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Intradimensional and extradimensional shifts in
the rat with assessment of differential
instrumental generalization

CHARLES C. SPIKER and JOAN H. CANTOR
University of Iowa, Iowa City, Iowa 52242

Intradimensional (ID) and extradimer .ional (ED) shifts were compared using rats as subjects.
By counterbalancing with respect to the positive cue in the shift task, it was possible to determine
whether ID subjects were facilitated by favorable generalization of the instrumental response that
was acquired in original learning. The results confirmed the superiority of the ID over the ED
shift, previously reported by Shepp and Eimas (1964), and there was no significant evidence of
differential generalization of the instrumental response. It is concluded that the Shepp and Eimas
results were replicated and that the ID superiority cannot be accounted for solely in terms of
favorable generalization of the instrumental response.

Several years ago, Shepp and Eimas (1964) conducted
an experiment that demonstrated that rats given an
intradimensional (ID) shift performed better than those
given an extradimensional (ED) shift. In a follow-up
experiment, Turrisi, Shepp, and Eimas (1969) reported
that the advantage of the ID shift over the ED shift
disappeared when the values of the irrelevant dimension
in the first task were held constant for both shift groups.
For comparative purposes, the authors re-presented the
1964 data rather than a new replication of them. The
1964 experiment is frequently cited to support the need
for attentional theories of discrimination learning in
infrahuman subjects. Despite the critical importance of
the results in this connection, the Shepp and Eimas
experiment apparently remains the single piece of pub-
lished evidence that ID shifts are easier than ED shifts
for the rat (Mackintosh, 1974).

The ID and ED paradigms, which call for a shift in
dimensional values between the initial and shift tasks,
were developed for investigating the transfer of dimen-
sional responding (e.g., dimensional attention) with the
transfer of the instrumental response minimized. The
proponents of these paradigms (e.g., Shepp & Turrisi,
1966) argue that changing the dimensional values be-
tween tasks minimizes the likelihood that the first-
task instrumental response will generalize to the second
task. For example, an ID subject, trained with circle
positive and triangle negative in Task 1, is expected to
have little or no preference for either the square or cross
in Task 2. Since the ED subject’s relevant dimension in
Task 1 is irrelevant in Task 2, generalization from Task 1

This research was supported in part by funds supplied by the
Graduate College, University of Iowa. The authors are indebted
to Michael Grisham for providing laboratory space and to
Edward Essock and Clarence Kreiter for assistance in collecting
data. Requests for reprints should be addressed to Charles C.
Spiker, Department of Psychology, University of Iowa, Iowa
City, Iowa 52242,

to Task 2 cannot create a preference for either relevant
cue of Task 2. For the ID subject, however, there may
be some generalization from the relevant first-task cues
to the relevant second-task cues. To prevent mild
generalization-induced preferences from systematically
affecting Task 2 performance, Shepp and Eimas (1964)
formed subgroups to balance the several values of the
form and stripe attributes across the first and second
tasks.

Other investigators (e.g., Kendler, Kendler, & Ward,
1972) have pointed out that counterbalancing may not
adequately control for differential generalization of the
instrumental response for the ID subjects. The adequacy
of the counterbalancing rests on an assumption that the
positive -and negative transfer effects are symmetrical,
that is, that the effects of early reinforcement of ID
subjects who are facilitated is balanced by the effects
of early nonreinforcement of ID subjects who ex-
perience unfavorable generalization. Translated into
theoretical considerations, symmetrical transfer effects
depend upon a highly specific set of parametric assump-
tions. In terms of Hull-Spence theory, it would require
that the increments of habit be equal to the increments
in inhibition and that both increments be independent
of the stage of learning. Within the attention theory that
Shepp and Eimas prefer, the symmetrical transfer effects
would require specific assumptions about the several
parameters that govern changes in the probabilities of
dimensional attention and of instrumental responses.

