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ABSTRACT 

Six naive capuchin monkeys QCebus appella) and six 

naive squirrel monkeys (Salmlrl sclureus) were tested on 

an 8 second indirect delayed-response task in a modified 

Wisconsin General Test Apparatus (WGTA). 

Six experimental conditions were used to vary the 

lighting conditions during the 8 second delay between the 

termination of the 5 second cue light behind a door panel 

and the raising of a 2-way mirror screen which allowed the 

subject to respond to one of the two panels. These six 

conditions were altered by timers which controlled a small 

light located in the top of the test cage. The six 

experimental conditions were Cl) light in test cage 

remained on for the entire 8 seconds; (2) light went off 

immediately following the termination of the cue light and 

remained off for the entire 8 seconds at which time the 

light came on simultaneously with the raising of the 2-way 

mirror screen; C3) light on for 4 seconds and then off for 

^ seconds; C^) light off for ^ seconds then on for 4 

seconds; (3) light on for 2 seconds, off for ^ seconds and 

on for 2 seconds; and, C6) light off for 2 seconds, on for 

4 seconds and off for 2 seconds. A randomized 6x6 Latin 

vil 
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Square was used to assign subject and condition per day. 

Testing was conducted six days per week which allowed 

each condition to be presented to each subject every week. 

The 6x6 Latin Square was then repeated five times for a 

total test period of 30 v^eeks or l8o days. The 30 weeks 

were divided into 3 blocks of 10 weeks each. 

The results were analyzed with the Sequential 

State Theory CSST) which was developed by King and Fobes 

and is a two-stage theory of learning. The two stages 

are defined as atten,tlon which is followed by an associa

tive stage of bias free learning. 

The results indicated that, to the contrary of 

some recent research, proactive inhibition was a signifi

cant source of error under all conditions and for both 

species. There were no significant species differences as 

a function of the different lighting condition during the 

period of delay. 

The Sequential State Theory hypothesizes a tri

phasic model for the acquisition of a complex learning 

task. When the learning task is sufficiently difficult 

there are three clearly identifiable curves in the 

acquisition of learning. First, the animal exhibits error 

tendencies such as position perseveration. This tendency 

is followed by an Increase in random responding. Finally, 



detect responses emerge which are manifested by 

attending to the relevant diiifensions of the stimulus 

object. The data for both the capuchin monkeys and 

squirrel monkeys supported this model of learning with 

the response curves emerging in the predicted manner. 



INTRODUCTION 

The delayed-response problem involves a situation 

where the subject is prohibited from making a rewarded or 

non-rewarded response until a pre-determined delay period 

has ended. It is one of the most sensitive behavioral 

tests available to experimental treatments or manipula

tion in experimental psychology. Fletcher (1965:129) 

states that it "reveals phylogenetic, ontogenetic, and 

sex differences; it detects, where other tests fail to 

detect, the effects of brain lesions, drugs, radiation, 

and deprivation." The experimental paradigms for the 

delayed-response include varied techniques: direct 

delayed-response, indirect delayed-response, nonspatial 

delayed-response, delayed match-to-sample, delayed 

alternation and delayed matching-to-successive samples. 

W. S. Hunter (1913) performed the first experi

mental study of the delayed-response problem and felt 

this technique could represent the first actual measure

ment of "higher-order capacities" in animals and this 

belief continued for years. The method used by Hunter, 

which was the indirect delayed-response, was, however, 

used rarely by other researchers who preferred the direct 

1 
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delayed-response paradigm. The difference Is that in the 

indirect delayed-response the subject can not observe the 

baiting of the correct stimulus object as in direct 

delayed-response, but must instead learn to substitute a 

light or other cue for the actual visual observation of 

the baiting process. Researchers after Hunter believed 

this technique presented the difficulty of being-unable 

to ensure the attention of the animal to the light cue. 

Kohler (1925:2^8) in commenting on the indirect technique 

criticism made by Buytendyk states that "Buytendyk 

rightly calls attention to the fact that, in Hunter's 

method, the preliminary training to understand the 

'light business' causes unnecessary and unnatural compli

cations." The use of the direct delay procedure has 

therefore been the traditional method used (Fletcher, 

1965)- The indirect method does however offer the 

experimenter precise control over such variables as the 

duration. Intensity and quality of the cue and the time 

precision of the stimulus presentation and delay interval. 

Davis (197^)J Fletcher (196^), and Medin (I969) found 

that with prior practice to associate the light with the 

reward, performance on the indirect delayed-response 

paradigm is very similar to performance on the direct 

delayed-response paradigm. 



The direct delayed-response problem has four 

distinct phases which can be labeled: (1) the baiting 

phase; (2) the covering phase; (3) the delay phase; and 

(4) the response phase. In the Indirect technique, the 

baiting and covering phases are combined into one phase 

which could be called the cue presentation. Each of 

these phases has been investigated and manipulated by 

numerous researchers. 

The delayed-response paradigm, while originally 

conceived as a measure of memory or "higher order process 

by Hunter has more recently been questioned on how to 

classify what is being measured. Harlow, Harlow, 

Rueplng, and Mason (1960:120) state that "it has been 

variously considered as a learning problem, attention 

problem, memory problem, and thinking problem." Fletcher 

(1965) presents much evidence that the delayed-response . 

is a performance task which has an orienting response 

chain (either overt or covert) which ends with an 

observable terminating response. Other evidence which 

could support this concept of the delayed-response as a 

performance measure is the improvement with practice 

shown by almost all studies (Davis & Steele, I963; 

Mason, Blazek, & Harlow, 1956; Medin, 19^9; Riopelle, 

1959) which occurs while performance with a zero (0) sec 
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delay (which would be a discrimination learning paradigm) 

remains relatively constant. Another possible indication 

that the delayed-response is a performance task is that 

distractibility and hyperactivity correlate in a consist

ent, positive manner with decreased performance in direct 

delayed-response. Monkeys that have been irradiated are 

less active and have consistantly performed better on the 

direct delayed-response than normal controls (Harlow & 

Moon, 1956; McDowell & Brown, 1958; Furchtgott, 1963). 

This correlation between reduced activity and improved 

performance was also shown in the study performed by 

Fletcher (1964) when he measured the total activity level 

of normal rhesus monkeys during only the delay phase and 

found the rank-order correlation to be almost perfect 

between the total number of errors and the total activity 

level. The reduced activity level of the female rhesus 

may also account for their consistently better performance 

in delayed-response tasks as shown by Blomquist (i960) 

and McDowell, Brown, and McTee (I962), since both studies 

found no difference in the learning of a discrimination 

task (0 sec delay). 

It has been shown that motivation level can 

clearly affect the performance in the direct delayed-

response paradigm. This effect was demonstrated by 
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Pribram (I95O) in a study with baboons and by Gross (I963) 

with lesioned rhesus monkeys. Both studies varied the 

length of food deprivation prior to testing and found a 

significant improvement in the performance level with ! 

longer periods of deprivation (up to 50 hours). This 

finding could be related to improved attention during 

the baiting phase and not improved learning or retention 

per se. Another approach to alter the motivation level 

is by varying the reward. Performance is clearly 

affected by both the amount (Meyer and Harlow, 1952) and 

the quality (Berkson, I962) of the reward. Medin 

(unpublished study cited in Medin and Davis, 197^) found 

that response time was significantly less for pigtail 

monkeys when the response led to a preferred reward 

(raisin) than to a non-preferred reward (celery). This 

effect of a faster response was also shown to be a 

reliable finding using the indirect delayed-response 

paradigm with the same monkeys. 

