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ABSTRACT 

Strategies and task-related hypotheses were studied 

in a probability learning situation. Color predictions 

(red versus black) on a sequence of 150 playing cards rep

resented the dependent measure of probability learning. 

Subjects' hypotheses and strategies were assessed via self-

report questionnaire devices. 

Subjects (112 female college student volunteers) 

were randomly assigned to one of four card-cue sequences: 

The control sequence contained no face cards (kings, queens, 

or jacks). In the three experimental sequences, occurrence 

of face cards was varied systematically, providing task-

irrelevant cues for prediction strategies. The proportion 

of "red" and "black" stimuli remained the same in all 

sequences. 

Half the students in each treatment had face-to-face 

contact with the experimenter throughout the session. For 

the remaining half, the experimenter was concealed behind 

a screen. After 150 probability learning trials, subjects 

could choose if they wished to stop or to continue. 

Strategies and hypotheses were assessed at several 

points during probability learning: after trials No. 30, 

75, and 120, and at the end of the learning task. This 
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ix 

last questionnaire also assessed subjects' conjectures 

about the purpose of the study and perceptions of the rela

tive frequencies of the binary events. 

Card-cue sequences had no effect on probability 

learning. An incremental function, indicating increased 

choice of the dominant alternative, and reaching asymptote 

at the level of the actual event probabilities, was obtained. 

The social contact variation did not affect learning. 

None of the experimental manipulations influenced 

strategy-or-hypothesis-development. Rather little covert 

hypothesis-formation was found; instead, most subjects 

predicted the events on a trial-by-trial basis. Likewise, 

subjects' willingness to continue on the learning task after 

the mandatory 150 trials proved unrelated to card-cue or 

social variations. 



INTRODUCTION 

In his statistical theory of learning, Estes (1950) 

developed an elegant and parsimonious mathematical approach 

to human learning and information processing. The goal was 

to account for aspects of human learning by deriving quan

titative relationships among subjects' response probabil

ities and such commonly used dependent measures as response 

frequency and latency. No claims were made that subjects' 

covert strategies and hypotheses were being tapped in the 

traditional probability learning situation. However, it 

was assumed that cognitive processes were largely irrelevant 

to the development of generally valid and useful learning 

principles, and subjects' overt responses were considered 

sufficient information for deriving conclusions about human 

learning processes. This approach to human learning was 

thus analogous to the methodologies used in animal experi

mentation. 

The prototypic probability learning task (Humphreys, 

1939) involves two lights which are programmed to appear, 

one at a time, in random sequence. Each light has a spe

cific, p're-determined probability of occurrence. The sub

ject is instructed to predict on each trial which of the 

two visual events will occur next. The feedback of having 
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predicted correctly is considered to serve as "reinforce

ment." It has been consistently found that, over many 

trials, subjects tend to predict the alternatives at approx

imately the frequency with which they actually appear, thus 

matching the event frequencies through their own responses. 

This has been considered an example of conditioning, in 

which choices of the more frequent alternative are rein

forced more often, thus leading to gradually increasing 

preference for the dominant event. Responding is predicted 

to reach asymptote at the level of the actual frequencies 

(probability of occurrence) of the binary stimulus series. 

Feedback, of having been "correct" on a given trial is thus 

seen as increasing the probability that the subject will 

choose the same alternative again on the next trial. Feed

back of having been "incorrect" on any given trial is, con

versely, expected to decrease the probability of subsequent 

choice of that alternative. 

The two-choice light task has been used, with some 

modifications, in numerous studies of probability learning 

(e.g., Estes and Burke, 1957; Estes and Straughan, 1954; and 

Schipper and Knerr, 1970). 

In an extensive review of the probability learning 

literature, Estes (1964) reaffirmed his stance that the 

phenomenon of probability matching is "evidence for the per

vasive operation of a relatively simple form of condition

ing or associative learning (p. 121)." More recently, 



however, human learning research has shifted away from 

interpreting data strictly on the basis of S-R associations 

or simple conditioning and reinforcement processes. Rogers 

(1966), using a probability learning task, asked subjects to 

verbalize their strategies and hypotheses after every five 

trials. He found that subjects engaged in rather elaborate 

cognitive activity, generating and testing numerous task-

related hypotheses. Lordahl (1970) found that subjects 

attempt to code a random series of events into recurrent 

patterns, trying to store and retrieve these sequences 

should they recur. Estes himself (1972) recently moved 

away from a strictly associationist position, and treated 

subjects' cognitive activity as an integral part of the 

probability learning domain. 

To further elucidate subjects' cognition, and to 

ascertain what meanings people attribute to the probability 

learning task, Rosenthal (1973) conducted an experiment in 

which adults were run individually and in like-sexed pairs. 

Humphreys' task was employed, and the instructions were 

adapted from Estes and Straughan's (1954) experiment. The 

single (control) subjects performed 150 trials alone. One 

member of the (experimental) subject pairs performed the 

task for 75 trials, under the scrutiny of his partner. Then 

the observer performed the remaining 75 trials alone. 

The results showed that performance by the subjects 

who had observed probability learning on trials 1-75, 
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performing the task on trials 76 through 150, did not differ 

significantly from the performance of control subjects on 

trials 76 through 150. The control group had directly en

gaged in the learning task on all trials. The observers 

did not emit any predictions on trials 1 through 75; con

sequently, they did not receive any "reinforcement" which 

could have increased their preference for the dominant al

ternative. It appeared that the observers attended to the 

overall configuration of the binary events, rather than to 

the feedback provided on discrete trials, and thus acquired 

an abstract standard through observation of differential 

probabilities of occurrence of the two alternatives. 

