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ABSTRACT 

Six young and six old squirrel monkeys were tested 

on two different short-term memory tasks. One was a 

two-choice problem, the other a nine-choice problem. A 

baseline, or one-choice, problem was ~lso included. A 

video camera recorded all behaviors displayed by the 

monkeys during testing. Behaviors coded were turning, 

aggression, displacement, exploratory, huddling, 

orienting, locomotion, screen activities, and visual 

scanning. Also recorded was correct or incorrect 

choice and whether the animal showed evidence of seeing 

the cue stimulus. Old animals committed more errors 

during both phases of the experiment. Older animals 

were also more likely to engage in active behaviors, 

such as turning, whereas young animals were more likely 

to manifest less active behaviors, such as visual 

scanning and orienting. Young animals were also more 

likely to see the stimulus. A path analytic procedure 

was used to determine direct effects of age on 

performance and indirect effects mediated through 

behaviors manifested prior to the choice. For the 

two-choice problem, approximately half of the age 

effects on performance were attributable to indirect 

effects. For the nine-choice problem almost three 

quarters of the age effects on performance were 

attributable to indirect effects. These findings 
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indicate that age differences in short-term memory 

performance are not direct effects of age alone. The 

age effect also occurs because age affects the 

behaviors of the monkeys and that these behaviors have 

a large effect on subsequent memory performance. 

11 
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INTRODUCTION 

Although we can see all too clearly the behavior 

changes that slowly but inexorably occur as the aging 

process unfolds, it is difficult to measure accurately age 

effects on underlying hypothetical constructs such as 

memory. Memory is not a simple, easily quantifiable 

process, but an inferred phenomenon affected by a multitude 

of variables, including external stimuli, and organismic 

variables. In addition, poor memory performance by aged 

animals may be exacerbated by increased irrelevant and 

hyperactive behaviors. The credulous experimenter may 

believe that the memory of a subject is being measured, when 

in reality some other related construct such as attention 

span or motivation is being observed. Whenever different 

populations are compared, such as young and aged subjects, 

it is important to consider all differences in behaviors so 

that we can include these other behaviors into our 

analyses. Only then will we be able to determine whether 

there are truly differences in memory performance between 

the two groups and not merely behavioral differences that 

can have broad behavioral effects including effects on 

presumed memory tasks. 

The purpose of this study was to assess differences in 

performance on a short term memory task by young and aged 

squirrel monkeys. Performance was defined by response 
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accuracy on delayed response problems and by systematic 

analysis of each animal's behaviors that occurred prior to 

each choice. Unlike traditional memo~y experiments, the 

purpose of this study was to provide a more naturalistic 

description of events that occurred during a memory 

experiment. The goal of this research was to demonstrate 

the relationship between ten different types of behaviors 

that squirrel monkeys frequently display in testing chambers 

and memory scores in order to show the role of those 

behaviors in age related memory decrements. 

Memory in nonhuman primates has been typically studied 

with. 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. During delayed 

response (DR) experiments, the behaviors typically measured 

by experimenters have been the responses made to the stimuli 

presented after the delay (i.e., correct or incorrect 

responses). Memory competence is then measured as number of 

correct responses on this task. 

Research in the area of memory and aging has been 

abundant on animal and human subjects (Arenberg & 

Robertson-Tchabo, 1977; Eysenck, 1977). In both human and 

animal research, researchers have questioned whether only 
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memory is being tested (Botwinick, 1973). Methodologically, 

memory is difficult to study because we cannot observe it 

directly, but must infer it from behaviors that are assumed 

to be affected by memory. The central problem is that these 

putative memory related behaviors are ,also affected ,by other 

behaviors and organistic states not related to memory. For 

example, during STM experiments the putative memory related 

behavior is the response made after the predelay stimulus is 

presented (e.g. correct or incorrect response). In aging 

studies, the experimenter then compares the.number of 

correct responses made by subjects in different age groups 

in order to infer effects of age on memory. But, an 

animal's performance on a memory task may also be affected 

by its behavior before a choice is made. Often, a "cause" 

cannot be identified for behaviors that an animal displays, 

because the eliciting stimulus is not external to the 

animal. By recording and analyzing only the number of 

correct responses, considerable information about overt 

behaviors correlated with the number of correct responses is 

not captured. It is possible that these factors can affect 

aged subjects differently than younger subjects. 

The highly mechanized and often computerized equipment 

used in animal learning and memory experiments is one of the 

reasons that few researchers observe the animal's behavior 

during an experiment. One criticism of typical learning 

paradigms (e.g., recording response rate alone using the 
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Skinner box) is that making valid conclusions about the 

learning process is problematic, unless animal's behaviors 

are observed and recorded during the entire process 

(Angermeier, 198~). Because a whole chain of behaviors 

occurs between trials, it is not possible to conclude which 

ones are affected unless all are recorded and analyzed. As 

an obvious example, it may not be valid to claim that food 

pellets serve as reinforcements, and thereby affect 

subsequent behaviors, if the animal did not eat or even take 

the food. Angermeier (198~) claimed that experimenters 

"equate the mechanical functions of the measuring devices 

with the behavior itself" and that "only when the recordings 

of the responses and the actual behaviors are both recorded 

and analyzed will we be taking an etho-psychological 

approach to animal learning". Eysenck (1977) likewise 

stressed the need to understand events during the intervals 

between presentation and responding, particularly when 

trying to comprehend the effects of age. 

One of the reasons researchers rely on animal models 

for many constructs (e.g., learning, memory) is that animal 

experiments offer better control of some confounding 

variables than do human experiments (Overman et al., 1983). 

For example, in studies with aging human subjects, it is 

difficult to eliminate the confounding effects of education 

and life experiences on memory performance. But even if 
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animal subjects are used, 'confounds occur. For example, 

other events transpiring during an experiment can influence 

subject's behavior. For example, the subject displays 

behaviors that can serve as a stimuli, thereby affecting 

future behaviors and performance. Other variables 

influencing performance include various constraints on the 

animal. Some of the constraints involve the memory of the 

animal but also include various psychological constraints 

that are usually not identified (e.g., motivation, attention 

span, sensory and perceptual capabilities, fatigue, 

psychomotor coordination (Bartus, 1979), and the animal's 

ability to process information (Staddon, 1983». 

Anyone who has worked with animals during experiments 

knows that each animal does not behave the same every day, 

nor does that animal behave identically to the other animals 

in the same experiment. In order to understand how between 

trial behaviors might affect performance on a memory task, 

several related areas need to be reviewed: why and how 

animal's behaviors might vary; specific behaviors that have 

been found to occur in experimental settings; and age 

differences in behaviors. 

Behavioral variability 

Behavioral or response variability has been defined as 

"changes in behavior at various time segments within a given 

task" (Crow, 1977). For example, even when rats in a maze 

have learned the correct path to food reinforcement, they 
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will continue to explore other paths, thereby reducing 

efficiency (Dashiell, 1930). Some have claimed that this 

behavior appears to be inefficient and serve no purpose only 

because we are looking only at the experimenter defined 

outcome and are not aware of the external cause for the 

behaviors (Devenport, 1983). 

Behavioral variability, both between and within 

animals, has been theorized as being adaptive (Staddon, 

1983; MacKintosh, 1983). An animal placed in a new and 

unfamiliar situation would be unlikely to engage in 

stereotypic behaviors in order to remain alert to its 

environment. In fact, behavioral stereotypy, in which an 

animal repeats behaviors systematically, can be risky 

because the animal may fail to detect that the world has 

changed and thereby change its behavior accordingly (Estes, 

1975). 

All animals display behavioral variability. The more 

complex the nervous system of an animal, the greater the 

variability in its behavior because less of the behavior is 

"built-in" or instinctual (Crow & Hart, 1983; Crow, 1985). 

In fact, damage to the brain or pathological problem reduces 

variability of behavior and increases the tendency for 

behaviors to become more stereotyped. Behavioral 

variability as a normal function has also been suggested by 

physiological studies that show reduced variation in animals 
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in a drugged state (Barry et al., 1962; Crow, 1977; Crow, 

1982; Crow at al., 1982; Devenport, 1983; Devenport et al., 

1981). Spontaneity and variability in behavior is described 

by Devenport (1983) as the end product of a normal nervous 

system. Brain lesions (e.g., hippoc~pal, frontal, or 

septal lesions) or drug adffiinistration (e.g., amphetamines 

or alcohol), may impair overall performance by reducing 

behavioral variability. Performance in maze running in 

drugged or lesioned rats actually improved if runway speed 

was the measure taken. The explanation given by Devenport 

(1983) is that the animals became more goal directed and 

spent less time on other behaviors. For example, in the 

above rat maze example, rats that were exposed to alcohol or 

drug induced (i.e., amphetamine) were less likely to engage 

in the behaviors that the normal rats exhibited (e.g., 

sniffing, stopping, rearing, orienting, turning, biting, 

etc.). Also, trial-to-trial behaviors become much more 

consistent in the damaged animals (Devenport, 1983). 

The ongoing behavior of the animal can also affect the 

type of response the animal may make (Fentress, 1976). For 

example, animals may either freeze or run in response to 

aversive stimuli, and the selection of responses may depend 

upon whether the animal is moving or stationary when 

aversive stimuli are presented (usually shock). Animal 

behavior is also less likely to be altered by external 

stimuli during stereotypic behavior. For example, dogs that 
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had developed a stereotypic figure eight locomotion pattern 

in their cages had a difficult time modifying that pattern 

after a chain was put up in the cage limiting movement 

(Fentress, 1976). The animals would run into the chain and 

stumble. Likewise, after the animals had adjusted to the 

chain and developed a new stereotypic locomotion pattern, 

removal of the chain did not cause the animals to alter 

their behavior immediately. 

Diversity of behaviors in experimental situations 

Many behaviors that occur in temporal proximity to 

reinforcement seem to be irrelevant or even detrimental to 

the subjects' goals. Some researchers have claimed that 

these behaviors are not inappropriate in a global sense but 

merely appear to be inappropriate within a narrowly defined 

experimental environment (McCleery, 1983). These behaviors 

may be difficult to interpret unless we understand the 

natural habitat and ethology of the animal. In non 

experimental situations animals engage in a variety of 

behaviors (e.g., grooming, eating, drinking, running, 

etc.). In experimental situations these behaviors can 

become stereotyped. For example, Luck et al. (1986) has 

noted that some reinforcements (e.g., food), particularly in 

complex tasks where there is a low probability of a food 

reward, can interfere with learning. The resulting behavior 

is response 'stereotypy, which is characterized as low 



variability behavior. Examples of these low variability 

rigid behaviors are schedule induced adjunctive behaviors 

(e.g., polydipsia) and anticipatory behaviors, which are 

incompatible with the desired response. Behaviors may be 

reward directed (e.g., begging) instead of contingency 

directed. Labels given to some of these behaviors are 

displacement activities, superstitious behavior (Skinner, 

19~8), and adjunctive behavior (Falk, 1977). 

20 

·Skinner (19~8) first labeled irrelevant but consistent 

behaviors as superstitious behavior. He claimed that these 

behaviors developed because of their accidental pairings 

with reinforcement. Although his explanation was plausible 

and in fact accepted for many years, it is interesting to 

note that no experiments were conducted on this phenomena 

until the work of Staddon and Simmelhag. Staddon and 

Simmelhag (1971) repeated Skinner's superstition experiment 

with pigeons but were more systematic in recording the time 

of each behavior relative to reinforcements. They noted 

that some behaviors occurred at the end of the reinforcement 

interval (terminal responses) while others occurred near the 

middle of the reinforcement intervai (interim activities). 

Pecking or stereotyped pacing usually occurred at the end of 

reinforcement intervals and differed little from animal to 

animal as reported by Skinner. They concluded that 

variations in behavior are necessary to accommodate changes 

in the environment. The reinforcement doesn't "stamp in" 
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particular responses, it only limits the variability of 

behavior at particular times. If there are no 

reinforcements there will be greater variability in 

responses. Others (Fenner, 1980; Millenson et al., 1977) 

have verified Staddon and Sirnrnelhag's'conclusions that the 

temporal patterning of behavior is affected by the momentary 

probability of reinforcement. 

Falk (1977) describes adjunctive behaviors as "behavior 

that is maintained at a high probability by stimuli which 

derive their exaggerated reinforcing efficacy primarily as a 

function of schedule parameters governing the availability 

of another class of reinforcing events". These behaviors 

are characterized as occurring shortly after the 

reinforcement with their magnitude related to the interval 

between successive food presentations. They are also 

dependent upon the presence of objects that provide 

supporting stimulation for the schedule induced behaviors. 

Another category of behavior related to the 

presentation of food is autoshaping. Brown and Jenkins 

(1968) first discovered this behavior after placing pigeons 

in a Skinner box in which an 8-sec stimulus (colored light) 

on the response key always preceded food regardless of the 

pigeons' behavior. After several pairings, all of the 

pigeons began pecking at the lighted response key. Jenkins 

and Moore (1973) found that the specific behavior depended 
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upon the nature of the unconditioned stimulus (US). Pigeons 

pecked using shallow, scooping motions if the US was water, 

and if food was the US, pecking was hard and straight. The 

interesting point about this behavior is that it is 

dependent pairing, but the CS-US invo~ves no contingency 

between the subject's behavior and the US. 

Other variables that can influence the behavior of an 

animal include the nature of the reinforcement. Depending 

upon whether the reinforcement is appetitive or aversive, 

the range of an animal's behavior can vary. For example, 

behavioral variation is usually restricted when aversive 

stimuli are presented. Instead of producing the appropriate 

avoidance responses, shock often produces "freezing" and 

stereotyped escape or attack reactions from animals, 

referred to as species-specific defense reactions (Bolles, 

1970). One explanation given for this limited reaction is 

that shock is not likely to be experienced in a natural 

environment, therefore the animal is less flexible in the 

types of behavior manifested (Staddon, 1983). On the other 

hand, food is a natural reinforcer for all animals. Food as 

a reinforcer usually produces variable, active behavior as 

evidenced by the difficulty in training animals to remain 

immobile, as an instrumental response for food (Staddon, 

1975). When an animal expects food reinforcement and is not 

given one, behaviors occur, such as searching and agitated 

locomotion, which are unlikely to occur during reinforced 
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trials (Daly, 197~). 

All of the above behaviors have been studied mainly in 

simple operant contexts. The relationship of the behaviors 

preceding reinforcement to the nature and schedule of the 

reinforcement has been the main question addressed by 

researchers. These pre reinforcement behaviors also occur 

in experiments designed to measure memory, as weJ;1 as other 

more complex processes, but their impact on performance has 

not been measured or considered a relevant factor during 

these experiments. The relationship between these behaviors 

and the choices made in a memory experiment should be 

examined as well as the animal's performance. 

Memory. behavior. and aging 

As people or animals age, changes in their behavior 

occur. Some behaviors susceptible to age related changes 

are obvious and easily identified, such as visual acuity, 

speed of stimulus encoding, signal detection, and 

suppression of irrelevant stimuli (Botwinick, 1975; Rabbit, 

1972). Aged animals are also deficient in memory (Medin & 

Davis, 197~;Bartus, 1979) and in some learning abilities 

(Elias & Elias, 1976). However, it cannot be concluded that 

only memory and learning are deficient in the aged animal 

given the possibility that other age related variables such 

as attention span, psychomotor coordination, motivation, and 

fatigue, may contribute to poorer scores (Bartus, 1979). 



