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ABSTRACT 

Six squirrel monkeys were tested on short-term 

memory tasks assessing ability to suppress perseverative 

responses that had been previously reinforced. Each trial 

was divided into three parts: Initial Preference Assay 

(IPA), Bias-Conditioning (BC), and Reversal Conditioning 

(RC), and alternated between two conditions: experimental 

and control. The only difference between control and 

experimental conditions was during BC: in the experimental 

condition, the window chosen in IPA was also presented in 

BC; in the control condition, the window chosen in IPA was 

not presented in BC. Strength of response bias (based on 

choices of response during IPA) exceeded chance levels for 

each monkey. Eighty-four percent of responses to BC of the 

experimental trials were made to the response loci chosen 

in IPA even though that response was not rewarded. Monkeys 

made 38% correct responses during RC but shifted from 

making most errors during control trials in the beginning 

of the experiment to making most errors during experimental 

trials by the end of the experiment. Monkeys had developed 

a strategy of persevering from IPA to BC and then shifting 

to the other, not previously chosen window on RC, which led 

to correct responses in the experimental trials. 

vi 



REVIEW OF LITERATURE 

Animals are often highly susceptible to certain 

response biases, which degrade performance on conventional 

learning and memory tasks (Bessemer & Stollnitz, 1971; 

Riopelle, 1960). Response biases are defined as systematic 

error producing responses. These biases are often measured 

as the subjects' preferences and aversions to particular 

response loci or particular discriminanda. Many 

researchers have demonstrated that systematic responses 

augment subject errors in learning and memory experiments 

(Krechevsky, 1932; Harlow, 1950; Levine, 1959). Harlow 

(1959) asserted that discrimination learning was based 

entirely on learned reduction of systematic response 

tendencies not on a learned increase in correct responding. 

Although Harlow's theory was extreme, and perhaps not even 

testable, no doubt remains that these systematic errors 

usually account for the majority of errors during animal 

learning. Several experiments have demonstrated that 

response errors should be nonsystematic in order for rapid 

learning to take place (Fobes, & King, 1982; Scanlon, & 

King, 1976; Smith, King, Witt, & Rickel, 1975). More 

specifically, Smith, King, & Newberry (1976) found that in 
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squirrel monkeys, slow-learners displayed a low initial 

incidence of random responding whereas fast-learners 

displayed high initial incidence of random responding. 

The first discussion of the role of systematic 

errors in animal discrimination learning was published by 

Krechevsky (1932). He noted whether rats made left or 

right side in a maze that had a sequence of choices. 

Three types of systematic responses were particularly 

prevalent: position, responses favoring a particular 

position (left or right); perseveration, a tendency to 

make the same response as the one just made; and 

alternation, a tendency to make a response different from 

the one made previously. He claimed that rats 

successively tried a series of "hypotheses", or systematic 

response rules, until the correct hypothesis occurred at 

which time sampling of hypotheses presumably stopped. 

Harlow (1950) studied systematic errors in the 

acquisition of discrimination learning-set by rhesus 

monkeys. Harlow defined "error factors" as the tendency 

of subjects to respond in terms of some systematic but 

incorrect rule when solving visual discrimination 

problems. Four different error factors were specified by 

Harlow: response shift, differential cue, stimulus 

preference, and position habit. He also noted that 



considerable variability exists among monkeys in both the 

types and numbers of errors committed (Harlow, 1950). One 

of his students, Levine (1965), developed a hypothesis 

model that made it possible to compare the strengths of 

different error factors. Levine's model provided strengths 

of systematic as well as nonsystematic or random 

responding. 

Variables affecting behavior can be placed into 

three broad categories: stimulus and stimulus 

receptor/perceptual mechanisms; the organism itself; and 

the response generating mechanisms. Virtually all 

research on learning and memory in animals has involved 

the effects defined within the first (e.g. characteristics 

of the discriminanda) or second (e.g. food deprivation) 

categories. It is well known that learning and memory 

tasks in nonhuman primates are affected by a myriad of 

otherwise unidentified internal variables including 

motivation, attention span, sensory and perceptual 

capabilities, fatigue, and psychomotor coordination 

(Bartus, 1979). However, except for the reporting of 

frequencies of correct/incorrect responses, response 

generation variables have been neglected, even by . 

behaviorists. Schedules of reinforcement and rate of 

responding have been studied in these experiments, but the 



variable being measured is the mean rate of occurrence of a 

simple response (Shimp, 1976). If percent correct is the 

only response variable examined, only a small amount of 

information about responses is being captured, particularly 

during difficult tasks, in which performance is below 

chance and responses follow a particular pattern (King & 

Fobes, 1982). In addition, as the number of choices 

available to the animal becomes large so do the number of 

error-producing strategies. 

