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ABSTRACT 

In a successive conditional discrimination, subjects were ^ 

required to learn to give a "right" response to a relatively dark gray 

(#3) and to give a "left" response to a relatively light gray (#6). After 

reaching criterion, subjects were placed in one of two groups. One 

group was given a test series of grays which contained #3 and some 

yet darker grays, while the other group was given a test series 

including #6 and yet lighter grays. The effect of placing #3 in a 

relatively darker context than in training was to bring about a 

transposition of response from "right" to "left", and , conversely, the -

effect of placing #6 in a relatively lighter context than in training was 

to effect a transposition from "left" to "right". Furthermore, it was 

found that this transposition of response occurred somewhat gradually 

during testing, since it occurred very frequently in the latter part of 

testing but not in the initial part of testing. The latency of response or 

decision time correlated well with the choice data. An adaptation-level 

interpretation was seen as most plausible of extant theories to fit the 

data. 
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INTRODUCTION 

Although a large number of studies have investigated the 

acquisition of successive discrimination problems, only a few 

(Hanson, 1959; Honig, 1962; Thomas, 1962; and Terrace, 1964) have 

tested subjects (Ss) along a single dimension in the fashion of 

generalization studies, following the acquisition of such a problem. All 

of the aforementioned studies used a task best described as a "go, no-

go" discrimination problem. That is, if on any given trial _S responds 

to the positive or rewarded stimulus (S+) , he receives reinforcement; if, 

on the other hand, S is presented with the negative or unrewarded 

o 
stimulus (S-) , he is considered "correct" though not reinforced if he 

does not respond to S-. Following this training, S. is presented with a 

series of stimuli lying on the same dimension as S+ and S-. A general

ization response is said to occur whenever S. responds to a given 

stimulus. The results of such experiments have offered contradictory 

evidence for Spence's (1937) theory of discrimination learning along a 

single dimension. 

The basis of the Spence model is comprised of two competing 

habit strengths, i.e. , responding vs. not responding, which generalize 

along a dimension to form gradients of excitation and inhibition. From 

an experimental point of view, it would be ideal to get independent 
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measurement of the two competing habit strengths at any given point 

along the dimension. However, with a "go, no~go" discrimination, one 

cannot, make such an independent measurement. Another type of dis

crimination r  the so-called "conditional discrimination ", may help to 

circumvent such difficulties. With this type of problem there are two 

S+'s, which can be termed and S2/ where response A-^ is rewarded in 

the presence of and response A£ is rewarded in the presence of S2. 

In this case A^ and are also competing responses, but unlike the 

first case A^ and A^ are independently measurable (e.g. , the latency 

of a left vs. right response) . 

A recent study by CapeharL and Pease (1968) is a better exam

ple of a conditional discrimination study. Subjects were required to 

respond "left" to a 100 gram weight and "right" to a 2.00 gram weight. 

All Ss were told that they would not be given any information as to the 

correctness of their choice after "they had learned the problem". Once 

S_ had reached criterion, he was presented with a test series of weights 

ranging from 160 to 450 gms. under the no-feedback condition. The 

most striking finding of the Capehart and Pease study was that the 

majority of Ss transposed their i-esponse to the 200 gin. weight from a 

"right" response in training to a "left" response in the testing phase. 

This transposition of response was attributed to frame of reference 

effects resulting from a test range (160-450 gms.) asymmetrically 
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distributed about the original training stimuli (100 to 200,gms.). A 

second finding was that the 250 gm. weight elicited the most ambiguous 

response pattern (i.e. , the closest to a 50-50 split of left and right 

responses) and that stimuli lighter than 250 gms. elicited a predomi

nately "left" response pattern, while those heavier than 250 gms. 

elicited a predominantly "right" response pattern. Thirdly, the latency 

of response (decision time) was greatest at the 250 gm. weight and 

decreased directly as a function of increasing distance in either 

direction from 250 gms. 