The foregoing data were analyzed in terms of ten 

blocks of 15 trials each. Subjects showed highly increased 

preference for the dominant alternative on blocks three and 

seven. Although choices of the dominant alternative roughly 

matched the actual probabilities on the last four trial 

blocks, performance among blocks was variable and a mono-

tonically increasing learning curve was not obtained. Thus, 

subjects did not, as predicted, gradually increase their 

choices of the dominant alternative. Instead, the dominant 

side was selected with high frequency on the third trial 

block, with prediction frequency exceeding the actual prob

ability of the event. On trial blocks four and five, 

choices of the dominant side were reduced drastically. 

Preference for the dominant alternative resumed on block 
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six, and reached another peak on block seven. Block eight 

again revealed lower preference for the dominant side, but 

choices increased on blocks nine and ten. 

The differences in choice behavior among the trial 

blocks were statistically highly significant. 

All subjects reported their strategies and task-

related hypotheses on post-experimental questionnaires: 

Most learners (68.14 percent) stated they attempted to find 

recurrent patterns in the sequence of lights. Many subjects 

(25.63 percent) also conjectured that the purpose of the 

experiment was to determine whether they could successfully 

detect and replicate the "patterns" of the (random) sequence. 

Many subjects sought guidance for their predictions from 

task-irrelevant cues such as the clicking of the apparatus 

and the brightness of the lights. These self-reports cohere 

with other data. Thus, Tversky and Kahneman (1974) report 

that the apparent regularities and "runs" (successive occur

rences of the same event) which necessarily occur in truly 

random sequences are highly incongruent with the layperson's 

expectations about the nature of random events. Hence, 

subjects' pattern-seeking strategies appear to be reinforced 

by the presence of coincidental regularities, "confirming" 

the subjects' perception that the sequence involves some 

order and is not actually random. 

In Rosenthal's (1973) experiment, the sequence of 

events was randomized over the two blocks of 75 trials each. 
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with all subjects receiving the same sequence. College 

students' proclivity to approach an unfamiliar task with a 

problem-solving orientation, and subjects' perception that 

regularities and runs are incongruent with randomness, 

probably accounted for the failure to obtain an incremental 

learning curve in this study. If all subjects receive the 

same sequence, any departure from the layperson's expecta

tion of randomness might be noticed by all subjects at ap

proximately the same time. This, in turn, may influence 

subjects' predictions in similar ways, preventing the de

velopment of stable matching responses. On the other hand, 

the consistency with which people attended to the sequen

tial configuration of events may, in itself, contradict a 

strictly associationist interpretation of probability learn

ing: Subjects may have used the inadvertent runs and regu

larities of events to guide their predictions, responding 

to the configurations of events rather than to discrete 

trials. With individual randomization, the effects of se

quential configurations on subsequent choices are not re

trievable because every subject receives, and responds to, 

a different sequence. In this procedure, the mean number 

of choices (per trial block) of the dominant alternative 

may well assume the shape of an incremental learning curve. 

At the same time, the cognitive processes which take place 

in the individual subject, and which may provide useful 
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information about human learning and decision-making, become 

inaccessible to further analysis. 

In Rosenthal's (1973) study, stable probability 

matching was not obtained. Instead, subjects displayed 

greatly increased preference for the dominant side on the 

third and seventh trial block, and reported with high fre

quency that they were looking for patterns in the sequence 

of lights. These data, although statistically highly sig

nificant, call for replication and extension before more 

generally valid conclusions can be drawn. The present ex

periment was designed to further elucidate some questions 

left unanswered in the previous research, and to obtain ad

ditional information concerning subjects' strategies and 

hypotheses in probability learning. 

The following issues were addressed: 

1) The prior failure to obtain an incremental learn

ing function may have resulted from lack of individual ran

domization, as discussed above. If the significant differ

ences in performance among trial blocks are not replicated 

with individual randomization of trials, some support is 

lent to the interpretation that the failure to obtain an 

incremental curve resulted from using one fixed sequence of 

lights. 

2) Humphreys' task is one of high ambiguity. It is 

unfamiliar to the subject and does not necessarily "make 

sense" or permit self-evident and meaningful subjective 
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conclusions about its purpose. The experiment is run in 

darkness, leaving the subject searching for visual and audi

tory cues which may be helpful in guiding his performance. 

The experimenter is physically removed from the subject, 

manipulating an elaborate-looking apparatus and is possibly 

perceived as tricking the subject in some fashion. This 

type of setting leaves room for a considerable amount of 

speculation and reinterpretation by the subjects. In 

Rosenthal's (1973) experiment, only a small percentage of 

people (19.33 percent) accepted the stated purpose of the 

experiment ("learning from experience while working under 

time pressure"). Most subjects (76.05 percent) reported a 

wide variety of conjectures, with 25.63 percent stating that 

the purpose of the experiment was to see if subjects could 

replicate the recurrent patterns. 

It has been shown that subjects' perceptions of the 

purpose of an experiment may strongly influence its outcome 

(Orne, 1969) . The. setting of the prior study may have in

advertently encouraged such hypothesizing. It thus appears 

of interest to determine whether subjects 1 search for pat

terns and their heterogeneous conjectures about the purpose 

of the experiment would be replicated in a different setting, 

using divergent task stimuli, conducting the experiment in 

normal lighting, and, for half of the subjects, providing 

face-to-face contact with the experimenter. 
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3) Pattern-seeking was the dominant strategy in 

Rosenthal's (1973) experiment. Subjects were asked to re

port their strategies only at the end of the session, thus 

placing considerable strain on memory and accuracy of self-

report. One may conjecture that strategies change from the 

beginning to the end of the session. Pattern-seeking might 

be the dominant approach to the task early in the experi

ment. Once the person realizes that he is not successful, 

his strategy may change to trial-by-trial predictions, or to 

a maximizing strategy in an effort to minimize failure. 

