of
more practical importance than the problems of difficulty in
acquisition of responses, is the probability of transferring a
specific learned response to other stimuli or parts of the original
stimuli. There is strong evidence available to support Hoban and
Van Omer's (1950) observation that in certain procedures there
may be competitive and independent effects of color cues. Several
studies (Underwood, Ham, and Ekstrand, 1962; Weiss and Margolius,
1954; Sundland and Wickens, 1962; and Black, 1966) have reported
that when color cues that were relevant in training, were absent
and the remaining cues tested with a transfer test there was a
drop in performance. This drop was found to be inversely related
to the meaningfulness of the set of shapes (Underwood, Ham, and
Ekstrand, 1962). These findings suggest that if highly discrimi-
nable color cues were added to facilitate the learning of responses
to easily confused, difficult, or low meaningfulness stimulus
items, that the color cues would interfere with learning since the
subject would tend to select the easier cues.

There is, however, a possibility that the apparent cue
'selection in the Underwood, Ham, and Ekstrand (1962) study was a
function of the physical separation of color and other relevant
cues used in that experiment. Therefore, one purpose of this
study was to present stimuli in which the shape cues were not
spatially separate from the color cues in order to determine
whether cue selection would be observed when shape cues of the
nominal stimulus were defined by the contours of the colored
shape against the uniform background.

An additional question arose from a study by Black and
Isaacs (1966) that yielded no evidence to support earlier find-
ings that the presence of relevant color cues during training
reduced training errors. The procedure used alerted the subjects
to the requirements of the final test stimulus which did not
include chromatic color cues. In addition, the subjects were
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run a fixed number of trials and many of them did not learn all of
the responses. One possibility that might account fcr the relevant
cues not facilitating learning is that the subjects selected only
the achromatic shape cues present. If this was the case it may
have been a function of the early and repeated presentation of
the achromatic criterion test stimuli or a function of the inter-
rupted practice technique which may have facilitated the early
conditioning of the easier shapes bat cut short a phase of color
conditioning which might occur later as the most difficult shapes
were being learned. Therefore, the present study additionally
attempts to investigate the possible sequential ordering of cue
sampling by including an earlier and later test trial which
respectively follow a less and more stringent criterion of
performance.

In summary, the purpose of the present investigation was
to observe the effects upon cue selection of variations in dis-
crLminability and difficulty of the primary cue set (shape),
presence of relevant (color) cues, and the training level pre-
ceding test trials when the primary (shape) cue set was physically
defined by the contours of the secondary cue set (color).

Method

Stimnli: The stimulus shapes were drawn from a group of
shapes used by Pfafflin (1960). The eight stimuli used for the
highly discriminable shape conditions (HD) of the study were all
from her "low pre-stimulus differentiation" list while the eight
shapes for the less discriminable shape condition (LD were all
variations of a single shape selected from her "medium pre-
stimulus differentiation" list. (See Fig. 9.) For the variations
in the LD stimulus set the outside geometric dimension was held
constant while the positions of the two internal rectangles were
ndependently shifted a small distance either horizontally or
vertic=ally (Attneave and Arnoult, 1956) resulting in a set of
stimuli that could be discriminated only with difficulty. The
stimulus shapes for the conditions (HDLD) in which one half of
the shapes were highly discriminable and the remainder less
discriminable were a combinatiln of four shapes from the LD set
and four fr.:1m the HD set. A pretest, consisting of 2" outline
shapes drawn on index cards, was used for determining the shapes
for this condition. The four shapes drawn from the HD condition
were those learned most easily by shape alone, while those drawn
from the LD condition were those most difficult to learn by shape
alone. Thus, the pretest made possible the identification of
subsets of four shapes that were the hardest (H) and the four
shapes that were easiest (E) with each assignment to subset de-
termin.1 by the relative number of errors that occurred for each
item on the pretest.
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The colors used frr the original plates in the relevant
color condition (R) were created by using Craftint Inc. "Color
Match" and "Colter Vu" paper, a paper with a high degree of control
for color range and consistency. (Appendix O.) The response num-
bers (2 through 9 inclusive) were lettered with a Leroy lettering
guide in India ink and were centered directly below the shapes
such that they were approximately one-sixth of the size of the
shapes when displayed. The colors were chosen because they appeared
to be readily discriminable from one another. However, when they
were photographed on 35mm Ektachrome film this difference, especial-
ly between the red and the orange, became somewhat less apparent,
although still readily discriminable. The stimuli for the irrele-
vant color condition were all created in a manner similar to the
above shapes but all of the shapes utilized the red "Color Match"
paper. (See Fig. 9.)

The 16 transfer test slides (eight color slides and eight
shape slides) were also photographed on 35mm Ektachrome film. The
test shapes were identical in form and construction to those used
in the training trials but utilized a black construction paper
instead of the colors. The test colors were constructed by filling
the entire projection area of each slide with one of the eight
colors used in the training shapes.

Procedures One of the two experimenters (one male, one
female) asked S to sit at a table facing a rear projection screen.
Then E turned af the lights, leaving the room only dimly lit from
the ambient window light, and read a set of instructions to him.
(See Appendix L.) The Ss were each asked to anticipate the response
for each stimuli and respond even if he were uncertain of his
answers. The stimmlas figure was presented for a two second antici-
pation interval and was immediately followed by a shutter, position-
ed cm the back of the screen, dropping to reveal the response term
for two seconds. An unfilled two second delay then foliaged the
response term and preceded the next stimulus term.

Training was continued until S completed two consecutive
errorless trials (1000. Then all Ss were given a transfer test
consisting of the eight shapes presented in solid black, and the
eight colors presented in a manner such that each of the colors
used with stimuli in training of color conditions filled the
entire screen. The eight shapes, randomly ordered, were pre-
sented first and were immediately followed by the eight colors,
also randomly ordered. In addition to this final transfer test,
half of the Ss were also previously tested with the same transfer
test upon completing two consecutive trials with a total of 11 or
more correct responses (69 %).

Apparatus: This experiment took place in a room that was
about 10 by 10f. E sat at a table which supported a 12" by 12"
rear projection screen at the opposite edge, approximately 30"
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fit
2

(Grey),

7

(Purple),

Low Discriminability (LD)

(Yellow)

5
(Green)

6

(Blue)

High Discriminability (HD)

3

(Orange), (Brown)

8

(Yellow)

5

(Green)

AMP

9

(Red)

Figure 9. Stimulus Figures. Response terms were numerals in lower
portion of frame. Color of figure used in Relevant (R) conditions is
indicated in parentheses. (Color name not present in actual stimulus
materials.) Mixed discriminability (HDLD) list consisted of HD
stimuli 2, 8, 7, 3 and LD stimuli 6, 9, 4 and 5.
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from the S. Two Carousel slide projectors were mounted on a stand
behind the screen such that one projector was positioned slightly
above and behind the other and such that both were angled in order
to project nearly congruent images on the screen. A shutter,
immediately behind the rear-projection screen, was activated during
the training trials by a solenoid so that the shutter interupted
the lower two inches of the stimulus display which included the
numerical response term. The solenoid action of closing the
shutter produced a very audible noise.

Two projectors were utilized in order to present the tr-..tio-
fer test slides without delay following the attainment of criteria
by S. Without two projectors a delay would have resulted between
anticipation learning trials and the transfer test trials. The
projector slide trays, each held eighty slides, and therefore,
permitted the presentation of ten consecutive randomly selected
permutations of the slide set after which S was shown the repeated
slide sequence until criterion was attained. (See Appendix K.)
Fig.10 shows the apparatus used in this study.

Subjects: The 108 Ss were Indiana University undergraduate
educational psychology and graduate audio-visual students partici-
pating as a part of course requirements. Ss were assigned ran-
domly to the training conditions as they arrived for the experiment
and no S was disqualified. The materials were pretested on a
convenient sample of eight Indiana University male graduate students.

Experimental design: In order to determine the effect of
learning paired associate responses as a function of shape diffi-
culty, criterion levels, and presence or absence of color this study
utilized three shape conditions (HD, LID, and HDID) two criterion
level conditions (100% and 69%) and two color conditions (R and I).
In addition to these conditions the two within subject variables
which were manipulated were test content (S and C) and relative
shape difficulty (E and H). Thus, the experimental design was a
five factor experiment with repeated measure (Winer 1962) as shown
in Table 4.

Results

The dependent variables were number of trials required to
reach a criterion of two errorless trials (100%) and number of
errors on color only (C) and shape only(S) retention tests given
immediately following criterion trials. Summary of the raw data
is presented in Appendix N. Table 5 shows the mean number of
trials required to reach 100% criterion by Ss in each training
condition. Analysis of variance (Appendix f) showed both color
relevant (CR) and shape discriminability (D) to be significant
factors, F(2,96)=14.70, p<.001 and F(2296)1220.11, p<.001,
respectively. Inspection of Fig.il shows that performance of
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relevant (R) and irrelevant (I) color groups were much more widely
separated with low discriminability stimuli (I.0) than with more dis-
criminable (HD) stimuli, F(2,96)=7.38 pd(.01. Appendix P reveals
that there was no difference between conditions receiving (69% and
100%) and those that did not receive (100% only) a transfer test
at the 69% criterion level (L) prior to reaching the 100% criterion
level.