Also, memory experiments on animals involve many daily 

trials. These trials may differ only in the stimulus that 

is presented and therefore correct. It has been suggested 

(Bartus, 1979) that experiments with many trials are se't up 

in a way to minimize performance in t~e aged population 

because these animals find it more difficult to modify 

previously learned or predisposed habits than in forming new 

ones. 

Some behavioral differences between young and aged 

animals have been noted elsewhere. Harrison and Isaac 

(198~) found that novel auditory stimuli disrupted 

performance on a fixed-interval operant task more in old 

than in young monkeys and that habituation occurred only 

gradually in the older animals. The behavioral changes 

manifested by the older monkeys depended upon the contrast 

between the normal environment of the animals and the 

stimuli present in the test situation. They also suggested 

that hypersensitivity to the effects of irrelevant stimuli 

may be a general characteristic of the aging process, 

producing many of the behavioral deficits seen in the aged 

organism. Bartus (1979) found similar results with 

irrelevant visual stimuli, concluding that "aged monkeys 

were less able to suppress irrelevant stimuli from 

interfering with performance" even when they were aware that 

the stimuli were irrelevant and could impair performance and 

that this behavior was detrimental to delayed response 



performance. Researchers have found that turning off the 

lights during the interval periods results in better 

performance (D'Amato & O'Neill, 1971; Etkin, 1972). One 

interpretation of this phenomenon is that there is less 

visual interference when the apparatus is dark (Flaherty, 

1985). However, in squirrel monkey research, the opposite 

results have been found presumably because darkness is an 

aversive stimulus to these animals (King et al., 1968). 
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Many researchers who work with delayed 

matching-to-sample (DMTS) tasks have claimed that memory 

impairment in older subjects is a result of proactive 

interference. DMTS involves the presentation of one 

stimulus (e.g., red) after which the subject chooses between 

two stimuli (e.g., one red, the other green). The correct 

and rewarded stimulus is the one that matches the sample 

previously given. In this task, the more experience the 

animal has had on a given experiment, the worse the 

performance will be because each stimuli has been presented 

many times before, and the animal must remember which was 

the sample on the most recent presentation of the sample 

stimulus. There may be interference from previous trials 

because the animal is unable to discriminate among trials 

(D'Amato, 1973). Worsham (1975) found that capuchin monkeys 

performed better on delayed matching-to-sample (DMTS) tasks 

with a large set of stimuli than with a smaller set. 
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Interference can also come from events that are brought into 

the test session but not part of the experiment (e.g., 

people talking, other noises) (Bartus, 1979). Other 

researchers (Botwinick, 1975; Elias & Elias, 1976) have 

found that older animals are more rig~d and inflexible in 

their behaviors during experiments. Stone (1929) conducted 

a series of experiments involving rats, in which animals 

were initially using a particular escape response (e.g., go 

through a door). When the situation changed so that escape 

could only be made by stepping onto a platform, the older 

animals were more likely to persevere and keep trying the 

door instead of changing their response. Not all results 

have been consistent with these findings, however (c.f., 

Birren, 1962; Kay & Sime, 1962; King & Michels, 1989). 

Botwinick et al., (1962) found no age differences in 

reversal learnings in female rats. 

Rigidity in behaviors has also been found in older 

human subjects (Botwinick, 1973). For example, in tasks 

involving repetitive operations, older subjects continued to 

use the original solution, even when it was no longer 

efficient or.adequate rather than change their behavior 

(Heglin, 1956). When a subject's behavior becomes 

inflexible, learning new behaviors becomes more difficult. 

The subject does not let go of the incorrect behavior 

patterns that he/she has developed. 
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Motivation of the animal is an important variable in 

learning and memory experiments. Bartus (1979) found no 

significant difference between young and aged rhesus 

monkeys' response times during delayed response trials, a 

result indicating no motivational difference between the two 

groups of animals. In another study involving human 

subjects (Powell et al., 196~), degree of arousal was 

defined as level of motivation. Arousal was measured by the 

amount of free fatty acids (FFA) found in blood samples. 

They found that the older subjects were more highly aroused 

than the younger ones during experiments, and concluded that 

this arousal was detrimental to their performance. 

Eisdorfer et al., (1970) found that when a drug 

(Propranolol) blocking eNS arousal was administered to older 

subjects, performance for this group improved on serial 

learning tasks. These results were based on memory-rote 

tasks that required rapid responses and involved only older 

subjects. 

Behavior that can affect performance 

In most controlled experiments, the amount as well as 

type of behavior that can be manifested is limited. 

However, while observing squirrel monkeys during training 

trials, I have noted many different behaviors, some of which 

could affect performance on experimental tasks. Behaviors 

that affect or are affected by choices and consequences in 
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learning and memory problems can be separated into five 

different categories: 1) normal behaviors (e.g., 

exploration, visual scanning); 2) adjunctive or displacement 

behaviors (e.g., scratching); 3) auto shaping and 

superstitious behaviors; ~) species-s~ecific defensive 

responses (SSDR's); and 5) stereotyped, autistic behaviors 

caused by the test cage confinement. 

Normal behaviors are those in the squirrel monkeys' 

typical repertoire as seen outside of the test environment. 

These include exploration, visual scanning,. as well as 

general movements (i.e., movement from one locus to 

another). Normal behaviors differ among individual animals 

but differences between the two age groups may be more 

marked. For example, older monkeys are more agitated and 

therefore active, resulting in a display of very active 

behaviors. Particularly when animals are confined in a test 

cage, these behaviors become stereotyped and are usually 

detrimental to performance. One obvious reason that these 

behaviors reduce performance is because they interfere with 

the animal's ability to observe the predelay cue (e.g., if 

an animal is in movement with its head turned away from the 

predelay cue). If an animal were very active, performance 

on memory or learning tasks would be diminished because 

activity would be likely to interfere with performance 

(e.g., jumping up and down, playing with apparatus). On the 

other hand, some behaviors may improve performance (for 



example, orienting towards the stimulus, which is more 

likely to occur in the two choice phase since the stimuli 

will be located on either the right or left side). Some 

behaviors appear to be neutral (e.g., visual scanning) and 

may have no effect on performance. 
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Displacement or adjunctive activities are distinct 

behaviors that appear to be irrelevant to the task that an 

animal is engaged in. These behaviors include 

schedule-induced polydipsia, aggression, wheel-running, 

pica, and air-licking (Davey, 1981). Possible functions for 

this behavior have been suggested by several researchers. 

One hypothesis is that periods of non-reinforcement are 

aversive to organisms and that this aversiveness produces 

motivational states other than those appropriate to the task 

(Davey, 1981). Another explanation for adjunctive behavior 

is that it keeps an organism in a potentially rewarding 

situation in spite of frustrations (Falk, 1977). This 

behavior is advantageous when escape would result in a loss 

to the organism (e.g., loss of territory, mate) and is 

therefore seen as an adaptive behavior (Armstrong, 1950). 

Adjunctive behavior occurs in tasks that require being in 

one place for long periods of time (Falk, 1977), a situation 

animals are confronted with during most learning and memory 

experiments. In experimental situations these activities 

can serve as stabilizers unless they become too strong, in 
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which case they can interfere with performance. 

Autoshaped or superstitious behavior are both food 

related activities that occur during experiments with food 

reinforcement. The reinforcement can elicit behaviors 

directed at the response loci, which can make modifications 

of behaviors difficult and may interfere with learning. 

That autoshaped behaviors can interfere with other learning 

was demonstrated with omission training, in which 

reinforcement was withheld from pigeons whenever a 

conditioned response was made and yet the subjects were 

unable to refrain from making the response (Williams & 

Williams, 1969). All of these behaviors can interfere with 

performance on tasks that require attention of the animal. 

They can also reduce response rates of the animal. For 

example, if an animal is actively engaged in an activity it 

may miss seeing the stimulus or miss noticing a response 

should be made. 

SSDR's are built-in reactions to potentially dangerous 

situations (Bolles, 1970). In rats, these reactions take 

the form of either flight, fight, or "freeze" depending upon 

the context. 

Performance in memory experiments is affected by the 

presence of systematic error producing response biases. A 

common bias is preference for or aversion to particular 

response loci or to particular discriminanda. Many 
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researchers have demonstrated the presence of systematic 

responses in learning and memory experiments (Krechevsky, 

1932; Harlow, 1950; Levine, 1959; Scott et al., 1989). 

Several psychophysical studies have indicated that inherent 

bias becomes stronger as the difficul~y of a discrimination 

increases (Blough, 1971; Irwin & Terman, 1970; Macar & 

Vitton, 1985; Mentzer, 1966). Moreover, because difficult 

discriminations possess aversive properties, there may be a 

conflict for the animal between the tendency to avoid the 

discrimination and the need for food; this conflict will be 

solved if it ignores the stimulus and responds according to 

its preference (Mentzer, 1966). 

Methodological issues relevant to behaviors 

Animals in memory experiments emit many different 

behaviors between and during trials and these behaviors vary 

both between and within animals. The following behaviors 

have been observed in squirrel monkeys during training 

trials: turning in the cage, grooming, visual scanning, 

activities directed at the screen, orienting behavior, 

huddling, locomotion, screeching, jumping up and down, and 

playing with apparatus. Some of these behaviors diminish 

performance because they interfere with the animal's ability 

to observe the predelay cue (e.g., turning in cage, huddling 

with head down). Other behaviors may be detrimental because 

they are distractors (e.g., jumping up and down, playing 

with apparatus). On the other hand, some behaviors may 
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improve performance (for example, orienting towards the 

stimulus, which is more likely to occur in the two choice 

phase since the stimuli will be located on either the right 

o~ left side). Some behaviors appear to be neutral (e.g., 

visual scanning) and may not diminish'performance. 

Although it is tempting to conclude that certain 

behaviors are detrimental to performance, casual 

interpretations are likely to be incorrect. For example, 

some behaviors are much more salient than others (e.g., 

aggressive behaviors such as jumping up and down and 

pounding on the transport cage) and are therefore more 

likely to influence the researcher's interpretation, even 

though they may not affect the animal's performance. As 

many behaviors as possible should be recorded and analyzed. 

Unless behaviors are recorded systematically and analyzed 

statistically, observations may not provide valid 

information about what is occurring to affect memory 

performance. 

In order to interpret what the animal is doing between 

and during the experimental trials, it is necessary to 

record the behavior of each animal. Several methodological 

issues become relevant at this point, including the 

selection of behaviors to be coded, reliability of these 

observations, which sampling strategy to use, and the 

statistical procedures used to analyze the data. 
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a. Selection of behaviors to observe 

A large sample of subjects should be used since there 

may be large individual differences in behaviors, 

particularly between different age groups. If a small 

sample were used for pilot observations, some behaviors 

might be missed and the distribution would not be 

representative. Also, some behaviors may occur infrequently 

but have a strong effect on performance when they do occur 

(e.g., aggressive behaviors such as jumping up and down). 

Sackett et ale (1978), describe two types of behavioral 

taxonomies that can be used to describe behaviors: 

molecular and molar. Molecular behaviors are defined "as 

closely as possible to specific motor actions" (e.g., facial 

expressions, directions of action). Molar behaviors are 

more abstract and can involve a number of actions (e.g., 

aggression, exploration). Although both involve judgments 

and interpretation, molar behaviors are obviously more open 

to interpretation but may also be more relevant to a 

specific research hypothesis. Molar behaviors usually 

require longer definitions with examples of specific 

behaviors that occur within each category. Using either 

type of behavior makes high reliability difficult to 

achieve. In the case of molecular behaviors, it can be 

difficult to observe all of the behaviors because they can 

happen very quickly. On the other hand, molar behaviors are 
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usually more subtle, resulting in different interpretations 

by different observers. 

b. Reliability of coding behaviors 

Computers make recording responses and latency times 

easy and accurate for researchers. On the other hand they 

are not adequate for automatic recording behaviors when the 

behaviors of interest include more than movement from one 

part of the apparatus to another (for example, the 

difference between sitting stationary with visual coding 

would be interpreted the same by the computer as huddling, 

face down). Observations by researchers are necessary to 

record these behaviors. With the use of video recording 

equipment, this task is both practical as well as 

reliable. A major problem encountered when using human 

observers rather than automized observing (i.e., computer 

tracking systems) is the reliability of the observations. 

Human unreliability occurs from several sources including 

differences in judgment abilities (e.g., the ability to 

discriminate among behaviors) and reaction time (e.g., the 

ability to "catch" and record all behaviors as they occur). 

Also, an observer can bring a bias into the coding process 

(Hollenbeck, 1978). For example, since past literature 

suggests hyperactivity in aged squirrel monkeys particularly 

when irrelevant stimuli are present (Harrison & Isaac, 1984:) 

the observer could be predisposed to look for more active 

behaviors in the aged animals and less active ones for the 
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young animals. Another reliability issue is observer drift 

(Hollenbeck, 1978), which occurs when observers are not as 

accurate over time as they were initially. 

c. Sampling strategy 

There are many different sampling strategies that can 

be used (c.f., Bakeman & Gottman, 1986) depending upon both 

the characteristics of the behavior itself, as well as what 

information is necessary for further analyses. The two most 

basic parameters of response strength are the frequency and 

duration of the behavior. Deciding how often to sample the 

subjects behavior depends partly on the overall amount of 

time available to record behaviors and partly on the 

activity level of the animal being observed. Squirrel 

monkeys are very active, particularly when confined in small 

cages, therefore coding would have to be made at frequent 

intervals if most behaviors were to be captured. This 

method of recording is a type of time sampling, also called 

point sampling or instantaneous sampling (Caro et al., 

1979). The major disadvantage of instantaneous sampling is 

that rare behaviors or extremely short duration behaviors 

may be lost because they may occur at a time that sampling 

is not taking place. 

The purpose of this experiment was to observe and 

record not only the performance of the animals (i.e., 

proportion of correct responses, and latencies), but also to 



36 

observe and record which stimuli were chosen and what 

intermediate behaviors occurred during all phases of the 

experiment. There are three phases of this STM experiment, 

during which either one, two, or nine windows were available 

to the animal for a response. The pu~pose of the first 

phase, in which only one window was available, was to 

observe and record behaviors displayed during intertrial 

intervals in order to compare these to the behaviors that 

occurred during the other phases. During this phase, the 

use of memory mechanisms was not necessary but visual 

acuity, psychomotor coordination, etc. were required. 

During the second phase two windows were available to the 

animal. Because these two windows are located on the left 

and right, the animal could use orienting behaviors in order 

to "remember" which'window was lit. The final phase 

consisted of a nine window presentation. 
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METHOD 

Subjects 

Subjects were six young laboratory born squirrel 

monkeys (Saimiri sciureus> with estim~ted ages between five 

and six years, and six aged squirrel monkeys with estimated 

ages over 14 years. Two monkeys were female, and ten were 

male. All subjects had extensive previous experience in 

memory experiments with 2-choice conventional delayed 

response problems. 