Capehart and Pease, noting that no previous theory or model 

takes into account any frame of reference effects, suggested an 

adaptation-level (AL) interpretation of their findings. Following some 

assumptions stated by James (1953) and using Helson's (1947) formula 

for calculating the AL'of a series of lifted weights, Capehart and 

Pease (1968) calculated the AL of the test series to be approximately 

248 gms. , a value corresponding most closely to the 250 gm. test 

weight. It was concluded that AL is used by jS as a dividing line for 

"right" and "left" behavior, and thus stimuli very close to AL (e.g. , 

250 gms.) should be expected to elicit a random response pattern. Con- '  

versely, those stimuli far removed from AL (e.g. , 450 gms.) are 

expected to elicit non-random response patterns. The latency data is 

explained by resorting to the notion that the more obviously a stimulus 



falls into a given category (as defined by distance from AL), the faster 

one will reach a decision. The point of longest latency, therefore, is 

expected to be at that value of the stimulus closest to AL (i.e. , 250 

gms.). The transposition of response to the 200 gm. stimulus above is 

explained by means of an AL shift. During the training phase, AL is 

said to fall somewhere between the 100 and 200 gm. weights, but in the 

course of testing is said to shift to 248 gms. , the estimated AL of the 

test series. Thus in training, the 200 gm. weight is on the side of AL 

eliciting a "right" response and in testing is on the side of AL eliciting 

a "left" response. In order to promote this complete shift in AL, an 

extensive number of test presentations must be given. Capehart and 

Pease (19 68) used five exposures each of seven test stimuli, or 35 

trials to effect the shift. For reasons of simplicity in this study, the AL 

shift was treated as if it had occurred instantaneously. More probably, 

however, the shift is considered to occur gradually (James, 1953) since 

the residual effects of the training stimuli on AL are strong at the onset 

of testing and diminish as testing proceeds. 

The present study attempted to replicate the phenomenon of 

transposition in a conditional discrimination using a stimulus dimension 

(brightness) different from that used by Capehart and Pease (weight) .  

Secondly, a test was made to see if the transposition effects reported 

above are bidirectional. That is, although these effects have been 
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obtained with a test range shifted in the direction of greater intensity, 

it remains to demonstrate the transposition findings in the direction of 

lesser intensity. Third, an attempt was made to demonstrate that any 

shift occurring in the test phase is indeed gradual. An analysis of 

consecutive blocks of test trials or test cycles should clearly reveal 

evidence pertaining to such a shift. A final purpose was to attempt to 

use the concept of AL in a strictly qualitative sense, without resorting 

to a quantitative model as did Capehart and Pease (1968) in their use 

of Kelson's (1947) weighted log mean model. This was done for several 

reasons. One, recent work by Sarris (1967) has indicated that the 

weighted log mean model is incorrect. Two, the necessity of demon

strating the value of AL theory independently of any such mathematical 

model is apparent. In a similar sense, Spence's (1937) theory of 

transposition is of value independent of an adequate psychophysical or 

mathematical model. Neither theory, however, precludes the develop

ment or use of such a model. 



METHOD 

Subjects 

Sixteen right-handed psychology students taking the intro

ductory course at The University of Arizona served as Ss . Subjects 

were assigned to one of two groups, each group being comprised of 

three males and five females. 

Apparatus 

Subjects were seated in such a way as to be able to look 

into a Scientific Prototype tachistoscope (Model G) as well as to be 

ab]e to release one of two response keys. The onset of stimulation 

(achieved by reflecting light off of a stimulus card in the tachistoscope) 

started a Hewlett-Packard electronic counter (Model 560a) , which in 

turn was stopped by Ss's releasing one of two response keys. The 

5" x 7" stimulus cards were made from the Craftint Colormatch series of 

grays by mounting them in the stimulus holders for the tachistoscope. A 

range of eight grays from dark to light (numbered from 1 through 8 

respectively) were chosen from the even numbered grays in the Craftint 

series. Reflectance values of the stimuli are listed in Table 1. 

6 
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Table 1. The reflectance values of the training and test stimuli3  

Stimulus number millilamberts log millilamberts + 1 

1 0.30 0.4771 

2 0.48 0.6812 

3 0.70 0.8451 

4 0.97 0.9823 

5 1.23 1.0899 

6 1.95 1.2900 

7 2.20 1.3424 

8 2.96 1.4713 

aThese measurements were made by means of a Gamma 
Scientific Inc. Model 700 Log-Linear Photometer. 