The transfer test data were then summarized. The mean
number of errors for all conditions on the shape only (S) test
given following the attainment of 100% criterion level (L) was
summarized in Table 6. (The analysis of variance appears in
Appendix U.) The difference in levels of color relevance (CR),
shape discriminability (D), criterion level W, and shape
difficulty (E-H) were all associated with significant differences
in an analy3is of variance, F(1,96)=114037, p<.001; V2,961442.10,
p<001; F(1,96)=11.17, p <001; F(1,96)=29.66, p<.001, respectively

TABLE 5. MEAN NUMBER OF TRAINING TRIALS TO REACH 100% CRITERION
AS A FUNCTION OF SHAPE DISCRIMINABILITY (D) COLOR RELEVANCE (C),
AND CRITERION LEVEL (L)

Shape
discrimin-
ability
(D)

Color relevance

Relevant (R)

Criterion level (L)
100% only 69% and 100%

(CR)

Irrelevant (I)

Criterion level (L)
100% only 69% and 100%

D

Low (LD) 15056 14033 2405 28.44 20.66

Mixed
(HDLD)

11.44 10.00 17.22 13.22 12.95

High (HD) 13.33 9.56 11.00 12.67 11.62

100% only 13.45 17055 15.48

69% and
100%

11.30 18.22 14.68

C 12036 17082 15.08

(Appendix P). In the CR condition the group trained with color
re:evant (R) cues made more errors than the group trained without
color relevant (I) cues. The difference between R and I color
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groups was less marked
for more discriminable
(HD) shapes, FrRxD
(2,96)=140709 154..001,
(Appendix X) and for
the easier pairs,

FCRag4(1,96)2113065,
p.c.uvi. The interfering
effect of prior color
relevant training was
most noticeable when
the least discriminable
(LD) stimuli had been
associated with color
relevant (Ca) cues.
As indicated in Fig. 12
the large increase in
errors made for color
relevant (a) groups
in both low discrimi-
nable (LD) and easy-hard
(E-H) groups resulted
in a significant D x CR
x E-H interaction,

F(2,96)=7073, P4:0001.

Evidence relating
to possible cue selection
was obtained by comparing
the effects of training
upoi, color shape tested
separately. Color (CR)
and shape (S) transfer
test means for Ss trained
in color relevant (ii)

conditions were tabulated
in Table 7 0 (See

Appendix V for analysis
of variance.) Conditions
associated with more
discriminable shapes
(0) and the occurrence
of a prior teat (69%) had
significantly fewer errors,

F(1948)06.249 P40001 and F(1,48)=21083, P4(.0010 respectively.
Overall, fewer errors were made on the shape (S) test than on the
color (C) test, F(1,48)=25.04, p<0001. Relative performance on
color (C) and shape (S) tests varied markedly as a function of the
discriminability of the shapes used in training. When shapes were
low in discriminability (LD) performance was best on shape (S) test
but when shapes were highly discriminable (HD) performance was

Mean number of
trial to criterion

28

26

214

22

20

18

16

14
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10

8

6

4

2

0

Relevant color (R)
____;Errelevant color (I)

Low Mixed High
(LD) (HDLD) (HD)

,Shape discriminability (D)

Fig. 11. Mean Number of Trials to
Reach 100% Criterion Level for Three
Levels of Shape Discriminability (D)
and Two Levels of Color Relevance
(CR)
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Mean number
of errors
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Fig.12. Mean Number of Errors on 100% Shape Only Transfer Test for
Three Levels of Shape Discriminability (D), Two Levels of Color
Relevance (CR), and Two Levels of Shape Difficulty (E -H)
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relatively better on the color (C) test. This resulted in a signi-
ficant D x S-C interaction, F(2,48)=10096, p<001 and is represented
in Fig. 13. Subjects receiving only one transfer test (100%) made
slightly more errors on
the 100% transfer test
than Ss that had re- Mean number
ceive a prior transfer of errors
test (69% and 100%).
This difference, which
can be seen in Appendix
S , was significant,

F(2048)=21.83, P001.

In order to in-
vestigate the possibility
of an interaction between

color-shape (C-S) and the
occurrence of early test-
ing (L), two additional
analyses of variance were
performed. One considered
the mean number of errors
on the first transfer test
presented (69% level for
groups receiving two
transfer tests and 100%
level for groups receiving
only one transfer test)
over all color relevant
conditions on both shape
(S) and color (C)
stimuli. The other, per-
formed only on data from
color relevant (R) groups,
compared performance on
early (69%) and late (100%)

transfer tests for the
same subjects. It is
obvious from these

analyses, Appendices W
and 4 respectively:,
that there was no interaction
of the other major variables.

2.501

2.25

2.00

1.75

1.50

0
1.25

1.00

.75

.50

.25

Shape (S)
Color (C) _

Low Mixed High
(10) (HDLD) (HD)

Shape discriminability (D)

Fig. 13. Mean Number of Errors on
100% Shape (3) and Color (C) Trans-
fer Test for Three Levels of Shape
Discriminability (0), and Two Levels
of Test (T)

of the criterion level (L) with any

The total number of correct responses on the transfer tests
do not indicate the extreme to which correct responses related to
specific items presented during training. Each cue in the color-
shape stimuli presented during training was individually tested on
color only (C) and shape only (S). Thus, a correct response could
be made on the shape test only (CS), on the color test only (a)
on both tests (CS), or on neither test (7g). A marked difference
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between CS and US categories of the various experimental conditions
was .affected in the analysis of the transfer test data reported
above. H. sever, the number of items correct on both the test (CS)
was not directly apparent. Therefore, performance for each S was
tallied for each item under one of the four headings, CS, Cg; CS
and IS, (Appendix Y ) and the mean number of correct responses under
each heading das reported in Table 8. This table indicates that
there were a substantial proportion of such CS items for each group.

The performance of Ss in each of two testing conditions were
judged to fall in one of two categories. In this manner the relative
frequency with which Ss conditioned responses to both sets of rele-
vant stimuli (I-S) as a function of the occurrence of a prior trans-
fer test was categorized. These categories were: (1) over half of
the correct items conditioned to both C and S and, (2) half or less
of the correct items conditioned to both C and S. Ss with a ratio
(CS/CS4CMS) of over .50 were assigned to one category and those
equal to or less than .50 were assigned to the other as summarized
in Table 9. The difference in occurrence or non-occurrence of a

TABLE 9. SUBJECTS WITH HIGH AND LOW RATIO OF ITEMS WHICH WERE
C(RRECT aN BOTH C AND S TRANSFER TEST F06. GROUPS WITH AND WITHOUT
PRIOR TRANSFER TEST TRIAL

Occasion of transfer test
trial prior to reaching
100% criterion

Subjects with indicated ratio
of cs/aMfcs

69%

None

>50

3

<.50

16

prior test trial is associated with a significant difference in ratio
of responses conditioned to both C and S, Fisher's exact probability
= .02 (Siegel, 1956, PP. 96-104).

The difference is in the direction of a greater frequency of
Ss with a higher ratio of CS items being assigned to the group that
had prior criterion testing. Wen the data are similarly arranged
for the three subsets of Ss with differing degrees of liscriminability
of stimuli similar evidence of increased CS frequency associated with
prior criterion testing was obtained for HD and HDLD groups, Fisher's
exact probability +.003, but there was no difference in the LD group.
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Discussion

The results of this experiment are consistoit with earlier
findings (Underwood, Ham, and Ekstrand, 1962; Jenkins and Bailey,
1964; Weiss and Margolius, 1954) interpreted as evidence of a cue
selection process in the context of paired associate learning with
supplementary color cues that were relevant during training. In
the present experiment the audition of relevant color cues to tte
shape cues was associated with a significant reduction in the
number of trials required to reach the training criteria but was
associated with a relatively greater number of errors on the shape
transfer test. Since the present study utilized shape cues con-
sisting of contours defined by the edges of colored shapes, it
seems that cue selection could not be readily attributed to a
physical orienting response. This is evident because orientation
responses required to sample shape cues would also have been
appropriate to sampling color cues. The presentation of highly
discriminable shapes with relevant color cues was consistently
associated with relatively high performance on the shape only
test and relatively low performance on the color only test. There-
fore, it appears that even though attention to shape cues required
that S maintain orienting responses appropriate for sensory recep-
tion of color the latter were not conditioned with a high probability
under these training conditions. Postman (1964) and Mechanic (1962)
argue that in the case on intrinsically associated stimuli, such as
shape and color as used in this study and that of Bahrick (1954),
that the orienting task does not insure a class of postulated
discriminating responses to both sets of stimuli although sensory
reception of both is insured. If the postulated discriminating
response is a functiL f stimulus discriminahility and testing
procedure as well as Imposed orienting task then the present data
may be accounted for in terms of self imposed orienting tasks.

