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Comparison of intradimensional and
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THOMAS D. KENNEDY
Arizona State University, Tempe, Arizona 85281
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In two experiments, college students were required to make intradimensional (ID) or extradimensional
(ED) shifts when potential confounding factors were eliminated through the use of a total change design
and symbolic (word) stimuli . Results indicated that an ID shift was learned significantly faster than an ED
shift, whether geometric or symbolic stimuli were employed . Original learning with both classes of stimuli
was found to be comparable. Evidence was lacking for the hypothesis that a nonmediational process, such
as primary stimulus generalization, accounted for ID shift superiority. The results were interpreted as
supporting a two-stage mediational explanation of human discrimination learning .

The basic experimental des ign for studying human
discrimination learning. the shift paradigm , was
introduced by Buss (1953) who found that reversal
(RV) shifts were easier to make than extradimensional
(ED) shifts. Buss reasoned that RV shift superiority
was du e to the fact that ED subjects experienced
fortuitous partial reinforcement of preshift sorting
responses during the postshift problem. thereby
retarding the acquisition of the new solution. This
explanation is subsumed within the single-stage
theory of discrimination learning. The theory
postulates that associations are formed directly
between the discriminative cues on the stimulus cards
and the sorting responses.

When intermittent reinforcement of the sorting
responses was eliminated during the postshift
problem. Kendler and D'Amato (1955) found that an
RV shift was still considerably easier than an ED
shift . The result was explained in terms of a two-stage
mediational theory, which assumes the acquisition of
a mediational response during the preshift phase
corresponding in some manner to the relevant
dimension. Since the mediational response remains
appropriate after an RV shift. this type of shift is
predicted by mediational theory to be easier than an
ED shift due to the fact that the latter shift requires
the acquisition of a new med iational response.

Subsequent to these init ial investigations.
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numerous studies employing methodological vari ­
ations for eliminating intermittent reinforcement­
such as the optional shift and the partial change
design-were conducted in an attempt to provide
theoretical clarification. Extradimensional shifts were
consistently found to be more difficult to accomplish
than RV shifts. In reviewing these studies. Siamecka
(1968) systematically identified other potential
sources of bias which could confound the results and
complicate the interpretation of the data. To
eliminate these biases . Siamecka advocated the use of
a total change design in which an RV shift is usually
referred to as an intradimensional (lD) shift. This
design. which employs new values on all dimensions
for all groups during the postshift problem, was used
by Eimas (1966) with children and by Gersten
(Note I) with college students. The Eimas and
Gersten studies produced results consistent with
mediation theory in that ID shifts were performed
significantly faster than ED shifts. Siamecka noted,
however, that the use of the usual colored geometric
stimuli in such studies "might concei vably allow a
non mediational account based upon the operation of
a primary stimulus-generalization mechanism (1968,
p. 436)." To control for this possibility. Siamecka
suggested the use of symbolic stimuli such as printed
words.

Using word st imuli and a total change design,
Siamecka (1969) found an ID shift to be easier than
an ED shift. favoring mediation theory. LeBow and
Tritt (1971) noted that the stimuli used by Siamecka
(1969) were common nouns such as cities, sports, and
animals rather than the dimensions of form, color .
and number typically used when colored geometric
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figures serve as stimuli. As a result, LeBow and Tritt
used typed words representing the dimensions of
form. color , and number (e.g., triangles , yellow,
three). and again found that an ID shift was learned
faster than an ED shift. In both of these studies,
however. no comparison of shift performance with
traditional geometric figures as stimuli was made. Nor
did Lebow and Tritt (1971) indicate the mean number
of trials or errors to criterion during original learning
or transfer.

Thus . the present two experiments were conducted
to provide data on the relative difficulty of original
learning and transfer with geometric and symbolic
stimuli. as well as to test further single-stage vs.
mediational interpretations of discrimination learning
within the total change design .

EXPERIMENT I

Method
Subjects. Eighty university undergraduates enrolled in the

introductory psychology' course were randomly assigned to four
groups. Three subjects. each from a different group. who failed to
reach solution in 144 trials during the preshift problem were
considered nonsolvers and eliminated from the experiment. These
subjects were replaced by other students to maintain a balance of 20
subjects per group. None of the subjects professed any prior
knowledge of the experiment. nor had any previously participated
in a concept identification task . All claimed to have normal color
vision.

Stimuli and apparatus. Two decks of colored geometric stimulus
cards were composed from the Wisconsin Card Sorting Test. The
stimuli varied on two dimensions . form and color. one or the other
of which was relevant at some time during the experiment . In
addition. the stimuli varied in number. a dimension that was always
irrelevant . Each deck of card s consisted of two sets of eight cards .
each set representing the eight distinct cue combinations for the
three dimensions. The dimensions for one deck (red-blue) were:
form-eircle . triang le; color-red. blue; number--one or three
forms on a card . For the other deck (yellow-green). they were:
form-star. cross; color-yellow. green ; number-two or four . The
sequence of card s in each set of each deck was randomly
determined with the exception that no stimulus card succeeded
itself in the deck . The cards remained in their prearranged order
throughout the experiment and were recycled until the subject
reached the criterion of 10 consecutive errorless trials. One deck of
symbolic stimulus cards corresponded to the red-blue deck in all
respects and the other symbolic deck was the same as the
yellow-green deck . On these cards. the appropriate stimulus was
printed in black block letters .8 em high (e.g., ONE BLUE
CIRCLE) .