The indirect delayed-response method has recently 

become more prevalent due to the research of Douglas 

Medin and Roger Davis. The advantage of increased 

control over such variables as the intertrial interval 

and the duration of stimulus presentation have allowed 

a much closer examination of the effects of these 
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variables through the utilization of automated testing. 

The study by Medln (I969) was a relntroductlon of the 

Indirect delayed-response paradigm and therefore deserves 

closer examination. Medln used a ^ x M matrix of plastic 

doors behind which lights were placed to indicate the 

correct door for the reinforcement. Upon the correct 

response, the light would again Illuminate when the 

monkey pushed open the door. The results were an orderly 

forgetting function that was very similar to the direct 

delayed-response paradigm. It is interesting to note that 

old (17-18 years), both normal and irradiated, and middle 

(9-11 years) aged rhesus were used as subjects and at 

delay intervals of 1 or 2 seconds the old monkeys per

formed better, but as the delay Interval increased to 

5, 10, and 20 seconds the middle aged monkeys performed 

significantly better. Medln argued that this difference 

must be attributed to better memory capabilities in the 

middle aged rhesus and not differences in attention since 

the attention process was equal as shown by their respec

tive levels of performance at very short delays. The 

lowest performance for all delays over 2 seconds were the 

irradiated subjects. 

A third paradigm is the nonspatial delayed-

response which uses a direct baiting procedure but where 
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the discrlininanda are not identical. After the baiting of 

the correct stimulus object, the object may or may not be 

moved during the delay phase. The difficulty of this task 

makes it hard for primates to learn and has therefore 

resulted in relatively little research. Harlow (1944) vias 

successful in teaching learning-set sophisticated monkeys 

nonspatial delayed-response. The importance of prior 

learning was shown by the Harlow study as none of the 

monkeys were experienced in delayed-response learning but 

learning-to-learn experience was easily transferred to a 

delayed-response. 

Currently the most popular paradigm is probably 

the delayed match-to-sample. A stimulus is presented 

and following a delay phase two or more stimuli are then 

presented and the subject must respond to the stimulus 

that matches the sample stimulus. The major advantage of 

this procedure is that it eliminates any physical 

orienting chain whether it be overt or covert as the 

correct discriminanda may be on either side when used in 

a normal WGTA (Wisconsin General Test Apparatus) test 

situation. Moise (I970) and Jarrard and Moise (1970, 

1971) attempted to use the delayed match-to-saraple para

digm to investigate short-term memory in primates. Using 

three stumptailed macaques (Macaca arctoides) as subjects. 



8 

this series of experiments attempted to duplicate some of 

the major processes used by Peterson and Peterson ( 1 9 5 9 )  

in their study on human short-term memory. Jarrard and 

Moise (1970) initially investigated the effects of physi

cal restraint on the performance level for the delayed 

match by placing the subject in a primate restraining 

chair as compared to being allowed to move freely about 

the test cage. With sufficient adaptation time for the 

subjects to the testing apparatus, no differences in 

performance were found between these two conditions and 

therefore all subsequent work was without restraint. 

Jarrard and Moise (1970, 1971) found that interpolated 

activity during the delay phase significantly decreased 

retention but that whether the activity occurred early or 

late in the delay period had no difference. This activity 

consisted of a series of unrelated reaction-time tasks in 

which the subject was required to respond within short 

time to a cue light onset by pressing a lever. This 

finding was also generally reported by Jarvik, Goldfarb 

and Carley (I969) with rhesus monkeys. Jarrard and Moise 

(1971) reported that the easier the stimulus difficulty of 

the sample, the better the performance as shown by a 

retention rate of 73% for colors and only 5^% for pat

terns with the color retention level showing greater 
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improvement with practice. Etkin and D'Amato (I969) 

varied the sample number and the delay interval with 

capuchin monkeys and found that retention was not 

affected by the number of stimuli in the sample but that 

some stimuli were harder to retain. This finding is in 

agreement with the preceding studies of Jarrard and 

Moise (1970, 1971). 

A fifth paradigm used in delayed-response learn

ing is the delayed alternation. This procedure calls for 

a win-shift lose-stay strategy. The confounding problem 

for intertrial interval length with the delay phase 

interval have resulted in most researchers using other 

paradigms although Stamm, Stepien, and Levine (1971) 

used it with lesioned monkeys. 

The final paradigm is the delayed matching-to-

successive-samples (DMTSS) task developed by Devine and 

Jones (1975). In this paradigm, the subject is required 

to match previous stimuli in the order they were pre

sented. For example, in the simplest case, an animal is 

shown two distinct discriminanda in order and following 

the delay phase must choose the discriminada in the 

original order of presentation. Devine, Burke and 

Rohack (1979) argue that the DMTSS method provides for 

examination of two factors important in retention: 
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stimulus similarity and order. In an extensive series of 

tests using rhesus as subjects, the influence of 

similarity on errors was very pervasive especially with 

non-naive monkeys. Naive subjects made both stimulus and 

position errors. The effect of order errors, that is 

number of errors for the first sample as compared to the 

number of errors for the second sample, showed conflicting 

results but Devine et al. concluded that order errors may 

occur independently of similarity errors. The loss of 

order information was much greater, however, at the 

longer delays (over 8 seconds). 

It is not surprising that all experimenters 

regardless of the paradigm used have found decreased 

performance as the time interval in the delay phase 

increases. Using the indirect delayed-response pro

cedure has however resulted in conflicting findings on 

exactly when the delay interval begins. In other words, 

does the delay begin with the initial onset of the cue 

light or with the actual delay interval which has been 

almost universally measured as beginning when the cue 

light is extinguished. Riopelle (1959) using the 

indirect delayed-response paradigm found the perform

ance in rhesus monkeys declined as the cue stimulus 

light duration increased from 1 second to 11 seconds. 

i 



These results were attributed by Riopelle to his hypoth

esis that an animal attends Immediately to the onset of 

the stimulus and the remainder of the cue presentation 

merely adds to the total delay phase. Medin (1969)j 

however, found that a longer stimulus presentation 

improved performance in the rhesus on an indirect delayed-

response task. He varied the cue presentation from 200 

milliseconds to 2 seconds and found a linear increase in 

performance level as the cue time increased. It may be 

that the duration difference from 200 milliseconds to 

2 seconds is so brief that the animal needs the added 

time to ensure attention to the cue presentation while 

the increase from 1 second to 11 seconds merely added 

time to the delay phase in the indirect delayed-response. 

D'Amato and Worsham (1972) in the first nonhuman 

primate study in which the sample duration was varied in 

a DMTS study also reported that sample duration had no 

effect on sample recognition for capuchin monkeys. 