A cue selection model which assumes that all elements are
sampled with equal probability (Atkinson and Estes, 1963) seems to
require additional assumptions to account for the findings of this
study. Likewise, a multiple process model that includes a discrimi-
nation or orientation step (Atkinson and Estes, 1963, p. 257) seems
to run into difficulty. If cues are thought to correlate highly
with the simple physical characteristics of the stimulus, then
sampling of shape cues would seemingly require sampling of equally
valid color cues also. The cue selection aspects of this study's
data seem to be more consistent with a single element model for
concept identification (Restle, 1962) in which a single strategy
is selected and retained if reinforced. However, in order for this
to to an acceptable explanation it must be argued that valid
strategies are unequally distributed across color and shape cues
in this experiment and that those with the highest frequency are
most likely to be sampled. Then strategies may presumably be
attached to various abstractions of the stimulus set including
color only, shape only, or even a combination of them both.
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Mach of the data variance could not be accounted for solely
in terms of cue selection. Further analysis of the data revealed
that in a significant number of cases both color and shape were
the occasions for correct responses when both the shape and color
were paired in training trials. The present data do not offer a
basis for resolving the apparent conflict between the part of the
data suggesting cue selection and the part that is consistent with
simultaneous sampling of multiple cues. One finding that might
help explain this apparent conflict was reported in a study by
Estes and Hopkins (1961). They reported that when one of the
training patterns appears as a component of the test compound Ss
may subsequently respond either to the training pattern or to its
sub-patterns as units. They also found evidence that the pattern
response apparently becomes increasingly dominant over constituent
responses as the training progresses. An analysis of the present
data comparing the performance of groups tested twice with groups
tested once suggested another possible explanation. There was a
shift from items correct on only one of the tests (shape or color)
to items that were correct on both shape and color for subjects
receiving tests at the 69% and 100% level. However, upon comparing
the earlier transfer test performance of the first test (69%) for
subjects receiving two tests with the later (100%) transfer test
performance of subjects receiving only one test there was no
evidence for such a shift. Thus, it is possible that the early
transfer test (69%), which .L.cluded a color only test, allerted S
to condition responses to both sets of cues.

These data, then, seem to support the assumption that the
interpolated test trials had the effect of increasing the proba-
bility of sampling from the cue set that had not been previously
sampled. Thus, while S may sample from only one set of available
cues, a redefinition of the valid cues by an interpolated test
may result in a change in cue sampling strategy. Thus, S may
have_had_a sampling-bias which lad.- him to sample from both cue
sets during the training task. It is not possible to determine
from these data whether conditioning of multiple cues proceeds
simultaneously or serially but it should be noted that an inter-
polated test was associated with some serial conditioning. This
effect, however, may have been a function of a complex, mediating
process of self-instruction (Goss, 1961) employed at the time of
the early transfer test.

Summary

This paired associate learning task required 108 college
students to observe a series of slides presented on a rear pro-
jection screen. Each set of stimuli was at one of three levels
of shape discriminability and one of two levels of color rele-
vance and was conditioned to one of two criterion levels. S
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was required to verbally anticipate with a single numerical digit
response to each of eight stimuli and was then shown the correct
response.

The results of this study indicate a cue selection process
in the context of paired associates employing colored shape cues.
Since the color and shape cues were highly integrated it also
revealed that this cue selection cannot be readily attributed
solely to physical orientation responses. The study also indi-
cated a shift from single to multiple cue selection as a function
of the interpolated tests but not as a function of the learning
criterion level.
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CONCLUSIONS, IMPLICATIONS AND RECOMMENDATIONS

The series of studies reported in this project generally
confirm earlier findings of effects of manipulating the relevance
of color upon learning responses to associated stimulus components.
The effects obtained were generally in the direction of a positive
relationship between relevance of the supplementary color and the
number of errors emitted during the acquisition trials. The
magnitude of this relationship was shown to be a function of tha
extent to which instructions or practice procedures required
making discriminating responses to the supplementary color compo-
nent. Instructions or procedures that made only the most casual
or even negative reference to color were in some instances
effective in increasing the magnitude of effect of the color com-
ponent.

The first three experiments involved children averaging
ten years of age. The last two involved college students as sub-
jects. In general the results across age groups is consistent
with the findings in other experiments that suggest that cue
selection may be more highly developed in adults and while child-
ren are able to modify response tendencies as a function of
instructions and practice procedures, they are relatively less
able to functionally restrict the stimulus universe. It appeared
that under a given combination of instructions and test conditions
that relevant color cues might be effectively ignored by adults.
Although a completely comparable experiment was not conducted
with children there was strong evidence that wider rather similar
conditions children could reduce but not functionally eliminate
the effect of color.

A tentative conclusion is that facility in cue selection
is a function of age and that by age ten children have some
facility but it is not as well developed as that of adults. This
cue selection facility may result in positive or negative transfer
to tasks involving compound stimuli that do not include the color
components, depending primarily upon whether the selection of the
color component is followed by the selection of the shape component.
If either component is conditioned exclusively or shape is con-
ditioned before color there seems to be no basis for expecting
facilitation. On the other hand if both are conditioned inde-
pendently, as seemed to be the case in Experiment I, facilitation
would be expected if the color cues were conditioned well before
the shape cues providing a basis for a prompted response to shape,
or if color cues were relatively highly discriminable and pro-
vided a basis for more readily discriminating the shape cues.
This discrimination function may occur independently of or con-
currently with a prompting function,.
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If it is the case that children tend to condition shape and
color cues independently then procedures should be considered for
increasing the probability of a prompting effect. Also carefUl
attention must be given to the possibility of irrelevant color
occuring in the transfer task stimuli since these would be inter-
fering for those trained with relevant color but not for those
trained without supplementary relevant color.

The sizeable effects of instructions and procedures upon
the effects of supplementary cues reemphasises the importance of
these variables. The procedure in Experiment II of having Ss
attempt to state their mneumonic devices provided the basis in
Experiment IIILfor introducing the most powerful variable of the
entire series of experiments. It may be that use of protocol
analysis combined with experimental test of derived hypotheses
may provide a basis for greatly increasing the effectiveness of
procedures such as those used in this series. Caution is, of
course required. An example in this study of the failure of the
subject protocol to reflect the range of relevant processes is
the fact that in Experiment II Ss consistently failed to mention
color even though the data showed it to be associated with a
significant effect.

Before suggestions for practical application of the find-
ings of this series could be made with any degree of confidence
further work seems indicated regarding the developmentEl factor,
the role of the supplementary color component with respect to
mediation, discrimination and prompting. It does seem clear that
the evidence is clear that indiscriminate use of supplementary
color without consideration of age, instructional and practice
conditions and the transfer task conditions can either be ex-
pected to contribute nothing or to have an interfering effect,
while careful consideration of these conditions may be expected
to substantially improve performance in training and transfer
tasks.

A most promising procedure that was shown to be effective
with children and adults was that of indicating that an irrele-
vant color dimension should be ignored. Both age groups showed
evidence of being able to effectively ignore the irrelevant color
component. However, again it must be noted that the results
suggest at least one restriction in that the nature of the test
situation with regard to color relevance may modify the effects
of the verbal instructions.

The procedure of indicating that color may help or intro-
ducing criterion tasks that demonstrate its relevance were also
shown to be highly effective in enhancing the effectiveness of
relevant color. Directing attention to the color dimension may
be more effective in some ways than others, however. For example
requiring S to name the color on each trial had a generally
interfering effect.



SUMMARY

Color coded shapes were stimulus terms in a series of five
paired-associate experiments. The degree of relevance of the color
coding was an independent variable in each of the studies.
Children averaging ten years of age were Ss in the first three
experiments and college students were Ss in the last two. In one
or more of the experiments practice conditions were varied by
imposing differing requirements of color or shape naming during
practice, varying the length of anticipation interval, varying the
color relevance and temporal location of the test trial and varying
the instructions regarding the potential relevance of color. The
stimuli were varied with respect to inter- and intra-list differences
in discriminability and meaningfulness of shapes. Relevant color
was found to facilitate acquisition to the compound stimulus in
general and irrelevant, noisy color was interfering. However when
tested on the shape stimulus alone evidence of selection of the
more readily discriminated color component was obtained. The
degree of color selection was affected by the discriminability of
the shape component, color relevance on test trials, instructions
regarding color relevance and age of S. Selection of color cues
was only partial and shape cues were also conditioned. Under
appropriate conditions relevant color coding during training
facilitated performance on transfer with only the shape components.

