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Correspondence between rats and humans in the
utilization ofretrospective and prospective codes
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Rats were presented with 2, 4, 6, 8, or 10 spatial locations on a 12-arm radial maze and on
a subsequent test were required to choose between a place previously visited and a novel place.
The animals were reinforced for entering the novel spatial location. During learning, animals
showed an increase in errors as the number of places to be remembered increased from 2 to 8,
indicating the use of a retrospective memory code. These animals also showed a decrease in er
rors as the number of places to remember increased from 8 to 10, indicating the use of a prospec
tive memory code. In an analogous mnemonic task, college students were presented with 2, 4,
6, 8, 10, 12, or 14 Xs, shown one at a time, marked on a grid of 16 squares. On a subsequent
test, the college students were asked to choose between a novel X and one that had appeared
previously. Subjects were asked to circle the novel X. On the basis of their verbal reports, the
subjects were divided into two groups reflecting different memory coding strategies. The sub
jects who reported a retrospective coding strategy showed an increase in errors as the list length
increased. The subjects who reported a retrospective and prospective strategy showed an initial
increase in errors for list lengths of 2 to 8 items followed by a decrease in errors for list lengths
of 8 to 14 items. The results are interpreted to reflect a correspondence between animals and
humans in the use of coding strategies aimed at facilitating memory performance for long lists
of information.

Based on the assumption of evolutionary continuity of
mental processesbetweenanimals and humans, there has
been an ever-increasing interest in studying parallels be
tweenanimalsand humans in termsof cognitive functions.
This has led to the finding of a variety of comparable
mnemonic functions in animals and humans. For exam
ple, animals displayserial-position curves for listsof items
(DiMattia & Kesner, 1984; Kesner & Novak, 1982;
Wright, Santiago, Sands, Kendrick, & Cook, 1985), uti
lize rehearsal and exhaustive scanning processes within
short-term memory (Ellis, Clegg, & Kesner, 1984; Ken
drick & Rilling, 1984), learn lists of paired associates
(Petrides, 1985),and learn about spatialenvironments re
quiring use of cognitive maps (DiMattia & Kesner, in
press; Gould, 1986;Menzel, 1978;Morris, 1981). It was
shownrecently thatrats can use retrospective and prospec
tive memory codes when required to remember items
within long lists (Cook, Brown, & Riley, 1985). More
specifically, in Cook et al, 's study a rat was presented
on anyone trial with 2, 4, 6, 8, or 10 items (places) on
a 12-arm radial arm maze, followed 15 min later by a
win-shift testconsisting of a choicebetweena placeprevi
ouslyvisitedand a novelplace. The animalwas reinforced
for entering the novel spatial location. During learning,
the animals showed an increase in errors as the number
of places to be rememberedincreasedfrom 2 to 6, reflect
ing the use of a retrospective memory code. Theseanimals
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also showed a decrease in errors as the number of places
to be remembered increased from 6 to 10, reflecting the
use of a prospective memory code.

It should be noted, however, that inferences concern
ing the use of retrospective and prospective codes may
be problematic, especially becauseof the inability to assess
the utilization of these codes by means other than verbal
report. It is, therefore, of paramount importance to de
velop analogous tasks for humans in order to make com
parisons with animals. Furthermore, since the emphasis
in memory research has been on the use of retrospective
codes, it would be of real interest to test to what degree
humans utilize prospective coding strategies in order to
remember long lists of events (in this case spatial loca
tions). Thus, the purposes of the present study were to
replicate Cook et al. 's (1985) study with rats and to test
humans using a comparable set of procedures and spatial
location information.

METHOD

Subjects: Animals
Ten male Long-Evans rats, aged 4 to 6 months at the start of

the experiment, were used. Each animal was individually housed
and was maintained at approximately 80%-85% of its free-feeding
weight. Animals had free access to water. The animal cages were
kept in a laboratory with a 12-h light-dark cycle.

Apparatus
The apparatus was an elevated (80 em from the floor) 12-arm

radial maze, painted white. The maze consisted of a center plat
form 40 cm in diameter with 12 arms (9 em in width, and 75 cm
in length) radiating from the platform. A transparent "'-in. Plexi-
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Figure 1. Mean number of errors as a function of point of inter
polation (list length).