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. The subject registered a response by 

touching a perforated copper 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 that also held the combined transport and 

test cage of the subject. A small drawer was located 

directly beneath eaoh window, the front of which was flush 

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 flavored 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 the window to be rewarded by an attached video 

monitor. 

The top of the transport cage was made of clear 

Plexiglas. Two feet above the top, a video camera was 

mounted to record the behaviors of the animal during the 

entire testing session. In order to minimize distractions 

to the animal and minimize glare in filming, the only 

lighting in the room was an indirect 60 watt incandescent 

light fixture. 

~rocedure 

a. Adaptation 
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Each of the twelve monkeys were first adapted to the 

apparatus. The adaptation phase consisted of daily half 

hour testing using software developed for this phase. Each 

animal progressed at its own pace through the three stages 

of adaptation. Each tester used a data sheet that listed a 

sequence of window numbers to be illuminated over successive 

trials. During stage 1, the light stayed on until the 

monkey made a response. If the response was correct (i.e., 

to the lighted window), a 1 sec buzzer sounded and the 

animal was rewarded. If the response was incorrect the 
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light turned off and the tester continued with the next 

window in the sequence. During stage 2, the light was on 

for three seconds and the monkey could respond either during 

or after it went out. In stage 3 the transparent screen was 

down when the window was illuminated. Delays between times 

the screen went down and was lifted started at 1 sec. When 

the monkey responded to at least 20 trials at the 1 sec 

delay, the delays became progressively longer each test day 

until they reached 12 sec. 

b. Testing 

Testing was conducted five days a week, with 36 trials 

a day, until each animal completed 18 days of testing. Each 

monkey was placed in the apparatus and tested at the same 

time each day. Monkeys were fed once daily immediately 

following the day's' testing. All trials in each phase of 

the testing were divided into three equal parts of 15 

seconds each: pre stimulus period (screen down), delay 

period (screen down), and intertrial delay (screen was up 

allowing for animal to make a response). If an animal did 

not respond within 10 sec, the screen was lowered and the 

trial was repeated. After the tester logged on (entering 

the date, tester and monkey number), testing began when a 

light at one of the windows came on for 3 seconds, during 

which time the Plexiglas screen was down. Then after a 12 

sec delay period, the computer monitor indicated to the 

tester that the screen should be lifted, allowing the monkey 
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to make a response. After the monkey made a response the 

computer informed the tester on the monitor to either a) 

reward the animal and then lower the screen if a correct 

response was made, or b) lower the screen if an incorrect 

response was made. After a 15 second'interval the next 

trial began. The window chosen by the monkey and the 

response latency times were recorded by the computer onto a 

second data disk. 

This experiment was divided into three phases, each 

lasting six days: Phase 1, or baseline; Phase 2, consisting 

of two-choice problems; and Phase 3, nine-choice problems. 

During the baseline or Phase 1, only one window (the middle 

window) was presented; all other windows were obscured by a 

wooden template. There were no "incorrect" responses for 

this phase, since only one response could be made. 

Therefore, all responses were followed by a 1 sec buzzer and 

reward. The purpose of this phase was to record response 

latencies and behaviors that occur under conditions not 

requiring memory processes for comparisons with the other 

phases. 

Two windows were used in Phase 2; windows four and six 

(located on the extreme left and right of the middle row). 

All other windows were blocked by a template, making this 

phase a two-choice problem. 
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All nine windows were used in Phase 3. The computer 

program randomly chose one window to be illuminated for each 

trial with the restriction that each window was illuminated 

exactly four times during each testing session. 

All animals were presented with the baseline condition 

first. The following two phases were presented in a 

different order for each animal, so that half of the young 

and the aged animals completed Phase 2 and then Phase 3, 

while the other half first completed Phase 3 before doing 

Phase 2. This eliminated all practice effects except those 

resulting from an age group by practice interaction. 

c. Selection of Observed Behaviors 

In order to reduce the number of coded behaviors, 

informal observations were conducted on each animal during 

shaping. Selection of behaviors were based on these 

informal observations and information from past literature. 

The behaviors and their definitions are in Appendix A. The 

behaviors have the following properties: 1) they occurred 

frequently during the pilot study, 2) they are mutually 

exclusive (only one activity can occur at any time), and 3) 

they are exhaustive (no time can pass without a codable 

activity being present) thereby simplifying coding 

procedures, and ~) are easily distinguished from each other. 

d. Sampling strategy 

The method of recording used is a type of time 

sampling, called point sampling or instantaneous sampling 



(Caro et al., 1979). Each 15-sec interval of the 

pre stimulus period and delay period was broken into ten 

1.5-sec periods. For each 1.5 sec of t~e, a behavior was 

recorded on the data sheets. If a behavior occurred for 

many seconds, there would be multiple'recordings of that 

behavior (for example, if a behavior (i.e., turning "T") 

occurred for 6 continuous sec then the data might read 

TTT) . 

e. Coding and recording. 

During viewing of the videotapes, each 15-sec interval 

(inter-trial period, delay period, and after screen was 

raised) was broken into ten 1.5 sec periods. For each 1.5 

sec of t~e, a behavior was recorded on the data sheets. A 

metronome was used to aid in the coding procedure; at the 

end of each 1.5 sec period the metronome would "tick" 

signaling the coder to record a behavior. 

Each test day consisted of 36 trials (see Appendix B 

for a sample of the recording sheet). The first ten 

behaviors recorded were those that occurred before the 

st~ulus light came on. During the three seconds that the 

light was on, behaviors that occurred were recorded as well 

as a score indicating whether the subject attended to the 

stimulus. Scores on this item ranged from 1 (absolutely did 

not see the st~ulus) to 5 (absolutely did see the 

st~ulus). Then, the ten behaviors that occurred during the 



.delay period were recorded. 

f. Reliability 
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Since all behaviors were videotaped and coding was done 

by one person, establishing reliability consisted of double 

codings of a subsample of the videos. Another reliability 

issue is observer drift (Hollenbeck, 1978), which occurs 

when observers are not as accurate over time as they were 

initially. In order to avoid this problem, reliability 

checks were collected at three different times during the 

experiment. Also, a video tape was prepared displaying 

labeled examples of each behavior in the total set displayed 

by the monkeys. The purpose of this tape was initially as 

an aid to operationalizing each of the behaviors. But the 

tape also served as a review every few weeks so that 

observations would consistent over time. No more than one 

hour of observing at anyone sitting was conducted, in order 

to ensure that observations were not affected by fatigue of 

the observer. Also, the use of videotaped material allowed 

the observer to "pause" the viewing and/or to go back and 

review any ambiguous behavi.ors displayed on the tape or to 

go back and "catch" any behaviors that the observer felt 

were missed because the animal was too active. 

In order to check the degree of reliability over time, 

duplicate observations were conducted (at least three weeks 

between readings). Frequencies of each recorded behavior 



were compared between the two readings. The results were 

then put into a 9 X 9 table, which could then be reduced to 

a number that represents the proportion of agreements 

between observation times. Cohen's Kappa (Bakeman & 

Gottman, 1986) was the formula used f~r this study. Kappa 

is defined as the proportion of agreement less the 

proportion expected by chaRce, divided by proportion not 

expected by chance, (Po - Pc)/(l - Pc) (Hollenbeck, 1978). 



t",5 

RESULTS 

The results are divided into three sections. Section I 

describes the outcomes of the choices made by the monkeys 

during Phases 2 and 3. This section is divided into two 

parts: (1) analyses of performance (i.e., correct or 

incorrect responses), which is further divided into: (a) 

Phase 2 results, (b) Phase 3 results, and (c) comparisons 

between Phases 2 and 3; and (2) latency (i.e., how long it 

took to make a response), which is divided into: (a) Phase 1 

results, (b) Phase 2 results, (c) Phase 3 results, and (d) 

comparisons among the three phases. 

Section II describes the behaviors that occurred during 

each trial for all three phases. This section provides the 

frequencies of each of the behaviors for (a) Phase 1, (b) 

Phase 2, and (c) Phase 3. 

Section III describes the influence of the behaviors on 

memory performance for Phases 2 and 3. This section is 

divided into t", parts: (1) Contingency table analyses; (2) 

Linear regression results, which is broken into: (a) Phase 

2, and (b) Phase 3; (3) Linear Regression using combined 

behaviors for each trial, which is divided into: (a) Phase 

2, and (b) Phase 3; and (t",) Path Analysis. 

Section I. Performance on memory task 

a. Phase 2 
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During the two-choice part of the experiment, 63% of 

responses for all animals were correct. Next, the data were 

divided into the two different age groups. Table 1 gives a 

breakdown for each of the animal's proportion of correct 

responses and the standard deviations: The mean proportion 

correct for the young animals was 75% (s.e. = 3.3) and for 

the aged animals 50% (s.e. = .5), t(10) = 11.8, ~ < .001. 

b. Phase 3 

During the nine-choice part of the experiment, mean 

proportion of correct responses for all animals was 26%. 

Dividing the data into the two age groups revealed mean 

proportion of correct responses. for the young animals to be 

39% (s.e. = 6.1) and for the aged animals to be 13% (s.e. = 

2.2), t(lO) = 8.2, ~ < .001. Table 2 displays each of the 

animal's mean proportion of correct responses as well as the 

standard deviations. 

c. Comparisons of Phase 2 and 3 

In order to compare Phase 2 with Phase 3 results, the 

number of correct responses made each day was converted into 

a statistic, D, that takes into account the probability of a 

correct response given chance responding. The general 

formula for D is [(NP - 1]/(N-1) where N is the number of 

equally likely alternations and P(+) is the proportion of 

correct responses. In the nine choice problem, the 

probability of a correct response by chance is 1/9. 



Table 1 

Proportion of correct responses for individual monkeys 

during Phase 2 

Young Monkeys Mean St. Dev. 

1 65% 5% 

2 85% 8% 

3 69% 10% 

7 76% 8% 

8 69% 7% 

9 86% 6% 

Total 75% 11% 

Old Monkeys Mean St. Dev. 

'* 51% 10% 

5 51% 11% 

6 52% 9% 

11 49% 1.1,% 

12 '*9% 6% 

13 1.1,9% 3% 

Total 50% 7% 

47 



Table 2 

Proportion of correct responses for individual monkeys 

during Phase 3 

Young Monkeys Mean St. Dev. 

1 3"'-% 9% 

2 70% 8% 

3 29% 11% 

7 "'-3% 8% 

8 28% 10% 

9 28% 8% 

Total 39% 18% 

Old Monkeys Mean St. Dev. 

IJt 9% "'-% 

5 2"'-% 10% 

6 11% 3% 

11 10% "'-% 

12 13% 5% 

13 8% 1Jt% 

Total 13% 7% 

"'-8 



Therefore, D = [9P - 1]/8. A repeated measures factorial 

design ANOVA was run, using D as the within subject 

dependent variable. Independent variables were age and 

phase. Young antmals made significantly more correct 

responses than old antmals, F{l,lO) = 35.88, £ < .001. 

There was a significant phase effect, E{l,lO) = ~.57, £ = 

.05. There was also a significant interaction between age 

and phase, E{l,lO) = 6.77, £ = .02, although this 

interaction is due to a floor effect in the older antmals. 

As can be seen in Figure 1, the old antmals' adjusted number 

of correct responses (D) did not change between Phase 1 and 

Phase 2 (and is at chance level), whereas young animals make 

fewer adjusted correct responses during Phase 3. 

Response Latencies 

a. Phase 1 

During Phase 1, mean response ttme for all antmals was 

l.~ sec. See Table 3 for a breakdown of each animal's mean 

ttme and standard deviation. Mean response ttme for young 
. 

antmals was 1.2 (s.e. = .5) and for aged antmals 1.5 (s.e. = 

.3), a non significant difference. 

b. Phase 2 

The mean response time for all antmals during Phase 2 

was 1.9 sec. Table ~ displays the breakdown of each 

animal's mean ttme and standard deviation. For the young 

antmals the mean response ttme {1.8 sec (s.e. = .5» was not 
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Figure 1: Correct responses made (taking into account 
chance performance) by young and old monkeys 
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Table 3 

Response times by each of the monkeys during Phase 1 

Young Monkeys Mean St. Dev. 

1 2.6 1.3 

2 .9 .5 

3 .iM .1 

7 2.3 .9 

8 .7 · 3 

9 .6 .1 

Total 1.3 1.1 

Old Monkeys Mean St. Dev . 

'* 1.1. . 6 

5 1.3 .3 

6 1.7 · 7 

11 1.5 .9 

12 1.5 .7 

13 1.9 .6 

Total 1.5 · 7 
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Table 4, 

Response times by each of the monkeys during Phase 2 

Young Monkeys Mean St. Dev. 

1 ·3.6 1.3 

2 1.2 .7 

3 .9 .5 

7 2.5 1.0 

8 1.i!- .1Jt 

9 1.1 • 7 

Total 1.8 1.2 

Old Monkeys Mean St. Dev. 

i!- 1.0 .i!-

5 1.7 .9 

6 1.3 .i!-

11 2.1 .8 

12 3.6 .9 

13 2.3 .6 

Total 2.0 1.0 



significantly different from that of the aged animals (2.0 

sec (s.e. = .~». 

c. Phase 3 
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During Phase 3 of the experiment, the mean response 

time for all animals was 2.5 seo. Each animal's mean 

response time and standard deviation is in Table 5. Young 

animals mean response time was 2.0 sec (s.e. = .1) and aged 

animals mean response time was 2.9 sec (s.e. = .6). A 

t-test revealed a significant difference between the two age 

groups, ~(10) = 2.72, R = .008, indicating that the aged 

animals took significantly longer to make a response during 

this phase. 

d. Comparisons between Phases 1, 2, and 3 

Next, a repeated measures factorial design ANOVA was 

run with each animal's latency times (for each phase) as the 

within subject dependent variable, and age and phase as the 

independent variables. The phase effect was significant, 

F(2,20) = 17.28, R = .000. Figure 2 shows that animals take 

longer to respond as number of choices increase. 

Section II: Analyses of Behaviors during memory task 

Reliability was established, using Cohen's Kappa, for 

the behaviors and for the SEE variable by conducting 

duplicate observations, one month apart, on a portion of the 

data. Kappa for the behaviors was .75 and for SEE, .72. 
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Table 5 

Response times by each of the monkeys during Phase 3 

Young Monkeys Mean St. Dev. 

1 3.5 1.7 

2 1.1 .3 

3 1.1.l. .6 

7 3.'* 1.2 

8 1.2 .6 

9 1.5 .3 

Total 2.0 1.'* 

Old Monkeys Mean St. Dev. 