The results were discussed in terms of S-R and hypothesis
testing learning models and in terms of cognitive development of
children. The results support the assumption that color coding
effects may be interfering or facilitating depending upon factors
other than the visual display characteristics and further that
procedures assuring facilitation with children may be inappro-
priate with adults.



REFERENCES

Atkinson; R. C., and Estes, W. K., "Stimulus Sampling Theory," in
Handbook of Mathematical Psychology, pp. 121-268, R. D.
nrieTn711; Auih and E. Salater, editors, Wiley, New York,
1963.

Attneave F., "Symmetry Information and Memory for Patterns,"
American Journal of Psycholom 68:209-222, 1955.

Attneave, F., and Arnoult, M. D., "The Qualitative Study of Shape
and Shape Pattern Perception," Psychological Bulletin
112452-471, 1956.

Bahrich, Harry P., "Incidental Learning Under Two Incentive Condi-
tions," Journal of Experimental Psychology 47:170-172, 1954.

Black, Harvey B., Relevant and Irrelevant Pictorial Color Cues in
Discrimination Experiment II, Contract number--
7-24-0210-227, Educational Media Branch, U.S. Office of
Education, Washington, D.C., 1966.

Black, Harvey B., and Isaacs, Dan L., Relevant and Irrelevant
Pictorial Color Cues in Discrimination Learninf. Experi-
r777T9 Contract number 7 -214- 0210 -227, Educational Media
&rich, U.S. Office of Education, Washington, D.C., 1966.

Bricker, P. D,, "The Identification of Redundant Stimulus Patterns,"
Journal of Eperimental Psychology 49:73-81, 1955.

Bourne, Lyle E., and Restle, Frank, "Mathematical Theory of Con-
cept Identification," Psychological Review 66:278-296,
1959.

Bruner, J. S., et al. Studies in Cognitive Growth. New York:
John Wiley & Sons, Inc., 19660

Dale, Edgar, Audio-Visual Methods in Teaching, revised edition,
The Dryden Press, New York.. 1954, ppo 353-3850

Estes, W. K., and Hopkins, B. L., "Acquisition and Transfer in
Patterns vs. Component Discrimination Learning," Journal
of Experimental pychology. 61022-328, 1961.

Coss, A. E., "Verbal Mediating Responses and Concept Formation,"
Psychological Review 68:248-275, 1961.

Green, Bert F., and Anderson, Lois, "Color Coding in a Visual
Search Task," Journal of Experimental Psychology 51:19-24,
January, 1956.

145

1



Hoban, C. F., The Usable Residue of Educational Film Research,

Editors7rnstituten7UOMaihication Research, Stanford
University, Stanford, Calif., 1960.

Hoban, Charles F., and Van Ormer, Edward B., Instructional Film
Research 1918-1950, (Rapid Mass Learning), Special 6017es
Center, Port Washington, Long Island, New York, 1950.

Holland, J. G.9 Research on Programing Variables. In R. Glaser
(Ed.), Teaching Machines and Programed Learning, Vol. 2.
Data and Direction. Washington: National Education
Association, 1965, pp. 66-U7

James, C. T. and Greeno, J. G., Stimulus Selection at Different
Stages of Paired Associate Learning. J. Exp. Ptychol.
(in press). 1967.

Jenkins, J. J., Mediated Associations: Paradigms and Situation.
In Cofer, C. M. and Musgrave, B. S. (Eds.), Verbal
Behavior and Learning. New York: Mc Graw Hill, 1963,
PP. 33-47.

Jenkins, J. J., and Bailey, V. Bo, "Cue Selection and Mediated
Transfer in Paired-Associate Learning," Journal of
Experimental Psychology 67:101-102, 19640

Kausler, D. Ho, Laughlin, P. R. Trapp, E. P., Effeets of Incentive
Set on Relevant and Irrelevant / Incidental Learning in
Children. Child Development, 1963, 34, 195-199.

Kendler, Tracy S., and Kendler H. H., Reversal and Nonreversal
Shifts in Kindergarten Children. J. exp. Psychol. 1959,
58, 56-60.

Lumsdaine A. A., Instruments and Media of Instructione In N. L.
Gage (Ed.), Handbook of Research on Teaching. Chicago, Ill:
Rand McNally & Co., 1740

McGeoch John A., and Irion, Arthur L., The Psychology of Human
Learning, Longman's, Green and Co., New York, 102, 561 pp.

Mechanic, Ao, Effects of Orienting Task, Practice, and Incentive on
Simultaneous Incidental and Intentional Learning. J. 2E2.
Psychol., 1962, 64, 393399.

Mechantc Arnold, "The Distribution of Recalled Items in Simul-
taneous Intentional and Incidental Learning," Journal of
Experimental Psychology 67:101-102, 1964.

Miller, Neal E., and others, "Graphic Communication and the Crisis
in Education," special issue of Audio-Visual Communication
review, vol. j, no. 3, 1957.

46



Olson, D. R., On Conceptual Strategies. In Bruner, J. S., et. al.,
Studies in Cognitive Growth. New York: John Wiley & Sons,
Inc. 17667 1357177-7.51,7

Osler, Sonia F., and Trautman, Grace E., Concept Attainment:
Effect of Stimulus Complexity Upon Concept Attainment at
Two Levels of Intelligence. J. 2E. Psychol. 1961, 62,
9-13.

Osler, Sonia F09 and Weiss, Sandra R., Studies in Concept
Attainment: III. Effects of Instruction at Two Levels of
Intelligence. J. exp. Psych ob 1962, 63, 528-533.

Peterson, Lloyd R., and Peterson, Margaret Je, "The Role of Context
Stimuli in Verbal Learning," Journal of Experimental
Psychology, vol. 53, no. 2, 17577

Pffaflin, Sheila M., "Stimulus Meaning in Stimulus Predifferenti-
ation," Journal of Experimental Psychology 59:269-274,
April, 1950

Postman, Leo, "Short-Term Memory and Incidental Learning," in
Categories of Human Learning, Arthur W. Melton, editor,
Academic PressT-Ngi York, 1964.

Poulson, Restle, and Poulson, "Association and Discrimination in
Paired Associate Learning," Journal of Experimental Psy-
chology 6947-55, January, 17657--

Restle, Frank, "The Selection of Strategies in Cue Learning,"
Psychological Review 69:329-344, 1962.

Saltz, Eli, "Compound Stimuli in Verbal Learning: Cognitive and
Sensory Differentiation versus Stimulus Selection," Journal
of Egerinental Psychology 66:1-5, July, 1963.

Siegel, Sydney, Nonparametric Statistics for the Behavior al Sciences,
McGraw Hill Book Co., Inc., New York, 13569 pp. 10

Sundland Donald 1109 and Wickens, Delos Do9 "Context Factors in
Paired-Associate Learning and Recall," Journal of Experi-
mental Psychology 63:302-306, 1963.

Suppea P09 and Gins berg, Ro9 Application of a Stimulus Sampling
Model to Children's Concept Formation of Binary Numbers
With and Without an Overt Correction Response. J. 212..
Psychol., 1961, 610 157-162.

Travers, Robert M. W., "The Transmission of Information to Human
Receivers," AV Communication Review 12:373-386, Winter,
19640

.47



Underwood, B. M.0 Stimulus Selection in Verbal Learning. In
Cofer, C. N. and Musgrave, B. S. (Eds.), Verbal Behavior
and Learning. New York: McGraw Hill. 1963, pp 33:477--

Underwood, Benton J.; Ham, Margaret; and Ekstrand, Bruce, "Cue
Selection in Paired-Associate Learning," Journal of Experi-
mental Psychology 64:405-409, 1962.

Weiss, Walter, and Margolius, Garry, "The Effect of Context Stimuli
on Learning and Retention," Journal of Experimental Psy-
chology 48:318-322, November, 1954.

Winer, B. J., Statistical Principles in Experimental Design,
McGraw Hill Book Co., Inc., New York, 1962, pp. 299-378.



Appendix A

Instruc ions for Experiment I

I'm going to show you some pictures of several countries. These

pictures will be shown to you one at a time an the screen that you see

in front of you. First, we will go through and look at all the countries

and their names. Next, I will start showing you the pictures again, but

this time you will start trying to name them. Each picture will only

appear an the screen for a few seconds, so try to tell me the name of the

country, out loud, as soon as possible before the picture disappears.

Do not use a senterwe to tell me the name of the country, but just the

one word. After each picture, and your answer, there will appear an the

screen the name of the country. In this w f you can tell if your answer

was correct, and this also helps you learn the names of the countrie3.

