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Relative sample control: A quantitative
procedure for assessing transfer effects in

conditional discrimination problems
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A three-key paradigm was used to compare acquisition and transfer performance on two
conditional discrimination problems: matching and oddity, After a stable level of performance
was achieved on the initial task, a novel transfer stimulus was administered. Equivalent
amounts of transfer were observed for both matching and oddity when the data were analyzed
by a measure (relative sample control) that reflected the relative degree to which the sample
stimulus controlled behavior. The position is advanced that these data can be interpreted
directly on the basis of well-known transfer parameters (e.g., stimulus similarity and response
compatibility) without requiring any special assumptions concerning the coding of the sample
stimulus. Additionally. the type of data analysis employed was found to be a useful technique
for evaluating conditional discrimination results when possible response biases are present.

The assessment of transfer effects in conditional
discrimination experiments is critically dependent upon
the selection of baseline performance estimates against
which transfer results are compared. A survey of the
literature , however, reveals a lack of consensus with
regard to what constitutes an appropriate baseline. For
example , baseline performance estimates have included
50% correct (Cumming & Berryman, 196 I), greater
than 50% (Berryman , Cumming, Cohen, & Johnson,
1965), and less than 50% (Farthing & Opuda, 1974) .
These inconsistencies are largely attributable to the use
of novel transfer stimuli that frequently introduce
response biases, causing experimenters to adopt various
implicit and ad hoc baseline estimates. (See Sidman,
1980, for a more complete discussion of how various
types of stimulus-control factors and related response
biases may produce misleading conclusions in condi
tional discrimination experiments .) Whileseveral"experi
mental" solutions to the problem have been proposed,
including preexposure to novel stimuli (Farthing &
Opuda, 1974; Zentall & Hogan, 1978) and incorporating
orthogonal transfer stimuli to avoid generalization
effects (Zentall & Hogan, 1974), the present article
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offers an altemative "statistical" procedure for assessing
transfer effects that controls for possible response ten
dencies associated with the introduction of novel stimuli.

Assume that during the transfer phase of a matching
to-sample experiment a yellow stimulus is substituted
for red in all original red-green stimulus configurations.
First, percent choice to the novel stimulus is calculated,
and then a difference score (percent choice to yellow
when it was correct minus percent choice to yellow
when it was incorrect) is computed. This score repre
sents a measure of the relative degree to which the
sample stimulus controls performance in the transfer
situation, with higher scores indicating greater degrees of
control. If a pigeon selected the yellow comparison 80%
of the time when it served as both the sample and
correct comparison and only 30% when it served as the
incorrect comparison , the 50% difference score repre
sents a high degree of sample control. On the other
hand, if a pigeon selected yellow 80% of the time when
it served as the sample and correct comparison and 78%
of the time when it served as the incorrect comparison,
the 2% difference score indicates little sample control. In
the latter case, performance is controlled by an uncondi 
tional preference for the yellow stimulus. In the "high"
and "low" sample-control examples , the novel stimulus
was included as both the correct comparison for one
stimulus pair and the incorrect comparison for the
other stimulus pair. Consequently, any potential biases
associated with the introduction of the novel stimulus
would not be expected to differentially affect the
results. The potential usefulness of the statistical treat-
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data for Session 4 were lost due to a data processing
failure). Rate of acquisition was much faster for the two
matching birds than for the two oddity birds. These
results are consistent with the conclusion of Carter and
Werner (1978) that the rate of acquisition of a con 
ditional discrimination is determined by the number of
rules that must be learned. Thus, matching accuracy
should be acquired more quickly than oddity accuracy,
since. there are twice the number of rules to be learned
per sample stimulus in a three-key oddity paradigm
(e.g., "if red, peck green" and "if red, peck blue ")
compared with a three-key matching situation , in which
only a single rule must be learned (e .g., "if red , peck
red").

Transfer
The transfer data shown in Figure 1 include responses

to combinations involving the transfer stimulus (yellow),
as well as to the red-green combinations that were used
in acquisition. These data indicate that matching sub
jects attained a higher degree of accuracy than did
oddity subjects. This is the same relationship observed
in acquisition ; however, during transfer, the lower level
of asymptotic performance of the oddity birds is more
evident. Apparently, the larger number of rules neces 
sary for three-key oddity affects both rate of acquisi
tion and asymptotic performance.