'* 1.7 . 8 

5 3.9 1.9 

6 2.6 .6 

11 1.7 .9 

12 ,*.2 1.'* 

13 3.5 1.1 

Total 2.9 1.5 
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For each trial during each of the three phases, the 

number of times each behavior was displayed by each animal 

was broken into the three time periods: (1) P, or before 

the stimulus was displayed (ten 1.5 sec intervals); (2) S, 

during stimulus presentation (two 1.5·sec intervals); and 

(3) A, after the stimulus and before the screen was lifted 

(eight 1.5 sec intervals). Each animal completed 216 trials 

per phase resulting in a total of ~320 time intervals in 

which a behavior could occur. Also recorded for each trial 

was the SEE variable (whether the monkey saw the stimulus 

light or not as judged by the observer). The results of 

these frequency analyses have been broken down into a set of 

tables that displays totals for each age group. This set 

contains three types of tables (both by phase and age 

group); (1) aggregated frequencies; (2) behaviors occurring 

during correct trials; and (3) behaviors occurring during 

incorrect trials. The tables are described by phase below. 

a. Phase 1 

Table 6 and 7 displays frequencies for young monkeys 

and for old monkeys during Phase 1. The purpose of 

obtaining behavioral information on a one-window problem was 

to provide baseline behavioral information for comparison 

with Phase 2 and Phase 3 data. Within each age group, 

proportion of time spent on each behavior was not different 

across the three time periods during each trial. (Note that 



57 

Table 6 

Frequency of behaviors of young monkeys during Phase 1 

Before stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HOD LOCO TOTAL 

1 323 0 70 69 1290 363 21 2t.!. 2160 
2 88 0 70 2~ 1662 301 0 15 2160 
3· 2t.!. 8 t.!. 16 178t.!. 301 21 2 2160 
7 265 5 70 36 1522 1~9 53 60 2160 
8 531 0 .100 211 12~6 t.!.2 12 18 2160 
9 179 0 69 99 H9~ 277 15 27 2160 

Total 1~10 13 383 ~55 8998 It.Ir33 122 1t.!.6 12960 
% 11% 0% 3% t.!.% 69% 11% 1% 1% 100% 

See stimulus light or not 
Monkey 1 2 3 t.!. 5 TOTAL MEAN 

1 37 31 18 1Jtt.!. 86 216 3.5 
2 1 6 1 6 202 216 ~.9 

3 6 9 8 24- 169 216 4-.6 
7 21 19 16 37 123 216 ~.O 

8 21 16 19 29 131 216 t.!..1 

9 5 9 3 50 1f.l.9 216 ~.5 
Total 91 90 65 190 860 1296 4-.3 
% 7% 7% 5% 15% 66% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HOD LOCO TOTAL 

1 65 0 12 1t.!. 280 2 t.!.7 6 6 ~32 

2 6 0 10 3 2~7 55 110 0 1 t.!.32 

3 5 4- 0 2 263 36 122 0 0 t.!.32 

7 68 0 16 2 251 IJ, 69 11 11 ~32 

8 52 0 11 7 267 0 91 IJ, 0 1J,32 

9 19 0 9 1 3t.!.f,j. 6 52 0 1 1J,32 

Total 215 ~ 58 29 1652 103 ~91 21 19 2592 
% 8% 0% 2% 1% 6f,j.% IJ.% 19% 1% 1% 1.00 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HOD LOCO TOTAL 

1 171 0 76 52 101J.7 67 285 17 13 1728 
2 28 0 f,j.8 15 1366 7~ 18~ 0 13 1728 
3 11 9 2 t.!.1J. 1331 165 163 0 3 1728 
7 101 0 56 10 1170 3f,j. 308 28 21 1728 
8 111 0 t.!.5 25 14-39 8 6t.!. 32 ~ 1728 
9 29 0 34- 3 1573 1f,j. 55 6 11J. 1728 

Total t.!.51 9 261 It.Ir9 7926 362 1059 83 68 10368 
% t.!.% 0% 3% 1% 76% 3% 10% 1% 1% 1.00 
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Table 7 

Frequency of behaviors of old monkeys during Phase 1 

Before Stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HOD LOCO TOTAL 

iJ. 1~65 1 39 15 509 123 1 7 2160 
5 515 0 67 35 1181 27~ 0 88 2160 
6 934- a 118 82 780 23~ 1 11 2160 

11 H~5 0 22 8 ~38 66 176 5 2160 
12 393 0 200 228 689 568 6 76 2160 
13 788 0 676 157 208 321 10 0 2160 

Total 554-0 1 1122 525 3805 1586 19~ 187 12960 
% t..3% 0% 9% ~% 29% 12% 1% 1% 100% 

See stimulus light or not 
Monkey 1 2 3 4- 5 TOTAL MEAN 

~ 7 16 18 iJ.6 129 216 iJ..3 
5 5~ 23 16 32 91 216 3.~ 
6 ~6 iJ.l 21 26 82 216 3.3 

11 11 llk 31 6~ 96 216 ~.O 
12 68 35 13 39 61 216 3.0 
13 3~ 19 23 55 85 216 3.6 

Total 220 1~8 122 262 5~iJ. 1296 3.6 
% 17% 11% 9% 20% ~2% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

lk 239 0 10 0 92 1 88 2 0 ~32 
5 77 0 9 0 267 0 70 0 9 1.1.32 
6 19~ 0 2~ 17 14-2 6 4-5 0 ~ ~32 

11 309 0 0 1 30 7 70 15 0 ~32 
12 86 2 28 56 89 108 4-8 1 14- 4-32 
13 13lk 0 151 12 12 123 0 0 0 ~32 

Total 1039 2 222 86 632 24-5 321 18 27 2592 
% ~O% 0% 9% 3% 2~% 9% 12% 1% 1% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

~ 1171 1 33 4- 320 18 178 2 1 1728 
5 359 0 76 19 987 17 192 2 76 1728 
6 897 a 101 4-2 515 57 101,i. 0 12 1728 

11 1200 0 2 13 226 37 102 14-7 1 1728 
12 311 0 189 207 385 ~73 98 1 64- 1728 
13 ~05 0 790 119 69 3~5 0 0 0 1728 

Total 4-34-3 1 1191 4-04- 2502 94-7 674- 152 154- 10368 
% 4-2% 0% 11% 4-% 24-% 9% 7% 1% 1% 100% 
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orienting can occur only during the latter two time 

periods). Young animals spent most of their time engaged in 

visual scanning (72% versus 27% fQr old monkeys, ~(10) = 
5.92, ~<.01), while older animals spend most of their time 

turning in their cages (~2% overall v~rsus 8% by young 

monkeys, t(10) = -3.65, ~<.01). Other differences in 

behavior durations between the two groups were not 

significant. 

The SEE variable was broken into five categories, 1 

through 5. Low numbers indicated the observ.er's judgment 

that the animal did not observe the stimulus light and high 

numbers reflected near certainty that the animal did see the 

stimulus. The mean for this va~iable for young animals was 

~.3, and for old animals 3.6, ~(10) = 2.36, £<.05. 

b. Phase 2 

Tables 8 through 13 display frequencies of behaviors 

for young and old monkeys during Phase 2. Phase 2 and 3 

data have also been broken down into two additional tables 

for each age group: incorrect trials and correct trials. 

Behaviors summed across each trial that differed 

significantly for young and old animals included: turning 

(~3% for old, 8% for young monkeys, ~(10) = -3.89, £<.01); 

visual (72% for young versus 30% for old animals, ~(10) = 

6.39, £<.01); and SEE (mean for young animals was 4.1 and 

for old 3.6, ~(10) = 1.82, ~<.05). 
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Table 8 

Frequencies of behaviors for young monkeys during Phase 2 

Before Stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HUD LOCO TOTAL 

1 138 0 38 ~6 1831 28 63 16 2160 
2 16~ 20 97 135 1630 101,i. 0 10 2160 
3 82 28 3 103 1807 9~ 22 21 2160 
7 292 0 51 81 1607 123 2 ~ 2160 
8 55r. 0 7~ 221 1287 20 0 ~ 2160 
9 287 0 75 261 1~22 85 6 2~ 2160 

Total 1517 ~8 338 8~7 958~ ~5~ 93 79 12960 
% 12% 0% 3% 7% 7~% ~% 1% 1% 100% 

See stimulus light or not 
Monkey 1. 2 3 ~ 5 TOTAL MEAN 

1 29 20 33 53 81 216 3.6 
2 0 ~ 0 8 201,i. 216 r..9 
3 13 9 21 4t~ 129 216 ~.2 

7 22 22 21 66 85 216 3.8 
8 20 22 37 56 81 216 3.7 
9 ~ 16 11 120 65 216 4t.0 

Total 88 93 123 34t7 64t5 1296 ~.1 
% 7% 7% 9% 27% 50% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

1 25 0 8 10 297 0 61 31 0 4t32 
2 0 8 0 0 86 0 331 0 7 ~32 
3 21,i. 0 0 3 252 8 136 6 3 ~32 

7 36 0 3 7 252 6 114t 7 7 ~32 

8 ~1 0 8 18 283 0 82 0 0 ~32 

9 3r. 0 11 0 362 9 13 0 3 ~32 
Total 160 8 30 38 1532 23 737 ~~ 20 2592 
% 6% 0% 1% 1% 59% 1% 28% 2% 1% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

1 88 2 28 ~2 1073 1t.. 387 68 26 1728 
2 65 0 96 33 1236 ~4t 232 0 22 1728 
3 68 0 6 55 1186 133 269 6 5 1728 
7 97 0 20 t..0 1078 135 35~ 1 3 1728 
8 57 0 ~9 57 1302 6 2~9 0 8 1728 
9 20 0 25 ~1 1553 1.1:5 37 0 7 1728 

Total 395 2 22~ 268 7~28 377 1528 75 71 10368 
% ~% 0% 2% 3% 72% ~% 15% 1% 1% 100% 
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Table 9 

Frequency of behaviors on correct trials. young monkeys 

during Phase 2 

Before stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HUD LOCO TOTAL 

1 90 a 18 39 1232 8 19 t", 1UO 
2 111 a 71J, 115 IIJ,32 100 a 8 18iJ..0 
3 1J,2 10 3 76 1250 85 9 15 11.1-90 
7 23iJ.. a 1J.7 58 1181J, 101.1- a 3 1630 
8 381 a 28 109 91.1-t.. 16 a 2 H80 
9 21J,9 a 73 219 1232 50 6 21 1850 

Total 1107 10 243 616 7271}, 363 31J, 53 9700 
% 11% 0% 3% 6% 75% IJ,% 0% 1% 100% 

See stimulus light or not 
Monkey 1 2 3 4, 5 TOTAL MEAN 

1 17 8 19 32 65 141 3.9 
2 a a a 4 180 181}, 5.0 
3 a a 21 31 97 IIJ.9 1J,.5 
7 16 11 16 50 70 163 3.9 
8 10 12 23 t..l 62 It.. 8 3.9 
9 3 6 10 107 59 185 4,.2 

Total 46 37 89 265 533 970 1.1-.2 
% 5% 1.1-% 9% 27% 55% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

1 15 a 6 8 197 a 1.1-5 11 a 282 
2 0 0 a a 70 a 291 a 7 368 
3 8 0 a 3 180 8 96 0 3 298 
7 36 0 3 6 169 3 97 5 7 326 
8 25 a t.. 6 202 0 59 0 0 296 
9 21 a 11 0 319 IJ, 12 0 3 370 

Total 105 a 2t... 23 1137 15 600 16 20 191J,0 
% 5% 0% 1% 1% 59% 1% 31% 1% 1% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

1 20 2 2t... 20 715 8 285 32 22 1128 
2 35 a 76 33 101.1-9 IJ,O 219 a 20 H72 
3 33 a 3 6 81t... 118 213 a 5 1192 
7 63 a 18 2t.. 794, 95 310 a a 1304, 
8 24 a 1J,5 12 %8 6 I1J,7 0 2 1181}, 
9 15 a 20 37 131.1-6 25 32 a 5 H80 

Total 190 2 186 132 5666 292 1206 32 5t... 7760 
% 2% 0% 2% 2% 73% 4,% 16% 0% 1% 100% 
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Table 10 

Frequency of behaviors on incorrect trials. young monkeys 

during Phase 2 

Before stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HOD LOCO TOTAL 

1 It. 8 0 20 7 599 20 It. 4: 12 750 
2 53 20 23 20 198 4, 0 2 320 
3 4,0 18 0 27 557 9 13 6 670 
7 58 0 4, 23 1623 19 2 1 530 
8 173 0 1.L.6 112 31.L.3 4, 0 2 680 
9 38 0 2 1.L.2 190 35 0 3 310 

Total 4,10 38 95 231 2310 91 59 26 3260 
% 13% 1% 3% 7% 71% 3% 2% 1% 100% 

See stimulus light or not 

Monkey 1 2 3 4, 5 TOTAL MEAN 
1 12 12 14, 21 16 75 3.2 
2 0 4, 0 4, 216 32 4,.5 
3 13 9 0 13 32 67 3.6 
7 6 11 5 16 15 53 3.4, -
8 10 10 H- 15 19 68 3.3 
9 1 10 1 13 6 31 3.16 

Total 1.L.2 56 31.L. 82 112 326 3.5 
% 13% 17% 10% 25% 316% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HOD LOCO TOTAL 

1 10 0 2 2 100 0 16 20 0 150 
2 0 8 0 0 16 0 4,0 0 0 64, 
3 16 0 0 0 72 0 4,0 6 0 1316 
7 0 0 0 1 83 3 17 2 0 106 
8 16 0 4, 12 81 0 23 0 0 136 
9 13 0 0 0 1.L.3 5 1 0 0 62 

Total 55 8 6 15 395 8 137 28 0 652 
% 8% 1% 1% 2% 61% 1% 21% 4,% 0% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

1 68 0 4, 22 358 6 102 36 4, 600 
2 30 0 20 0 187 4, 13 0 2 256 
3 35 0 3 4,9 372 15 56 6 0 536 
7 311 0 2 16 2816 160 1616 1 3 4,216 
8 33 0 I.L. 4,5 354, 0 102 0 6 54,4, 
9 5 0 5 16 207 20 5 0 2 24,8 

Total 205 0 38 136 1762 85 322 4,3 17 2608 
% B% 0% 1% 5% 68% 3% 12% 2% 1% 100% 
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Table 11 

Frequency of behaviors. old monkeys during Phase 2 

Before stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HOD LOCO TOTAL 

4, 1388 2 4,6 79 573 1.1.6 24, 2 2160 
5 556 0 54-' 100 134,0 26 0 84- 2160 
6 104,4, 2 98 14-0 752 104- 0 20 2160 

11 14.18 0 7 4,2 4,66 2 225 0 2160 
12 523 1 165 4.15 538 4,86 4, 28 2160 
13 387 1 4,57 2ld.8 807 256 0 4, 2160 

Total 5316 6 827 1024, 4,4,76 920 253 138 12960 
% 4.1% 0% 6% 8% 35% 7% 2% 1% 100% 

See stimulus light or not 
Monkey 1 2 3 4, 5 TOTAL MEAN 

4, 9, 22 30 65 90 216 4, 
5 39 33 23 61 60 216 3 
6 27 62 4.1 4,8 38 216 3 

11 4- 14. 19 79 100 216 Id. 
12 33 30 30 79 4,4, 216 3 
13 15 33 39 65 64, 216 4, 

Total 127 191.. 182 397 396 1296 Id. 
% 10% 15% H% 31% 31% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HOO LOCO TOTAL 