The subject and the experimenter. seated on opposite sides of a
table. were separated by a vertical unpainted masonite panel 61 cm
high x 121.9 cm wide. On the face of the panel were three slots
which permitted exchange of the stimulus cards . One slot. centered
at the bottom of the panel. was used by the experimenter to present
the cards to subjects one at a time. Two slots were positioned in a
horizontal line 30.5 cm from the bottom of the panel. One slot was
30.5 cm to the right of the centerline and the other was a like
distance to the left. These two slots were used by subjects for sorting
each card and returning it to the experimenter .

lnstrucdoDll. Each subject was seen individually . Before taking
his seat . the experimenter read the following instructions to the
subject : "I have a number of cards like these (subject shown two
sample cards) which I am going to give to you one at a time through
this bottom slot. Some of the cards belong in this slot (pointing).

while others belong in this slot (pointing). Your task will be to find
out which cards go into which slot. That is. you are to learn to sort
the cards by placing each card in the correct slot. Each time I give
you a card . pick the card up without rotating it and push it back to
me face up through whichever slot you think is correct. If you place
the card in the correct slot. I'll say 'right'; if you place it in the
incorrect slot. I'll say 'wrong.' Do you have any questions?
(Questions were answered by repeating appropriate parts of the
instructions.) The experiment will take about 30 min. Once you
begin. you will not be permitted to ask any questions until I have
told you that you are finished. Before beginning . do you have any
questions ? (Pause) Okay. let's begin."

Design and procedure. There were two ID and two ED shift
groups . The two groups presented with colored geometric stimulus
cards throughout the experiment were designated as Groups IDG
and EDG. Groups IDW and EDW received the symbolic (i.e.•
word) stimulu s cards throughout. In the preshift phase of the
experiment . half of the subjects in each group were required to sort
the card s on the basis of form and half on the basis of color. With
respect to each relevant dimension (i.e.. form or color). the red-blue
deck was used for half the subjects and the yellow-green deck for
the remaining half in each group . When subject reached criterion
on the preshift problem . the experimenter began the postshift phase
without interruption by switching to the other deck of cards (i.e ..
from the red-blue deck to the yellow-green or the converse). Thus.

• all subjects were presented with new values on all dimensions
during the postshift phase of the experiment.

To solve the postshift problem. subjects in the ED groups had to
make an ED shift which involved a change in the relevant
dimension from color to form or form to color. depending on the
initially relevant dimension. Problem solution for subjects in the ID
groups necessitated the making of an ID shift which involved a
change in the cue values of the relevant dimension from red-blue to
yellow-green (or the converse) or from circle-triangle to star- cross
(or the opposite) . depending on the preshift relevant cues. This
arrangement produced a 2 by 2 by 2 factorial design in which
stimulus (geometric vs. symbolic). shift (ID vs. ED). and dimension
(form vs. color) were the factors.

Results
Since raw score trials and errors to criterion did not

conform to the F test assumptions of equality of
variance and normality, the scores were transformed
logarithmically . Transformation eliminated
abnormalities of the data. Analyses of variance of the
transformed scores on trials and errors showed the
same effects. Consequently, only analyses of the
transformed trials data are reported.

Preshift mean trials to criterion for Groups IDG,
EDG, lOW, and EDW were .997, 1.031, 1.097, and
.686, respectively. Corresponding postshift means
were .440, 1.266, .675, and 1.170. An analysis of
variance of the preshift scores indicated that all main
effects and interactions were nonsignificant (all
ps > .10). Inspection of the group averages show that
the ID groups demonstrated positive transfer to the
postshift problem whereas the ED groups
demonstrated negative transfer. and that both ID
groups required fewer postshift trials to criterion than
either of the ED groups.

The analysis of variance of the postshift scores
revealed that the Shift effect was significant,
F(1,72) = 27.20, p < .01, indicating that an lD shift
was significantly easier than an ED shift . All other
main effects and interactions were not statistically
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reliable (all ps > .10). Of particular interest was the
Shift by Stimulus interaction, FO ,72) = 1.72,
p = .19. This finding lends no support to the
hypothesis that stimulus generalization may be a
biasing factor favoring 10 shift performance with
colored geometric stimuli as proposed by Slamecka
(1968).