However, the variance in the sample duration was very 

small (.075 seconds up to .^5 seconds) and Devine, Jones, 

Neville and Sakai (1977) in a study with rhesus monkeys 

found that performance increased as the sample duration 

increased up to a 32 second sample duration. The 

relationship of stimulus duration and delayed performance 

has clearly not been finalized. 
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A concern for many studies has been the effect 

of lowering a screen to prevent visual posturing. . Meyer 

and Harlow (1952) and Riopelle (1959) found that lower

ing the opaque screen during the delay phase resulted in 

a decrease in performance from 80-90^ correct for rhesus 

monkeys to chance (.50%) and resulted in a significant 

increase in balks and emotional behavior. Fletcher and 

Davis (1965) found a greater disruption in performance 

level when the screen was lowered early. Lentz (1978) 

also found a large decrement in performance when the 

opaque screen of the VJGTA was lowered for capuchin 

monkeys. Motiff, DeKock and Davis (I969) found that the 

lowering of the opaque screen resulted in a significant 

decrement in performance whereas the concealing of the 

objects by a small hand screen did not reduce performance 

significantly. Motiff et al. hypothesized that lowering 

the opaque screen has for all these subjects indicated 

an end to a trial in previous testing and therefore this 

lowering of the screen again signifies the end of the 

trial and the subject no longer remembers and in fact 

attempts to "forget the previous trial and prepare for 

the next" (Motiff et al., 1969:790). 

Borkhuis, Davis and Medin (1971) originated a 

procedure to eliminate visual posturing without the 
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disrupting effect of lowering an opaque screen with the 

indirect delayed-response procediire. They used a two-way 

mirror screen which had been lowered prior to the start 

of each trial. The cue stimulus was easily visible 

through the screen although a response could not be made. 

The termination of the cue stimulus began the delay phase 

and during this period the screen effectively concealed 

the stimulus discriminanda. Upon the termination of the 

delay phase, the two-way mirror screen was raised allowing 

the animal to respond. The utilization of a two-way 

mirror screen results in performance decrements with 

increasing delays similar to those observed when the 

subjects are allowed to view the stimuli for the duration 

of the delay. Ruggiero and Flagg (1976) found a differ

ence of about 20% in the total errors with the non-

allowed visual delay condition (two-way mirror) making 

the most errors. 

Another variable that has revealed a consistent 

difference between species is the lighting condition 

during the delay phase. Malmo (1942) found that if the 

delay phase was conducted with the animal in darkness that 

for both rhesus and mangabey monkeys, the performance 

level improved during all duration in the delay phase. 

Malmo suggested that this result could be attributed to a 



reduction in intratrial interference as all visual cues 

are eliminated during darkness. McDowell and Brown (i960) 

found that rhesus monkey performance improved if darkness 

occurred in the delay phase and the subject had been 

previously conditioned to both light and dark delay 

conditions on delayed-re'sponse problems. Etkin (1972) 

also found improved performance in capuchin or cebus mon^. 

keys when the lights were turned off. King and Clawson 

(1966) and King, Planingam and Rees (1968) found that .for 

squirrel monkeys the percentage of correct responses 

decreased about 15^ for all intervals used when darkness 

occurred during the delay phase. This reduction in the 

performance of squirrel monkeys when placed in darkness 

may be partially attributed to the finding by Parker (I966) 

that total darkness is an aversive stimulus condition for 

squirrel monkeys. It is, however, possible that visual 

fixation or posturing is more Important for the squirrel 

monkey than for the other species mentioned and that this 

difficulty in posturing due to darkness affected the level 

of performance. 

Delayed-response performance has traditionally 

been measured by a correct percentage or total number of 

errors. Lentz (1978) has been the only exception. This 

traditional measure is adequate only if performance 
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increases at a relatively constant rate to some asymptote 

which occurs very rarely if at all in the delayed-response 

paradigm. Performance in this situation is often just 

above chance and a minor variation in the experimental 

design can result in very rapid shifts in the level of 

performance. It would therefore be very beneficial to 

examine the response tendencies during the entire 

delayed-response problem to try to ascertain if any 

processes are occurring on a systematic basis during the 

chance or slightly above chance performance levels. 

The first systematic attempt to look at response 

tendencies and the type of errors these tendencies would 

produce was made by Krechevsky (1932) when he analyzed 

such tendencies as position preference and position 

alteration made by rats in a maze. Krechevsky saw these 

types of errors as systematic attempts by the rat to 

solve the problem by attending to some stimulus dimen

sion of the maze regardless of whether it was relevant or 

not. He labeled these attempts "hypotheses" since they 

represented a systematic and purposive attempt by the 

animal to solve the maze with some degree of an abstrac

tion process since it represented a unified integrated 

process of responding. 

A later approach was made by Harlow (1950) who 

demonstrated the existence of similar systematic response 
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tendencies by rhesus monkeys In his classic discrimina

tion learning-set paradigm. Harlow found three primary 

types of systematic responses which he called "error 

factors." Harlow labeled these error factors: stimulus 

perseveration (excess of consecutive errors following a 

first trial error); differential cue (responding to the 

previously rewarded position); and, response shift 

(tendency to commit more errors following one or more 

correct responses). Another error factor that existed in 

a few of these sophisticated animals was position habit 

which was the tendency to respond to one side or the 

other. While this method represented an advance over the 

method used by Krechevsky, it had a major weakness in 

that the measures were separately computed and were not 

on a common scale. This meant that the proportion of 

responses controlled by a given error factor could not 

be computed and the relative strengths of the error 

factors could not be compared. 

This weakness was corrected by Marvin Levine 

(1959s 1965). Levine once again used the terminology of 

Krechevsky and labeled the response tendencies 

"hypotheses" since they could measure both error and 

reward tendencies. He developed a theoretical framework 

which was a significant improvement on the work of Harlow. 



Specifically, Levine's model measured all response tend

encies in a standard and consistant manner allowing for 

the response percentages to be additive and therefore a 

total percentage for each response tendency. The model 

was mathematical and could be tested experimentally with 

many different possible response tendencies. Levine's 

nine hypotheses were for experimentally naive monkeys in 

object-discrimination learning set (ODLS) experiments. 

Levine's analysis was based on the division of the 

responses for trials one-three into a total of 32 differ

ent response events which could occur based on differing 

stimulus presentation, subject's response, and prior 

outcome sequence within a 3-trial sequence. The value of 

each hypothesis (H) could then be expressed as a propor

tion in that the sum of all the values of H must equal 

1.00. Table 1 shows the hypotheses, their definitions 

and manifestations developed by Levine (1965). 