4- 258 0 2 3 81 2 85 0 1 4,32 
5 112 0 11 2 238 0 68 0 1 4,32 
6 24-3 0 30 15 85 19 39 0 1 4,32 

11 305 0 0 0 32 0 79 16 0 4.32 
12 168 0 19 58 85 79 20 0 3 4.32 
13 78 0 94, 29 86 59 85 0 1 4.32 

Total 1164. 0 156 107 607 159 376 16 7 2592 
% 4,5% 0% 6% Id.% 23% 6% 15% 1% 0% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HOD LOCO TOTAL 

4, 1112 0 38 23 4,38 31 71 14, 1 1728 
5 508 0 62 36 985 7 4,8 4, 78 1728 
6 979 0 1l4. 71 373 98 90 0 3 1728 

11 1198 0 1 1d.0 192 29 29 239 0 1720 
12 4,91 0 168 34,9 282 4.17 4, 3 14, 1728 
13 255 0 4,96 216 369 317 73 1 1 1728 

Total 4,54,3 0 879 735 2639 899 315 261 97 10368 
% 1d.4,% 0% 8% 7% 25% 9% 3% 3°' 10 1% 100% 
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Frequency of behaviors on correct trials. old monkeys 

during Phase 2 

Before stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HOD LOCO TOTAL 

4r 693 1 27 35 306 18 10 0 1090 
5 250 0 25 59 698 15 0 4r3 1090 
6 531 2 L..9 69 4r13 57 0 9 1130 

11 711 0 6 21 207 0 105 0 1050 
12 279 1 92 201 24r2 228 2 15 1060 
13 192 0 225 121 4r00 111 0 1 1050 

Total 2656 4r L..24r 506 2266 4r29 117 68 64r70 
% 4rl% 0% 7% 8% 35% 7% 2% 1% 100% 

See stimulus light or not 
Monkey 1 2 3 4r 5 TOTAL MEAN 

4r 3 11 17 3L.. 4rL.. 109 L...O 
5 12 22 6 32 37 109 3.6 
6 15 31 20 19 28 113 3.1 

11 3 6 7 3~ 55 105 1.1..3 
12 lilt 13 6 52 21 106 3.5 
13 7 12 16 25 4r5 105 3.8 

Total 54r 95 72 196 230 64r7 3.7 
% 8% 15% 11% 30% 36% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HOD LOCO TOTAL 

~ 135 0 2 3 35 2 4r1 0 0 218 
5 51 0 0 2 122 0 4r2 0 1 218 
6 125 0 17 5 4r5 6 27 0 1 226 

11 1~6 0 0 0 8 0 ~8 8 0 210 
12 75 0 9 37 4rL.. 31 14r 0 2 212 
13 32 0 t..0 u 4r5 U 64r 0 1 210 

Total 564r 0 68 61 299 53 236 8 5 129L.. 
% 4r~% 0% 5% 5% 23% ~% 18% 1% 0% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HOD LOCO TOTAL 

4r 592 0 16 12 201 15 25 11 0 872 
5 263 0 3~ 21 4r88 3 26 ~ 33 872 
6 4r97 0 69 35 196 4r2 65 0 0 904r 

11 596 0 0 19 96 20 9 100 0 8f!.0 
12 24r2 0 56 169 159 213 2 3 4r 84r8 
13 125 0 233 115 206 108 51 1 1 8f!.0 

Total 2315 0 4r08 371 134r6 4rOl 178 119 38 5176 
% 4r5% 0% 8% 7% 26% 8% 3% 2% 1% 100% 
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Table 13 

Frequency of behaviors on incorrect trials. old monkeys 

during Phase 2 

Before Stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN· HUD LOCO TOTAL 

f.l. 695 1 19 iJ,1}, 267 28 11}, 2 1070 
5 306 0 29 U 61},2 11 0 1.l.1 1070 
6 513 0 1.l.9 71 339 I}, 7 0 11 1030 

11 707 0 1 21 259 2 120 0 1110 
12 21},iJ, 0 73 211}, 296 258 2 13 1100 
13 195 1 232 127 iJ,07 liJ,5 0 3 1110 

Total 2660 2 I}, 0 3 518 2210 iJ,91 136 70 61.l.90 
% iJ,1% 0% 6% 8% 31},% 8% 2% 1% 100% 

See stimulus light or not: 
Monkey 1 2 3 I}, 5 TOTAL MEAN 

I}, 6 11 13 31 iJ,6 107 3.9 
5 27 11 17 29 23 107 3.1 
6 12 31 21 29 10 103 2.9 

11 1 8 12 iJ,S I}, 5 111 1},.1 
12 11 .. 13 6 52 21 106 3.5 
13 8 21 23 iJ,0 19 111 3.iJ, 

Total 68 95 92 226 161}, 61},5 3.5 
% 11% 15% liJ,% 35% 25% 100% 

During stimulus presentation: 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

I}, 123 0 0 0 I}, 6 0 I}, I}, 0 1 211}, 
5 61 0 11 0 116 0 26 0 0 21iJ, 
6 118 0 13 10 1.l.0 13 12 0 0 206 

11 159 0 0 0 2iJ, 0 31 8 0 222 
12 93 0 10 21 I.l.l 1.l.8 6 0 1 220 
13 iJ,6 0 54- 15 iJ,1 1.l.5 21 0 0 222 

Total 600 0 88 1.l.6 308 106 11.l.0 8 2 1298 
% 1.l.6% 0% 7% i},% 2iJ,% 8% 11% 1% 0% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

f.l. 520 0 22 11 237 16 1.l.6 3 1 856 
5 21.l.5 0 28 15 1.l.97 I.l. 22 0 1.l.5 856 
6 f.l.82 0 1.l.5 36 177 56 25 0 3 82f.l. 

11 602 0 1 21 96 9 20 139 0 888 
12 21.l.9 0 112 180 123 201.l. 2 0 10 880 
13 130 0 263 101 163 209 22 0 0 888 

Total 2228 0 1.l.71 361}, 1293 1},98 137 11.l.2 59 5192 
% I}, 3% 0% 9% 7% 25% 10% 3% 3% 1% 100% 



For both age groups, none of the behavior durations 

differed significantly between trials ending in a correct 

response and trials ending in an incorrect response. 

c. Phase 3 

Frequencies of behaviors for young and old monkeys 

during Phase 3 are displayed in Tables 1~ through 19. 
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During Phase 3 aged monkeys displayed more turning behaviors 

than young monkeys (38% versus 6% for young animals, t(10) = 

-3.~7, ~<.Ol) whereas young monkeys displayed more visual 

scanning (70% versus 30% for older animals, t(lO) = 5.50, 

~<.Ol). Orienting behavior was more likely to be displayed 

by the young animals than the older animals (18% versus 5%, 

t(lO) = 2.57, ~<.01). 

The mean for the SEE variable for the young monkeys was 

~.2 and for old monkeys 3.3 indicating that young animals 

were more likely to attend to the stimulus, ~(10) = 2.97, 

~<.Ol. Neither young nor old animals showed significant 

difference on this variable between correct and incorrect 

trials. 

Older animals show no significant difference in any 

behaviors between correct and incorrect trials. Young 

animals show more orienting behaviors for correct trials 

than for incorrect trials, t(lO) = 1.82, ~<.01. 

Aggregated behaviors (combining correct and incorrect 

trials during Phases 2 and 3) were also analyzed. None of 
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Table 11.l. 

Frequency of behaviors of young monkeys during Phase 3 

Before stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HUD LOCO TOTAL 

1 161 a 32 60 1801! 77 9 17 2160 
2 11 0 5~ a 2065 30 0 0 2160 
3 179 65 2 23 1360 1.l.51.l. 71 6 2160 
7 306 0 53 61 1561 160 3 16 2160 
8 239 a 50 268 11.l.81 89 3 30 2160 
9 161 0 121.l. 75 1363 1!05 17 15 2160 

Total 1057 65 ~15 1.l.87 9631.l. 1215 103 81.l. 12960 
% 8% 1% 2% ~% 71.l.% 9% 1% 1% 100% 

See stimulus light or not 
Monkey 1 2 3 I! 5 TOTAL MEAN 

1 27 29 32 56 72 216 3.5 
2 0 a a a 216 216 5 
3 31! 16 19 '*8 99 216 3.8 
7 8 8 15 37 1~8 216 ~.~ 

8 22 19 31 29 115 216 3.9 
9 0 a 17 70 129 216 1.l..5 

Total 91 72 111.l. 21.l.0 779 1296 '*.2 
% 7% 6% 9% 19% 60% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

1 32 a 15 16 331 a 37 a 1 1.l.32 
2 1 0 a a 11!0 26 265 a 0 ~32 
3 38 7 a 16 250 27 79 15 a ~32 
7 29 0 18 0 272 6 10~ 0 3 ~32 
8 18 a 1'* a 296 3 85 16 a '*32 
9 21.1- a 12 a 306 16 7,* a a '*32 

Total 11.l.2 7 59 32 1595 78 6,*1! 31 '* 2592 
% 5% 0% 2% 1% 62% 3% 25% 1% 0% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

1 65 a 13 112 1256 81 188 1 12 1728 
2 20 0 '*2 32 955 1'*9 530 0 0 1728 
3 100 21 9 30 981 300 229 55 3 1728 
7 6'* a 39 6 957 108 551 0 3 1728 
8 '*0 a 31 23 l,*n '*0 119 a 1 1728 
9 27 0 69 19 1389 110 105 a 9 1728 

Total 316 21 203 222 7012 788 1722 56 28 10368 
% 3% 0% 2% 2% 68% 8% 17% 1% 0% 100% 
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Table 15 

~requency of behaviors on correct trials. young monke~ 

during Phase 3 

Before stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HOD LOCO TOTAL 

1 33 0 18 29 636 1~ ~ 6 7~0 

2 8 0 30 ·0 1~73 9 0 0 1520 
3 37 13 0 6 t.L.U 120 3 0 620 
7 125 0 18 3t.. 690 5t.L. 3 6 930 
8 t.L.6 0 13 75 t.L.t.L.2 29 0 5 610 
9 16 0 12 36 360 H2 8 6 580 

Total 265 13 91 180 t.L.0~2 368 18 23 5000 
% 5% 0% 2% t.L.% 81% 7% 0% 0% 100% 

See stimulus light or not 
Monkey 1 2 3 t.. 5 TOTAL MEAN 

1 11 3 11 13 36 7t.L. 3.8 
2 0 0 0 0 152 152 5 
3 7 5 1 ~ ~5 62 ~.2 

7 5 0 3 11 71Jt 93 t.L..6 
8 0 5 t.L. 6 ~6 61 q..5 
9 0 0 0 16 t.L.2 58 1Jt.7 

Total 23 13 19 50 395 500 ,*.6 
% 5% 3% t.L.% 10% 79% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HOD LOCO TOTAL 

1 0 0 3 0 122 0 23 0 0 U8 
2 0 0 0 0 85 23 196 0 0 30t.L. 
3 5 0 0 16 62 3 3~ '* 0 12t.L. 
7 H 0 6 0 95 3 65 0 3 186 
8 3 0 0 0 88 0 31 0 0 122 
9 6 0 6 0 79 3 22 0 0 116 

Total 28 0 15 16 531 32 371 t.L. 3 1000 
% 3% 0% 2% 2% 53% 3% 37% 0% 0% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HOD LOCO TOTAL 

1 9 0 0 ~9 369 23 130 0 12 592 
2 8 0 37 12 58t.. 95 t.L.80 0 0 1216 
3 55 0 0 3 2~0 73 100 25 0 ~96 

7 14 0 0 0 263 28 439 0 0 71Jtt.L. 
8 6 0 3 0 ,*13 17 t.L.9 0 0 t.L.88 
9 15 0 12 2 398 9 28 0 0 1,o,6t.. 

Total 107 0 52 66 2267 2,*5 1226 25 12 t.L.000 
% 3% 0% 1% 2% 57% 6% 31% 1% 0% 100% 
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Table 16 

Frequency of behaviors on incorrect trials. young monkeys 

during Phase 3 

Before stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HUD LOCO TOTAL 

1 128 0 1t.l. 31 1168 63 5 11 1t.l.20 
2 3 0 2~ 0 592 21 0 0 6t.l.0 
3 U2 52 2 17 919 33t.l. 0 6 1t.l.72 
7 181 0 35 27 871 106 0 10 1230 
8 193 0 37 193 1039 60 3 25 1550 
9 1t.l.5 0 112 39 1003 263 9 9 1580 

Total 792 52 22t.l. 307 5592 8t.l.7 17 61 7892 
% 10% 1% 3% 4% 71% 11% 0% 1% 100% 

See stimulus light or not 
Monkey 1 2 3 t.l. 5 TOTAL MEAN 

1 16 26 21 43 36 1t.l.2 3.4 
2 0 0 0 0 64 64 5 
3 27 11 18 t.l.4 5t.l. 15t.l. 3.6 
7 3 8 12 26 74 123 4.3 
8 22 14 27 23 69 155 3.7 
9 0 0 17 54 87 158 4.~ 

Total 68 59 95 190 38t.l. 796 t.l..0 
% 9% 7% 12% 24% 48% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

1 32 0 12 16 209 0 14 0 1 28~ 
2 1 0 0 0 55 3 69 0 0 128 
3 33 7 0 0 188 2t.l. t.l.5 11 0 308 
7 15 0 12 0 177 3 39 0 0 246 
8 15 0 14 0 208 3 54 16 0 310 
9 18 0 6 0 227 13 52 0 0 316 

Total 114 7 44 16 1064 46 273 27 1 1592 
% 7% 0% 3% 1% 67% 3% 17% 2% 0% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

1 56 0 13 63 887 58 58 1 0 1136 
2 12 0 5 20 371 54 50 0 0 512 
3 45 21 9 27 741 227 129 30 3 1232 
7 50 0 39 6 694 80 112 0 3 984 
8 34 0 28 23 1061 23 70 0 1 12l.t0 
9 12 0 57 17 991 101 77 0 9 1264 

Total 209 21 151 156 4745 543 496 31 16 6368 
% 3% 0% 2% 2% 75% 9% 8% 0% 0% 100% 
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Table 17 

Frequency of behaviors of old monkeys during Phase 3 

Before stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HOD LOCO TOTAL 

iJt 1226 0 ~9 116 609 1~8 12 0 2160 
5 613 0 137 ~1 1299 ~9 0 21 2160 
6 liJt23 0 76 87 f.l.95 73 6 0 2160 

11 114.2 0 6 22 iJt39 83 l.I.66 2 2160 
12 261 0 397 ~64. 560 ~29 28 21 2160 
13 336 0 iJt07 583 731 97 2 iJt 2160 

Total 5001 o 1072 1313 iJt133 879 51iJt ~8 12960 
% 39% 0% 8% 10% 32% 7% ~% 0% 100% 

See stimulus light or not 
Monkey 1 2 3 iJt 5 TOTAL MEAN 

~ 27 iJt2 iJt~ ~7 S6 216 3'.3 
5 25 1~ 26 61 90 216 3.8 , 
6 28 61 ~3 51 33 216 3.0 