In addition. the design of the experiment permitted
a more direct check of stimulus generalization. That
is. during the preshift, the correct stimulus pairings
for half the subjects in each 10 color subgroup (where
color was the relevant dimension throughout the
experimental task) were red-left. blue-right; for the
remaining half they were yellow-left, green-right. On
the postshift problem. the pairings were reversed;
yellow-left. green-right. and red-left. blue-right,
respectively. Responding in a manner consistent with
a generalization gradient on the initial trial of the
postshift task. then . would lead to a correct stimulus
pairing. Thus. if the subgroup exposed to geometric
stimuli made significantly more correct pairings on
the first trial of the postshift than the subgroup
presented with symbolic materials . stimulus
generalization could be considered a plausible
explanation. It was found that 40% of the subjects in
the lOG subgroup paired correctly on the first trial.
whereas 30% of the subjects in the lOW subgroup
did so. The test of the difference between the two
proportions was not reliable, z = .47. p > .20. It was
also found that only 10% of the subjects in both
subgroups made consecutive errors on the first two
trials of the postshift. It seems clear. then, that
subjects presented with geometric stimuli did not
begin the postshift task with an initial advantage
which might be attributable to stimulus generali­
zation.

EXPERIMENT n

Method
The stimuli, apparatus. procedure, and instructions were

the same as described for Experiment I. Experiment II differed
in that there were 10 subjects per group. and the design
employed identical transfer tasks. That is. Groups lOG and lOW
began with color as the relevant dimension. and Groups EOG and
EOW began with form . During the postshift problem . color was the
relevant dimension for all groups.

Subjects. Forty undergraduates from the introductory psychology
course. who met the same criteria as subjects in Experiment I. were
randomly assigned to the four groups. One subject was a nonsolver
and was replaced by another student.

Results
Transformation of raw scores was again necessary.

Since analyses of variance of the transformed scores
on trials and errors yielded the same results. only
analyses of the transformed trials data are reported.

Preshift mean trials to criterion for Groups lOG.
EDG. IDW. and EOW were .873• .914• .785, and
.867. respectivel y. Corresponding postshift means
were .464. 1.173. .438. and 1.111. As in
Experiment I. the data indicate that there were

"savings" from preshift to postshift for the ID groups
but not for the ED groups, and that both ID groups
learned the postshift task faster than either of the ED
groups.

An analysis of variance of the preshift scores
indicated that the main effects and the interaction
were nonsignificant (all Fs < 1). The analysis of the
postshift scores revealed that the Shift effect was
reliable, F(l ,36) = 20.21 , P < .01, indicating that an
10 shift was learned faster than an ED shift. The
Stimulus effect and the Shift by Stimulus interaction
were not significant (both Fs < 1) .

In checking for stimulus generalization directl y. it
was found. contrary to the generalization hypothesis .
that more subjects in Group lOW made correct
stimulus pairings on the first trial of the postshift than
did subjects in Group IDG . The respective
proportions were 80% and 60% . The difference
between the two proportions was not reliable.
z = .98. p> .20. No subjects in either group made
consecutive errors on the first two trials of the
postshift.

DISCUSSION
Regardless of the class of stimuli used . geometric or symbolic. 10

shifts were learned more rapidly than EO shifts . In add ition.
original learning with both types of stimuli was found to be
comparable . The finding of 10 shift superiority with a total change
design and word stimuli replicates LeBow and Tritt (1971) and
Slamecka (1969). and is consistent with the vast majority of prior
concept shift studies which did not employ these procedures. There
was no evidence to support the hypothesis that color-relevant 10
shifts with geometric stimuli were facilitated by a nonmediational
process such as stimulus generalization (Slamecka, 19(8) . The
results lend further support to a two-stage mediat ional
interpretation of disc riminative learning (Kendle r & Kendler,
19(2) .

REFERENCE NOTE

I. Gersten. C. D. comparison of in tradimensional and extra­
dimens ional shifts using a total change design. Unpublished
manuscript. Arizona State University. 1971.

REFERENCES

Buss. A. H. Rigidity as a function ofreversal and non reversal shifts
in the learning of successive discrimination . Journal ot'
Experimental Psychology . 1953. 45. 75-81. .

EIMAs . P. E. Effects of overtraining and age on intradimensional
and extradimens ional shifts in children. Journal ofExperimental
Child Psychology. 1966. 3. 348-355.

KENDLER. H. H.. & O'AMATO. M. F. A comparison of
reversal shifts and nonreversal shifts in human concept formation
behavior. Journal of Experimental Psychology. 1955, 49.
165-174.

KENDLER. H. H.• & KENDLER . T. S. Vertical and horizontal
processes in problem solving. Psychological Review. 1962,
69. 1-16.

LEBow. M. D.. & TRITT. 1. Intradimensional and extrad imension ­
al shifts using a total change design with word stimuli.
Psychonomic Science. 1971. 22. 325-327.

SLAMECKA. N. 1. A methodological analysis of shift paradigms
in human discriminat ion learn ing. Psychological Bull etin . 1968,
69. 423-438 .

SLAMECKA, N. 1. An improved discrimin ation-shift design.
Psychon omic Science. 1%9 . 17. 89.

(Received for publication February 3. 1976.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