Probability matching would thus set in only after more com

plex, problem-solving approaches nave failed. To address 

this question, in the present experiment subjects were given 

the opportunity to report their strategies at various points 

during the procedures. In this fashion, the temporal rela

tionship between subjects' prediction behavior and their 

verbal reports of strategies could be assessed. 

4) In the previous experiment, a number of subjects 

reported having utilized such task-irrelevant cues as bright

ness of the lights and the clicking of the apparatus to 

guide their predictions. Hiese statements lend support to 

the contention that probability learning involves more com

plex processes than simple S-R associations. It seems of 

interest to determine if subjects will consistently respond 

to cues which are irrelevant to the prediction task, but 

which may be perceived as containing information designed 
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to aid in the predictions. The present study provided such 

cues, noncontingently related to performance requirements 

on several systematic bases. It also appears of interest 

to assess whether subjects are more willing to continue 

beyond a mandatory set of 150 trials if the event sequence 

contains such cues, as compared with a treatment devoid of 

such irrelevant cues. 

The following modifications and experimental manip

ulations were undertaken to elucidate the issues raised 

above: Unlike the previous design, the event sequences were 

randomized individually for each subject. The present study 

was conducted in a well-lit room. One half of the subjects 

had face-to-face contact with the experimenter throughout 

the session, the remaining half did not. The task-stimuli 

were common playing cards, with frequency of black versus 

red predictions as the dependent variable. Sequences with 

different, systematically varied, card value properties were 

used, depending on experimental condition, as described be

low. Subjects' strategies were assessed, via self-report 

questionnaires, at various points during the experiment, and 

all subjects had an opportunity to continue on the learning 

task beyond the mandatory 150 trials. 

The following predictions were made: 

1) Individual randomization will result in a smooth 

incremental learning function, in contrast with the highly 

significant block differences obtained by Rosenthal (1973). 
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2) Subjects who have face-to-face contact with the 

experimenter will predict the dominant color at a rate dif

ferent from subjects who do not see the experimenter and 

whose predictions are unavailable to the experimenter. Sub

jects in the face-to-face condition may be more prone to 

engage in a maximizing strategy to be correct as often as 

possible, thus avoiding embarrassment. On the other hand, 

a pattern-seeking strategy may be more dominant in these 

subjects, because such a problem-solving approach may be 

socially more desirable in a college student population. 

3) Subjects will attend to the cues provided in 

the experimental card sequences (described below), attend

ing not only to the color, but also to the value of the 

cards. Performance will differ among card cue sequences. 

4) Subjects' strategies will change during the 

course of the experiment. Subjects will initially approach 

the task with a problem-solving set, trying to find recur

rent patterns in the sequence of events. As search for 

patterns is consistently frustrated, subjects will switch to 

a trial-by-trial guessing strategy, or to a maximizing ap

proach . 

5) Subjects in the control condition will be least 

willing to continue beyond the mandatory 150 trials. The 

sequential properties of the experimental stimulus series 

will foster increased interest and curiosity; experimental 

subjects will therefore be more willing to continue the 
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matching task beyond 150 trials. More testing and dismissal 

of task-related hypotheses is expected in the experimental 

card cue conditions. 



METHOD 

Subjects and Experimenter 

From introductory psychology classes at The Univer

sity of Arizona, 112 female student volunteers (nearly all 

freshmen and sophomores) were recruited and assigned random

ly to experimental and control conditions. The experimenter 

was a 27 year old female graduate student. 

Materials 

The probability learning task required several decks 

of playing (poker) cards with the same blue back design. 

For half of the subjects, the experimenter was concealed 

behind a vertical cardboard screen, 150 cm wide and 100 cm 

high, with a horizontal slit in the center, 50 cm above the 

bottom. The slit was 30 cm wide and 2 cm high, and was used 

as the opening through which the playing cards were pre

sented to the subject (non-social condition). In the social 

condition, the screen was omitted; subject and experimenter 

faced each other throughout the session. All subjects 

recorded their own predictions ("black" or "red") on re

sponse sheets. One sheet was used to record trials 1 through 

30; the next two response sheets spanned, respectively, 

trials 31 - 75 and 76 - 119. Trials 120 through 150 were 

13 
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recorded on a final (30 trial) response sheet. At various 

points during the experiment, subjects completed brief self-

report questionnaires concerning their strategies. These 

questionnaires are presented in Appendices 1 and 2. Before 

leaving, each subject received a stamped blank postcard, 

addressed to the experimenter. 

Procedure 

The experiment was conducted in a room which con

tained a large table and three chairs. Subject and experi

menter sat at the table, across from each other. The 

stimulus materials (playing cards) were kept in a shallow 

cardboard box located to the experimenter's right, and out 

of the subject's view. The experimenter presented these 

cards to the subject, one by one, face up, at the rate of 

about 1 card per second. For half the subjects in each con

dition, the dominant color of the sequence was red, for the 

remaining half it was black. Over 150 trials, the dominant 

color appeared 66.67 percent of the time. All subjects 

received 150 probability learning trials (10 blocks of 15 

trials each). In addition, subjects could continue on the 

probability learning task for a maximum of another 100 

trials, if thev wished. These final 100 elective trials 

constituted the extinction phase, described below. 



