
Monkey and Human Pictorial Memory Scanning (even those employing picture stimuli) 
have found increases of 20 to 50 msec 

Abstract. A rhesus monkey accurately recognized pictures in a Sternberg memory per item (2, 7). The monkey's "same" 
scanning experiment. When the monkey was tested with pictures that were reused RT was roughly constant for the different 
during the same session, the monkey's performance was nearly identical to that of a serial positions occupied by the match- 
human subject; this result demonstrates that monkeys are capable of some of the ing list item, with a hint of an inverted U 
short-term retrieval mechanisms of humans. shape for the two longer list lengths 

We recently trained a rhesus monkey 
to perform a serial probe recognition 
(SPR) task with lists of 10 or 20 items (I). 
We presented a sequential list of color 
slide pictures followed by a single, spa- 
tially distinct probe item on each trial. 
The monkey then indicated (by moving a 
lever) whether the probe item was the 
same as one of the list items or different 
from all of them. It performed correctly 
86 percent of the time with 10-item lists 
and 81 percent of the time with 20-item 
lists. Recognition accuracy of "same" 
items as a function of their serial position 
within the list showed best memory for 
the initial (primacy effect) and terminal 
(recency effect) list items. This demon- 
stration of accurate multiple-item memo- 
ry performance in the monkey and its 
comparability to human performance in 
the identical task encourages a compara- 
tive approach to the study of memory 
processes. Sternberg measured reaction 
times (RT's) of humans performing an 
SPR task with lists of various lengths and 
derived a model to reveal the strategies 
the subjects used to scan memory (2). 
We now present results of a Sternberg 
memory scanning experiment with a 
monkey and a human, the purpose of 
which was to determine whether or not 
the monkey could and would use retriev- 
al and decision strategies similar to those 
of the human (3). 

The 5-year-old male rhesus monkey 
(Macaca mulatta) had extensive previ- 
ous experience in the SPR task (I). It sat 
in a primate chair and viewed rear-pro- 
jected color slides (12 cm by 19 cm) on 
two separate screens (16 cm center to 
center) from a distance of 50 cm. The 
slides were pictures of 211 distinctly 
different fruits, flowers, people, animals, 
laboratory hardware, and household ob- 
jects. A 21-year-old female college grad- 
uate viewed the sahe  pictures from 100 
cm, but received no primary reward in 
an otherwise identical procedure. 

The monkey and human initiated each 
trial by pressing down on a three-posi- 
tion lever. One second later the first list 
item was presented on the top screen for 
1 second. Additional list items (if any) 
appeared sequentially for the same 
amount of time with 0.8-second intervals 
separating them. One second after the 
last list item, a probe item appeared in 
the bottom screen and remained in view 

until a choice response was made or until 
2 seconds had elapsed. A lever move- 
ment to the right was a "same" re- 
sponse, and one to the left was a "differ- 
ent'' response. Correct choices were fol- 
lowed by a 0.25-second 4000-Hz tone, 
and the monkey was rewarded by a small 
(0.5 cm3) squirt of orange juice, a banana 
pellet, or a small squirt of applesauce. 
Errors turned on the chamber light for a 
10-second time-out. A Zsecond intertrial 
interval separated successive trials. For 
the monkey, four sessions of 140 lists 
each were conducted daily. "Same" and 
"different" probe trials occurred with 
equal frequency in a pseudorandom se- 
quence (4). In experiment 1, "different" 
probe items were not seen in any previ- 
ous list in order to maximize accuracy. A 
total of 5460 trials were conducted with 
the monkey and 1400 with the human. 

Results from the monkey subject ex- 
periments are shown in Fig. 1. On 
"same" trials, mean RT for both sub- 
jects increased monotonically as a func- 
tion of list length (5); each additional list 
item added about 13 msec. Similar val- 
ues have been shown for humans with 
picture stimuli (6), but most experiments 

(inset, Fig. 1). For th' human, serial 
position effects are evident with the 
"same" responses being quicker for 
items at the end of the list (inset, Fig. 1). 
Serial position effects are not uncommon 
in human memory scanning experiments 
(3, and they tend to complicate the 
interpretation of the results with respect 
to the underlying cognitive processes. 