Procedure 

Upon entering the experimental room, J3 was seated in front of 

the tachistoscope and given his instructions. (See Appendix A for the 

complete instructions) .  Each S_ was told that he would be presented 

with a series of stimuli one at a time, and that some stimuli called for 

releasing a key depressed by his right hand, while other stimuli called 

for releasing a key depressed by his left hand. If he were correct in 

his choice of a "right" or "left" response he was told "YES" and if 

incorrect, he was told "NO". Each S was told to respond as 

accurately as possible. Finally, S_ was warned that he would no longer 

be told whether he was correct or not after "a while", and that this 

should not disturb him. 

Following instructions the experimenter answered questions 

about the task. Discrimination training was then given, half of the Ss 

being required to respond with the right key if a light intermediate 

gray (#6) were displayed and to respond with the left if a dark inter

mediate gray (#3) were shown, while the remaining Ss were required to 

respond left to #6 and right to #3. If S. had both keys depressed to 

indicate that he was ready, he was shown a particular stimulus for 2 

seconds, during which time he gave his response by releasing the 

appropriate key. Each trial took approximately 6 seconds. 
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Once jS reached the criterion of 10 consecutive correct 

responses he was reminded that he would no longer be informed of the 

correctness of his choices. Five additional training trials were then 

given to each S.. Immediately following this procedure, Ss were 

presented with one of two series of test stimuli with no indication to S. 

that anything novel was occurring. One series consisted of four 

stimuli, #1 through #4, including one of the original training stimuli 

(#3) and excluding the other (#6) .  The other series consisted of 

stimuli #5 through #8 , including #6 and excluding #3 . Thus , half of 

the Ss were shifted down to the dark end (#1 - #4) and designated 

Group D, while the other half were shifted U£ to the light end and 

designated Group U. All Ss were given 8 blocks of 4 test trials, or 32 

trials. A block consisted of one presentation each of the four test 

stimuli, which were presented in random order within each block. 

Upon completion of the test trials, Ss were asked (a) to 

indicate if they noticed any change from the beginning to the end of the 

experiment, (b) if so, to indicate the nature of that change, and (c) to 

estimate the number of different stimuli in the experiment. 



RESULTS 

Acquisition Data 

Group U required a mean of 20.6 trials to reach criterion, 

ranging from 3 to 55 trials, whereas Group D needed only 13.6 trials 

to reach criterion, ranging from 3 to 33 trials. However, this difference 

is not significant (t_ = 1.34, df = 14, jp> 0.05). The mean decision 

time for Group U was slightly longer than that of Group D (1045 vs. 

1009 milliseconds) but, again, this difference was not significant (t_= 

1.07, df = 14, £> 0.05). 

Choice Data 

For the sake of simplicity, the responses of all Ss were 

analysed as if they were preceded by training a "left" response to #6 

and a "right" response to #3. Of course, this was the case for only 

half of the Ss, the remainder having received exactly the opposite 

training for purposes of counterbalancing. For this analysis, the 

responses of this latter group were transposed, i.e. , from "left" to 

"right" or from "right" to "left", from the actual recorded response. A 

two-way analysis of variance with repeated measures was used to 

analyse the choice data. Group U and Group D were combined by 

pairing the comparable stimuli in each group, (i.e. , #1 and #8, #2 and 
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#7, #3 and #6, and #4 and #5) which yields a design with 2 directions 

factorially combined with 4 stimuli, and 8 Ss nested in each of the 2 

directions. The proportion of right or left responses served as the basic 

score. Table 2, listing the sources of variance for this analysis, 

indicates that there are no significant effects except that due to 

stimuli (F = 108.89, df = 3/42, p.< 0.01) . 

The effect of stimuli for each group (U and D) is depicted in 

Figure 1. It appears that the dividing line for right-left behavior falls 

between #2 and #3 for Group D and between #6 and #7 for Group U. 

Secondly, a transposition of response appears to have occurred with #3 

and #6. In training, it will be recalled, #3 was associated with a 

right response and #6 with a left response, whereas in testing #3 was 

associated with predominantly left responses (67%) and #6 predominant

ly right responses (67%). A contrast is afforded by Ss' choices on the 

last 5 training trials which were given under conditions (i.e. , no 

feedback) identical with the test trials. Of the 40 exposures of #3, Ss 

responded with 40 "right" responses and of the 40 exposures of #6, Ss 

responded with 40 "left" responses. 