Instructions 

All subjects were instructed as follows: 

I will be showing you a series of playing cards. 
Your task in this experiment is to predict whether 
the next card which I will show you will be one with 
red markings (for example, hearts or diamonds), or 
with black markings (for example, spades or clubs). 

I will show you these cards one by one, and I 
want you to record for me, before you get a card, 
whether you think the card will be black or red. 
In short, your job is to always predict the color, 
black or red, of the next card you will see. 

If you think the next card will be black, 
circle the "B" next to the first number on your 
answer sheet. If you think the next card will be 
red, circle the "R" next to the first number, or 
whichever number you are up to. Be sure to circle 
your choice of black or red in order, following the 
numbers on the sheet. And please make only one 
choice per trial. That is, once you have circled 
the "B" for black, or the "R" for red, do not change 
anything, even if you change your mind as soon as 
you have given your prediction. 

After you have made your choice of red or black 
each time, I will show you the card, so you will 
know if your choice was correct or wrong. Then you 
will circle your prediction about the color of the 
next card, and so on. Thus, I want you to outguess 
the experimenter on every trial. Make a guess on 
the first trial, and then try to improve on your 
guesses as the experiment goes on, and try to make 
as many correct choices as you can. 

Please make your predictions very quickly, be
cause I have to show you a new card every second or 
so. However, take enough time to look at the cards 
as I show them to you. Please let me know each 
time you have made a prediction and are ready for 
me to show you the next card, by saying "0. K.," 
"ready," "next," or something like this. And be 
sure not to skip any numbers on the sheet, but 
make your predictions in order, trial by trial. 
Do you have any questions about the experiment at 
this point?" 
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Any procedural questions were answered by paraphras

ing the above instructions. Inquiries as to whether there 

was any order to the sequence of cards, or whether the sub

ject was to predict a certain pattern of events, were 

answered with "I am sorry, but I cannot answer this ques

tion for you.'1 The same reply was given to questions con

cerning the number of cards in the sequence. When it was 

clear that the subject understood the basic procedure, the 

experimenter continued as follows: "We have told you every

thing that will happen. There are no tricks or catches in 

the experiment. We simply want to see how well people 

profit from experience while working under time pressure." 

Questionnaires and Extinction Phase 

After 30 trials, each subject received a short ques

tionnaire concerning her strategy for deciding which color 

to predict. Essentially the same questionnaire was again 

given after trials 75 and 119 (see Appendix 1). After 

trials 150, each subject was given a choice between stopping 

or continuing. The experimenter introduced the extinction 

phase as follows: "You have done quite a number of trials 

by now. Would you prefer to stop at this point, or would 

you like to go on? It really is up to you." If the subject 

asked whether the experimenter would be helped by her con

tinuing, she was told ,rI really do not know at this point. 

The data will be analyzed by computer, and it is hard 
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to tell whether or not we'll need more trials than we al

ready have." 

If the subject decided to stop, she then received a 

final questionnaire concerning her strategies and her 

thoughts and conjectures about the purpose of the experi

ment (Appendix 2). If she decided to continue, the subject 

received a response sheet marked for 10 trials. After these 

ten trials, she was asked again if she wanted to stop or 

preferred to continue. On this basis, the subject could 

continue for a maximum of 100 trials beyond the mandatory 

150 trials, but was free to stop at any point. Subjects 

who agreed to continue beyond the basic 150 trials were 

given the final questionnaire whenever they decided to stop. 

Before leaving, a promise was extracted from all 

subjects not to discuss the study with anyone else. They 

were then handed a stamped postcard, addressed to the ex

perimenter. Subjects were asked to mail the card if they 

had any further thoughts concerning their strategies or the 

purpose of the experiment. 

Social Variations 

For half the subjects in each card-cue condition 

(described below), the experimenter sat at the table across 

from the subject, but was completely shielded from view by 

a cardboard partition which was attached to the table with 

screw clamps. The experimenter displayed the stimulus cards, 
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one by one, through a horizontal slit in the partition, 

approximately at the subject's eye level. The experimenter 

could not see the subject's response sheets. These opera

tions constituted the Non-Social condition. The remaining 

half of the subjects were run in the same seating arrange

ment, but without the screen, permitting full face-to-face 

contact with the experimenter, who was able to see every 

prediction made by the subject. These operations consti

tuted the Social condition. 

Card-Cue Variations 

Control Sequence 

All cards had face values from deuce through eight, 

with 100 cards of the dominant and 50 cards of the other 

color randomized throughout the sequence. A deck of 150 

cards was shuffled for each subject before she entered the 

room, thus creating individual randomization of colors. 

In all three remaining card-cue conditions, similar 

basic decks, with identical proportions of dominant versus 

non-dominant colors, were used on trials one through 45 

(trial blocks 1, 2, and 3), and on trials 106 through 150 

(trial blocks 8, 9, and 10). For each subject who had been 

randomly assigned to one of the three experimental card-cue 

sequences (described below), the stimulus cards for trials 

one through 45, and for trials 106 through 150 were shuffled 

prior to the prediction task. Thus, for all subjects in 
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all conditions, cards on the first and the final 45 trials 

ranged in value from deuce to eight. The remaining card-

cue conditions involved only trials 46 through 105 (blocks 

4, 5, 6, and 7), with each block containing 10 cards in the 

dominant, and 5 cards in the non-dominant color. 

Uniform Sequence 

The 15 trials of block 4 contained 1 jack, 3 queens, 

and 1 king in the dominant color, and five cards each of the 

dominant and non-dominant color in values ranging from deuce 

to eight. The same face value and color distribution was 

repeated on blocks 5, 6, and 7. Within each block, the 

cards were shuffled for each subject to assure randomization. 