You will see the pictures of the countries over and over again until you

learn the correct name for each one. You may guess the name of the

country if you are not sure what the name is. Your job, then, is to

learn the names of the countries. In order to let you know how you are

doing, be sure to tell me each country's name, if you can, during the

Use you see it on the screen and not after it has disappeared. After

each picture I'll then give you the correct name of the country. Well

do this over and over until you have learned the names of all the countries,

Questions? "I will answer any questions from the above instructions...7
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Appendix C

Data and Analysis for Experiment I

PART I Total errors to reach criteria on training and transfer tasks
Experiment I

Subject Training Training Transfer
Number Condition Errors Condition

1 IR 49 RR
2 IR 26 RH
3 IR 10 RR

6b RR

5 IR 60 II
6 IR 10 II
7 IR 16
8 IR 14 II

--275

9

Transfer
Errors

Total
Errors

2 51
0 26
2 12
0 68

6 66
0 10

16
1 15

RR 10 IR 1 11
10 RR 26 IR 5

RR 32 IR 4 3612 RR 15 2 17
12

13 RR 14 II 13 27
14
15 RR

RR 23 II 8 33.
20 II 3 2316 RR 22

111'6
II 13 35

-57
17 rl 45 IR 0 4518 II 61 At 4 6519 II 22 IR 0 2220 II 128 IR 0 128

21 II 37 RR 1 3822 I I .30 RR 2 3223 II 45 RR 1 4624 II 3 ME 6 79
14-1 --Z

Total 856 74 930
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I r
:

PART II }ban Errors to C-iterion on Training, Transfer and Combined
Training and Transfer Trials, Ekperiment I
for the conditions of color relevance.

Training
Condition

RR

IR

II

Errors

20.25 IR 3.00
II 9.25

31.62 RR 1.00
II 1.75

55.13 RR 1.00
IR 2.25

Transfer
Condition

Combined
Training & Transfer

26.38

33.00

56.88

PART III Analyses of Variance of Training Errors, Experiment I

Source

Relevance 2

Error 21

* <.05

F

2,530.53

584.87

4.314*

PART IV Analysis of Variance of Transfer Error, Experiment I

Source df MS

Training-
Transfer 5 39.07 5.16**
Relevance

rvvoseeve .10
..0J. 7058

if* p < .005
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PART V Analysis of Variance of Combined Errors on Training Task,
Experiment I

Source df

**

145 F

Training 2 2,058.88 2.54

Error 21 807.07

PART VI Newman -Keuls interval test comparing differences in Total errors
on Transfer tests for each Training-Test combination, Experiment I

4 4 7 10 12 37
IR -RR IR-RR IR-II II-1R RR-IR RR-II

IR-RR --- --- 3 6 8 33 if*
II-RR --- 3 6 8 33 if*
IR-II --- 3 5 30 *it
II-IR 1111MM 2 27 **
RR-IR --- 25 *K.
RR II 41111.111111

p .01

53



Appendix D

Instructions in Experiment II

1 Apparatus Set, Write Name, Condition, Slide #76, OFF, STOP, TRAIN.

(IF E IS NOT READY "I'll explain what we are going to do in just a minute.")

WHEN E IS READY "You are going to learn which maps go with each of these
countries. Since the names are a little hard to pronounce we are
going to try to remember just the initial or first letter in each
name. (POINTING TO THE NAME CARDS...) Please say the first letter
in each name. (WAIT UNTIL THE CHILD SAYS "p" FOR POLAND...etc.)

E LEAVES CHILD AND GOES TO CONSOLE "You will first see the name of a
country on the screen (TURN ON DOW, FWD) like this. (DISPLAY
"EGYPT")

"Then you will see the map of that country like this. (PRESS FWD
AGAIN)

REPEAT CONDITION ONLY "To help you remember the letter that goes with
each map you are to say the letter when the map is on the screen
like this..."E"..."E"..."E"...etc. (ABOUT ONE/SECOND). Please
say it loud enough so it will be received by the microphone. Try
it now. (BE SURE S IS RESPONDING 1 /SEC.)

STRATEGY CONDITION ONLY "To help you remember the letter that goes with
each map you are to try to think of some way in which the map
reminds you of the letter and say it loud enough so it will be
received by this microphone. Say anything that helps you remember
the letter that goes with the map even though it may seem too
simple or even silly. Remember, as you think of something that
might help you remember which letter goes with the map be sure to
say what the idea is.

Try now to think of some way to remember that the letter E goes
with this map of Egypt. Say it out loud when you think of it.
(IF S CAN NOT THINK OF ANY WAY IN WHICH TO RELATE E AND EGYPT
ASK "Is there anything about the map that would help you remember
that the map goes with "E". DO NOT SAY TO NOTICE THE COICR OR
SWIPE, ETC. 'F S CAN NOT THINK OF ANYTHING SAY:) "You should
try to think of some way and you can say it the next time you
see the map."

OBSERVE
COLOR CONDITION ONLY "Notice that the map of Egypt i3 red/brown. Each

map will be colored and this m* help you remember which letter
goes with each map.
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IGNORE
NO COLOR CONDITION ONLY "Notice that the map of Egypt is red/brown.

Each map will be colored but you should try to learn to tell
them apart without depending upon the color of the maps.

(PRESS FWD OFF) TAPE RECORDER 17/8, REC. Volume to 2 (innel. dial.)

SUMMARY "Let's make sure the instructions were clear. Please tell me
now what you are to do. (CORRECT OR ADD ANYTHING NECESSARY. BE
SURE THAT PRACTICE AND COLOR INSTRUCTIONS ARE CLEAR.) MSS
HIGH, RUN.

TRAINING ONLY "Remember, say anything that helps you remember the
letter that goes with each map.

START PRESENTATION: BE SURE PRACTICE IS OBSERVED. DO NOT PROCEED IF S
IS NOT PRACTICING.

ON TEST "Now tell me the letter for each map. At first you may not
know which letter goes with which map, but you will soon lean.
Try to guess even if you are not sure at first which letter goes
with each map.

REPEAT CONDITION ONLY "Now repeat out loud the letter several times when
the map is on.

STRATEGY CONDITION ONLY "Now try to think of some way that the map
reminds you of a letter and say it out loud.
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Appendix E

Number of Errors for Each Subject on Training
and Transfer Tasks for Experiment II

S No. Instruction Color Con- Train- Color Con- Transfer Total
& Practice dition in ing dition in Errors Errors
Condition Training Errors Transfer

1 0
2 0 R
3 o R
4 o R
5 o R
6 0 R

II 25 RR o 25
II 43 RR 0 43
II 31 IR o 31
II 17 IR 0 17
II 57 II o 57
II 61 II o 61

---23 0
7 0 R IR 24 RR 0 24
8 0 R IR 19 RR 1 20
9 0 R IR 5o IR 2 52
10 0 R IR 16 IR o 16
11 0 a IR 23 II 2 25
12 0 R IR 21 II 0 213
13 0 R RR 16 RR 0 16
14 0 R RR 7 RR 0 715 o R RR 4 IR 2 6
16 0 R RR 10 IR 10 20
17 0 R RR 11 II 4 15
18 0 R RR 10 II 2 12--7

113.

19 0 S II 12 RR
20 0 S II 13 RR
21 0 S II 15 IR
22 0 S II 14 IR
23 0 S II 61 II
24 o s II 45 II

25 0
26 0 S
27 o s
28 0 S
29 0 S
30 0 S

IR
IR
IR
IR
IR
IR

1 13
0 13
o 15
0 14
0 61
2 47

23 RR 0 23
37 RR o 37
5 IR o 5

12 IR 0 12
26 II o 26
7 II o 7

Tirci 0
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S No. Instruction
& Practice
Gondition

Color Con-
dition in
Training

Train- Color Con- Transfer Total
ing dition in Errors Errors
Errors Transfer

31
32

33
34
35
36

37
38

39
140

42

43
44
45
46
47

48

49
50
51

0
0
0
0
0
0

S
S

S

S
S
S

I R
I a
I R
I R
I a
I R

I R
I R
I R

52 I R
53 I R
54 I R

55
56

57

58
59
60

I S
I S
I S
I S
I S
I S

61 I S
62 I S

63 I s

64 I S
65 I S

66 I S

RR
RR
RR
RR
RR
RR

II

II

II

II

II

II

IR
IR
IR
IR
IR
IR

RR
RR
RR
RR
RR
RR

II
II

II
TI

lI

II

IR
IR
IR
IR
IR
IR

17

19

5
0
6

5

3727

7

4
8

5
17

52
23

12
31,

8

120

7

5
17

11
6

477

11

37
6

13

37

3

9

4
48

39
22

7

129

RR
RR
IR
IR
II

II

RR
RR
IR
IR
II

II

RR
RR
IR
IR
II

II

RR
RR
IR
IR
II
II

RR
RR
IR
IR
II
II

RR
RR
IR
IR
II
II

0

0
0

5
0
1

0
0
0
0
0

1

0
0
0
0
0
0
0

17
19

5
5
6

6

7

11

14

8

5
18

14
52
23
12

11
8

O 7

O 5
8 25

5 16
1 7

O 4

0 11
1 38

O 6
0 13

0 37
O 3

1

7 16

4
0 48
O 39
O 22

7 14
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a
S 7o. Instruction Color Con- Train- Color Con- Transfer Total

& Practice dition in ing dition in Errors Errors
Condition Training Errors Transfer

IIMFIAMS,11111.11

6( I S RR
68 I S RR
69 I S RR
70 I S I1R

71 I S RR
72 I S RR

4
17

15

3
lit

2

-sr
77

RR 1 5
RR 0 17
IR 0 15
IR 18 21
II 1 15
II 11- 13

Note: Instructional conditions, Observe (0) and Ignore (I) and practice
conditions, Repeat (R) and Strategy (S) are identified for each S
as are the color relevance conditions, irrelevant independent (IT)
irrelevant redundant (IR) and relevant redundant (RR) for both
training and transfer.