Performance in short-term memory (STM) 

experiments is clearly affected by the presence or absence 

of biased responding by subjects. STM in nonhuman primates 

has typically been studied using delayed response or 

delayed matching tasks. In delayed response tasks there is 

a specified delay period between the initial cue during the 

first part of the trial signifying the positive locus or 

stimulus and the opportunity for the subject to respond. 

In delayed matching a sample stimulus is presented for a 

specified time period. Then, following a delay, the 

subject is presented with two different stimuli, one of 

which is similar to the sample. In delayed matching the 

stimulus matching the sample is correct; in delayed 

nonmatching the stimulus dissimilar to the sample is 

correct. Squirrel and rhesus monkeys perform better on the 



nonmatching than on the matching trials during visual 

recognition memory problems, possibly because of the 

tendency for them to respond to the novel object (Overman, 

McLain, Ormsby, & Brooks, 1983). 

The experiment described here measured STM in a 

slightly different manner. Memory was not measured as a 

function of delays between presentation of stimuli and 

opportunity to respond. Instead STM was tested by the 

ability of the monkey to remember a response that was made 

previously and rewarded, and then suppress the tendency to 

make the same response on a later trial. This concept is 

similar to discrimination reversal learning in which the 

animal chooses the correct stimulus for a sequence of 

trials and then has to suppress this preference during a 

later sequence when the other stimulus is correct (King & 

Fobes, 1975). In that experiment, the focus was on the 

difference in results when the response loci included one 

locus that the animal previously preferred and results when 

the response loci were chosen randomly. 

The goal of the research described here can be 

divided into three components: (1) to determine whether 

or not subjects demonstrated a response bias and the 

strength of that bias, (2) to determine whether or not 

biases changed during testing, and (3) to show how 
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possible biases were correlated with performance on memory 

tasks requiring suppression of the bias. A computer 

operated response panel was used to identify responses 

within a 3 x 3 matrix of response loci that were 

spontaneously preferred by each monkey. The effects of 

these response preferences or biases on subsequent learning 

was then determined. It was expected that initial response 

biases would be high and therefore interfere with learning. 

It was also expected that in the experimental condition, in 

which the computer presented response loci contained the 

animal's preferred locus, the bias against suppressing the 

previously preferred response would be enhanced and 

therefore interfere with performance on the memory part of 

the task. The animals were therefore expected to perform 

better in the control condition trials, when possible 

response loci were chosen randomly. 



METHOD 

Subi ects 

Subjects were six laboratory born squirrel 

monkeys (Saimiri sciureus) with estimated ages between 

five and six years. Two monkeys were female, and four 

were male. All subjects had extensive previous experience 

in memory experiments with 2-choice as well as 9-choice 

conventional delayed response problems. These subjects 

were selected because they had previous experience on this 

particular apparatus (King et al, (in press)), eliminating 

the need for an adaptation period. 

Apparatus 

The response panel of the apparatus consisted of 

a 3 x 3 matrix of nine 2" square windows, each capable of 

being lighted from behind. A response was to touch the 

copper perforated sheet covering the windows, thereby 

completing a 5 volt high impedance DC circuit with a 

maximum .25 microamp current flow (well below the monkey's 

threshold for detection). The response panel was housed in 

a wooden frame, which also held the combined transport and 

test cage of the subject. A small drawer was located 

directly beneath each window, the front of which was flush 
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with the panel but capable of being pushed out manually by 

the experimenter to reward the subject. When pulled in the 

other direction, the drawer could be filled with new reward 

(banana pellets or raisin bits). 

Operation of the lights behind the windows, 

recording of responses, and response latencies were 

controlled by computer software operated in an Apple lie 

computer. Presentation of trials and delays was also 

controlled by computer software. Testers were informed of 

correct or incorrect responses as well as which window to 

reward by an attached video monitor. 