Ascending Sequence 

Trial block 4 contained two jacks? trial block 5 

contained 2 jacks and one queen; trial block 6 contained 5 

queens, and trial block 7 contained 6 queens and 4 kings, 

all in the dominant color. For each subject, order of cards 

within each block was randomized by shuffling. 

Descending Sequence 

The incidence of picture cards was the reverse of 

the ascending sequence. Thus, trial block four contained 

4 kings and 6 queens? block 5 contained 5 queens; block 6 

contained one queen and 2 jacks and block 7 contained 2 

jacks. Within-block randomization was accomplished by 
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shuffling. Thus, each experimental card-cue sequence 

(uniform, ascending, and descending) contained a total of 

20 picture cards in the dominant color during the sixty 

critical trials (46 through 105). Actual distribution of 

picture cards varied, however, depending on experimental 

condition. Picture cards never occurred in the non-

dominant color. 

Design and Dependent Measures 

The basic design involved a 2 (Non-social versus 

Face-to-face social context) X 4 (Card-cue conditions) X 

10 (trial blocks) factorial model, with the last factor 

treated as a repeated measure. Subjects' performance on the 

probability learning task, their responses to the card-cue 

variations, self-reports of task-strategies, and the number 

of probability learning trials emitted in the extinction 

phase served as the major dependent measures. The main 

analysis was a 2 X 4 X 10 analysis of variance. A trend 

analysis (Kirk, 1968) was performed on the probability 

learning data, for all subjects combined, across the 10 

blocks of 15 trials. Performance differences among trial 

blocks were compared by Tukey (HSD) tests (Kirk, 1968). The 

data of the extinction phase were subjected to a separate 

2 (social variations) X 4 (card-cue variations) analysis of 

variance. All levels of statistical significance were 

based on two-tailed probability estimates. 



Subjects' self-report 

independent judges, according 

criteria, reported below, and 

these ratings was reported. 
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to pre-determined response 

the percent agreement in 



RESULTS 

Major Statistical Analyses 

The main 2 (Social versus non-Social condition) X 4 

(card-cue sequences) X 10 (trial blocks) analysis of vari

ance disclosed a significant main effect across blocks of 

15 trials (F = 26.93, df = 9/936, £<.0001). This indicates 

that subjects increased their preference for the more fre

quent alternative as the experiment progressed. 

Card-cue sequences did not produce a main effect 

(F<1.0, N.S.), nor did the social versus non-social experi

mental conditions (F<1.0, N.S.). None of the variables 

(trial blocks, card-cue sequences, and social manipulation) 

interacted with each other (all Fs<1.0, N.S.) . The main 

blocks effect accounted for 14.6 percent of the variance, 

via Omega-squared (Hays, 1963). Subjects' mean predictions 

over blocks of 15 trials are presented in Table 1 and 

Figure 1. 

Tukey tests revealed that performance on none of the 

ten trial blocks differed significantly from performance on 

the immediately adjacent (preceding or subsequent) blocks. 

However, probability matching was significantly lower on 

block 1 than it was on block 3 (p< .01) and on all 
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Table 1. Mean Numbers and Proportions of Choices of the More Frequent Alternative 
by Blocks for Social and Non-Social Conditions (both Ns=56) by Card-
Cue Sequences. 

Block Block Block Block Block Block Block Block Block Block 
Condition 1 2 3 4 5 6 7 8 9 10 

SOCIAL 

Control (n=14) 

numbers 7.357 7.500 8.000 7.786 10.071 9.000 9.500 9.143 10.643 10.143 

Propor- .490 .500 .533 .519 .671 .600 .633 .610 .710 .676 
tions 

Uniform (n=14) 

numbers 7.286 7.643 8.643 9.071 9.714 9.786 10.357 11.071 9.857 9.071 

propor- .486 .510 .576 .605 .648 .652 .690 .738 .657 .605 
tions 

Ascending (n=14) 

numbers 7.429 8.429 9.000 9.357 8.857 10.714 9.857 10.000 9.857 10.214 

propor- .495 .562 .600 .624 .590 .714 .657 .667 .657 .681 
tions 

Descending (n=14) 

numbers 7.286 8.286 9.929 9.143 9.786 10.286 9.929 10.214 10.571 10.071 

propor- .486 .552 .595 .610 .652 .686 .662 .681 .705 .671 
tions 



Table 1 continued. 

Block Block Block Block Block 
Condition 1 2 3 4 5 

NON-SOCIAL 

Control (n=14) 

numbers 7.786 9.071 8.857 9.429 10.000 

propor- .519 .605 .590 .629 .667 
tions 

Uniform (n=14) 

numbers 6.714 7.214 8.357 8.857 9.071 

propor- .448 .481 .557 .590 .605 
tions 

Ascending (n=14) 

numbers 7.214 8.071 9.071 9.286 10.071 

propor- .481 .538 .605 .619 .671 
tions 

Descending (n=14) 

numbers 8.143 9.357 8.786 9.071 9.857 

propor- .543 .624 .586 .605 .657 
tions 

Block Block Block Block Block 
6 7 8 9 10 

9.714 9.929 10.786 10.071 10.357 

.648 .662 .719 .671 .690 

8.786 9.571 10.571 9.500 9.857 

.586 .638 .705 .633 .657 

9.714 10.357 10.000 9.786 9.857 

.648 .690 .667 .652 .657 

10.071 10.357 10.786 9.786 10.643 

.671 .690 .719 .652 .710 
N) 
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Successive Blocks of Fifteen Trials 

Figure 1. Percentages of Choice of Dominant Color, All 
Subjects Combined. 
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subsequent trial blocks. There was a steady increase in 

preference for the dominant color between the first and the 

last trial block. 