Analysis of choice frequencies over consecutive blocks of 

test trials reveals that this transposition of responses to #3 and #6 

occurs somewhat gradually over several blocks of test trials (test 

cycles) as depicted in Figure 2. The test cycle designated as "A" in 
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Table 2. The analysis of variance for choice data 

Source of variance df MS F P 

Between Subjects (15) 

Groups 1 547 1.93 > 0.05 

error b 14 283 

Within Subjects (48) 

Stimuli 3 23,849 108.89 < 0.001 

Stimuli x Groups 3 342 1.56 • >0.05 

error w 42 219 
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Figure 2 represents the block of 5 training trials without feedback 

referred to above, hence only #3 and #6 are represented. The test 

cycles marked 1-8 represent 8 consecutive blocks of 4 trials, with 1 

presentation of each of the 4 test stimuli per block. The rather 

dramatic transposition of a right response tendency to a left response 

tendency in the case of #3, and the similar but opposite transposition 

in the case of #6, both appear to be completed by the third test cycle, 

in transition in the second cycle, and just starting in the first cycle. 

This change contrasts with the relative stability of the choice responses 

to the other test stimuli. 

Latency Data 

A design similar to, but more complex than, that used in the 

analysis of the choice data was employed in the examination of the . 

decision time or latency data. The addition of the variable of Test 

Cycles was possible because latency of response was recorded for 

every test presentation. Table 3, listing the sources of variation in 

this analysis, indicates three significant effects: Stimuli, Groups x 

Stimuli, and Groups x Test Cycles. 

The effect of stimuli appears to be the most powerful (F = 

15.91, df = 3/42, p_< 0.001) and reflects the tendency for short 

latencies to be associated with the extreme values of the test series 

(i.e. , #1 and #4 and #5 and #8), while longer latencies were 
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Table 3. The analysis of variance for latency data 

Source of variance df MS F P 

Between Subjects (15) 

Groups 1 102,707 1 .00 >0 .05 

error b 14 268,977 

Within Subjects (496) 

Stimuli 3 344,756 15 .91 <0 .001 

Test Cycles 7 21,708 1 . 14 >0 .05 

Stimuli x Test Cycles 21 25,505 1 .50 >0 .05 

Groups x Stimuli 3 84,893 3 .91 <0 .05 

Groups x Test Cycles 7 46,216 2 .30 <0 .05 

Groups x Stimuli x 
Test Cycles 21 9,202 1 .00 >0 .05 

Subjects in Groups x 
Stimuli 42 21,660 

Subjects in Groups x 
Test Cycles 98 20,020 

Subjects in Groups x 
Stimuli x Test Cycles 294 16,936 

-* 



associated with the central values. Perhaps a better idea of the effect 

of stimuli can be obtained by viewing Figure 3, which represents the 

significant Groups x Stimuli interaction (F = 3.91, df = 3/42, p>- 0.05). 

The interaction stems primarily from the fact that the latency to #4 is 

longer relative to its counterpart in Group U, #5, though both groups 

appear to follow the same general trend (i.e. , quadratic) .  To test this 

notion, a trend analysis for unequal intervals (Gaito, 1965) for each 

separate curve in Figure 3 was performed. The curves for both Group D 

and Group U have significant quadratic trends, (F = 21.47 and F = 

28.49, respectively, df = 1/21, jdcCO.OI), but neither curve has a 

significant linear or cubic trend. The significant Groups x Test Cycles 

interaction (F = 2.30, df = 7/98, p.«<0.05) reflects the tendency for 

Group U to get progressively shorter latencies as test cycles increase, 

while Group D remains relatively unchanged in this respect across test 

cycles. 