Appendix F

PART I Analysis of Variance of Errors on Training Task, Experiment II

Source SS df

C (Color relevance) 2,835.20 2 1417.60 6.21**

I (Instructions) 896.06 1 896.06 5.19*

P (Practice response) 40.51 1 40.51 .23

C x I 1,414.90 2 707.09 4.10*

C x P 22.75 2 11.37 .07

I x P 511.99 1 511.99 2.97

C x P x I 299.08 2 149.54 .87

error 10,356.67 60 172.61
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PART II Analysis of Variance of Errors on Transfer Task, Experiment II

Source SS df MS F

I (Instructions) 11.71 1 11.71

C1 (Training color) 94.34 2 47.17

P (Practice response) 1.02 1 4.02

C
2

(Transfer color) 31.75 2 15.88

1 x c1 10.08 2 5.04

I x P 28.09 1 28.09

C1 x P .77 2 .39

C2 x I .49 2 .25

C2 x Cl 174.75 4 43.69

C2 x P 6.02 2 3.01

C1 xPzI 21.37 2 10.68

C2 aCixI 41.39 14 10.69

C
2
xPaI 3.69 2 1.85

C2 x C1 x P 9.85 4 2.46

C
2

xC1 xPxI 11.32 4 2.83

error 321.04 36 8.92

1.78

3.13

4.9o**

1.89

1.90
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t!

Pp PT III Analysis of Variance of Errors on Training Task and Transfer
Task Combined

Source SS df MS

C 950.10(Trainingcoo.C1 (Ti color) 1900.20 2 7.47**

I (Instructions) 1 5.53*703.06 703.06

R (Practice response) 19.02 1

:::::C
2

(Transfer color) 122.70 2

C2 x I 1040.82 2 500.41

780.19

3.94

I x P 780.19 1 6.14*

I x C1 1629.32 2 814.66 6.41**

C1 x R 18.35 2 9.18

C1 x C2 2484.01 4 621.00 4.88

R x C2 144.14 2 22.07

CixIxR 158.01 2

2:::::C1 x I x C2 805042 4 1.58

C1 x R x C2 194.08 4 48.52

I x P x C2 369.24 2 184.62 1.45

ClaC2xIxP 1597.70 4 399.43 3.14*

error 127.15364577.50
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Appendix G

Instructions Used in Experiment III

First, each subject was presented with a card with five colored
circles on it and was asked to identify each of the five colors. The
purpose of this procedure was to detect any possible color blindness
in potential subjects. (No subject had to be rejected far this reason.)
Then the subject was given five cards with a word (in a single instance,
two words) written -in each. These words comprised the practice-
strategies. The five practice-strategies which had common initial
letters with the appropriate responses were "ear" (Ecuador), "rubber
boot" (Romani a), "banner" (Bulgaria), "patch" (Poland, and "spear"
(Surinam). The instructions at this point were as follows: "Would
you pronounce the words on these cards and tell me what you think each
one means?" The only word in this group which caused subjects diffi-
culty was "banner." When this difficulty was encountered, the
(experimenter) helped the subject arrive at a meaning. The E would
first remind the S that the word "banner" was in the title of our
national anthem. If the S still could not give a meaning for the word,
the E would supply the meaning, referring to a synonym, flag. The same
procedure was followed with the subjects who worked with practice-
strategies which did not have common initial letters with the appropri-
ate responses. Those five practice-strategies were "mitten" (Ecuador),
"overshoe" (Romania), "flag" (Bulgaria), "lake" (Poland), and "arrowhead"
(Surinam). When the subjects explained what a mitten was, the E would
ask what the difference was between a mitten and a glove if this dis-
tinction was not made voluntarily.

Each subject was then presented with a card which had the names
of the five countries printed on it. The first letter (to become the
S's response) was underlined in each name. At this time the E said,
"Here are the names of five countries. I'll pronounce them fur you."
The E pointed to each name as it was being pronounced. After the E
had pronounced the names, he said to the subject, "You will notice that
the first letter of each name is underlined. Will you say the first
letter of each name as I point to it?" After the S had pronounced the
five letters, the E stated, "We'll be working with those letters."

The E then began to orient the S to the task he would be assigned.

"On the screen in front of you, you will see first the name of a
country, and then you will see a map of that country.

"Remember, you will see first the name of the country and then the
map. Your task will be to remember only the first letter of the name for
each map. After you have seen all the names and maps once, you will be
tested to see how many correct letters you remember. You will see the
maps only and not the names. Then, you will see the names along with
the maps again."
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The S was asked if he knew what a clue* was. In all instances the
S's answered in the affirmative. If a S volunteered a definition, he was
permitted to present it. If not, the E said, "A clue is a hint which
helps us solve a puzzle or a problem, isn't it?"

"To help you remember the correct letters, I will give you a
different clue for each map. Please say each clue out loud while the 1122
is on the screen. Remember now, wait until the map appears on i-Tlie screen
before you say the clue.

"Try to remember your clues from tAal to trial; but I will help
you remember them as long as you need such help.

"Now let's take an example of a clue we might use. Suppose that
Mexico were a country which we wanted to leary. Your clue might be,

-- banana.' M is the letter we want to learn and banana is the clue
to help us remember that the letter if and the map of Mexico go together.
You know that a banana is curved like this. mere the E made a curved
motion with his hand.7 You may remember that the map of Mexico is also
curved. Again the ! made a curved motion with his hand.7 You would
repeat the clue twice while the map appears on the screen in front of you."

All subjects received the foregoing instructions. Groups A,B,E,
and F were further instructed as follows:

"Also as a part of your clue to the right name for a map, I want
you to say out loud the color of each map as it appears. For example,
you might say, 'M -- yellow banana,' or 'M -- green banana.'"

Each subject was asked to re-state the essential of the instructions.
The E prompted the S if necessary in stating principal parts of the in-
structions. Very little prompting was needed. The experimental stimuli
were then presented to the subject.

*Referred to above as a practice-strategy.



Appendix H

Total Errors to Reach Criterion on Training Task
Ekperiment III

Name Color
}-3.2.11,1i.

N
Initial letter

N

Initial letter

Grade
level

I

4th

3rd

color
relevance
RR II

6 8
5 28

10 16
11 7

16 15
11 20

5 12

15 42

79 ZIT

I I
color color
relevance relevance
RR II RR II

I

color
relevance
RR II

8. 28
19 25
22 22
11 4

60 79

9 57
26 76
8 62

14 27

14 27
51 40
12 60
20 57

13 334

52 4o
16 69
17 69
42 68

127 246

3 3
1 4
11 4
7 34
1 14

3 11
1 12

1 4M 76

8 18
22 5

9 11
6 8

17 42

5 19

33 55
1 68
9 36
4 17

49 11
,....

0 lo
8 12

117 "i3-6

33 25

45 44
32 45
44 19

154 133
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Appendix I

Analysis of Variance of Errors
on Training in Experiment III

0
Source of Variation df Mean Square

MN!

N (Color naming)

I (Initial letter)

C (Color relevance)

G (Grade level)

N x I

0 x N

I x C

CxNxI

error

1

1

1

1

1

1

1

87

2,(63,50

10,837.50

3,775.04

1,446.5o

92.04

864.00

1,176.00

425.04

178.22

F

11.52

60.81

21.18

8.12

.52

4.85

6.60

2.38



Appendix J

Iastrurtions for Experiment IV

You will be shown a series of slides on the screen directly in
front of you. You will notice (during training trials) that each shape
is associated with a specific word. Your task is learn this associ-
ation and verbally respond to each shape with the word you believe is
associated with it.

There are eight different shapes but less than eight words.
Therefore some of the words may be associated with more than one shape.

You will notice that the shapes are colored, but since the color
will not always help you (on the test trial) you should try to concen-
trate on the associated shapes and words.

task.

FOR CONFIRMATION GROUP ONLY - You will see the shape
first and then the shape and word together (during the train-
ing uvial). Before the word is added respond aloud with the
word associated with that shape and guess at those you are
not sure of.

You will first see some test slides to help you understand the

Do you have any questions?

TO BE SAID BEFORE TRAINING SLIDES - You are to study
the slides now.