11 H ~O 12 l.I.2 108 216 3.9 
12 29 51 4.5 38 53 216 3.2 
13 29 72 l.I.9 ~9 17 216 2.8 

Total 152 280 219 288 357 1296 3.3 
% 12% 22% 17% 22% 28% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

~ 253 0 30 iJt 75 9 57 0 iJt iJt32 
5 7I.J, 0 6 0 252 6 69 0 25 iJt32 
6 305 0 23 6 59 3 33 3 0 iJt32 

11 189 0 0 0 l.I.O 16 ll.1.1 36 10 iJt32 
12 70 0 iJt9 82 109 90 29 2 1 iJt32 
13 122 0 69 99 93 20 22 2 5 iJt32 

Total 1013 0 177 191 628 1iJtiJt 351 iJt3 ~5 2592 
% 39% 0% 7% 7% 2iJt% 6% U% 2% 2% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

iJt 911 0 33 93 520 120 51 0 0 1728 
5 335 0 60 58 11iJtO iJt2 65 0 28 1728 
6 11~3 0 102 66 335 61 15 6 0 1728 

11 803 0 1~ 22 293 68 108 iJt16 l.I. 1728 
12 270 iJt 236 3~iJt U5 UiJt 27 13 5 1728 
13 271 0 328 6iJt5 368 95 18 2 1 1728 

Total 3733 iJt 773 1228 3071 800 28iJt iJt37 38 10368 
% 36% 0% 7% 12% 30% 8% 3% 4.% 0% 100% 
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Table 18 

Frequency of behaviors on correct trials. old monkeys 

during Phase 3 

Before stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HUD LOCO TOTAL 

4 117 a 12 12 1..5 11.. a a 200 
5 137 0 76 a 282 5 a a 500 
6 174- a I.. '* '*5 3 0 a 230 

11 84- 0 0 0 '*2 a 84 0 210 
12 39 a 31 52 35 U 10 12 220 
13 32 a 27 48 62 11 a a 180 

Total 583 a 150 116 511 74 94 12 1540 
% 38% 0% 10% 8% 33% 5% 6% 1% 100% 

See stimulus light or not 
Monkey 1 2 3 4 5 TOTAL MEAN 

4 a 0 11 6 3 20 3.6 
5 0 5 a 15 30 50 4.4 
6 2 0 12 6 3 23 3.3 

11 0 0 0 0 21 21 5.0 
12 0 0 4 3 15 22 4.5 
13 2 '* 6 5 1 18 2.9 

Total '* 9 33 35 73 154 ,*.1 
% 3% 6% 21% 23% 47% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

4 28 0 6 0 6 a 0 a a '*0 
5 28 a a a 43 a 17 a 12 100 
6 27 a 8 0 11 a 0 a 0 '*6 

11 a a a a 0 a '*2 a a 4-2 
12 12 a a a 9 14 9 0 0 '*'* 
13 13 a 7 5 6 4 1 a 0 36 

Total 108 a 21 5 75 18 69 a 12 308 
% 35% 0% 7% 2% 24% 6% 22% 0% 4% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

'* 77 a 6 21 36 12 8 a 0 160 
5 65 a 6 27 264 12 26 a a 400 
6 102 a 18 9 46 3 6 a 0 184 

11 21 0 0 a 21 a 0 126 a 168 
12 54 0 18 14 37 '*1 6 6 0 176 
13 25 0 15 57 30 15 1 1 a 14'* 

Total 3'*'* a 63 128 431.. 83 47 133 0 1232 
% 28% 0% 5% 10% 35% 7% '*% 11% 0% 100% 
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Table 19 

Frequency of behaviors on incorrect trials. old monkeys 

during Phase 3 

Before stimulus 
Monkey TURN AGG DSPL EXPL VIS SCRN HUD LOCO TOTAL 

I;, 1109 0 37 101;, 561;, 131;, 12 0 1960 
5 1;,76 0 61 f,j,1 1017 f,j,/;, a 21 1660 
6 1249 0 72 83 /;,50 70 6 a 1930 

11 1058 0 6 22 397 83 382 2 1950 
12 222 0 366 /;,12 525 388 18 9 19/;,0 
13 30~ 0 380 535 669 86 2 /;, 1980 

Total /;,/;,18 a 922 1197 3622 805 /;,20 36 11/;,20 
% 39% 0% 8% 10% 32% 7% /;,% 0% 100% 

See stimulus light or not 
Monkey 1 2 3 /;, 5 TOTAL MEAN 

'* 27 '*2 33 I.r.1 53 196 3.3 
5 25 9 26 f,j,6 60 166 3.6 
6 26 61 31 '*5 30 193 3.0 

11 14 /;,0 12 /;,2 87 195 3.8 
12 29 51 41 35 38 191.. 3.0 
13 27 68 /;,3 /;,/;, 16 198 2.8 

Total 148 271 186 253 28,* 1lf,j,2 3.2 
% 13% 2'*% 16% 22% 25% 100% 

During stimulus presentation 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

/;, 225 a 2/;, /;, 69 9 57 0 /;, 392 
5 /;,6 a 6 a 209 6 52 a 13 332 
6 278 0 15 6 f,j,8 3 33 3 0 386 

11 189 a 0 0 /;,0 16 99 36 10 390 
12 58 a /;,9 82 100 76 20 2 1 388 
13 109 a 62 9/;, 87 16 21 2 5 396 

Total 905 a 156 186 553 126 282 t..,3 33 228'* 
% t..,0% 0% 7% 8% 2f,j,% 6% 12% 2% 1% 100% 

After stimulus, before screen is lifted 
Monkey TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO TOTAL 

I;, 831;, a 27 72 1;,81;, 108 1;,3 a 0 1568 
5 270 0 51!. 31 876 30 39 a 28 1328 
6 1041 0 81;, 57 289 58 9 6 a 15f,j,I;, 

11 782 0 1t.., 22 272 68 108 290 '* 1560 
12 216 4 218 330 378 373 21 7 5 1552 
13 21;,6 0 313 588 338 80 17 1 1 158f,j, 

Total 3389 I;, 710 1100 2637 717 237 30'* 38 9136 
% 37% 0% 8% 12% 29% 8% 3% 3% 0% 100% 



the'behaviors differed significantly across the three time 

periods (P,S, and A) for any of the phases or age groups. 

(An exception to this finding is Orienting, which by 

definition, can only occur during S and A). 

Section III: Influence of behaviors on memory performance 
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Several strategies were used to determine the influence 

of behavior on performance during the delayed response 

task. First, contingency table analyses were run in order 

to determine the effect of each behavior in determining 

performance. Next, linear regression techniques were used 

to identify behaviors that were best predictors of correct 

responding for each of the monkeys. Finally, a path 

analysis was run to determine what proportion of performance 

was affected by the direct versus the indirect effects of 

age. 

1. Contingency Table Analyses 

Contingency table analyses were performed on each of 

the four behaviors that differed significantly as a function 

of age (in behavior analyses performed above); visual 

scanning, turning, orienting, and SEE (whether the monkey 

saw the stimulus). The formula used for these analyses 

was: (P(B/Y) [p(+/BnY) - p(+/BnY)] - P(B/O) [p(+/BnO) -

p(+/BnO)])/(P(+/Y) - P(+IO». This formula expresses the 

mediating effect of pehavior (B) on the age difference in 

performance as a joint function of two variables: first, 

the age difference in the frequency of the behavior, viz. 



P(B/Y) - P(B/O), or the age-frequency coefficient for the 

behavior (AFC), and second, age differences in the effect of 

the behavior on the correctness of the subsequent choice, 

viz. [p(+/BnY) - p(+/BnY)] - P(B/O) [p(+/BnO) - p(+/BnO)], or 

the age-efficiency coefficient for the behavior (AEC). If 

either one of these components are greater (or less) than 

zero, the behavior can be said to be mediating some of the 

age effect on performance. If the signs are different, the 

result may also be interesting, e.g., young animals show 

less of behavior X than old animals, but when the young 

animals do this behavior their performance improves more 

than when old animals do it. Note also that if either AFC 

or AEC is zero, this does not preclude a mediating effect. 

Tables 20 and 21 display results for Phases 2 and 3. 

Because SEE was scored on a scale from 1 to 5, results could 

be broken into 5 parts. Altogether, the proportion of the 

age difference occurring because of age differences in the 

frequency of different SEE behaviors and the effects of the 

behaviors on the monkeys' subsequent choices was ~9% for 

Phase 2, and ~1% for Phase 3. A further breakdown showing 

the separate effects of each value of SEE showed that almost 

all of the effect was exerted when the tester judged the 

monkey to have seen the cue stimulus. 

2. Linear Regression 
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Table 20 

Breakdown of age-behavior effect into (a) effects of age 

differences in behavior freguencies, and (b) age difference in 

association between behavior and outcome 

Phase 2 
Behavior 

Visual 
Turning 
Orienting 
Seel 
See2 
See3 
See'* 
See5 

Phase 3 
Behavior 

Visual 
Turning 
Orienting 
Seel 
See2 
See3 
See'* 
See5 

P(B/Y) 

,715 
,080 
,175 
,068 
.072 
.095 
.268 
.'*98 

P(B/Y) 

.70'* 

.059 

.183 

.070 

.056 

.088 

.185 

.601 

P(B/O) 

.299 
,'*25 
.053 
.09'* 
.1,*7 
.127 
.327 
.305 

P(B/O) 

.303 

.376 

.0'*9 

.117 

.216 

.169 

.222 

.275 

AFC 

.'*17 
-.3,*5 

.122 
-.027 
-.075 
-.032 
-.059 

.193 

AFC 

.'*01 
-.317 
-.051 
-.0,*7 
-.160 
-.081 
-.037 

.326 

Formulal* 

.039 
-.082 

.059 
-.2'*2 
-.378 
-.028 

.021 

.'*25 

Formulal* 

-.037 
-.130 

.35,* 
-.1'*3 
-.217 
-.2'*0 
-.218 

.30'* 

Formula2** 

.010 

.006 

.100 
-.06'* 
-.001 
-.071 
-.05,* 

.271 

Formula2** 

.016 
-.019 

.067 
-.105 
-.111 

,112 
.003 
.118 

AEC 

.028 
-.088 
-.0'*1 
-.178 
-.377 

.0'*3 

.075 

.15'* 

AEC 

-.053 
-.111 

.288 
-.038 
-.106 
-.353 
-.221 

.186 

* Formula1: the probability of a correct response given that 
behavior does not occur subtracted from the probability of a 
correct response given that the behavior does occur for young 
animals 

** Formula2: the probability of a correct response given that 
behavior does not occur subtracted from the probability of a 
correct response given that the behavior does occur for old 
animals 



Table 21 

Summary of the proportion of observed age differences 

that occurred as a result of the preceding behaviors 

Visual scan 

Turning 

Orienting 

SEE (1) 

SEE (2) 

SEE (3) 

SEE (4-) 

SEE (5) 

SEE (Total) 

Phase 2 

.0979 

-.04-4-2 

.0205 

-.04-13 

-.1083 

.0257 

.0931 

.5162 

Phase 3 

-.114-6 

-.0011 

.2300 

.0082 

.04-""2 

-.05""7 

-.1539 

.5622 

.4-060 

76 
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In order to determine whether the behaviors displayed 

by each monkey were correlated with their memory 

performance, separate discriminant function analyses (DFA's) 

were run on each animal for each of the two experimental 

phases. The dependent variable was response made at the end 

of each trial (correct or incorrect). Since there were 6 

test days in each phase with 36 trials per day, the total 

number of trials for each DFA was 216. The 27 independent 

variables were each of the 9 behaviors during the period of 

time before the stimulus was presented, during stimulus 

presentation, and after presentation before the screen was 

lifted. Also included was the SEE variable rated from the 

videotapes reflecting the observers judgment as to whether 

the monkey saw the stimulus light. The results are 

described below in two sections; Phase 2 and Phase 3. 

a. Phase 2 DFA results 

Tables 22 and 23 display several pieces of information. 

First, each of the 27 variables are divided into their 

separate time periods so that the behaviors and time periods 

can be differentiated. Numbers in these columns are the 

standardized coefficients obtained for each animal on each 

of these variables. The bottom half of the tables displays 

the Wilkes lambda (proportion of variance 

unexplained) obtained for each animal's DFA, the Canonical 

Coefficient (CC), which is similar to a regression 
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Table 22 

DFA results for young monkeys during Phase 2 

standardized coefficients (based on n=216 for each animal) 

Before stimulus 
TURN AGG DSPL EXPL VIS SCRN HUn LOCO SEE 

Monkey * 
1 .13 .76 -.38 -.32 -.30 0 
2 -.3~ .18 .38 .60 
3 -.50 -.31 .55 .28 .26 .~3 

7 .3~ .3~ -.19 -.5~ 0 
8 -.22 -.37 -.1Jt7 -.18 .~8 

9 -.36 .2~ -.4-2 .18 .27 
During stimulus presentation 

TURN AGG DSPL EXPL VIS SCRN ORNT HUn LOCO 
Monkey * 

1 -.21 .31 -.31 
2 .3~ 
3 -.12 -.1~ -.30 -.38 .17 
7 -.~O -1.67 -.73 .90 
8 
9 -.~8 -.~8 

After stimulus, before screen is lifted 
TURN AGG DSPL EXPL VIS SCRN ORNT HUn LOCO 

Monkey # 
1 -.76 .16 .26 -.29 .18 -.23 
2 .27 .~5 
3 -.17 -.82 .50 
7 -.~8 .19 -.57 .35 
8 .59 .85 .57 .4-3 
9 .19 -.31 -.17 

Percent Correctly Classified 
WILKE CC INC CORR TOTAL 

Monkey :it 
1 .58 .65 65% 92% 82% 

N = 1.1,9 129 
2 .n .51 50% 82% 77% 

N = 16 150 
3 .50 .71 79% 88% 85% 

N = 53 131 
7 .71 .54- 77% 7~% 75% Average 

N = 4-1 121 Correct 85% 
8 .66 .59 72% 87% 82% Incor 68% 

N = 1.1,9 129 Total 81% 
9 .75 .50 55% 87% 82% 

N = 17 160 
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Table 23 
DFA results for old monkeys during Phase 2 

standardized coefficients (based on n=216 for each animal) 

Before stimulus 
TURN AGG DSPL EXPL VIS SCRN HOD LOCO SEE 

Monkey # 
4t -.22 .25 .32 -.39 -.25 -.29 0 
5 -.77 .34t 
6 -.30 -.36 -.4.7 -.34t 

11 .38 -.37 0 
12 .30 .4t9 .33 -.35 .31 
13 -.17 -.32 0 

during stimulus presentation: 
TURN AGG DSPL EXPL VIS SCRN ORNT HOD LOCO 

Monkey # 
4. .71 .37 -.21 .25 
5 -.26 -.54. .31 .21 
6 -.37 .4.6 

11 -.4.1 .65 
12 .62 
13 -.15 -.23 .72 

After stimulus, before screen is lifted 
TURN AGG DSPL EXPL VIS SCRN ORNT HOD LOCO 

Monkey # 
4. .4.0 -.54. .4.6 -.17 
5 -.52 .36 -.36 
6 .51 .74. -.37 

11 .25 .34. -.50 
12 -.77 .30 .4t5 
13 -.28 .68 .19 .20 

Percent correctly classified 
WILKE CC INC CaRR TOTAL 

Monkey # 
4. .81 .iJ,iJ, 63% 75% 69% 

N = 67 82 
5 .86 .38 66% 62% 6iJ,% 

N = 71 68 
6 .88 .35 65% 54t% 59% 

N = 67 61 
11 .88 .3iJ, 77% 60% 69% Average 

N = 85 63 Correct 66% 
12 .83 .4t2 71% 75% 71% Incor 69% 

N = 78 75 Total 67% 
13 .76 .iJ,9 69% 69% 69% 

N = 76 72 



coefficient, and a breakdown of the percentage of trials 

correctly classified using the obtained coefficients. 
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As can be observed in these two tables, there is 

considerable variability among monkeys in the size of the 

coefficients for different behaviors. Table 2~ was 

constructed in an attempt to simplify results. This table 

lists (in order) the six largest standardized coefficients 

for each monkey, separated into the two age groups and two 

phases. When behaviors are categorized by time period, 

those that occur after the stimulus has been displayed were 

more likely to affect performance outcome. For young 

animals 38% of behaviors occurring during this time are 

significant and for old animals ~7% of behaviors occurring 

during this time are significant. This finding implies that 

the behaviors occurring closest to response time most affect 

response made. The SEE variable was an important predictor 

for four of the young animals but none of the older 

animals. Whether animals were engaged in orienting 

behaviors was an important predictor for both young and 

oldanimals. Displacement activities were important to older 

animals (seven variables) whereas it only showed up once for 

young animals. 