An analysis of latencies to stimuli across test cycles was 

undertaken to see if any changes occurred comparable to changes in 

the choice data across test cycles. Figure 4 depicts the latencies to 

stimuli in each of the first four test cycles for both Group U and Group 

D. The latency pattern for Test Cycle 1 (Figure 4-A) appears to be 

somewhat linear for both groups with the longest latencies-associated 
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with #4 for Group D and #5 for Group U, and the shortest latencies with 

#1 and #8 respectively. This linearity is somewhat contrary to the 

overall pattern (Figure 3) .  The second cycle, depicted in Figure 4-B, 

is dominated by no particular trend and may be a combination of 

several trends. However, a strong quadratic emerges in Figure 4-C 

(the third test cycle) and remains in the next cycle (Figure 4-D) . Test 

Cycles 5-8 are not depicted in Figure 4 because they are highly 

similar to the inverted U of Figure 4-D and 4-C. Trend analyses for 

unequal interval (Gaito, 1965) were done on each test cycle for each 

group. The sixteen analyses, the results of which are listed in Table 4, 

tend to corroborate the above analysis. Both groups approach signifi

cance for a linear trend in the first cycle, but show no quadratic or 

cubic trend. The second cycle shows no trend at all while the third 

cycle shows a tendency toward a quadratic trend and no other. All of 

the remaining cycles show either a definite trend or a tendency toward 

the quadratic, but to no other trend. 

Verbal Data 

In response to the questions asked of each .S at the end of the 

experiment, only 3 of 16 Ss (one from Group D and two from Group U) 

could correctly express the nature of the change in the experiment 

(i.e. , the addition of lighter or-darker stimuli) .  These 3 Ss, however, 

responded in the test series in a fashion virtually identical to that of 
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Table 4. Trend analyses for Group D and U over test cycles3  

Group D Group U 

Test Cycle linear quadratic cubic linear quadratic cubic 

1 .10 NS NS .10 NS NS 

2 NS NS NS NS NS NS 

3 NS .10 NS NS .10 NS 

4 NS .05 NS NS .10 NS 

5 NS .05 NS NS .05 NS 

6 NS .10 NS NS .10 NS 

7 NS . 10 NS NS . 10 NS 

8 NS .05 NS NS .05 NS 

a 
An entry of .  05 indicates that anF (F = 4. 32, df = 1/21. 

-05) was obtained. Likewise an entry of .10 indicates that an F 
(F = 2.96, df = 1/21, jdc.10) was obtained. The designation "NS" 
indicates non-significance (£<£. .10). 



the other Ss. Subjects estimated a mean number of stimuli used in the 

experiment to be 3.7, with a range from 2 to 7 stimuli. For a given 

group, 5 different stimuli were actually used, thus Ss tended to under

estimate the number of stimuli. 



DISCUSSION 

The results of this study support the Capehart and Pease 

(1968) finding of a transposition of response in a conditional discrim

ination situation, using a stimulus dimension different from theirs 

(brightness vs. weights). Secondly, it has been demonstrated that this 

transposition of response can occur with shifts of stimulus contexts in 

the direction of lesser intensity (Group D) as well as with shifts in the 

direction of greater intensity (Group U). Third, it has been demon

strated that this phenomenon of transposition tends to occur gradually 

in the testing phase of the experiment. 

The adaptation-level (AL) interpretation that Capehart and 

Pease applied successfully to their findings can also provide the focus 

for the interpretation of the data in this study. It would be assumed in 

this study that in training, Ss learn to give a right response to stimuli 

brighter than AL and to give a left response to stimuli darker than AL. 

AL is assumed to be somewhere between #3 and #6 in training. There 

are two basic predictions that follow rather directly from these assump

tions. One, stimuli close to AL should be difficult to place in one 

category or another and thus a random pattern is expected; conversely, 

stimuli far from AL should be easy to place in a category and a non-

random response pattern is expected. Two, it should take more time to 
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decide which category a given stimulus belongs to if it is hard to de

cide which one it belongs to, and conversely, less time if it is easy to 

place it in the appropriate category. In brief, stimuli close to AL 

should be associated with notably longer latencies than stimuli far 

from AL, and with random response patterns , while stimuli far from AL 

will be associated with shorter latencies and non-random response 

patterns. 

At the onset of testing, AL is still said to be between #3 and 

#6, and, therefore, the stimuli lying close to this point (#4 for Group D 

and #5 for Group U) should show random choice behavior and the 

longest latencies, at least on the first test cycle. Examination of the 

first cycle data for choice data (Figure 2) and latency data (Figure 4) 

indicates that this is the case. There is strong indication in the choice 

data in Figure 2 that the shift is starting during this first cycle in that 

the response frequency of right responses has dropped from 1.00 to 

0.75 for #3 and from 1.00 to 0.75 frequency of left responses for #6. 