Procedure 

Testing was conducted five days a week, with 24 

trials per day, until each animal had completed 30 days of 

testing. Each monkey was placed in the apparatus and 

tested at the same time each day by the tester. Monkeys 

were fed once daily immediately following the day's 

testing. 

Each of the 24 daily trials was presented in one 

of two conditions, which alternated from trial to trial: 

control and experimental. Each trial was divided into 

three parts: Initial Preference Assay (IPA), 

Bias-Conditioning (BC), and Reversal Conditioning (RC). 

The only difference between the control and experimental 
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conditions was in the second part (BC) of the trial. 

IPA consisted of the simultaneous lighting of 

all nine stimulus windows. A response to any window 

turned off the lights and the response was recorded by the 

computer. No reward was given to the monkey. A 1 sec 

inter-trial delay occurred before the onset of BC. BC 

consisted of the simultaneous lighting of two windows. A 

response to either was followed by the sounding of a 1 sec 

buzzer and a reward delivered in the food drawer directly 

below the chosen window. In the control condition, the 

computer randomly selected two windows to be illuminated, 

with the restriction that neither be the window chosen in 

IPA. In the experimental condition, the window chosen in 

IPA was one of those selected by the computer, the other 

was randomly chosen from the other eight windows. 

Between BC and RC a delay of 15, 30 or 45 

seconds occurred. These delays were randomly presented 

throughout the day's testing, with each condition 

presented four times at each delay. 

RC consisted of the presentation of the same two 

windows presented in BC, but now a response was rewarded 

only if made to the window that was not chosen in BC. In 

order to make a correct choice the animal had to suppress 

the tendency to make the same response made during BC in 
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order to choose the other window. There was a 15 sec delay 

between the response to RC and the beginning of the next 

trial. 

During BC and RC, after a correct response the 

window lights turned off and a 1 sec buzzer sounded. The 

computer recorded only the subject's first response and 

disregarded any subsequent ones. The windows stayed on 

until a response was made. The computer recorded response 

latencies up to 9.8 sec. All responses made to any window 

other than the two that were illuminated were disregarded 

by the computer. 



RESULTS 

Phase 1; Analyses of response bias 

In order to determine whether the monkeys were 

making biased responses, frequency of choice to each of 

the nine individual windows during IPA was tabulated for 

each monkey. If the windows were chosen randomly, each 

window would be chosen 11% of the time. As can be seen in 

Table 1, the proportions of trials in which individual 

windows were chosen varied markedly for each monkey. The 

average low proportion of window responses was 4% while the 

high was 22%, giving a mean range of 18% for each monkey. 

A Chi-square was calculated using these frequencies for 

each of the six monkeys to determine whether choices 

deviated significantly from equal choice of all nine 

windows. As reported in Table 1, the Chi-square values 

were significant for all six monkeys. 

Next, it was determined whether biases during 

IPA changed over trials. Data were divided into six 

blocks of five days each. Eight percent of the data was 

lost due to recording errors, resulting in the use of 

blocks of days instead of number of trials for 

subsequent analyses. The nine windows were then rank 

11 
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Table 1: Proportion of responses to each window made by 
each monkey. 

Window 

Subject 1 2 3 4 5 6 7 8 9 Chi-sq* 

1 .04 .02 .05 .32 .10 .12 .13 .10 .13 389.59** 

2 .06 .08 .09 .15 .05 .10 .18 .16 .13 103.56** 

3 .11 .25 .13 .21 .17 .03 .04 .05 .02 294.63** 

4 .03 .12 .07 .13 .11 .10 .16 .13 .16 86.48** 

5 .08 .07 .06 .12 .08 .07 .21 .21 .10 152.58** 

6 .06 .12 .02 .12 .14 .04 .16 .18 .16 138.72** 

* Note: Chi-sguares are based on raw scores, not 
proportions 
** p < .001 



13 

ordered according to size of the IPA frequency 

distribution. Coefficient of concordance measures revealed 

that these choices did not vary significantly across blocks 

for any monkey. Rank ordering within monkeys was fairly 

consistent over successive five day blocks for all monkeys. 