A trend analysis explicating the blocks main effect 

of the sequential properties of the data disclosed a signif

icant linear component (F = 202.90, df = 1/936, £<..001), 

and a significant quadratic component (F = 35.58, _df = 1/936 

£<.001). A residual was not statistically significant 

(F <1.0, N.S. ) . 

Extinction Data 

A separate analysis of variance of subjects' willing 

ness to continue the experiment beyond the basic 150 trials 

disclosed that subjects in the social versus non-social con

dition did not differ significantly in this regard (F < 1.0, 

N.S.). By the same token, the card-cue sequences which 

subjects received during probability training did not sig

nificantly influence subjects' willingness to continue the 

experiment (F = 2.54, N.S.), and no significant card se

quences X social condition interaction was found (F = 1.85, 

N.S.) . 

Of the 112 subjects, 79 (70.57 percent) chose to 

continue the prediction task beyond the basic 150 trials. 

Subjects who agreed to proceed further performed, on the 

average, an additional 17.68 trials, but there was high 
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variability associated with this extinction mean value 

(S.D. = 18.39) . 

The number of subjects, per condition, agreeing to 

continue beyond the basic 150 trials ranged from 7 (Uniform, 

non-social condition) to 12 (Ascending, social condition), 

with a mean of 9.88 subjects in each condition agreeing to 

go on with the experiment. 

Questionnaire Data 

Subjects' responses on the four questionnaires were 

rated by two independent judges, according to pre-determined 

criteria (below). The percentage of scoring agreement was 

established for each response class and is reported below. 

For the exact wording of the questionnaires, and the 

multiple-choice options referred to below, see Appendices 1 

and 2. 

Subjects' Reports of Strategies 

Percent scoring agreement (two judges) was 97.7 

percent. The following response categories were 

employed: 

1) Pattern-seeking (P): This category comprised 

any response which explicitly mentioned looking for a pat

tern, sequence, series, system, order, plan, or rhythm, or 

which illustrated the same concept by mention of specific 

numbers (e.g., "2 red, 4 black, 3 red, 1 black, etc."). 
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2) Maximizing (M): Responses which indicated 

choice of questionnaire option b, or which stated an equiv

alent strategy (e.g., "I decided to mostly predict the color 

which seemed to appear most often."). 

3) Instructions (i): Responses which indicated 

choice of questionnaire option a, or equivalent statements 

(e.g., "I made my predictions one card at a time."). 

4) Other (0): Responses in which neither question

naire options a nor b were chosen, and in which search for 

a pattern was not invoked (e.g., "I tried to use ESP."). 

There was no significant or systematic change in 

subjects' strategies across trials, and subjects in the 

social versus non-social condition did not differ system

atically in terms of their strategies. Card-cue variations 

had no effect on the selection of strategies. 

The percentages of strategy responses, by categories, 

as given on each of the four questionnaires, are reported 

in Appendix 3. The percentages of strategy responses in 

each category, for all subjects combined, are presented in 

Table 2. 

Subjects' Estimates of Occurrence 
of the More Frequent Color 

Percent scoring agreement (two judges) was 99.1 

percent. 

The mean estimate of occurrence of the more frequent 

color was 72.46 percent. Subjects' estimates did not differ 



Table 2. Percentages of Response Categories (Strategies) 
Across All Trials, for All Subjects Combined. 

Response Categories 

P (pattern-seeking) 

M (maximizing) 

I (following instructions) 

0 (other) 

Total 

Percent of Responses 

31.25 

34.60 

22.32 

11.83 

100.00 
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significantly across experimental variations. Estimates as 

distributed across all experimental conditions are presented 

in Appendix 4. 

Subjects' Conjectures About the 
Purpose of the Experiment 

Percent scoring agreement (two judges) was 91.9 per

cent. The following categories were used in scoring sub

jects' responses: 

1) Pattern-seeking. The criteria for this category 

were analogous to those used in category P for the strategy 

responses. 

2) Acceptance of the stated purpose of the experi

ment ("learning from experience while working under time 

pressure"), with or without mention of the aspect of "time 

pressure.,r 

3) Explanations based on abstract concepts in learn

ing theory, such as "operant conditioning," "discrimination 

learning," etc. 

4) Mentalistic and phenomenological explanations, 

such as "testing for personality traits," "ESP," etc. 

5) Clear statements of predicting or learning to 

predict events on the basis of frequency or probability of 

occurrence. 

6) Explanations based on gambling. 

7) Suspicion about deception of subjects with the 

goal of testing their tolerance for frustration. 
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8) "Other." Responses which did not fit any of 

these categories. 

9) "No idea." Subject stated no hypothesis or 

left the space blank. 

Slightly more than one quarter of the subjects 

(26.79 percent) stated that the purpose of the experiment 

probably was to see if they could detect a pattern in the 

sequence of events (response category 1). Twenty-five per

cent of the subjects accepted the stated purpose of the ex

periment (response category 2). The remaining subjects 

conjectured about a variety of goals for the study, ranging 

from "testing ESP" to straightforward explanations based on 

learning theory. Subjects who stated they had no idea what 

the experiment was trying to accomplish, or who did not 

answer the last question, totaled 8.04 percent. There was 

no systematic difference across any of the experimental 

variations concerning subjects' perceptions of the purpose 

of the experiment. The distribution of responses is pre

sented in Table 3. 