During Test Cycle 2 for both choice and latency data, AL appears to be 

at or near the original training stimuli (#3 and #6) , while in the third 

cycle AL appears to have shifted beyond the training stimuli to its 

ultimate location: somewhere between #2 and #3 for Group D and 

between #6 and #7 for Group U. On the surface, these appear to be 

reasonable locations for the ALs of these test series. 
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The transposition of response to #3 and to #6, then, is 

explained in terms of an AL shift: #3 is on the "right" side of AL in 

training and in the very first part of testing, but eventually ends up on 

the "left" side of AL; similarly, #6 goes from the "left" side to the 

"right" side. This is a theoretical way of stating that #3 is relatively 

dark in training, but becomes relatively light in the presence of #1 and 

#2, and that #6 is relatively light in the training session, but becomes 

relatively dark in the test phase in the presence of #7 and #8. 

At first glance, the significant Groups x Stimuli interaction 

shown in Figure 3 appears somewhat incompatable with an AL interpre

tation. However, it must be remembered that simple analysis of 

variance does not take into account the physical distance between 

stimuli. The interaction appears to be largely due to the fact that the 

latency to #4 is slower than #5. Inspection of Table 1 shows that #4 is 

considerably closer to the adjacent stimulus and to the middle of the 

test range than is #5 to its adjacent stimulus and middle of the test 

range. Trend analysis which does take into account the distance 

between stimuli indicates the same trend (quadratic) for both groups and 

the absence of a linear trend for Group D supports the assertion that 

unequal distances are responsible for the interaction. On the other 

hand, the Groups x Test Cycle interaction is not easily interpretable. 

Though the fact that the latency of test responses for Group U decreased 



with increased test trials while that of Group D remained the same is 
Cr 

interesting, it is not of main interest to this study. Perhaps the 

greater number of training trials that Group U received is related to this 

interaction. 

The findings of this study and those of Capehart and Pease 

(1968) both pose problems for any approach that postulates that habit 

strength becomes associated with a particular stimulus value. Such an 

approach would have difficulty explaining the "habit reversal" occurring 

with #3 and #6 in the course of testing in the absence of any reinforce

ment or feedback. The possibility that verbal events interfered with 

learned habits is somewhat diminished by the finding that only 3 .Ss out 

of 16 detected any change in the course of training and testing. A habit 

strength approach could perhaps be reconciled with the current findings 

by defining the stimulus with reference to AL. Stimuli with a similar 

relationship to AL would be perceived as similar, and thus evoke like 

responses. 

The suggestion that the withdrawal of explicit knowledge of 

results (KR) in the testing phase is somehow responsible for the 

transposition of response can be evaluated by looking at the results of 

the last five training trials (Test Cycle "A"). Although KR was withheld 

on these five trials Ss responded exactly as in training, but the first 

time the test series were introduced, shifts in response began to occur. 



27 

This is not to say that KR plays no role in this phenomenon. Clearly, 

giving .S KR during the test series would lead S. to respond quite 

differently to at least the original training stimuli. 

An AL interpretation of this data seems to be quite appropriate, 

at least in this situation, for the generalizationjof a successive 

conditional discrimination. The theory could be potentially quantified 

to the point where exact probabilities or latency can be predicted on an 

a priori basis. Until that point, however, the AL approach appears 

useful in a qualitative sense. 

] 



APPENDIX A 

ORAL INSTRUCTIONS 

I'm asking you to make some judgments concerning visual 

stimuli. When you are ready you will push down both keys in front of 

you and look into the opening of the tachistoscope. I will show you a 

stimulus and then you will make your response. You will make your 

response, not with words, but by releasing either the left key or the 

right key but never both. Your task is to figure out which stimuli call 

for a "left" response and which stimuli call for a "right" response. 

Start out by guessing, and after each guess I will tell you whether or 

not you are correct by saying "YES" if you are correct and "NO" if you 

are incorrect. You are to respond as quickly and accurately as you can. 

After a certain number of trials I will no longer tell you if you are cor

rect or not. Don't let this disturb you. Keep on responding as before. 

Are there any questions? 

28 
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