TO BE SAID BEFORE TEST SLIDES - You are to respond now
and guess at those you are not certain about.
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Appendix K

Stimulus Presentation Sequence

Training trial slides (ordered by response)

6 3 9 4 7 5 8 2

3 5 2 4 7 9 6 8

3 6 4 9 2 5 8 7

4 6 2 8 7 9 5 .. 3

8 2 7 3 4 6 5 9

5 3 9 8 7 4 6 2

6 3 2 9 4 5 7 8

4 7 9 6 8 3 2 5

2 6 9 7 8 3 4 5

4 2 5 8 7 6 9 3

, Test trial slides (ordered by response)

6 3 9 4 7 5 8 2

Red Blue Yellow Green Brown Orange Purple Grey



Appendix Ii

Instructions to the Subject

You will be shown a series of slides on the screen in front of

you. You will notice that each shape is associated with one number.

Your task is to learn this association and verbally respond to each

chap. with the number you believe is associated with it.

There are eight different shapes as well as eight different

numbers running from two through nine inclusive. Each shape and each

number will appear only once on a given trail.

You will see the shape alone first and then the shape and number

together. After the first time through you are to respond aloud with

the number you think is associated with the shape, before the number

appears on the screen. Respond even if you are unsure of your answers.

At some point during the experiment you will see some different

slides which may or may not be similar to the other slides. You are to

essoeiate one of the numbers with these slides also.

Do you have any questions?



Appendix M

General Experimental Design for Training Trials Identifying
Cell by Number (Nine Subjects per Cell)

Shape
discrimin-
ability (D)

V

Color relevance (C)

Relevant (R) Irrelevant (I)

Criterion level (L) Criterion level (L)

100% only 700% and 69% 100% only 100% and 69%

Low (LD)

Mixed (HDLD)

High (HD)

1

5

9

2 3 4

6 7 8

lo 11 12

69



Appendix N

Summary of Raw Data

Cell number
Subject (see

Appendix C)

Number

of
trials

69% (I) 100% (L)

S (T) C (T)

H E H

1 6
2 10
3 7
If 2

5 9
6 8

7 If

8 5
9 If

10 1
11 1
12 7

13 3
14 5
15 10
16 9
17 12
18 3

19 11
20 8
21 6
2a 12
23 11
24 2

25 11
26 If

27 10
28 6
29 1
30 3

31 7
32 12
33 8
34 9
35 5
36 2

5
14

8

25

7
8

24

7
22

10
19

44

27
19

7
12

10
29

6

20
16

25

12

11

10

28
6

12

14
22

9
8

6

18
6

15

1 If 2 If

3 If 1 1

0 2 3 If

2 2 If 2

0 2 4 If

If If 3

2 3

1 0 If 3

O If If 3
O 2 1 1
O 1 If If

If 3 If 2

1 If If If

O 1 3 2
O 2 3 2

70

2 If If

0 If 3

If 1

S (T) C (T)

3 2 1 2
0 2 0 1

0 2 3 If

1 If 1 1

0 0 If 3
0 0 If If

0 0 3 If

0 3 1 2
0 0 2 If

3 2 1 2
3 If 3 3
0 0 If If

2 2 0 2
0 2 2 If

0 2
1 0 3 2
0 0 3 If

1 0 If If

1 0 4 If
0 0 4 If

0 2 1 1

0 0 3 If

0 0 2 If

1 If 1 1

0 0 3 If

1 0 3 3
0 0 1 1
0 2 2 1

2 If 0 3
0 2 If If

0 2 If If

0 0 If 3
0 0 If If

0 0 If If
0 3 0 1
2 if 1 1



Sub;:act
Cell number
(se.
Appendix C)

Number
of
trials

69% (L) 100% (L)

S (T) C (T) S (T) C (T)

E RICH Z NEN
37
38
39
40
41
42

43
44
45
46
47
48

49
50
51
52
53
54

55
56
57
58
59
60

61
62
63
64
65
66

67
68
69
70
71
72 I

6
2

12
10

8
4

3
7
5
9

11
1

12
7

10
11
4
6

8
9
3
5
1
2

10
12
6
1
2
5

9
3

11
7
8
4

10
11
21

7
9

23

24
18
18
18
21
19

8
17
5

13
30
15

15
12
16
7

12
5

12
9

12
30
14

9

24
21
7

18
12
23

1 2 4 3
3 3 1 2
O 1 4 3
4 3 2 2
O 2 3 4
1 1 4 4

O 0 3 4

1 0 2 3

2 4 4 4
1 2 4 4

1 4 4 4

4 1 0

2 4 4
O 0 4 3
0 4 0 c-,

3 2 1

71

2

2 4 4
2 4 4

0 0
1 2
0 0
0 0
0 0
1 0

1 1
0 4
1 3
2 0
0 0
2 2

0 0
0 0
0 0
o 0
1 2
0 3

0 0
0 1
o 0
0 1
1 4
1 3

1 0
0 0
1 4
1 2
1 1
1 2

2 1
0 0
1 0
0 0
0 0
0 0

2 2
2 1
3 3
1 1
4 4
4 4

4 3
2 3
3 3
3 2
4 4
1 1

4 4
4 3
0 0
2 2
4 4
1 1

4 4
2 4
4 4
3 3
1 2
1 0

3 4
4 3
1 2
3 2
3 2
1 2

2 1
3 4
4 4
4 3
4 4
4 2



Subject

I

Cell number
(see
Appendix C)

Number
of
trials

69% (L) 100% (L)

S (T) C (T) S (T) C (T)

E H E H E H E H

73 5 13 2 4 3 2
'74 1 19 3 If 0 3
'75 it 56 0 3 it if 0 0 3 If
it; 12 n 0 1 If If 0 0 If If
77 3 17 0 1 3 4
78 7 a 0 0 4 4
79 u. 12 0 0 3 If
8o 8 21 1 2 If 3 1 0 If 3
81 2 10 2 If 1 2 1 3 0 2
82 6 10 1 If 3 If 2 2 0 If
83 10 16 3 3 i 4 1 0 3 3
84 9 12 0 1 3 3

85 12 U 1 0 3 3 0 0 3 3
86 10 14 2 0 2 1 1 1 3 2
87 9 9 2 1 1 2
88 3 25 0 1 3 If
89 If 17 2 2 If If 0 2 If If
90 2 21. 1, If 2 1 3 3 3 1
91 6 4 1 3 1 If 0 0 1 1
92 8 18 0 1 If 4 i o 0 If If
93 u. 13 1 o 0 If If
94 5 15 0 If 2 1
95 1 11 3 3 1 1
96 7 5 0 0 3 1

97 1 6 3 If 0 0
98 11 5 0 1 3 If
99 9 8 0 0 2 2

100 5 9 0 3 2 2
101 8 10 0 1 If 4 0 0 If If
102 6 6 1 0 2 1 0 1 1 1
103 7 15 0 0 If 3
104 2 17 3 3 2 1 3 3 0 0
105 10 5 0 0 1 3 0 0 1 2
106 12 11 1 2 4 If 0 0 If If
107 3 38 1 3 3 If
108 If 33 2 If if if 1 1 3 4
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Appendix 0

Craftint Colors Used in Shape Relevant (R) Condition
and Color (C) Test

Red
Color Match #58

Blue
Color Match #129

Yellow
Color Match #3

Green
Color Match #169

Brown
Color Vu #56

Orange
Color Match #25

Purple
Color Match #82

Grey
Color Vu #10

73



Appendix P

Mean Number of Trials to Reach Criterion Level for Subjects
Grouped by Color (0), Shape (D), and

Criterions Ivel (L)

Neon number
of trials
to criterion

10

8

LD RDLD HD 100% 69% and
100%

Color relevance Shape discriainability Criterion level
(CR) (D) (L)

7)4



Appendix Q

Mean Number of Errors on Shape Only (8) Transfer Test (100%)
for Two Levels of Color Relevance (CR), Three Levels of

Shape Discriminability (D), Two Testing
Criterion (L) and Two Levels of

Shape Difficulty

Mean number
of errors

1.50

1.40

1.30

1.20

1.10

1.00

.90

.80

.70

.60

.50

.4o

.30

.20

.10

Rele- Irrel-
vent event
(R) (I)

4

Low Mixed High 100% 69% Easy Hard
(ID) (HDLD) (HD) and (E) (H)

100%

Color Shape Criterion Shape
relevance discriminability level difficulty

(CR) (D) (L) (E-H)
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Appendix R

Mean Number of Errors for Shape Only (6) Stimuli Transfer
Test (100%) for Three Levels of Shape Discriminability

(D) and Two Levels of Color Relevance (CR)

Mean number
of errors

24,1+

2.2

2.0

1.8

1.6

1.4

1.2

1.0

.8

.6

.1+

.2

Relevant color (R)

- Irrelevant color (I)

Nes

11. elm
""`

Low (LD) Mixed (HDLD) High (HD)

Shape discriminability
(D)

76



Appendix S

Mean Number of Errors on Shape and Color Stimuli Transfer Test
for Two Levels of Criterion (L), Three Levels of Shape
Discriminability (D, Two Levels of Test (T), and

Two Levels of aape Difficulty (E-H)

Mean number
of errors

2.4

2.1

1.8 -

1.5

1.2

.9

.