Transfer data, such as those presented in Figure 1,
are typically further analyzed to identify the degree to
which the various combinations of novel and familiar
stimuli contribute to overall accuracy. However, the
results of these analyses, based on percent accuracy
scores, are critically dependent upon the type of baseline
selected. This is well illustrated by the following example,
in which two matching experiments obtained essentially
the same effect-substantially less than 50% accuracy for
stimulus combinations involving the yellow transfer
stimulus as both the sample and correct comparison
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METHOD

ment, suggested by the preceding analysis, was assessed
in the present experiment , in which a "novel" (less
familiar) stimulus was used as the transfer stimulus.

Apparatus
Four Lehigh Valley operant chambers were used. Each was

enclosed in a plywood box insulated with acoustical ceiling tile.
Masking noise and ventilation were provided by two 100-CFM
Dayton blowers. Three translucent (Perspex) response keys,
2.54 em in diameter, were arranged horizontally. The stimuli
(red, green, yellow, and blue) were rear-projected on the keys by
In-Line Digital Units . Directly below the center key was a
5.08-cm-square aperture giving access to a mixed-grain hopper.
General illumination was provided by a houselight located above
the center key. All experimental contingencies and response
measures were programmed and recorded by a PDP-8/1 com
puter located in a separate room .

Subjects
Four naive male White Carneaux pigeons (Palmetto Pigeon

Plant) were maintained at 80%of their free-feeding body weights
thro ughout the experiment. All animals were individually housed.

Procedure
Pretraining. After the pigeons were trained to approach and

eat from the hopper, an auto shaping routine was used to establish
pecking to the two side keys. During autopecking, one of the
side keys was illuminated. Reinforcers were presented 8 sec
following stimulus onset or immediately following a peck to the
illuminated key. The order of hue presentation was randomly
varied within each block of eight trials so that each individual
hue was presented once on the left key and once on the right
key. Throughout the experiment, daily sessions consisted of 144
trials with a 25-secintertrial interval. Allbirds pecked consisten tly
after seven sessions.

Chaining. The chaining phase consisted of 12 sessions. Within
each session, all trials began with the illumination of the center
key. A single peck to the center key illuminated one of the side
keys, and a single peck to the side key resulted in the operation
of the hopper mechanism for 3 sec and the simultaneous darken
ing of all keys. All four hues appeared an equal number of times
on the center key and each side key; the center key and illumi
nated side key matched on half the trials and mismatched on
the other half. No food was given for pecking the center key ..

Discrimination. Two birds were selected at random as match
ing subjects and two, as oddity subjects. Each trial began with
the illumination of the center (sample) key with one of three
hues : red, blue, or green. A single peck to the center key resulted
in the offset of both side keys while the center key remained
illuminated. A single peck to a side key resulted in the offset
of the key lamps, followed by either 3 sec of access to grain or
3 sec of blackout, depending on whether or not the correct
choice was made. Selection of the comparison stimulus that
matched the center stimulus was correct for matching birds,
and selection of the comparison stimulus that was different from
the sample was correct for the oddity birds. Matching birds
acquired the task more quickly and were given 29 sessions, with
a 5-day rest during Days 26-30. Oddity birds received 34 con
secutive days of training .

Transfer. Conditions during transfer were identical to those
during the discrimination phase, except that a yellow light was
substituted for the blue light. There were 15 transfer sessions.

Acquisition
Figure 1 shows percent correct responding during

acquisition and transfer for each bird (all acquisition

Figure 1. Percent correct for matching and oddity birds
during acquisition and transfer with three hues. During training,
the stimuli were red, green, and blue. In transfer, a yellow
stimulus was substituted for the blue stimulus.
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Table 1
Percent Choice of Yellow (Pl , P2, P3, P4) on 1st Day of Transfer for Stimulus Configurations

Involving Red and Yellow and Green and Yellow

Green- Yellow Configurations Red- Yellow Configurations

Matching Oddity Match ing Oddity

Sample/ Role of Role of Sample/ Role of Role of
Choices* Yellowt PI P3 Yellow] P2 P4 Choices* Yellow] PI P3 Yellow] P2 P4

G/GY 0 25 + 62 88 R/RY 8 33 + 54 38
Y/GY + 50 67 8 17 Y/RY + 29 42 25 33

Difference 50 42 54 71 Difference 21 9 29 5

Note-Difference =correct minus incorrect. *G =green; Y =y ellow; R =red. t- '" incorrect; + '" correct.

stimulus-but because of the type of baseline selected,
different conclusions concerning the presence of transfer
were advanced. Cumming, Berryman , and Cohen (1965)
used 50% correct responding ("chance") as the baseline
and concluded that negative transfer occurred . In
contrast, Farthing and Opuda (1974) argued that a
baseline of less than 50% would be more appropriate,
due to a tendency to avoid yellow, and consequently,
they concluded that negative transfer did not occur .