One hypothesis was whether the choices the 

monkeys made were random or not and whether the extent of 

nonrandomness changed over time. H [H = -S P(i)log2 

P(i)], a measure of nonrandomness from information theory 

(Steinberg, 1977), was calculated on each monkey over each 

of the six blocks of testing time to quantify the extent of 

bias. The six H values obtained for each monkey were used 

as the within subject dependent variable for an analysis of 

variance, with the six, five day trial blocks as the 

independent variable. The overall blocks effect was 

significant, F(5, 25) = 3.95, p = .009, with both the 

linear, F(l, 5) = 22.56, p = .005, and the quadratic F(l, 

5) = 66.45, p = .0005, components significant as well. 

That the extent of bias varied can be seen in 

Figure 1. Values of H decreased over time until the last 

block when they increased, accounting for the significant 

quadratic component. Note that the maximum value for H is 

3.17, which is reached when all of the windows have equal 

probability of being chosen. H values obtained for 
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Figure 1: Values of H, or uncertainty, over trial days 



each subject were significantly lower than the expected H 

value for random responding, t(5) = -4.53, p < -005. 

Strength of H values, or nonrandom responding, 

was next examined to determine whether they were related 

to correct responding in RC of the trial. Pearson R's 

were tabulated on the individual monkey's H values along 

with mean number of correct responses for each condition. 

The correlation between H and the RC performance in the 

control condition was .643. The corresponding value for 

the experimental condition .717, and for the total number 

of correct responses .711. Due to the small sample size 

these correlations were not statistically significant. 

Phase 2; Analyses of performance on memory task 

The results of trials on which responses in BC 

matched those made in IPA were examined. On 84% of the 

experimental trials in BC, subjects chose the same window 

that had been chosen in IPA. In order to determine whether 

this proportion changed over trials, an analysis of 

variance was performed, with the six trial blocks as the 

independent variable and number of matches (between BC and 

IPA) as the dependent variable. There was a significant 

quadratic effect, F(l, 5) = 6.58, p = .05. Matches 

decreased until the last two blocks when they sharply 

increased in number. As shown in Figure 2, percentage 
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Figure 2: Conditional proportions of correct responses 
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matching was highest (89%) during the last block of time. 

The overall mean number of correct responses on 

RC was 39%, a figure that did not change significantly 

over trial blocks. A three-factor analysis of variance 

was run with the two conditions, three delay times, and 

trial blocks as the within subject independent variables 

and number correct during RC as the dependent variable. 

None of these variables were significant. 

Phase 3: Analyses of conditional trials 

In order to increase the precision of measured 

differences between conditions, conditional probabilities 

of correct response were analyzed. The proportion of 

correct responses during the experimental 

condition, given that choices during IPA and BC of the 

trial matched, was calculated. These conditional 

proportions were compared with proportion of correct 

responses in the control condition. These two proportions 

of correct responses were entered into a two-factor 

analysis of variance as the within subject dependent 

variable, with trial blocks and condition as independent 

variables. There was no significant change over blocks or 

condition but there was a significant interaction between 

the two variables, F(5, 25) = 2.73, e = -04f which is 

displayed in Figure 3. During the first trial block, 
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proportion of correct control responses exceeded 

proportion of correct experimental responses while in the 

last trial block the experimental proportion was greater, 

accounting for the interaction effect. Use of Tukey post 

hoc tests revealed that with a family confidence 

coefficient of 95%, the mean number correct for the two 

conditions differed significantly from each other during 

the first and last blocks of trials. 

Phase 4; Analyses of latencies 

Latencies of responses during RC were analyzed. 

The mean latency time for RC responses was 1.38 sec 

(s.d. = .64). Response latencies during RC did not differ 

significantly over trial blocks, conditions, or delays, nor 

was there any significant interaction. 



DISCUSSION 

During the course of learning, changes in a 

subject's expectations, response biases, and specific 

patterns of responding occur simultaneously but are not 

necessarily correlated with each other. This experiment 

tracked three specific behaviors: spontaneous stimulus 

preference during the IPA part of the trial; tendency to 

persevere from the IPA choice to BC of the experimental 

condition; and ability to shift from this preferred choice 

made in IPA and in BC in order to make a correct (and 

different) response in RC. All monkeys in this experiment 

had a substantial bias as evidenced by their different 

response frequencies to each of the nine windows during the 

IPA period. The within animal rank ordering of these 

preferences did not change significantly over trial blocks 

although the strengths of the preferences did vary over 

blocks. Further evidence of the monkeys* bias was their 

choice of the same window during IPA and BC on 84% of the 

experimental condition trials, even though they were never 

rewarded for a response during the IPA. Because the task 

was difficult and the monkeys were making many incorrect 

responses, it was possible to observe nonrandom responding 

over a long period of trials. Random responding, which is 

20 
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a precursor to learning (Harlow, 1959), changed throughout 

the experiment. During the first trial block, responses 

during IPA were most random, as measured by H. H became 

smaller as the experiment progressed until the last trial 

block when responses became more random again. These 

findings support the hypothesis that correct responding is 

positively associated with random responding since 

proportion correct in experimental trials were 

significantly greater than proportion correct in control 

trials for this trial block. 