The DFA results (as judged by Wilkes lambda and the 

canonical coefficient) were higher for the young animals 

than for the older animals. The average canonical 
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Table 2/,a. 

OFA results: The six largest standardized coefficients for each 

monkey. * 
Phase 2, Young monkeys 
Monkey # 1 2 3 7 8 9 

EP SEE -EA -VS VA -TS 
-TA OA EP OS OA -SS 
-SP SP SA -SS SA -SP 
-HP LS -TP -EA SEE -EP 

OS -TP SEE -HP -EP -SA 
-HS EA -HS -AA OA SEE 

Phase 2, Old monkeys 
Monkey # q, 5 6 11 12 13 

OS -TP OA OS -OA OS 
-OA OA OA -OA • ES OA 

HA -OS OS -VS AP -LP 
TA -VA -LP OP HA -OA 

-SP -LA -SS -SP -EP -SS 
ES HA -LA SA OP HA 

Phase 3, Young monkeys 
Monkey # 1 2 3 7 8 9 

OA OA VP OA SEE -TP 
VS VA' ES VA -EA VA 
LA AA HS LP -LP VS 
EA -VS SP SEE SA TA 
EP -SP SEE -LA -OA -op 
OP -TS OA SP -SS EP 

Phase 3, Old monkeys 
Monkey # /,a. 5 6 11 12 13 

EA SEE -TA HA LP HA 
OP VA OS HP -LA SS 

-OS OP -OS -VS OA -OA 
SEE EA -VA OS HP TS 
OA TS -VA SA -VP OS 
OA -SP SEE -HS VS -op 

First character Second character 
*Note: Coding for variables: T = turning P = before stimulus 

each variable is two A = agression S = during stimulus 
characters o = displacement A = after stimulus 

E = exploration 
V = visual 
S = screen 
H = huddling 
L = locomotion 



coefficient for the young animals was .58, accounting for 

3~% of the variance, as opposed to .~O, or 16% of the 

variance for older animals, t(10) = ~.3~, £<.01. 
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Comparisons between the average proportion of correctly 

classified trials revealed that the results from the younger 

animals were better than those of the older animals (81% 

overall versus 67% overall). 

b. Phase 3 DFA results 

Tables 25 and 26 display DFA results for Phase 3. 

Again, behaviors that occurred after the stimulus had been 

displayed were more likely to affect performance than 

behaviors that occurred before. For young animals, ~5% of 

behaviors occurring during this time were significant and 

for old animals ~2% of behaviors occurring during this time 

were significant. This finding is consistent with those 

results found in Phase 2 above. 

Although the Wilkes lambda and canonical coefficient 

results were higher for the young animals than for old 

animals, this difference was not significant, 1(10) = .67. 

The average canonical coefficient for the young monkeys was 

.61, explaining 38% of the variance. For older monkeys the 

average canonical coefficient was .56, explaining 31% of the 

variance. Data on trials correctly classified for the two 

groups revealed little difference between the two groups 

(85% for the old animals versus 81% for the young). 



Table 25 

DFA results for young monkeys during Phase 3 

standardized coefficients (based on n=216 for each animal) 

Before stimulus 
TURN AGG DSPL EXPL VIS SCRN HUD LOCO SEE 

Monkey # 
1 .20 .20 a 
2 -.30 0 
3 .31 .97 .55 .53 
7 "-.25 .21 -.26 .23 .35 .28 
8 -.19 -.50 .57 
9 -.73 -.t,.5 .t,.5 -.24 .25 .40 .29 

During stimulus presentation 
TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO 

Monkey # 
1 
2 -.16 
3 
7 
8 -.21 
9 -.19 

-.15 .69 
-.t,.9 

.59 
-.23 

.18 -.22 
.t,.1 .46 -.13 

After stimulus, before screen is lifted 

.57 

TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO 
Monkey # 

1 -.18 .57 .99 .66 
2 .t,.9 .66 1.t,.l 
3 .26 -.34 -.39 .41Jr .22 -.18 
7 .48 1.40 -.27 
8 -.27 -.54 .33 .19 
9 .45 -.21 .68 -.35 

Percent correctly classified 
WILKE CC INC CORR TOTAL 

Monkey # 
1 .61 .62 91% 72% 81Jr% 

N = 129 53 
2 .64- .60 94-% 72% 78% 

N = 60 109 
3 .66 .58 73% 89% 77% 

N = 112 55 
7 .4-2 .76 90% 79% 85% Average 

N = 111 73 Correct 
8 .75 .50 76% 82% 77% Incor 

N = 117 50 Total 
9 .62 .62 84-% 79% 83% 

N = 133 1.Ir6 
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79% 
85% 
81% 



Table 26 
DFA results for old animals puring Phase 3 

Standardized coefficients (based on n=216 for each animal) 

Before stimulus 

TURN AGG DSPL EXPL VIS SCRN HUD LOCO SEE 
Monkey # 

4, -.20 .57 .32 
5 .15 .55 -.4,5 -.19 .58 
6 .37 -.32 .19 -.39 .4,6 

11 -.10 .57 .79 .13 .39 
12 .27 -.4,4, .4,5 1.14, 0 
13 -.31 0 

During stimulus presentation 
TURN AGG DSPL EXPL VIS SCRN ORNT 'HUD LOCO 

Monkey # 
4-
5 .51 
6 

11 
12 
13 .37 

After stimulus, 
TURN 

Monkey # 
4, 
5 
6 -.76 

11 
12 
13 

-.18 -.4-8 
-.18 -.21 

.70 .17 -.57 
-.72 .71 -.60 -.4-0 
.39 .34- .62 -.34- .22 

.34, .50 

before screen is lifted 
AGG DSPL EXPL VIS SCRN ORNT HUD LOCO 

.23 .76 .31 
.54- .58 .34- -.17 

-.4,9 -.4-7 .36 
.57 .61 -.17 .81 -.36 

.27 -.81 
-.4,1 .31 .57 

Percent correctly classified 
WILKE CC INC CORR TOTAL 

Monkey # 
4- .80 .4,4, 79% 55% 76% 

N = 154, 11 
5 .63 .61 81% 90% 83% 

N = 135 4,5 
6 .77 .4-8 83% 4,4-% 79% 

N = 160 10 
11 .29 .84, 99% 100% 99% Average 

N = 193 21 Correct 
12 .54- .68 95% 55% 91% Incor 

N = 184, 12 Total 
13 .92 .28 81% 61% 79% 

N = 160 11 

84, 

68% 
86% 
85% 
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Inspection of the breakdowns for each animal revealed that 

older animals had few correct trials (12%) and that the 

largest component of percent correctly classified is 

reflected by prediction of incorrect responpes. Thirty-nine 

percent of the responses made by the ~ounger animals were 

correct. 

3. Linear regression using combined behaviors 

In order to simplify results, the three time periods 

(P,S, and A) were next combined for each trial. Although 

this summation eliminates some information, it was 

reasonable since the three time periods did not differ 

significantly. DFA's were again run for each animal for 

both Phase 2 and 3. For this set of analyses, the dependent 

variable was the outcome (correct or incorrect response) and 

the independent variables were the sum of each of the nine 

behaviors for that trial, as well as the SEE variable. 

a. Phase 2 

The standardized regression coefficients obtained for 

each of the animals for Phase 2 are in Tables 27 and 28. 

Wilkes lambda and the Canonical Coefficients are also 

displayed for each animal along with a breakdown of the 

percentage of trials correctly classified using the obtained 

coefficients. 

For young animals, SEE (whether the animal saw the 

stimulus> was a potent contributor to correct performance 
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Table 27 

DFA results, for combined behaviors, for young monkeys 

during Phase 2: standardized coefs (based on n=216 for each animal] 

Behaviors 
TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO SEE 

Monkey # 
1 -,61 ,~9 -.68 -.5~ -.20 .30 
2 .4.2 .4.4. .4.8 .58 .39 .33 
3 -,409 -.27 .62 -.22 ,15 .38 
7 .28 .56 .75 
8 -.406 .63 -.~~ .34. 
9 -.77 .4.3 

Percent correctly classified 
WILKE CC INC CORR TOTAL 

Monkey # 
1 .81 . ~3 67% 8~% 78% 

N = 50 118 

2 .77 .408 50% 88% 82% 
N = 16 161 

3 .70 .55 61% 73% 69% 
N = 401 108 

Average 
7 .92 .28 83% 63% 68% 

N = 4040 103 Correct 79% 

8 .76 .409 66% 74.% 72% Incor 64.% 
N = 405 110 

Total .. 76% 
9 .85 .39 58% 90% 86% 

N = 18 167 
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Table 28 

DFA results. for combined behaviors. for old monkeys 

during Phase 3: Standardized coefs (based on n=216 for each animal) 

Behaviors 
TURN AGG DSPL EXPL VIS SCRN ORNT HOD LOCO SEE 

Monkey # 
I.i- -.90 -.63 .97 
5 -.58 .4,7 .4,4, -.37 .64, 
6 .34, .27 .27 .88 -.4,1 

11 .57 .1Jt1Jt .72 .4,1Jt 
12 .56 -.4,5 .1Jt8 .73 
13 -.19 -.21Jt -.83 .91 .17 -.18 

Percent correctly classified 
WILKE CC INC CORR TOTAL 

Monkey # 
ij, .96 .19 52% 62% 57% 

N = 56 67 

5 .% .25 53% 55% 54,% 
N = 57 60 

6 .92 .28 7iJr% 53% 63% 
N = 76 60 

Average 
11 .97 .18 65% 51% 58% 

N = 72 54, Correct 58% 

12 .96 .20 4,6% 62% 51Jt% Incor 65% 
N = 50 66 

Total 61% 
13 .81 .1Jt4 73% 62% 68% 

N = 81 65 
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for all but one animal. This variable was also non 

negligible for half of the old animals. Of all ten 

variables, only a few were substantial to three or more of 

the animals in a group and at the same time had the same 

sign (in other words predicting in the same direction). For 

young animals, only the SEE variable fit this criteria. For 

old animals both SEE and huddling contributed to making a 

correct response while locomotion contributed to making an 

incorrect response for three or more animals. 

The average canonical coefficient for the young animals 

was .~~, accounting for 19% of the variance, as opposed to 

.26 accounting for 7% of the variance for older animals, 

t(10) = -3.25, R<.Ol. Overall, 76% of the responses of the 

young animals are correctly classified versus 61% of the old 

animals 

b. Phase 3 

Tables 29 and 30 display the standardized coefficients, 

the Wilkes lambda, Canonical coefficients and percent 

correctly classified for each animal in the two groups. The 

average percent classified for each group is also shown. 

For young animals, SEE and huddling contributed to a 

correct response for three of the animals, orienting for 

four animals, and exploration for four animals. Turning and 

displacement contributes to an incorrect response for three 

animals. Only huddling and turning were the same sign for 
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Table 29 

DFA re~ults, for combined behaviors, for young monkeys 

during Phase 3: Standardized coefs (based on n=216 for each animal) 

Behaviors 
TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO SEE 

Monkey :It 
1 -,61 ,61 ,68 ,23 ,39 
2 ,16 -,21 -,25 _,95 
3 -,iJt7 -,31 ,3iJ, -,25 ,iJ,iJ, -,37 ,30 
7 -,15 ,17 ,iJt6 1.3iJt ,19 ,19 -,31}, 
8 -,59 -.59 ,83 
9 -,iJ,8 -.iJtO .iJt3 -.iJt5 ,32 .6iJt 

Percent correctly classified 
WILKE CC INC CORR TOTAL 

Monkey it 
1 .81 .iJtiJt 78% 65% 73% 

N = 110 iJ,8 

2 ,70 .55 92% 73% 79% 
N = 59 111 

3 .87 .36 640% 73% 66% 
N = 98 iJt5 

Average 
7 .406 ,740 90% 75% 840% 

N = 111 70 Correct 71% 

8 .85 .39 61% 82% 67% Incor 7iJt% 
N = 9iJt 50 

Total 72% 
9 .88 .35 60% 60% 60% 

N = 95 35 
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Table 30 

DFA results. for combined behaviors. for old monkeys 

during Phase 3: standardized coefs (based on n=216 for each animal) 

Behaviors 
TURN AGG DSPL EXPL VIS SCRN ORNT HUD LOCO SEE 

Monkey # 
t. .70 .72 .2t. 
5 .li9 .5t. -.5t. -.37 .80 
6 .51 -.t.9 -.62 -.58 

11 -.76 -.17 -.23 .60 -.55 1.12 
12 .38 .31 .4:4: .37 .30 
13 -.19 -.2t. -.83 .91 .17 -.18 

Percent correctly classified 
WILKE CC INC CORR TOTAL 

Monkey # 
4: .91 .29 72% 85% 74:% 

N = 14:2 17 

5 .86 .38 71% 70% 71% 
N = 118 35 

6 .96 .19 55% 57% 56% 
N = 107 13 

Average 
11 .~9 .71 97% 100% 97% 

N = 189 21 Correct 72% 

12 .77 .~8 8t.% 55% 81% Incor 7iJ,% 
N = 163 12 

Total 71Jt% 
13 .81 .t.~ 7iJ,% 61% 73% 

N = 1Il,7 11 
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all animals. 

For old animals, SEE contributed to correct responding 

for four animals. Displacement and huddling contributed to 

correct responses for three animals, while screen and 

locomotion contributed to incorrect r~sponses. Only SEE and 

screen were the same sign for all animals. 