Using a modification of Levine's method. King and 

Pobes (1975) found in analyzing the acquisition of a 

sameness-difference learning task by capuchin monkeys 

that those animals which learned the task Initially 

exhibited more random errors than position preference 

errors. The type of errors were reversed for those 

animals which did not learn the task. These error 



TABLE 1 

Levlne's Hypotheses 

Hypothesis Definition Manifestation 

Position 
preference 

Position 
alternation 

Responding to only one III 
position 

Alternating between lOI 
positions from trial 
to trial 

Stimulus 
preference 

Stimulus 
alternation 

Responding to only 
one object 

Alternating between 
objects from trial 
to trial 

+++, — 

+-+, -+-

Win-stay Repeating a rewarded 
lose-shift response to a position 
with respect or shifting a nonrewarded 
to position response to another 

position 

Lose-stay Shifting a response to 
win-shift another position after 
with respect reward or repeating a 
to position response to a nonrewarded 

position 

Win-stay Repeating a rewarded 
lose-shift response to an object 
with respect or shifting from a 
to the nonrewarded object to a 
object rewarded one 

I+I+I, I+I-O, 
I-O+O, I-O-I 

I+O+Ij I+O—0, 
I-I+O, I-I-I 

+++, -++ 

Third-trial 
learning 

Correct response on 
third trial but not an 
the second 

— + ,  + - +  

Residual 
category 

Random responding all possible 
manifestations 

+ indicates a correct response, indicates an incorrect 
response, I indicates the first position responded to on 
a three-trial sequence, 0 indicates the other position 
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tendencies were then used to develop the Sequential State 

Theory (SST) (King and Pobes, in press) which postulates 

three phases in the acquisition of a discrimination 

learning set. These phases are sequential in nature and 

can be separately measured with their relative strengths 

computed. In the acquisition of a typical task, state 

changes occur in the following fashion: first, the 

animal must learn to eliminate systematic errors of which 

the major error is position preference. As this state is 

decreasing, random responding increases in strength. The 

final phase is the detect or correct response pattern 

which emerges as the random responding decreases. 

Individual differences in the speed of acquisition could 

be explained by the point on the three-phase relationship 

that the subject began the task. Scanlon and King- (1976) 

and Smith, King and Newberry (I976) have suggested that 

random responding must be regarded as an indicant of 

attention to the relevant dimension of the stimuli. 

Random responding is therefore an integral aspect of 

learning and must precede immediately that aspect of 

learning typically measured by percentage of correct 

responses. 



PURPOSE 

The delayed-response paradigm has been shown to 

be a very sensitive measure of behavioral differences. 

While the exact nature of. the response being measured 

(i.e., learning, attention, or performance) has not been 

determined, it would seem to offer an excellent means to 

further evaluate the applicability of the Sequential 

State Theory (SST) to different learning or performance 

tasks. The choice of the capuchin and squirrel monkeys 

in the delayed-response problem with different light 

conditions occurring during the delayed phase should 

provide a test of the general applicability of the SST 

to measure performance on a delayed-response task. 

Cebus monkeys have shown an improved performance during 

darkness in the delay phase (D'Amato and O'Neill, 1971; 

Etkin, 1972) while squirrel monkeys' performances have 

declined when darkness was imposed (King & Clawson, 1966; 

King, Flaningam & Rees, 1968). The variations in the 

onset/offset of the dark/light condition should allow the 

subject to process information on the orienting sequence 

with different degrees of completion. A two-way screen as 

developed by Borkhuis et al. (1971) was used to attempt to 
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decrease distraction and to eliminate ambiguity about the 

beginning and end of a trial. 

This study was designed to measure the effects 

of darkness on two species of New World monkeys during a 

delayed-response learning task. The onset and offset of 

light and dark were varied to measure the effect of the 

temporal sequencing of different light conditions on 

learning as analyzed by the Sequential State Theory. 



METHOD 

Sub.lect s 

Subjects were six capuchin monkeys (Cebus 

appella) Initially weighing 2142 to 4068 grams and six 

squirrel monkeys (Salmlrl sclureus) Initially weighing 

622 to 860 grams most of whom have had considerable dis

crimination learning task experience were used. All 

monkeys were naive on delayed-response learning tasks. 

Each species was equally divided between males and 

females and were maintained on a feeding schedule which 

kept their body weight at 85% of their free feeding body 

weight. 

Testing Procedure 

Testing was manually performed on a modified 

version of the Wisconsin General Test Apparatus (WGTA). 

The WGTA was equipped with both a forward opaque screen 

and a 2-way mirror screen. The forward opaque screen 

and the 2-way mirror screen were both lowered prior to a 

trial. The start of a trial was signaled by the raising 

of the opaque screen. The 2-way screen remained down and 

22 
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thus precluded the subject from both observing the 

discriminanda or obtaining the reinforcement. At the 

conclusion of the delay period (8 seconds), the 2-way 

screen was raised and the subject could then respond. 

The subject was required to respond to one of two 7.5 

cm2 translucent plexiglass panels placed 2.5 cm apart 

(edge to edge) and hinged at the top. The correct posi

tion on a given trial had been indicated by illuminating 

a panel and the small chamber behind it for 5 seconds. 

The subject responded by pushing open the panel to obtain 

the reinforcer (1/2 raisin) which had been placed in a 2 

cm white dot, 6.5 cm behind the panel centered within the 

reinforcement chamber. As a correct response was made, 

movement of the stimulus panel activated a microswitch 

which relite the chamber when the panel had been moved 

.25 cm. The relighting of the panel acted as a secondary 

reinforcer and permitted the subject to see the raisin. 

The light remained off after an incorrect response. Upon 

the termination of the response by the subject, the tester 

lowered both the opaque screen and the 2-way mirror 

signaling an end to that trial and the start of the 

intertrial interval. The intertrial interval was timed 

with a foot pedal actuated timer while the delay lighting 

sequence was automatically controlled with pre-set timers. 

A white noise generator was used throughout the experiment. 
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Adaptation 

Adaptation was accomplished in three phases: 

a) learning to respond correctly without the mirror 

screen in place and with no delay; (b) learning to respond 

with the mirror screen in place and the delay increasing 

until the screen does not raise until the cue light is 

extinguished; and (c) responding correctly with a 

2 second delay between the offset of the cue light and 

the raising of the mirror screen. 

Throughout the adaptation procedure, the correct 

position was randomly varied with the only qualification 

being that there not be more than three consecutive 

correct responses to the same side and that all eight 

possible 3-trial right-left sequences be used during the 

2^ trials of testing each day. 

Each subject had to respond correctly 21 times 

during the 2^ daily trials for two consecutive days to 

meet each phase of the adaptation criteria. 

Upon meeting the adaptation criteria, each 

subject was then placed in a modified titration series 

in which they had to correctly respond in 8 out of 10 

trials at 3, 4, and 6 second delays. Each of these 

delays had two different lighting conditions during the 

delay. First, the monkeys had to meet the 8 of 10 



25 

criteria with the delay phase being conducted in a lighted 

condition in the test cage and then the subject had to 

respond correctly 8 of 10 times with the delay being in 

total darkness. The general lengthening of the dark con

dition was especially important for the squirrel monkeys 

which at the beginning were very agitated and dramatically 

dropped in performance level when placed in darkness for 

even 2 seconds. 

The total test days (2^1 trials per day, 7 days a 

week) needed for adaptation varied from 27 to 108 with the 

squirrel monkeys all requiring over 90 days. 