Irrespective of theoretical considerations, assessment
of the transfer effects is a relatively straightforward
matter. To determine whether differential generalization
of the instrumental response has produced the ID
superiority, one needs only to determine whether or not
the difference between the ID and ED performances
varies among the counterbalancing subgroups. If there is
a significant interaction between type of shift and
counterbalancing conditions, differential generalization
of the instrumental response is suspect; conversely,
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absence of an interaction supports the contention that
differential generalization does not account for the
superiority of the ID shift over the ED shift. Unfortu-
nately, Shepp and Eimas (1964) did not report the data
separately for the counterbalancing subgroups.

The purpose of the present experiment was to at-
tempt to replicate the critical outcome of the Shepp and
Eimas (1964) experiment and to assess the degree to
which differential generalization of the instrumental
response may account for any ID superiority.

METHOD

Subjects

Thirty-two naive hooded male rats, 90 to 110 days of age at
the start of the experiment, were obtained from the colony
maintained by the Department of Psychology, University of
Iowa. An additional three rats were dropped from the experi-
ment because they refused to respond after having been inad-
vertently struck by the lowering door. Two of the latter subjects
were originally assigned to an ID condition and the other was an
ED subject.

Apparatus

The design of the apparatus employed was based on, and was
functionally equivalent to, that described by Rollin, Shepp,
and Thaller (1963). Six identical units were constructed side
by side on a common frame. Each unit consisted of a chamber
and a stimulus tray. The chamber was constructed of black
Plexiglas, 15.5 x 30 x 20 cm deep, with 1/2-in. hardware-cloth
flooring. The top of the chamber was a hinged transparent
Plexiglas door. At the end of the chamber near the stimulus
tray was a removable plate of clear Plexiglas, 7.5 cm high and ex-
tending across the entire width of the chamber, in which two
holes, 7 cm apart from center to center, were cut. Just outside
the plate was the stimulus tray with two aluminum food wells
aligned with the holes in the plate. Between the plate and the
tray was an opaque door that could be manually raised and
jowered between trials to provide access to the stimulus tray
through the holes in the plate. A 15-W fluorescent lamp was
mounted 25 cm above the tray. A 16-in. electric fan was used to
mask extraneous sounds.

The stimulus objects differed with respect to form and
stripes. The four form stimuli (circle, square, inverted triangle,
and X) were cut from 3/8-in. clear Plexiglas. The diameter of
the circle was 4 cm and the dimensions of the other stimuli
were adjusted so that their areas approximated that of the
circle. Stripes of different widths (1/16, 1/8, and 1/4 in.) were
constructed by attaching strips of black drafting tape to white
cardboard. Three layers of tape were used to provide a three-
dimensional effect, and epoxy glue was painted on to provide
a durable surface that could be cleaned periodically. The stripes
were then cut to match the various forms and were mounted in
variable orientation (vertical, horizontal, or diagonal) on the
front faces of the Plexiglas forms. The stimulus objects were
fastened from the back to black aluminum mounts, which were
in turn fastened to black Plexiglas platforms. The stimulus ob-
jects were attached to the mounts so that their top edges sioped
away from the windows at an angle of about 20 deg from the
vertical. The platforms were constructed to move easily along
two aluminum tracks that extended back from the chamber on
either side of a food well. Thus, in the forward position, the
stimulus object was directly in front of a window in the chamber
plate, with the platform base covering the food well. When the
rat pushed against the stimulus object, both the object and the
platform were pushed back, exposing the food well.

Procedure
On the st day of adaptation, the rats were delivered from

the colony in group cages and were individually removed and
handled for 3 to 5 min before being placed in individual cages.
Beginning the 2nd day, they were weighed daily throughout the
experiment. After the subjects were weighed on the 4th day, ail
food was removed from the cages. Beginning the Sth day, the
rats were fed 8 to 14 g of food until they had been reduced to
85% of the average of their weights on Days 2-4. The amount of
food given subsequently was adjusted so that each rat was
allowed to gain .5% of its weight per day. Adaptation to the
apparatus was begun on Day 6, when each rat was placed in a
chamber for 2 to 3 min with a food cup containing 15 (.45-mg)
food pellets inside the chamber.