Return of Postcards After Conclusion 
of the Experiment 

Only 7 of the 112 subjects elected to mail the post

cards given to them at the end of the experimental session. 

Three of these subjects merely requested more detailed in

formation about the purpose of the experiment. The remain

ing four subjects offered additional hypotheses about the 
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Table 3. Subjects' Perceptions of the Purpose of the 
Experiment. 

Response Category Number of Subjects Percentage 

1 30 26.79 

2 28 25.00 

3 9 8.04 

4 7 6.25 

5 7 6.25 

6 1 0.89 

7 1 0.89 

8 20 17.86 

9 9 8.04 

112 100.00 

i 



33 

purpose of the study, and further described their strategies. 

One subject elaborated on her search for patterns, the 

second stated the experimenter was probably testing herself 

for ESP, the third conjectured that the experiment was con

cerned with achievement motivation, and the fourth concluded 

that the experiment was concerned with peoples * strategies. 



DISCUSSION 

The present experiment was designed to answer a num

ber of questions raised in Rosenthal's (1973) study, and to 

further elucidate subjects' cognitive activity in the proba

bility learning situation. 

Rosenthal (1973) obtained highly significant differ

ences in subjects' choices of the dominant alternative among 

trial blocks. Instead of an incremental learning function, 

a curve was obtained which showed steep peaks in choices of 

the dominant side, but no consistent increases in predic

tions of the more frequent alternative. In that study, all 

subjects received the same randomized sequence of events. 

The failure to obtain a monotonic learning function was at

tributed to the sequential properties of the task stimuli. 

Subjects apparently responded to the chance occurrence of 

regularities and "patterns" in the fixed randomized sequence, 

attending to the whole stimulus configuration rather than 

only to discrete trials. 

In the present experiment, each subject received an 

individually randomized sequence of stimuli. Under these 

conditions, and using a less ambiguous task (playing cards 

rather than lights), the sequential effects were not 

34 
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replicated. Instead, a monotonic learning function was ob

tained, as demonstrated in prior probability learning re

search (e.g., Estes and Straughan, 1954). The earlier 

failure to obtain a "learning curve" had been interpreted 

as evidence that subjects actively engage in formulating and 

testing task-related hypotheses. This conclusion was bol

stered by evidence from self-report questionnaires which 

revealed that a large number of subjects tried to find pat

terns in the random sequence of events and thought that 

duplicating and detecting these patterns was the purpose of 

the experiment. 

The present failure to replicate the significant dif

ferences in subjects' choice behavior among trial blocks 

does not seem to invalidate the prior conclusion that sub

jects approach the probability learning task with a problem-

solving orientation. Rather, it appears that the effects 

of the stimulus configurations on the individual subjects' 

predictions became inaccessible through the individual ran

domization procedure. With individual randomization, every 

subject receives a different sequence, with only the propor

tions of events remaining constant. The individual subjects' 

responses to the characteristics of the sequence thus cannot 

be retrieved from the data, which are simply cast as dichot-

omous predictions per trial. 

Because of anecdotal evidence obtained in Rosenthal's 

(1973) study, it was predicted that subjects would not only 
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respond to the binary event sequence (predictions of red 

and black playing cards), but also to the characteristics of 

the individual stimuli (value of the card). It was antici

pated that subjects would perceive the sudden appearance 

and disappearance of "face cards" as cues to guide their 

predictions, and that performance would differ among recip

ients of different card-cue conditions. This prediction 

was not confirmed. It thus seems that subjects quite liter

ally adhered to the experimenter's instructions, and attended 

only to the color of the stimuli. 

The second prediction pertaining to card-cue sequences 

was that recipients of the experimental sequences would find 

the task more interesting and would thus be more willing to 

continue beyond the basic 150 trials. This hypothesis was 

not confirmed. It appears that subjects in all conditions 

responded mainly to the demand characteristics of the situa

tion, trying to be helpful to the experimenter by continuing 

on the learning task. The card-cue sequences did not seem 

to add to the interest value of the task, or to arouse sub

jects' curiosity in any way. 

| Subjects' low involvement in the experiment also 

emerges from their overwhelming failure to return the stamped 

! 
postcards provided, in case they wished to communicate fur

ther thoughts about the experiment. 

Contrary to expectation, the face-to-face versus non-

social experimental condition did not affect subjects' 
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choices or interact with any other variable. This again 

may be a function of subjects' low personal involvement in 

the task. 

On the self-report questionnaires of subjects' strat

egies, approximately one third of subjects' responses re

vealed search for recurrent patterns. However, this number 

was surpassed by statements indicating a maximizing strat

egy, without reference to decision-making processes, or the 

testing and dismissal of hypotheses. 

Contrary to expectation, cognitively oriented answers 

were not more frequent early in the experiment. It seems 

that subjects very quickly grasped the relative frequencies 

of events, and responded with a partial maximizing strategy, 

typically predicting the more frequent color. The repeated 

administration of the self-report questionnaires may have 

inadvertently strengthened this response strategy, since the 

item on the questionnaire (option b) specifically mentioned 

that predicting the more frequent alternative may maximize 

one's chances for success. 

Subjects generally overestimated the frequency of 

occurrence of the dominant color. This may be congruent 

with subjects' preference for a maximizing strategy, in 

which increased attention is paid to the occurrence of the 

dominant alternative. It should be noted, however, that 

strict maximizing (always predicting the dominant color) was 

not adopted by the subjects. On the contrary, over the 
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two final trial blocks, subjects exactly matched the prob

abilities of the two alternatives. 