Experimental Design 

Each subject received 2^ trials daily. All trials 

for each day were in the same experimental condition. The 

correct position on any given trial was determined by one 

of six different 2^-trial right-left sequences. All 

sequences were constructed so that no position was rein

forced for more than three consecutive trials and that 

each possible three-trial sequence (LLR, RRL, LRL, RLR, 

LRR, RLL, LLL and RRR) occurred once each day. 

Six experimental conditions were used to vary the 

lighting conditions during the 8 second delay between the 

termination of the 5 second cue light and the raising of 

the 2-way mirror screen which allowed the subject to 
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respond. These six conditions were altered by timers 

which controlled a small light located in the top of the 

test cage. The six experimental conditions were (1) 

light in test cage remained on for the entire 8 seconds; 

(2) light went off immediately following the termination 

of the cue light and remained off for the entire 8 

seconds at which time the light came on simultaneously 

with the raising of the 2-way mirror screen; (3) light on 

for ^ seconds and then off for ^ seconds; (4) light off 

for ^ seconds then on for 4 seconds; (5) light on for 2 

seconds, off for seconds and on for 2 seconds; and, 

(6) light off for 2 seconds, on for ^ seconds and off for 

2 seconds. A randomized 6X6 Latin Square (Fisher & 

Yates, 1953) was used to assign subject and condition per 

day. Testing was conducted six days per week which 

allowed each condition to be presented to each subject 

every week. The 6x6 Latin Square was then repeated 

five times for a total test period of 30 weeks or 180 days. 

The 30 weeks were divided into 3 blocks of 10 weeks each. 

Each condition therefore had 1,440 3-trial sequences for 

hypothesis analysis. 

The intertrial interval was 12 seconds with both 

the opaque screen and the 2-way mirror screen lowered. 

The reinforcer was one-half of a raisin. 
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Hypothesis Analysis 

Results were analyzed with the Sequential State 

Theory (SST) developed by King and Pobes (in press). 

This technique was developed as an improvement over 

Levine's technique in that it allows the subject's 

hypothesis to change from trial to trial and will 

measure these sequential changes in the data. Table 2 

shows the possible states that exist and their manifes

tations as shown by the subject's learning. 

SST has been used with some success to predict 

learning curves for both discrimination learning tasks 

(King & Fobes, 1975; Scanlon & King, 1976) and signal 

detection (Fobes, 1974). An attempt by Lentz (1978) 

to utilize SST in a delayed-response task in cebus 

monkeys provided equivocal results which may be at least 

partially attributed to a possible methodological error 

in that the same opaque screen was used to provide both 

the intra-trial and the inter-trial delays. The subjects 

may have very easily been unable to differentiate between 

the intra- and inter-trial delay resulting in the results 

which are in disagreement with other obtained findings 

previously cited. 

SST is a two-factor or two-stage theory of 

learning with the two stages being first attention (A) 

I 
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TABLE 2 

Possible States of Sequential State Theory (SST) 

STATE MANIFESTATIONS TYPE 

Detect (D) 

Random (R) 

Simple Bias (B) 

Resp. Persev. (P) 

Resp. Alt. (Q) 

Win-stay; Lose-shift 
for prior response (P) 

Win-shift; Lose-stay 
for prior response (G) 

Stimulus Preference/ 
Aversion or Outcome 

Clustering (S) 

Stimulus Alternation 
or Outcome Alternation 

(T) 

All possible 
sequences 

P(response 1) 
5^ P(response 2) 

II; 00 

10; 01 

I+I; I_0; 0+0; 
0_I 

I+O; I_I; O+I; 
0-0  

+  + ;  -  -

+ -; - + 

Attentional 

Attentional 

Simple Bias 

Sequentially 
Dependent 

Sequentially 
Dependent 

Sequentially 
Dependent 

Sequentially 
Dependent 

Sequentially 
Dependent 

Sequentially 
Dependent 

+ and - indicate correct and incorrect response 
I indicates postiion selected on first trial of a three-

trial sequence 
0 indicates other positions 

Taken from King and Fobes (in press). 
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as measured by P(D) + P(R) and the second being the 

associative stage defined by the bias free measure of 

learning (K)=P(D/A). A closer look at these two parts of 

the learning process is required. SST departs from most 

theories of learning in that it views random responses as 

a measure and part of the attention process. This is 

shown by the assertion that attention (A) is the sura of 

the probabilities of D (detect) and R (random). Using 

random responses (R) as a function of attention is needed 

in that as the responses become less correlated with 

irrelevant dimensions such as object or position prefer

ence (state B or P), the only probabilities that can 

increase are those for D and R. Data supporting this 

interpretation of random responding as a part of atten

tion has been obtained in both discrimination learning 

tasks and signal detection. 

Value K, which is the conditional probability of 

a detect state given that the subject is attending, can 

therefore be defined as: K = P(D/A) = P(D)/P(D) + P(R). 

In other words, K is the probability of a correct response 

when no response bias is manifested by the subject. It 

is therefore a much more exact measure of learning as it 

is not confounded with any systematic error producing 

tendencies of the subject. 
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Therefore, in addition to the states listed in 

Table 2, two additional values or statistics were 

computed: K.and A as defined above. 



RESULTS 

The probabilities of six states in the Sequential 

State Theory were analyzed with a repeated measure 

analysis of variance (ANOVA) with the variables being the 

two species, the three blocks of ten weeks each and the 

six different light conditions. One of the three states 

not actually computed was Q which is a response alter

nation or a tendency to change the side to which the 

subject responded regardless of the outcome of the 

previous response. Another state not computed was the 

win-shift lose-stay with respect to the prior response 

(state G). The final state not computed was state T or 

the stimulus alternation or outcome alternation. Each of 

these states is the opposite of another state (Q-P, G-F, 

T-S) and the states chosen for analyzing were the states 

having positive instead of negative numbers corresponding 

to their probabilities. 

In addition to the six states, four other values 

(P(+), A, K, PVE) were also computed. The probability of 

a correct response, P(+), is related to the probability of 

state D, P(D), by the following equation: P(+) = P(D) + 
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1/2 (l-P(D)). P(+) is based on all trials whereas P(D), 

like the other state probabilities, is based only on 

trials 2 and 3 of each 3-trial sequence. Therefore, P(+) 

from the above equation will be slightly different from 

P(+) for the entire set of data. A second value which 

was computed was the value which in the Sequential State 

Theory is labeled as attention (A). Attention (A) is 

defined as the summed probabilities of states D (Detect) 

and R (Random). P(A) is therefore the probability of a 

non-biased response. Use of P(A) will then allow us to 

define a measure of learning which is bias free or not a 

function of the error producing sequential dependencies 

or simple response bias. This new bias free learning 

measure will be referred to as K and is defined as the 

conditional probability of detect given attention. Thus 

K = P(D/A) = P(D)/(P(D) + P(R)). 