On the first day of pretraining, 15 food pellets were placed in
the cup in the chamber and in each of the two food wells. The
rat was placed in the chamber, the fluorescent lamp was turned
on and the overhead lights were turned off, and the door to the
stimulus tray was raised and held open for 25 min. This pro-
cedure was repeated the following day for any subject who
failed to eat all except two pellets in each of the three food cups.
An occasional subject required a 3rd day to meet this criterion.

In the second phase of pretraining, the food cups were re-
moved from the chambers and the subjects were trained to
uncover the food wells. Sixteen trials were administered each
day, on each of which two food pellets were placed in each food
well. A black Plexiglas upright panel, mounted on one of the
platforms, was locked in place directly before one of the win-
dows in order to direct the rat’s response to the other window.
A clear panel, 7 cm square, mounted on a platform at an angle
20 deg from the vertical, was used to train the rats to uncover
the food wells. The training panel was gradually moved forward
from trial to trial until it finally fully covered the food well. On
each day, half of the trials involved one food well and the other
half involved the other. The criterion for this phase of training
was 16 trials (1 day) on which the rat uncovered the food well
when it was 90% to 100% fully covered. All subjects met this
criterion by the 3rd day of such training.

Discrimination training began on the day following comple-
tion of pretraining. Twenty trials were given each day, with
position counterbalanced according to a Gellermann series. The
rat was prevented from correction by lowering the door immed-
iately after he had retracted his head from the chosen window.
Both food wells were baited on each trial, with the incorrect
stimulus locked. For the first task, the criterion was 18 correct
choices on any one day. All subjects were then given 2 additional
days of overtraining. If the subject failed to get 15 correct
choices on either of the two overtraining days, training con-
tinued until he had again achieved the 18/20 criterion, and 2
days of overtraining were again administered. Only one subject
failed to hold the criterion during overtraining.

Each subject was started on the second task on the day after
it finished overtraining on the first task. Training on the shift
task continued until the subjects had achieved 18 correct choices
on any one day.

Design

One of the purposes of the present experiment requires a
comparison of performances of counterbalancing subgroups. In
order to obtain an adequate number of subjects in each sub-
group, and to keep the number of subjects at a practical total,
it was necessary to restrict the number of subgroups formed.
This restriction was accomplished in part by assigning one set
of stimuli to the first task and a second set to the second task,
rather than to counterbalance stimuli across the two tasks.
Although this procedure precludes comparison of first- and
second-task performances, it does not affect the validity of ID
and ED comparisons on Task 2. The number of subgroups was
further restricted by making positive in Task 1 only one of the
two possible cues on each relevant dimension. Since each cue on
the second-task relevant dimension was positive for some sub-
jects, the potential differential effects of generalized preferences
can still be assessed. The design is summarized in Table 1, where
four pairs of ID and ED subgroups are described in terms of the
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Table 1
Description of First and Second Tasks for Pairs of ID and ED Subgroups
Intradimensional Shift Extradimensional Shift

Subgroups Task 1 Task 2 Task 1 Task 2

1 form-circle form-square stripes-vertical form-square

2 form-circle form-X stripes-vertical form-X

3 stripes-vertical stripes-wide form-circle stripes-wide

4 stripes-vertical stripes-narrow form-circle stripes-narrow

nature of their first and second tasks. The first member of the
hyphenated pair in Table 1 refers to the dimension relevant for
a given task, and the second member refers to the positive cue
for that task. All subjects thus received as their first discrimina-
tion either a form-relevant/circle-positive or a stripes-relevant/
vertical-positive task. The first-task negative cues were horizontal
stripes or inverted triangle. The ID and ED pairs of subgroups
received identical second tasks.

RESULTS

For each subject, the number of errors through
criterion was determined separately for the two tasks.
Following Shepp and Eimas (1964), these scores were
transformed to logarithms, thereby reducing the degree
of positive skew in the distributions. The antilogarithms
of the various subgroup means are the geometric means
of the original distributions.