Monkeys were performing below chance throughout 

this experiment but this does not necessarily mean that no 

learning or memory was in evidence. The percentage of 

matches between IPA and BC (84%) was greater than the 

matches between BC and RC (61%). Because BC was rewarded 

and IPA was not, this finding has central importance. Two 

different and conflicting processes were operating during 

this experiment: (1) basic instrumental conditioning 

(during single-trial intervals), which increases the 

tendency for an animal to respond to the locus previously 

responded to and rewarded, and (2) hypothesis learning 

(during inter-trial intervals), specifically for this 

experiment the strategy of win-shift (i.e. if a window was 

chosen and rewarded, make a response shift and respond to 
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the other window). Thorndike's Law of Effect (1911) would 

predict that because the response made in BC had been 

rewarded, there would be a strong tendency for the monkey 

to choose the same window during RC, and therefore make an 

incorrect choice, since reward would have been associated 

with this first window. The monkey's below chance 

performance with RC may be viewed as resulting from the 

combined effects of the Law of Effect and the persistence 

of a response bias for the window chosen previously. 

Further, if the monkey had already made two responses to 

one window and been rewarded for the latter of those two 

responses, it would seem to follow from both operant 

conditioning as well as optimal choice decision rules 

(Staddon, 1983) that matching during the first two parts of 

the experimental trials would strongly correlate with error 

in RC of the trial and not with the ability to shift 

responses from the preferred choice to the other, correct 

response. However, not all RC responses were in error, 

instead 39% of these responses were to the correct window. 

Bessemer, & Stollnitz, (1971) found that with 

discrimination learning the specific discriminations were 

forgotten sooner than the actual learning set. If this was 

happening, over trials the monkeys would learn the correct 

learning set and perform above chance, which did not occur 
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in this experiment. However, in probability learning if 

the animal is making frequent errors, it becomes more 

difficult to learn the correct or optimal strategy in the 

first place (Staddon, 1983). Since monkeys were making 

more errors than correct responses, learning the correct 

strategy would presumably be more difficult. Both of these 

factors, together with instrumental conditioning, could 

help explain why monkeys made a large proportion of errors 

in this experiment and at the same time seemed to be 

learning the correct strategy for responding correctly 

during the experimental condition trials. 

The experimental design, consisting of 

alternating experimental and control conditions within 

subjects, made it more difficult to learn any systematic 

method of responding correctly. Moreover, squirrel 

monkeys have short attention spans and act before 

carefully thinking out the consequences of their behavior 

(Fragaszy, 1985) making it difficult for them to 

concentrate and remember what previous responses were made 

and act accordingly. In spite of these difficulties, by 

the end of the experiment the monkeys were apparently using 

a nonrandom method of responding that resulted in more 

correct responses during the experimental than during 

control trials. The proportion of trials where IPA and BC 
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responses matched increased with time and was at its 

highest during the last trial block, and yet the animal's 

tendency to persevere from BC to RC decreased during the 

experimental trials and increased during the control as 

evidenced by the decrease in correct responses during this 

condition over trial blocks. By the end of the experiment 

the monkeys seemed to be using a strategy of persevering on 

the first two parts of the trial and then shifting to the 

other, not previously chosen window, thereby making a 

correct response in RC. Monkeys were performing more 

poorly during the control condition when it was not 

possible to persevere from IPA and BC. The fact that 

during the control condition this perseveration from parts 

A and B decreased was an indication that the monkeys had 

learned to suppress the preferred response during this 

condition, in order to make a correct response. The new, 

learned behavior, which developed from the combined 

experience of both inter-trial and single-trial effects, is 

an indication of the complex nature of learning new and 

difficult tasks. 
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