The final value computed was the Proportion of 

Variance Explained (PVE). PVE was first used by Levine 

(1965) as a measure of how well his hypothesis strengths 

obtained from a data set predicted frequencies of 32 

different types of 3-trial sequences. We have used the 

PVE in a comparable way to indicate how well the set of 

state strengths predicts the frequencies of the same 32 

different types of 3-trial sequences. Specifically, 
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PVE = 1 - a^op/o^p where a^op is the mean squared devia

tions between observed frequencies and frequencies 

predicted by state strengths and a^p is the mean squared 

deviations between observed frequency and the mean 

overall frequency. The PVE is thus the proportion of 

variance accounted for by the measured state strengths 

and is analogous to r^ (coefficient of determination). 

The PVE values were extremely high. The mean 

PVE for squirrel monkeys was .77 while that for capuchin 

monkeys was .81. These high values would provide evi

dence that any unmeasured states in use by the monkeys 

had very low probabilities. None of the ANOVAs with PVE 

as a dependent variable were significant thereby indi

cating that the unmeasured states did not vary in 

strength with experimental conditions. 

To determine the response components which 

accounted for a significant portion of the monkeys' 

responses, t tests were used to ascertain which mean 

state probabilities summed over all conditions were 

significantly different from zero for each species. 

Table 3 lists the mean probabilities which were computed 

for the capuchin monkeys and Table ^ the mean probabil

ities for the squirrel monkeys. The only mean state 

probability that was significant for one species and not 



TABLE 3 

Mean state values for capuchin monkeys 
summed across trials and conditions 

_ SIGNIFICANCE 
STATE X LEVEL 

(+) .77 p<.001 

D .52 p<.001 

R .17 P<. 05 

B .10 p<. 02 

P .03 N.S. 

F .0007 N.S. 

S .OH N.S. 

A .68 p<.001 

K .75 p<. 01 



TABLE 

Mean state values for squirrel monkeys 
summed across trials and conditions 

_ SIGNIFICANCE 
STATE ' X LEVEL 

(+) .58 p<.001 

D .15 P<.05 

R .31 p<.01 

B .21 p<.01 

P .17 p<.02 

P -.01 N.S. 

S .01 N.S. 

A .47 p<.01 

K .36 p<.01 



the other was the probability of position perseveration 

(state P). The squirrel monkeys exhibited a significantly 

greater than zero probability for state P whereas the 

probability of a state P response for the capuchin monkeys 

was not significantly different from zero. The mean prob

abilities for outcome clustering (state S) and win-stay 

lose-shlft for position (state F) did not differ signif

icantly from zero for either species. 

Interspecies Differences 

P(D) was .15 for the squirrel monkeys and .52 for 

the capuchin monkeys, a difference which was highly sig

nificant (F(l,10) = 12.90, 2. <-01). Similarly, P( + ) was 

.58 for the squirrel monkeys and .77 for the capuchin 

monkeys (P(l,10) = 13.07j 2. ^ .01). The bias-free measure 

of learning, K, had a mean probability of .36 in the 

squirrel monkeys and .75 in the capuchin monkeys (F(l,10) 

= 7.27, £ < .05). State R was not significantly differ

ent for the two species. 

The two major response biases measured were state 

P, defined as position perseveration, and state B defined 

as position preference. Position perseveration (state P) 

was a significantly more potent source of errors in 

squirrel monkeys (P(P) = .17) than in capuchin monkeys 

(P(P) = .03) (F(l,10) = 7-25j 2. < .05). Simple position 
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preference (state B) which is not a sequentially depend

ent state but merely reflects the probability of a left 

response not equalling the probability of a right response 

had a mean value of .21 for the squirrel monkeys and .09 

for the capuchin monkeys (F(l,10) = 6.00, £ < .05). Thus, 

squirrel monkeys were markedly more susceptible to errors 

from both the position related states than were the 

capuchin monkeys. 

P(A), the measure of attention or bias free 

responding had a mean probability of .^8 in the squirrel 

monkeys and .68 in the capuchin monkeys (F(l,10) = 7-98, 

£ < .05). The significantly greater value of P(A) in 

capuchin monkeys is consistent with this species lesser 

susceptibility to position related sequential dependen

cies and biases. 

Changes Over Trial (Blocks) 

Figure 1 shows the increasing probabilities of 

both correct responding and state D as a function of 

trials grouped into the ten week blocks. The increase 

in the probability of a correct response was highly 

significant (P(2,20) = 11.04, £ < .001) as was the „ 

increase in P(D) (F(2,20) = 10.27, £ < .001). Random 

responding, state R, decreased throughout the three 

blocks (P(2,20) = 5.70, £<.01) and is also depicted 
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in Figure 1. The bias free measure of learning, K, also 

depicted in Figure 1, increased over blocks (P(2,20) = 

7.10, £ < .005). Neither of the probabilities of the two 

position related bias states (P or B) changed over blocks. 

Condition Changes 

The six different lighting conditions during the 

delay also njesulted in three significant differences. 

The six experimental light conditions were as follows: 

(1) Condition 1 which had the light on for the entire 

8 seconds of delay; (2) Condition 2 in which the entire 

8 seconds of delay were in darkness (no light); 

(3) Condition 3 which had seconds of light followed 

by ^ seconds of darkness; (4) Condition ^ which had 

^ seconds of no light followed by the last ^ seconds with 

light; (5) Condition 5 which was 2 seconds of light 

followed by seconds of darkness and then 2 seconds of 

light; and, (6) Condition 6 which was the opposite of 

condition 5 with 2 seconds of darkness then k seconds of 

light followed by 2 seconds of darkness. 

The probability of a correct response as a 

function of the lighting condition during the delay is 

shown in Figure. 2. Clearly, differences among the six 

conditions were not striking although the overall P 

ration was (F(5,50) = 5.25, 2. .001). Probabilities of 
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state D responses as' a function of different lighting 

conditions is shown in Figure 3 and was also significant 

(F(5j50) = 3.03, 2. < .02). As shown in Figure 3, all 

three lighting conditions which had an initial period of 

darkness produced higher probabilities of a detect state 

than symmetrical lighting conditions beginning with a 

period of light. 

The different lighting conditions during the 

delay also resulted in significant overall difference for 

K, the bias free measure of learning (P(5,50) = 2.55j 

£ < .0^1). The effect of the lighting conditions on K is 

shown in Figure and again each lighting condition which 

initially had a period of darkness resulted in a higher 

probability of bias free learning than the comparable 

condition with an initial period of light. In addition, 

the magnitude of the differences among conditions, 

although still not striking, was larger when measured by 

K than when measured by P(D). 

The effect of the six different lighting conditions 

were analyzed by the Newman-Keuls test (£=.05) to compare 

the means of the different scores for each lighting 

condition. None of the means differed significantly from 

any other. 
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Interactions Effects 

The species X block Interaction was significant 

for four different dependent variables. For both P(D) 

and P(+), the capuchin monkeys evidenced more rapid 

improvement over trials than did the squirrel monkeys 

resulting in a significant species by trial interaction 

for both variables (F(2,20) = 6.6^, £ < .01 for P(+); 

P(2,20) = 6.03, E. <.01 for P(D)). Figures 5 and 6 

depict this interaction for P(D) and P(+) respectively. 

Figure 7 shows the significant species by trial 

interaction for the probability of a random response P(R). 