Taken together, these and other studies suggest that
increased attention should be directed toward determi 
nation of appropriate baselines. One way to deal with
this issue is to calculate the relative degree to which
the sample stimulus controls performance. Since this
procedure uses identical comparison pairs in combina
tion with various sample stimuli, any bias related to
novelty will be constant over the comparison stimuli.
The results obtained from this type of analysis for
Day 1 of transfer are shown in Table 1, in which the
various comparison stimulus combinations were first
grouped into color pairs (geen-yellow, red-yellow) and
then the percent choice to the novel (yellow) stimulus
was calculated. (Red-green color pairs were excluded,
since performance remained similar to that displayed
during acquisition .) A difference score (percent choice
of yellow when it was correct minus percent choice of
yellow when it was incorrect) was subsequently com
puted for each comparison pair. This score represents
a measure of relative sample control, with the higher
scores indicating a greater degree of transfer. Table 1
shows that all oddity and matching birds had relatively
large difference scores attributable to the sample stimu
lus for green-yellow combinations, but smaller differ
ence scores for red-yellow combinations. In fact, one
matching and one oddity bird showed less than a 10%
difference for the red-yellow combinations, indicating
almost no sample control.

The present results suggest that stimulus generaliza
tion may play a major role in determining relative
sample control, with the reduced control for the red
yellow combination reflecting a high degree of stimulus
generalization between the comparison stimuli . This
contention is supported by previous research (Wright,

1972; Wright & Cumming, 1971) revealing a greater
tendency for generalization to occur for wavelengths
in the red-yellow range than for those in the yellow
green range in paradigms such as matching to sample.
When the results are viewed in this manner, no special
assumptions concerning the acquisition of new "coding"
responses for the sample stimuli are needed to interpret
the data (see Carter & Werner, 1978). This suggestion
is underscored when the experimental data that pro
vided the original impetus for the coding hypothesis
(Berryman et aI., 1965; Cumming & Berryman , 1961)
are reanalyzed by the method employed above: The
same type of relative sample control is observed.

In conclusion, we have found that "relative sample
control" is a convenient technique for examining con
ditional discriminat ion data when various response
biases may be present. It avoids the necessity of making
a priori assumptions about the manner in which possible
response biases (both approach and avoidance) may
influence the data . It also facilitates comparisons between
matching and oddity paradigms that are differentially
affected by biases toward the novel stimuli. However,
although we see that "relative sample control" serves
a useful function, it should not be used in lieu of experi
mental manipulations that empirically eliminate or
control sources of response bias.

REFERENCES

BERRYMAN, R., CUMMING, W. W ., COHEN, L. R., & JOHNSON,
D. F. Acquisition and transfer of simultaneous oddity.
Psychological Reports, 1965,17,767-775.

CARTER, D. E., & WERNER, T. J. Complex learning and informa
tion processing by pigeons : A critical analysis. Journal of the
Experimental Analysis ofBehavior, 1978, 29, 565-601.

CUMMING, W. W., & BERRYMAN, R. Some data on matching
behavior in the pigeon . Journal of the Experimental Analysis
ofBehavior, 1961,4,281·284.

CUMMING, W . W., BERRYMAN, R., & COHEN, L. R. Acquisition
and transfer of zero-delay matching. Psychological Reports,
1965,17,435-445 .

FARTHING, G. W., & OPUDA, M. J. Transfer of matching-to
sample in pigeons . Journal of the Experimental Analysis of
Behavior, 1974,21,199-213.

SIDMAN, M. A note on the measurement of conditional discrirn-



248 TOMBAUGH, TOMBAUGH , AND SANTI

ination. Journal of the Experimental Analysis of Behavior,
1980,33, 285-290.

WRIGHT, A. A. Psychometric and psychological hue discrimina
tion functions for the pigeon. Vision Research, 1972, 12,
1447-1464.

WRIGHT, A. A., & CUMMING, W. W. Color-naming functions
for the pigeon. Journal of the Experimental Analysis of
Behavior, 1971,15 ,7-17.

ZENTALL, T. R., & HOGAN, D. E. Abstract concept learning in

the pigeon. Journal of Experimental Psychology, 1974, 102,
393-398.

ZENTALL, T. R., & HOGAN, D. E . Same/different concept
learning in the pigeon: The effect of negative instances and
prior adaptation to transfer stimuli. Journal of the Experimental
Analysis ofBehavior, 1978,30,177-186.

(Received for publication January 26, 1982.)



<<
  /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