.6

100% 100%
of of
1000% 69% &

100%

Low Mixed High Shape Color Easy Hard
(LD) (HDLD)(HD) (S) (C) (E) (H)

Criterion Shape Test Shape
level discriminability (T) difficulty

(L) (D) (E-H)

77



Appendix T

Analysis of Variance of Number of Trials to Reach 100% Criterion
as a Function of Color Relevance (CR), Shape Discriminability

(D), and Criterion Level (L)

Source df MS

Color relevance (CR) 1 685.03704 14.69467***
Shape discriminability (D) 2 937.33333 20.10666***
Criterion level (L) 1 40,33333 < 1
CR x D 2 343.81481 7.37514**
CR x L 1 23.14815 <1
D x L 2 48.44444 1.03917CRxDxL 2 37.81481 .81116
Error 96 4475.33334

**p < .01

p < .001

78



Appendix U

Analysis of Variance of Errors on Shape (2) Transfer Test (100%)
as a Function of Color Relevance (CR), Shape Discriminability

(D), Criterion Level (L), and Shape
Difficulty (E-H)

Source df

BETWEEN Ss

Color relevance (CR) 1

Shape discriminability (D) 2
Criterion level (L) 1
CR x D 2
CR x L 1
D x L 2
CRxDxL 2
Error (b) 96

WITHIN Ss

Shape difficulty (E-H) 1
CR x E-H 1
D x E-H 2
L x E-H 1
CR x D x E-H 2
CR x L x E-H 1
D x L x E -H 2
CR x D x L x E -H 2
Error (w x E-H) 96

MS

75.85185 114437423***
27.92130 42.10150***
7.40741 11.16936**
9.75463 14.70865***
1.5000 2.26179
3241 <1
.01389 <1
.66319

14.51852 29.65505***
6.68519 13.65494***

7.22685 14.76132***
.90741 1.85344

3.78241 7.72582**
.07407 <1
.72685 1.48463
.17130 <1
.48958

**p <.01

***p <6001



Appendix V

Analysis of Variance of Errors on
Test (100%) as a Function of

Criterion Level (01
Difficul

Shape (S) and Color (C) Transfer
Shape Discriminability (D),
Test (T), and Shape
ty (E-H)

Source df MS

BETWEEN Ss

Shape discriminability (D) 2 6.29167
Criterion level (L) 1 16.66667
D x L 2 .09722
Error (b) 48 .76352

WITHIN Ss

Test (T) 1 16.66667
D x T 2 7.29167
L x T 1 1.18519
DxLxT 2 .06019
Error (w) 48 .66550

Shape difficulty (E-H) 1 4.16667
D x E-H 2 34.76389
L x E-H 1 .01852
DxLxE-H 2 .14352
Error (w) 48 1.26041

T x E-H 1 5.35185
DxTxE-H 2 3,78241
LxTxE-H 1 .16667
DxLxTxE-H 2 1.01389
Error (w x T x E-H) 48 65393

*p ( *05

**p < .01

***p <41001
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8.24034**
21.82872***
<1

25.04383***
10.95667***
1.78090

< 1

3,30580

27.38141***
< 1
< 1

8.21024**

5.81077**
< 1

1.55045



Appendix W

Analysis of Variance of Errors on Shape (S) and Color (C)
Transfer Test (69% for Conditions 2, 6, 10 and 100% for
Conditions 1, 5, 9) as a Function of Shape Discrimin-

ability (D), Criterion Level (L), Test (T), and
Shape Difficulty (E-H)

Source df

BETWEEN Ss

Shape (D) 2
Test criterion (L) 1
D x L 2
Error (b) 48

WITHIN Ss

Test (S-C) 1
D x S-C 2
L x S-C 1
D x L x S -C 2
Error (w x S -C) 48

Shape difficulty (E-H) 1
D x E -H 2
L x E-R 1
D x L x E -H 2
Error (w x E-H) 48

S-C x E-H 1
D x S-C x E-H 2
L x S-C x E-H 1
D x L x S -C x E -H 2
Error (w x S-C x E-H) 48

MS

4.19907 3.51240*
2.89352 2.42014
.28241 Irl

1.19560

16.11574 14.10679***
3.78241 3.3109*
1.33796 1.17117
1.9907 1.04959
1.14241

2.89352 2.02758
4 29.40968***

.22685 4: 1

1.11574 < 1
1.42708

2.04167

3.43056
.22685

.69907

.74421

2.74340
4.60966

<1
<1

*p < .05

***p <1,001
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Appendix X

Analysis of Variance of Errors on Shape (S) an
Transfer Test (69% and 100%) as a Function

Discrislaability (D), Criterion Level (L)
(?), and Shape Difficulty (E-H)

d Color (C)
of Shape
, Test

allbar VT

Source di MS F

BLTWEEN Ss

Shape (D)
Error (b)

2 5.47685
24 1.65856

WITHIN Is

Criterion level (L) 1 33.44907
D x L 2 .33796
Error (w x L) 24 1.11457

Pest (S)
D x
Error (v x S-C)

Shape difficulty (E4)
D x Er-a

Error (w x to)

L x S-C
D xLxS-C
Error (w x L)

L x E-H
D xlixE-H
Error (w x L)

S-C x E-H
D x S-C x E-H
Error (w x S-C)

L x S-C x Em.H

D xLxS-CxEH
Error (w x L x S4)

1 8.56019
2 3.14352
24 1.25115

1 2.44907
2 37.00463

24 1.51740

1 .00463
2 .72685
24 .85069

1 .11574
2 1.58796
24 .89930

1 3.37500
2 2.37500
24 .70871

1 .78241
2 .08796

24 .99652

3.30217

30.01073*"

6.84185'
2.51230

1.61349
24.38686*s*

< 1

.85442

< 1

1.76577

4.76217*

3.35115*

.78514
<1

op < .03

***p C .001
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Number of Correct
Test Only (Ca,

Test (CS)

Appendix Y

Responses on the Color Test Only (d), Shape
Both Color and Shape 'test (CS), or Neither
for Se Trained Under Color Relevant

Conditions

Criterion Level (L)

69% 100%

Responses correct Responses Correct

CS CS

SUBJECTS TESTED AT 69% AND 100%

Low Shape Discriminability (LD)
1
2

3
If
5
6
7
8
9

Mixed Shape Discriminability
(HDLD)

1
2

3
If

5
6

7
8
9

High Shape Discriminability (HD)
1

2

3
If
5
6

7
8

9

3 1
2 1
If 0
3 0
7 0
3 2
3 0
3 1
3 0

1 1
3 3

3
1 5
o 5
2 0
1 3
1 2 2
1 3 if

O 5 0
1 If 2
o 4 3
2 2 2
1 5 2
O 6 0
2 1 1
2 3 3
o 6 2

CS CAS

1 3
0 5
0 if
2 3
0 1
2 1
2 3
2 2
2 3

5 1

1 1
3 2
0 2
1 2
If 2

83

a Es CS Er

3 0 3 2
3 1 3 2
if 0 2 2
2 2 3 1
If 1 3
1 It 2 1
3 1 3 1
3 2 1 2
6 0 2 0

2
3
2
0
2
2

If
3 0
O 1

3 0
1 0
1 0
2 0
O 0
2 0
If 0
O 1
o 0

2 if 0
3 2 0
3 3 0
If If 0
1 4
O 3 3
3 2 2
2 6 0
2 5 0

3 5 0
4 3 1
2 6 0
2 6 0
o 8 0
7 1 0
6 1 1
3 2 2
3 5 0



Criterion level (L)

69% 100%

Responses correct Responses correct

CS CS CS CS CS Es CS a11111
SUBJECTS TESTED ONLY AT 100%

Low Shape Discriainability (LD)
1

2

3
4
5
6
7
8
9

Mixed Shape Discriminability
(HDLD)

1
2

3
4
5
6
7
8
9

High Shape Discriminability (HD)

1
2
3
4
5
6
7
8
9

I

3
5
3
2
3
1
4
4
7

1 2 2
0 1 2
0 2 3
0 4 2
1 2 2
3 2 2
0 1 3
0 2 2
0 1 0

2 3 1
O 3 2 3
2 0 5 1
2 4 0 2
O 5 2 1
3 3 2 0
3 2 0 3
3 2 2 1
2 3 2 1

1 3 2 2
O 4 3 1
O 8 0 0
1 4 2 1
O 5 2 1
2 2 3 1
1 5 2 0
1 2 3 2
O 5 3 0

814.
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