P(R) for the capuchin monkeys monotonically decreased 

while for the squirrel monkeys it increased, then 

decreased (P(2,20) = 3.81, p < .03). 

The fourth species X block interaction which was 

significant was for A, the probability of attention, 

(P(2,20) = 3.63, 2. < .0^). As shown by Figure 8, the 

capuchin monkeys manifested a constant increase in the 

probability of attention whereas the squirrel monkeys 

increased the likelihood of attending in the middle trial 

block but decreased in the probability of attending in 

the later trials. 

One additional significant interaction shown in 

Figure 9 was that for species X condition with probability 
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of a state S response as Its dependent variable (F(5,50) = 

3.29, £ < .02). State S is manifested by consecutive 

positive response and consecutive negative responses 

in excess of those that would occur by chance given P(+). 

The capuchin monkeys had a larger probability of a state 

S response in the lighting conditions which were k off, 

^ on and 8 off while the probability of a state S response 

by the squirrel monkeys remained near 0.0. 



DISCUSSION 

Delayed response paradigms have been widely used 

for measuring short-term memory in nonhuman primates. 

The species studied have included the rhesus (Harlow, 

Harlow, Rueping and Mason, I96O; Riopelle, 1959; 

Fletcher, Garske, Barron and Grogg, 1968; Devine, Burke 

and Rohack, 1979)a stumptail macaque (Moise, 1970; 

Jarrard & Moise 1970, 1971)> cebus or capuchin (D'Amato 

and O'Neill, 1971; Etkin & D'Amato, I969), and squirrel 

monkeys (French, 1959; King & Clawson, I966; King, 

Flaningam & Rees, 1968). Each of these studies and in 

fact all studies have varied different aspects of the 

paradigm and have examined results which are not easily 

comparable. This study was an attempt to compare two 

New World species of monkeys on a relatively short 

delayed-response period (8 seconds) under different 

lighting conditions. 

Capuchin monkeys which were first studied on a 

delayed-response task by Harlow, Uehling, and Maslow 

(1932) performed significantly better than did the 
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squirrel monkeys on the present delayed-response task. 

The squirrel monkey which had first been tested on a 

delayed-response task by French (1959) is a much smaller 

New World monkey than the capuchin. While a search of 

the literature reveals no direct species comparison on 

a delayed-response paradigm, the better performance by 

the capuchin monkeys was not surprising. The squirrel 

monkey is easily excitable and was much slower to learn 

the zero second delay or simple discrimination problem 

during adaptation. 

This improved performance by the capuchin monkeys 

as compared to the squirrel monkeys was shown in the 

significantly higher probability in the values for the 

correct response (+) and a detect response (D). For both 

these probabilities, the capuchin monkeys manifested much 

faster Improvement over trials and their probabilities 

were also greater on the initial trials. In other words, 

the capuchin monkeys were performing better at the start 

of the study and continued to improve at a faster rate 

than did the squirrel monkeys over the 180 days of testing. 

This better initial performance as measured in block 1 

which continued for 60 days was not due to any increase 

in adaptation trials or better performance during 

adaptation. As each subject reached adaptation criteria, 

they were immediately placed into the experiment. 



The two major response biases, state B which is 

defined as the likelihood that a right side response does 

not equal a left side response and state P which is 

defined as position perseveration, were significantly 

greater in the squirrel monkeys than in the capuchin 

monkeys. However, neither of these states entered into 

a significant species by block interaction. Position 

perseveration (state P) showed a small decline over time 

but State B while decreasing for the capuchin monkeys 

actually increased in the squirrel monkeys. 

The two composite statistics, value A (attention) 

and value K (bias free learning) also showed significant 

differences between species. The probability of an 

attentional response for the capuchin monkeys over the 

entire experiment was .68 whereas the corresponding 

probability for the squirrel monkeys was .^7- The 

interaction of species by trials was also dramatically 

different with the capuchin monkeys showing a very con

stant rate of improvement over the trials and the 

squirrel monkeys improving in the second series of trials 

but then decreasing at the end as the probability of 

state B increased. K, the bias free measure of learning, 

had a mean probability of .76 for the capuchin monkeys and 

.36 for the squirrel monkeys thus showing that the 



capuchin monkeys' performance was superior even when 

the effects of the extra bias and sequentially depend

ent responses of the squirrel monkeys were eliminated. 

In other words, the inferior squirrel monkey performance 

is not solely attributable to their high susceptibility 

to various response biases but is partly attributable 

to some mechanism generating extra random respones. 

The best performance occurred in condition 2 which 

was conducted with the entire 8 seconds of delay in 

darkness for both species. Previous research had shown 

that for some species of primates, elimination of visual 

cues during the delay period with darkness improved 

performance. Rhesus monkeys (McDowell and Brown 1960), 

mangabey monkeys (Malmo, 19^2) and capuchin monkeys have 

all shown improved performance when the delay was con

ducted in darkness. Etkin (1972) and Etkin & D'Amato 

(1969) had found with capuchin monkeys an improved 

performance in delayed-match-to-sample if the delay was 

conducted in darkness which they attributed to a lack 

of extraneous stimuli being present when it was dark. 

King and Clawson (1966) and King, Planingam & Rees (1968) 

found that squirrel monkeys performed significantly worse 

when the delay was spent in darkness which was at least 

partially attributed to the aversive nature of darkness 



for squirrel monkeys as shown by Parker (I966). This 

decrement in performance found by King and Clawson for 

squirrel monkeys was for periods of delay exceeding 

5 seconds. 

King and Clawson hypothesized two different 

processes involved in delayed-response learning for 

squirrel monkeys. A short term process which is 

independent of lighting effects and a longer term 

process involved in delays exceeding 5 seconds. In the 

present study, mean probability for a state D response as 

shown in Figure 3 was higher for the condition in each 

complimentary pair of conditions in which the initial 

phase was conducted in darkness for both the capuchin 

and squirrel monkeys. The bias free measure of learning 

(K) was also higher in all lighting pairs that began in 

darkness. For example, the lighting condition which 

consisted of 4 seconds of darkness and then 4 seconds 

of light was higher for both D and K than its reciprocal 

light condition in which the light was on for h seconds 

and then off for seconds. These results are not 

consistent with King and Clawson's hypothesis since they 

indicate that the lighting condition during the initial 

few seconds of the delay period are the most important 

in determining the probability of a correct response. 



The improved performance for both probability of 

a correct response and probability of a detect response 

in delays of complete darkness for the squirrel monkeys 

may be due to an extended testing period. McDowell and 

Brown (196O) in a study with rhesus monkeys found a 

decrement in performance until this Old World species 

was highly trained on the task and then dark delays 

improved the performance level. This improvement had 

also been reported by Malmo (1942) in a study with rhesus 

monkeys. King and Clawson tested for 60 test days and 

no time period was reported for adaptation. In the 

study reported here, adaptation for the squirrel monkeys 

lasted a minimum of 90 days (and 5 of the 6 squirrel 

monkeys had over 100 days) before the start of the test 

with the adaptation involving a slow and gradual increase 

in the length of darkness. The adaptation schedule was 

7 days per week which would also increase the adaptation 

level to darkness. The increase in darkness progressed 

from 1/2 second, to 1 second, to 2 seconds, to 3 seconds, 

to M seconds, and finally to 6 seconds before the test 

period began and each adaptation delay period met a 

preestablished criteria of 8 out of 10 responses being 

correct before progression to the next delay. It seems 

likely that the squirrel monkey, which is a very nervous 



and excitable subject regardless of the test procedure, 

requires a very extensive adaptation with periods of 

darkness before it is totally adapted. 