There was no significant difference between correctly 

classified responses between the young and old animals (73% 

overall). The average canonical coefficient was .~~, 

explaining 20% of the variance. 

~. Path Analysis 

The final step in the analysis of this data was a path 

analysis, which was used to address the main hypothesis of 

interest: to what extent was performance affected by the 

direct effect of age versus the indirect effects of age as 

mediated by the behavior of the animal. The first step in 

this process was to determine which variables were affected 

by age, and then whether these behaviors had an effect on 

performance. Next, the behaviors found to be significa~t to 

age and performance were entered into a path analysis in 

order to find both the direct and indirect effects of age on 

performance. 

In order to determine which behaviors were affected by 

age, a general linear model (Proc GLM in the SAS statistical 

software) was used. This procedure allowed the use of the 

appropriate error term (the between subject variance) to 
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compute the appropriate F-ratio. Two sets of GLM analyses 

were conducted; one for Phase 2 and one for Phase 3 of the 

experiment. Dependent variables for these sets of analyses 

are performance (correct/incorrect response), occurrence of 

each of the nine behaviors (summed for each trial), and the 

SEE variable. The independent (or classification) variable 

was age (young/old). As revealed in Table 31, the behaviors 

significantly affected by age are turning, visual scanning, 

orienting, and SEE (whether the animal saw the stimulus). 

Next, a hierarchical regression analysis was run on 

each of the two phases. The dependent variable was 

performance (correct/incorrect response) and the independent 

variables were the four variables found to be significant in 

the above analysis. The first analysis entered age into the 

equation first in order to determine whether the behavior 

variables still significantly contributed to performance 

after controlling for age. Likewise, the second analysis 

entered behaviors into the equation first in order to 

determine whether age significantly contributed to 

performance after controlling for behaviors. Table 32 

displays the results of these analyses for both phases. 

Results for the four behaviors were combined using the 

appropriate semi-partial F-ratio (Cohen, & Cohen, 1983) in 

order to present a more meaningful summary. As can be seen 

in the table, both the age and the behavior variables are 
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Table 31 

Effects of age on performance and behaviors* 

for Phases 2 and 3 

Phase 2 results: 

F df P(Ro) 
P 1.1.6.51.1. 1,10 .0001 
B1 11.1..96 1,10 .0031 
B2 2.22 1,10 .1671 
B3 1. 81 1,10 .2086 
BI.I. .91 1,10 .3617 
B5 1.1.1.15 1,10 .0001 
B6 1. 28 1,10 .281.1.7 
B7 12.17 1,10 .0058 
B8 .1.1.1 1,10 .5360 
B9 .21 1,10 .651.1.2 
Bl0 3.1.1.2 1,10 .091.1.0 

Phase 3 results: 

F df P(Ro) 
P 13.82 1,10 .001.1.0 
Bl 12.01.1. 1,10 .0060 
B2 .91 1,10 .3616 
B3 3.19 1,10 .101.1.3 
BI.I. 3.30 1,10 .1607 
B5 31.17 1,10 .0002 
B6 .07 1,10 .8005 
B7 6.59 1,10 .0280 
B8 .78 1,10 .3993 
B9 .01.1: 1,10 .81.1.19 
Bl0 9.07 1,10 .0131 

*Behaviors Key 

Bl turning 
B2 aggressive 
B3 displacement 
BI.I. exploratory 
B5 visual 
B6 screen 
B7 orienting 
B8 huddling 
B9 locomotion 
B10 SEE 



Table 32 

Multiple regression results for effects on performance 

for Phases 2 and 3 

Age into equation first (Behavior/Age) 

Phase 2: 

F df p(Ho) 

Age 192.16 1,10 .000 

Behaviors * 6t...05 t.l-,10 .001 

Phase 3: 

F df p(Ho) 

Age 326.21 1,10 .0000 

Behaviors * 76.7t.l- t..,10 .0000 

Behavior into equation first (Age/Behavior) 

Phase 2: 

F df p(Ho) 

Age 22.98 1,10 .0001 

Behaviors * 136.17 q.,10 .0000 

Phase 3: 

F df p(Ho) 

Age 8.19 1,10 .00t..2 

Behaviors * 553.62 4-,10 .0000 

*Note: Behaviors are Bl, B5, B7, and Bl0 



significant, regardless of the order in which they are 

entered into the equation. 
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Finally, a path model analysis (using EQS (Bentler, 

1989) software) was run in order to arrive at parameter 

estimates for determining the direct and indirect effects of 

age on performance. Figure 3 displays the model for this 

analysis. This model is shown as a path diagram with 

measured variables in squares. The one-way arrows represent 

the influences of (i.e., regressions on) other variables. 

The path analysis was run on both phases 2 and 3 

simultaneously. As can be seen in the figure, performance 

for each phase is affected both by the direct effects of_ 

age, and the indirect effects of age, as mediated by the 

four behaviors. Two different path analyses were run, one 

with equality constraints on certain parameters (i.e., that 

the effects of age on behavior be equal for both phases), 

and one with no equality constraints. The analysis with no 

equality constraints provided a better fit with the data. 

Figures ~ and 5 show the model again with the 

unstandardized solution for Phases 2 and 3. In this figure, 

regression coefficients can be interpreted as beta 

coefficients. Because both age and performance were coded 

as 0/1 variables, it is possible to interpret the 

unstandardized coefficient as a proportion of the amount of 

reduction in performance due to age for each path. For 
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Figure 51 Path Analysis Solution for Phase 3 . 
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example, during Phase 2 the amount of reduetion in 

performance due to age is 1~%, and for Phase 3 the reduction 

is 27%. 

Table 33 displays the breakdown of direct and indirect 

effects on performance for both phases. Multiplying each of 

the two paths between age, behavior and performance gives 

the total indirect effect of age as mediated through that 

behavior. Adding each of these indirect effects gives the 

total amount of indirect affects of age on performance. For 

Phase 2, the direct effects of age accounted for 56% while 

the indirect effects accounted for ~~% of the total 

proportion of the effects of age on behavior. For Phase 3, 

direct effects of age accounted for 25% and indirect effects 

accounted for 75% of the total proportion of the effects of 

age on behavior. 
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Table 33 

Breakdown of direct and indirect effects on performance for 

Phases 2 and 3 

Phase 2 effects 

Age ==) Beh 

Turning 6.91 

Visual -8.31.l.7 

Orienting -1.218 

SEE -0.1.l.81.l. 

Total 

Decomposition of effects: 

Direct effects: 

Indirect effects: 

Total effects: 

Phase 3 effects 

Age ==) Beh 

Turning 6.352 

Visual -8.032 

Orienting -1.336 

SEE -0.869 

Total 

Decomposition of effects: 

Direct effects: 

Indirect effects: 

Total effects: 

Beh ==) Perf Age ==) Perf 

.002 .014- (10%) 

.010 -.083 (59%) 

.013 -.016 (11%) 

.058 -.028 (20%) 

-.113 (100%) 

Age ==) Perf -.137 (55%) 

Age ==) Beh ==) Perf -.113 (4-5%) 

Age ==) Perf -.21.l.9 (100%) 

Beh ==) Perf Age ==) Perf 

-.006 -.038 (19% ) 

.005 -.01.l.0 (19% ) 

.087 -.116 ( 56%) 

.015 -.013 (6% ) 

-.207 (100%) 

Age ==) Perf -.065 (24-%) 

Age ==) Beh ==) Perf -.207 (76%) 

Age ==) Perf -.272 (100%) 
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DISCUSSION 

The purpose of this experiment was to determine the 

effect of age on STM performance. Since both performance on 

a STM task (i.e., correct/incorrect responses) and specific 

behaviors manifested by each animal during the experiment 

were recorded, it is possible to break this question into 

separate parts. First, the effect of age on performance can 

be examined and then the behaviors can be broken down into 

age differences and then into their effects on performance. 

While this approach is not optimal given the complexity of 

the problem, it can be useful in order to look at separate 

components of the overall research question. 

As was anticipated, young animals performed 

significantly better on the STM task during the two-choice 

as well as the nine-choi'ce problem. The performance of the 

older animals was at chance level for both phases of the 

experiment. Although there was considerable variability 

among animals within each age group, there is no overlap 

between monkeys in the two groups in the proportion of 

correct responses during either Phase 2 or 3. During Phase 

2, the lowest performing young monkey achieved 65% correct 

responses, whereas the best performing aged monkey achieved 

only 52% correct responses. Likewise, during Phase 3 the 

lowest performing young monkey achieved 28% correct 

responses, while the highest performing aged monkey achieved 
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2~% correct responses. 

Behavioral differences between the two groups were also 

evident in the descriptive analyses. If we categorize 

behaviors into active versus nonactive, we find that aged 

monkeys were more likely to engage in'active behaviors 

(e.g., turning, exploration, screen activities, and 

locomotion) than were young monkeys. During Phase 2, older 

animals spent their overall time turning more than four 

times that of the younger animals. On the other hand, young 

monkeys were more than twice as likely as aged monkeys to 

engage in nonactive activities (e.g., visual scanning). 

These behavioral differences were not related to the 

difficulty of the task but remained consistent across all 

three phases of the experiment, including Phase 1 or the 

baseline condition. 

Given that older animals perform more poorly and 

display certain , seemingly detrimental behaviors (e.g., 

turning) more often, it would seem reasonable to conclude 

that age affects both behavior and STM performance. And, in 

fact, when we calculate the proportion of correct responding 

given particular behaviors preceding the choice, we see that 

behaviors manifested by animals do in fact have an effect on 

STM performance. If we look at only one part of the 

descriptive results described in the preceding paragraphs, 

such as the finding that older animals perform at chance 
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level during both phases or the experiment, we could 

conclude that older animals are merely responding uniformly 

at chance level and that their performance is independent of 

their preceding behavior. However, when we look at both the 

behaviors and performance we find that when older animals 

definitely see the stimulus (as judged by the researcher) 

their performance exceeds chance level. 

While these simplistic approaches might be helpful in 

teasing out the answer to the research question of interest, 

the main point of this study was to show that the 

sophisticated study of memory necessitates a more 

comprehensive and wholistic approach. Analyzing small parts 

of the problem may be misleading in depicting the answer to 

aging differences in memory. The biggest problem with 

breaking the study down and looking at separate components 

is that behaviors are intercorrelated with each other. For 

example, if animals are engaged in an active behavior (e.g., 

turning) they are less likely to actually see the stimulus. 

Whereas, if an animal were orienting towards the stimulus, 

we are also confident that the animal saw the stimulus. 

When variables are intercorrelated, it is not possible to 

interpret results obtained using bivariate analyses. When 

two variables are highly correlated with each other and 

highly correlated with the outcome, each bivariate analysis 

will show a strong relationship. But this relationship may 

be misleading. Therefore, a more comprehensive approach was 
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needed, both in the design of the study (i.e., recording 

behaviors preceding the choice) and in the analytic approach 

(i.e., a multivariate solution). 

Using a multivariate approach allows us to compare the 

contribution of all of the behaviors to performance. A 

stepwise multivariate technique such as DFA forces the 

behavior with the strongest relationship to the outcome to 

enter the equation first. Only the unique effects of 

subsequent behaviors will then appear as being significant. 

However, this procedure can be problematic because it allows 

the data to drive the order in which the behaviors are 

entered, and therefore the data affect the relative 

importance of each of the behaviors. If we have a 

theoretical reason for entering behaviors in a specific 

order, we can feel justified in using this technique by 

specifying that order in the analysis. When reviewing the 

DFA results we see that interpreting results on individual 

animals is difficult because of the great variability among 

the animals within each age group. While each DFA might 

offer a reasonable solution on each individual animal, 

coming up with a solution in order to generalize to the age 

groups was not feasible. So, therefore, the value of those 

analyses was negligible. 

The path analytic approach allows us to prespecify the 

theory; in this case that performance is determined both by 
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the direct effects of age as well as the indirect effects of 

age on the behaviors that precede the choice and affect the 

outcome of the choice. By entering all of the relevant 

variables (i.e., performance, age, and the four behaviors 

that differed significantly as a func~ion of age) into the 

equation at once we can determine both the direct and 

indirect effects of age on performance. Because there was 

no preconceived theoretical approach in terms of which 

behaviors should be entered first, the procedure entered all 

variables into the equation at the same time, adjusting for 

the best fit using a least squares method. An alternative 

approach, could be to hierarchically enter the behaviors 

according to a theoretical framework. The resulting 

solution showed that for Phase 2 the indirect effects 

account for half of the age effects on performance, whereas 

for Phase 3 the indirect effects account for three-fourths 

of the age effects on performance. This finding suggests 

that the more difficult the task, the more the behaviors 

displayed by the animals had an effect on the performanqe of 

the animal. Clearly, for both phases, performance is not 

merely a function of memory alone. 

One criticism made of aging research is that the 

samples chosen to represent the different age groups are so 

chosen because of the criteria of convenience and 

accessibility (Herzog & Rodgers, 1989). In human research, 

this criterion usually means that college students are 
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chosen for the young subjects while n~rsing horne residents 

are chosen as the aged subjects. But there are clear 

differences between these two groups of subjects aside from 

their age differences. For example, college students are 

more intelligent, have more money, and are more active and 

healthy than the average population, whereas nursing horne 

residents have lower income, are less healthy, and are more 

likely to be depressed than average. All of these factors 

have been shown to be related to memory performance 

(Arbuckle et al., 1986; Craik et al., 1987; West et al., 

198~), which means that they would bias any results 

obtained. In animal research, most differences between age 

groups can be controlled (e.g., animals usually live in 

similar environments> but there are still differences 

between the two age groups other than cognitive 

differences. The point of recognizing these differences 

between samples is to emphasize the need to include other 

relevant variables into studies of complex areas such as 

memory. This study did include some other variables (e.g., 

behaviors manifested by animals) and found that these 

variables were indeed an important component of memory 

deficits in older animals. Future studies could include 

other behaviors or such factors as health, intelligence, 

visual ability, or the emotional state of the animal. 



APPENDIX A: CODING SCHEME FOR BEHAVIORS 

A - aggressive behavior screeching, jumping up and 
down, banging head on top of cage 

D - displacement activity - grooming, playing with 
tail, playing with or rubbing hands, playing with 
food, preoccupation with feces 

E - exploratory - trying to peek out, curious about 
apparatus, trying to put fingers 'through cracks, 
looking up through Plexiglas while pushing on it 

H - huddling - withdrawn, tail over head, usually at 
back of cage, head down (unable to see) 

o - orienting behavior - body alignment with windows, 
touching screen where window lit up 

L - locomotive - moving from one activity to another, 
not specifically any behavior other than movement 

S - screen activities - trying to get screen open, 
scratching, banging on screen (but not touching 
screen where window lit up) 

T - turning in cage - either direction, or turning 
back and forth, sometimes half turns with head 
upside down part of the time 

V - visual scanning - body motionless, head sometimes 
moving while eyes moving all around 

Also, during the 2 sec that the S was being 
presented, viewers recorded whether the animal 
observed the S. Coding was 1 - 5: 

1 = certain did not see 
2 = did not see 
3 = not sure 
~ = did see 
5 = certain did see 

107 
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