Original Learning

The transformed errors in Task 1 were analyzed
in a two-way factorial analysis of variance, with dimen-
sion relevant (stripes vs. forms) and type of shift (ID vs.
ED) as the two factors. The geometric mean for the task
with stripe orientation as relevant (81.5) was found to
be significantly greater [F(1,28)=41.7, p<.001]
than that with form as relevant (23.1). The remaining
two effects in this analysis were not significant (p > .05).
It may be noted that the geometric mean number of
errors on Task 1 for all subjects in the present experi-
ment (43.4) is somewhat less than half the number
(90.4) reported by Shepp and Eimas.

Shift Performance

Table 2 presents the geometric-mean errors and
sample standard deviations in Task 2 for the subgroups
defined in Table 1. There it may be seen that three of
the four ID subgroups averaged fewer errors to criterion
than did their corresponding ED subgroups. The trans-

Table 2
Geometric-Mean Errors and Standard Deviations of Subgroups
of ID and ED Shift Groups During Transfer

Intradimensional Extradimensional
Subgroups Mean SD Mean SDh
1 59 10.5 19.2 4.6
2 80.1 47.3 73.6 14.3
3 29.1 36.3 76.8 40.2
4 44.7 249 77.9 24.0
Combined 28.0 32.7 53.9 24.6

formed scores were subjected to a two-way analysis of
variance in which type of shift and subgroups were the
factors. Both type of shift [F(1,24)=6.0, p<.02]
and subgroups [F(3,24)=109, p<.001} were signifi-
cant. The critical interaction between these two factors
was not significant [F(3,24)=1.08, p > .25]. Analysis
of the raw scores provided the same pattern of results.

DISCUSSION

Despite several differences in apparatus, procedures, stimuli,
and subject population, the present experiment confirms the
results obtained by Shepp and Eimas (1964). Although the
present data appear to be considerably more variable than those
of Shepp and Eimas, there is a rather remarkable correspondence
between the two sets of means for the ID and ED transfer
conditions. Where Shepp and Eimas found geometric mean
errors of 23.2 and 56.0 for the ID and ED shift performance,
the present values were 28.0 and 53.9.

Although the magnitude of the ID-ED difference varied
somewhat among the counterbalancing subgroups, this variation
was well within the range expected, given the basic variability
in the data. There is no evidence, therefore, that the general ID
superiority was produced by favorable generalization of the
first-task instrumental response for some subgroups of ID sub-
jects. The present investigators therefore conclude that they have
replicated the basic finding of Shepp and Eimas and, given the
assessment of differential transfer of the instrumental response,
have rendered implausible the interpretation that ID superiority
is produced solely by favorable generalization of the instru-
mental response.

REFERENCES

J. W. An
intradimensional and
Journal of  Experimental

KenprLer, H. H., KenprLer, T. S., & Warbp,
ontogenetic analysis of optional
extradimensional shifts.
Psychology, 1972, 95, 102-109.

MackintosH, N. J. The psychology of animal learning. New
York: Academic Press, 1974.

RoLuiN, A. R., Suepp, B. E., & THALLER, K. A modified
Wisconsin General Test Apparatus for the rat. American
Journal of Psychology, 1963, 76, 500-502.

Suepp, B. E., & Emas, P. D. Intradimensional and
extradimensional shifts in the rat. Journal of Comparative
and Physiological Psychology, 1964, 57. 357-361.

Suepp, B. E., & Turrisi, F. D. Learning and transter of
mediating responses in discrimination learning. In N. R.
Ellis (Ed.), International review of research in mental
retardation (Vol. 2). New York: Academic Press, 1966.
Pp. 86-120.

Turrist, F. D., Sueep, B. E., & Emmas, P. D. Intra- and
extra-dimensional shifts with constant- and variable-
irrelevant dimensions in the rat. Psychonomic Science.
1969, 14, 19-20.

(Received for publication May 23, 1977.)




<<
  /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