As previously noted, the only significant effects 

due to the lighting conditions were in the probability 

of a correct response, the probability of state D 

response, and the bias free measure of learning (state K). 

No error tendencies were a function of conditions in either 

species. This lack of error increases indicates that 

no different strategies were systematically functioning 

as a result of either light or dark or a combination of 

the two. 

At one time, Harlow (1951) and others have argued 

that the delayed-response performance was a function of 

intertrlal determinants or the transfer effects from the 

preceding trials (i.e., proactive interference). 

Proactive interference was also proposed as a source of 

delayed-response errors by Gleltman, Wilson, Herman and 

Rescorla (I963) who reported improved performance with 

rhesus monkeys given distributed trials (2 trials per 

day) rather than massed trials (20 per day). There are, 

however, two difficulties with their conclusions. First, 

no separate data were given for trial 1 and trial 2 on 

the distributed trial day or for each trial on the massed 



day. If proactive interference were operating, each 

individual trial would result in an increase in the 

interference, but this increase cannot be known without 

individual trial data. Second, performance on any given 

trial was affected more if the trial was preceded by a 

series of long-term delays than if the preceding trials 

were an equal number of short-term delays. The deterio

ration in performance could therefore be explained- by 

either frustration or extinction. 

Fletcher (I965), Fletcher et al. (I968) have 

however argued that the delayed-response problem is an 

intratrial problem which is subject to little interference 

from preceding trials if the orienting response to the 

positive locus is reliably "elicited" through prior 

training. Using pseudo-trials in which no cues were 

given as to which locus would be correct, Fletcher found 

that the response was independent of the preceding trial. 

In other words, no response tendency correlated with 

events on the previous trial was found by Fletcher et al. 

(1968) for sophisticated rhesus monkeys in an indirect 

delayed-response problem with the periods of delay being 

0, 20 and 40 seconds. However, when a pseudo-trial was 

used, more responses were made to the side previously 

rewarded than to the side not previously rewarded. 
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Using the same apparatus as in the present study, 

Lentz and King (I98O) used the indirect delayed-response 

paradigm and the use of pseudo-trials as analyzed by the 

Sequential State Theory with capuchin monkeys. Lentz 

and King (I98O) found no significant differences in 

response tendencies between the cued trials and the 

pseudo-trials. In other words, neither of the position 

responses biases (state P or state B) were significantly 

higher on the pseudo-trials in which no correct respor-se 

could be ascertained than on any of the conventional 

delay conditions which were 0, 1, 3, 7 or 60 seconds. 

On at least some of the cued trials the capuchin monkeys 

were properly initiating an orienting response and the 

error cause In responding must therefore be due to 

proactive Interference. They concluded that response 

biases (state P and state B) were a major source of 

errors for the capuchin monkeys and not merely a conse

quence of an Incorrect or Inadequate orienting chain as 

Fletcher (1965) argued. 

The conclusions of Lentz and King (198O) are 

strongly supported by this study. Each species had 

maintained a correct response probability of over .95 

for the zero-second pretrials. This percentage of 

correct responses would strongly suggest that the correct 
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response was being reliably "elicited" by the indirect 

method (light as a cue). The prediction by Fletcher 

would therefore be that no response tendencies should 

be manifested by the monkeys that related to the previous 

response. Both position bias probabilities (state B and 

state P) were significantly greatier than zero for the 

squirrel monkeys and state B was also significantly 

greater than zero for the capuchin monkeys. Even when 

the delayed-response is very well learned as shown by 

the zero-second performance, these two species of New 

World monkeys continued to respond at a rate significantly 

greater than zero with a response tendency that is related 

to previous responses. In other words, intertrial 

interference is not merely the consequence but is also a 

cause of errors in spatial delayed-response. 

The triphasic model for acquisition of complex 

learning (King & Pobes, In press) proposes that if 

learning is sufficiently slow there are three identifiable 

curves which exist in learning as shown in Figure 10. The 

subject first demonstrates an error tendency such as 

state P or state B. As this tendency is reduced, the 

probability of random responding (state R) which indicates 

attention to different cues and the responding on the 

basis of that information increases. The final curve is 
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the probability of, a state D which begins to emerge as 

the animal is responding in state R and begins to learn 

which is the relevant dimension. The degree of difficulty 

of the presented task to the subject can be hypothesized 

from the point on the curves where the subject begins. 

The more difficult the task, the larger the bias error 

(state B & P) probability. 

Figures 11 and 12 show the obtained values of the 

states by each species over trials..- As. shown in Figure 11, 

the data for the capuchin monkeys show that in the first 

block of trials the subjects demonstrated relatively 

little bias (P + B) and this bias decreased at a very 

constant rate over time (trials). The probability of a 

state R response was quite high initially and over time 

this probability decreased In each of the blocks. The 

state D probability would be expected to increase in 

each block of trials since bias and random responding were 

low and monotonically decreasing according to the 

Sequential State Theory and in fact this occurred. 

Figure 12, which shows the squirrel monkey data, presents 

a different response pattern. The response biases (P + B) 

were quite high in the first block of trials. By the 

second block of trials, the response biases had begun 

to decrease and random responding (state R) R increased to 
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a probability of .38. The prediction from the triphasic 

hypothesis would be that the probability of a detect 

response (state D) would soon begin to increase in value. 

Looking at the value of state D, it can be seen that the 

probability of a detect response for the squirrel monkeys 

decreased slightly from the first block of trials to the 

second block of trials. The probability of a random 

response increased in the second block of trials and 

this increase in a state R response was followed by an ' 

increase in the probability of a detect response (state D) 

in the final block of trials. The probability of a detect 

response increased by almost 30^ for the aquirrel monkeys 

in the final block of trials. In other words, the 

squirrel monkeys were beginning to attend to the relevant 

cues and detection could occur. 

The significant species by trial interaction for 

the probability of a random response strongly supports the 

triphasic hypothesis. As shown by Figure 10, a task of 

Intermediate difficulty will manifest high amounts of 

random responding with little position bias and a 

rapidly increasing probability of detect responding. 

This response pattern fits the obtained data for the 

capuchin monkeys. If however, the task is difficult for 

the subject, the hypothesized response pattern shows a 

high probability of both position bias and random 



responding with the random responses increasing and 

the position bias decreasing. This increase in random 

responding is then followed by an increase in a detect 

responding. The data for the squirrel monkeys as shown 

in Figure 11 supports this response pattern. 

In summary, the Sequential State Theory has been 

shown to closely predict the learning pattern in two 

different species of New-World monkeys on a delayed-

response task. 
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