The purpose of the experiment was perceived as being 

concerned with pattern-detection by one quarter of the sub

jects. Another quarter accepted the stated goal (learning 

from experience while working under time pressure). Answers 

explicitly concerned with some aspects of learning theory 

were offered by an additional 14.29 percent of subjects. 

Thus, although consensus about the purpose of the experi

ment was rather low, subjects generally did not endow the 

procedure with interpretations greatly deviant from the 

actual goal of the experiment. 

The demand characteristics of the present study may 

have actively discouraged subjects from responding to ex

traneous or irrelevant cues, or from engaging in a great 

deal of hypothesis formation and strategizing. Contrary to 

the experimental setup in Rosenthal's (1973) study, the sub

ject probably felt less threatened since the experimenter 

was physically present throughout, although not always 

clearly visible. The stimulus materials were familiar and 

unambiguous, and there was no elaborate and "scientific-

looking" apparatus in the room. In addition, the use of 

playing cards may in itself have discouraged elaborate hy

pothesis formation. Playing cards bear a connotation of 

random luck and chance events, unlike the lights used in the 

previous experiment. Subjects in the present study may 
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have thus been more inclined to believe and follow the ex

perimenter's instructions. Because of the random nature of 

sequences in card games, subjects may have quickly decided 

to disregard the overall configuration of events, and the 

specific properties of the stimulus cards. It would, after 

all, be pointless to look for elaborate and systematic reg

ularities in a shuffled deck of poker cards. 

The cards were being "dealt" to the subject by the 

experimenter. The non-social versus face-to-face variation 

did not affect this aspect of the experimental procedures. 

In this regard, the experiment resembled the beginning of a 

card game. If the cards had been dealt out by an elaborate 

apparatus, subjects might have been more likely to assume 

that the sequence was not randomized, and might have tried 

to detect patterns. Under those conditions, the sudden ap

pearance of face cards might also have been endowed with 

meaning, as had been predicted. 

The present data thus represent a replication of the 

probability matching phenomenon, but a return to the "con

ditioning" interpretation of probability learning does not 

seem warranted in the light of Rosenthal's (1973) data. 

Rosenthal's (1973) failure to obtain an incremental learn

ing function appears to have resulted from lack of individual 

randomization of trials. In the same study, subjects' pro

clivity to look for patterns in the sequence of lights seems 

to have been fostered by the ambiguous and unfamiliar nature 
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of the light-prediction task, and by the characteristics of 

the experimental setup. The non-threatening atmosphere of 

the present experiment may have made it possible for the 

subjects to accept the experimenter's explanation of the 

purpose and nature of the study without much suspicion. By 

the same token, the choice of playing cards as stimuli may 

have, from the beginning, discouraged attempts at elaborate 

hypothesis formation. 

On the other hand, it seems that the traditional 

probability learning situation is a procedure ill-suited for 

the study of human learning. The highly significant per

formance differences among trial blocks in Rosenthal's (1973) 

experiment strongly suggest that subjects' prediction be

havior and decision-making is rather reliably influenced by 

the molecular characteristics of the event sequence. Such 

data may actually help elucidate aspects of human learning, 

but a smooth "learning curve" cannot be obtained without 

individual randomization of trials. Conversely, the present 

data appear to be in accordance with the predictions of 

Estes1 statistical theory of learning (Estes, 1950), but 

very little information about human learning and decision

making can be derived from subjects' performance in an in

dividual randomization procedure, since every subject 

responds to a different stimulus configuration. 



APPENDIX 1 

QUESTIONNAIRE CONCERNING SUBJECTS' STRATEGIES 

Please answer the following question by circling 
the alternative which best describes your strategy: 

So far, what has your strategy been for deciding 
which color to predict? 

a. I tried to outguess the experimenter on every 
trial. 

b. I tried to maximize my chances of being correct 
and thus predicted mostly the color which ap
peared to be correct most often. 

c. None of the above. My strategy was: (Please 
briefly describe your strategy). 
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APPENDIX 2 

POST-EXPERIMENTAL QUESTIONNAIRE 

Since the last questionnaire, what has your strategy 
been for deciding which color to predict? 

1. Please circle the alternative which best describes 
your strategy: 

a. I tried to outguess the experimenter on 
every trial. 

b. I tried to maximize my chances of being cor
rect and thus predicted mostly the color 
which appeared to be correct most often. 

c. None of the above, my strategy was: (Please 
briefly describe your strategy.) 

2. Please estimate: 

a. Was one color correct more often than the 
other? YES NO 

b. If yes: How many percent of the time did 
this color appear? 

% of the time. 

3. What do you think was the purpose of the experi
ment? 
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APPENDIX 3 

STRATEGY RESPONSES BY RESPONSE CATEGORY 
AND QUESTIONNAIRE ADMINISTRATION 

Response Category after 30 after 75 after 120 end of 
trials trials trials study 

M-responses 27.68% 35.73% 40.18% 38.39% 
(maximizing) 

P-responses 2 5.89% 34.82% 31.25% 33.04% 
(pattern-seeking) 

I-responses 27.68% 22.32% 18.29% 18.74% 
(follow instructions) 

O-responses 18.75% 10.72% 8.04% 9.82% 
(other) 
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APPENDIX 4 

MEAN ESTIMATES OF OCCURRENCE OF THE DOMINANT COLOR, 
BY EXPERIMENTAL CONDITIONS 

Control, non-social 71.46% 

Control, face-to-face 75.07% 

Uniform, non-social 72.50% 

Uniform, face-to-face 69.29% 

Ascending, non-social 74.64% 

Ascending, face-to-face 73.57% 

Descending, non-social 74.04% 

Descending, face-to-face 69.11% 
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