Unlike performance on "same" trials, 
mean RT's on "different" trials as a 
function of list length differed for the 
monkey and human. The human RT gen- 
erally increased with increasing list 
length, whereas that of the monkey did 
not (5,6). A lack of any RT increase with 
list length may reflect our procedure of 
making each probe item on "different" 
trials distinct from any other session 
item. Under these conditions, memory 
scanning may be unnecessary. The mon- 
key would only need to answer the ques- 
tion "Have I seen this item sometime 
before during this session? If not, re- 
spond 'different. " ' Such judgments, 
based on probe item novelty, could be as 
rapid after a six-item list as after a one- 
item list and thereby generate a flat "dif- 
ferent'' function. A similar interpretation 
has been applied to human performance 
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Fig. 1. Mean reaction time on correct "same" and "different" trials as a function of list length. 
Errors are shown on the abscissa. Insets show mean reaction time as a function of serial 
position on correct "same" trials for each list length: 0, 1; +, 2 ;  A, 3; x, 4; 0 , 5 ;  @, 6. Serial po- 
sition l corresponds to the first list item. 
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in other experiments (8). One might ex- 
pect a flat RT function for "same" trials 
because of a complementary strategy to 
respond "same" on the basis of item 
familiarity. But the slope is instead posi- 
tively sloped, suggesting a bias toward 
novelty judgments. 

We reasoned that we should be able to 
modify the monkey's "different" RT 
function by eliminating or diminishing its 
tendency to make a rapid novelty judg- 
ment on "different" trials. Changing the 
monkey's strategy to resemble that of 
the human would establish that, at least 
under some conditions, the monkey can 
use memory scanning processes similar 
to those of the human. 

In experiment 2 we made it more diffi- 
cult for the subjects to be correct on 
"different" trials by occasionally dis- 
playing a to-be-used "different" probe 
item in a previous list. Novelty judg- 
ments on such trials would produce er- 
rors, and possibly an abandonment of 
the novelty judgment strategy. The pro- 
cedure was identical to that used in the 
first experiment except that there were 
two types of "different" trials: trials 
with familiar probe items that had been 
previously seen (between 11 and 45 
items previous) and trials with novel 
probe items. The monkey participated in 
11,280 trials, and the human in 2820 
trials. 
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The monkey changed its performance 
dramatically on "different" trials and 
performed very similarly to the human 
(Fig. 2). For monkey as well as human, 
an increase in list length resulted in an 
increase in RT, indicating that each addi- 
tional item requires an additional amount 
of processing time presumably associat- 
ed with serial scanning. The RT's on 
"different" trials were slower than on 
"same" trials, reflecting greater difficul- 
ty or some feature of the decision pro- 
cess of this judgment independent of 
whether the probe item had been previ- 
ously seen (familiar) or not (novel). For 
both subjects, the familiar probe items 
on "different" trials required more time 
than novel ones. This greater difficulty 
with familiar probes, which may be due 
to indecision at the response output 
stage, is reflected in an increase in the 
intercept of the RT function. On "same" 
trials the human's and monkey's RT's 
are of similar value and show regular 
increases with list length; each additional 
list item adds about 11 msec to the RT. 
Another indication of the strategy 
change brought about by our manipula- 
tion is shown by the monkey's serial 
position functions (inset, Fig. 2), which 
slope downward like the human's func- 
tions; RT's are faster for "same" trials 
when the probe item matches items at 
the end of the list, a result shown in SPR 
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Fig. 2. Results from an experiment where the "different" probe items had been seen in a 
previous list (familiar) or had not been seen in a previous list (novel). Insets show mean reaction 
time as a function of serial position on correct "same" tr~als for each list length: 0, 1; +, 2; A, 
3; x, 4; 0, 5 ;  e, 6 .  

studies for humans recognizing picture 
stimuli (6). 

Whatever the cognitive mechanisms 
or strategies involved, the monkey, 
which has no identifiable language with 
which to code, rehearse, or scan items, 
and human performed similarly in ex- 
periment 2 and the results are similar to 
other human memory scanning results, 
which have been interpreted as repre- 
senting serial memory scan processes (6, 
7). 
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