Animals
Behavioral performance (mean number of errors) is

shown in Figure 1 as a function of POI. The figure shows
that the rats displayed an increase in the number of er
rors up to a set size of 8 items, followed by a decrease
in the number of errors for a set size of 10 items. Two
of the 10 animals showed an increase, rather than a
decrease, in number of errors for a set size of 10 items.
It should be noted that, based on eight observations, four
errors represent chance performance, whereas two or
fewer errors represent significantly better than chance per
formance.

A one-way analysis of variance on the mean number
of errors as a function of POI revealed a significant ef
fect of POI [F(4,36) = 4.5, P < .01]. Subsequent Dun
can range tests revealed that there was a significant in
crease in errors for a POI of 8 items compared with a
POI of 2, 4, 6, or 10 items (p < .05).

Five seconds after the study phase, the subjects were given two
tests in which they were asked to choose between an X that had
not appeared in the study phase (novel) and one that had appeared
in the study phase. The subjects were asked to circle the novel X;
that is, they had to use a win-shift rule. The tests containing the
Xs were presented to the subjects on individual stacks of paper.

Afterall thetests hadbeencompleted, the subjectswere presented
with a questionnaire containing two questions: (I) Did you use
different codes for rememberingshort versus long lists? (2) What
strategy did you use? These questions were designed to aid in
categorizing the strategiesused to rememberthe variouslist lengths.

Humans
The human subjects were divided into two groups on

the basis of their written responses to the two questions
concerning the strategy they used to remember the vari
ous list lengths. Comments that were judged to be in the
retrospective category included, for example, "I remem
bered by drawing pictures of shapes in my head with lines
by the pattern of the Xs" and "I tried to form patterns
with the filled-in squares." Half of the students used a

glas guillotine door was set at the entrance to each ann to control
the animals' access to the ann. By meansof a series of pulleys and
strings, each door could be opened and closed from an adjacent
lab room. At the distal end of each ann, a small hole (2.5 em in
diameter and 1.5 cm in depth) was drilled to serve as a food well.
The maze was located in a room with a wide variety of extramaze
cues, includinga set of pictures on the wall and a small black desk
near the maze.

Training
Initially, each animal was allowedto explore the mazeon a daily

basis andto eat food scatteredaround the maze for 10 min per day.
This procedure was followed for 5 to 6 days. The animals were
then trained using Olton and Samuelson's (1976)procedure. In this
phase, the animals were placed on the center platform of the maze
and each ann was baitedwitha pieceof Froot Loopsbreakfastcereal
(Kellogg Co.) in the food well. The animals were allowed to visit
all arms to get food for a 2Q-min session. This training was con
tinued daily until the animals obtained food from all arms within
20 choices or within a 20-min time period. All animals received
one session per day for 15 days.

After reachingcriterion, the animalswere testedusing the proce
dures described by Cook et al. (1985, Experiment 4). Each train
ing trial consisted of a study phase and a test phase. During the
study phase a sequence of 2, 4, 6. 8, or 10 arms was presented,
one arm at a time. The arms were randomlyselected, with the con
straint that no 3 adjacent arms be presented in one sequence.

Within a 5-day period, each sequenceand point of interpolation
(pOn, or list length, was randomly selected without replacement.
At the end of each sequence of visits to appropriate arms and con
sumption of IA piece of Froot Loop reinforcementfrom each ann,
the animal was removed from the maze and returned to its home
cage.

Fifteen minutes later the animal was placed in the center plat
form to commence the test phase. During the test phase, two adja
cent doors were opened-one that hadbeen visitedduring the study
phase and one that had not. The correct response was to select the
novel arm; that is, the animal had to use a win-shift strategy. On
50% of the trials, the correct response was the door on the right,
and on the other 50% the correct response was the door on the left.
A correct responsewas rewardedwitha wholepieceof Froot Loop
cereal. Immediately after making a choice, the animal was given
a second test. Two adjacent doors that had not been used on the
first test were opened-one that had been visited during the study
phase and one that had not. Furthermore, on a random basis, the
choiceson one testwereselected from spatiallocations visitedduring
thefirst halfof thelist, and the choiceson theother testwereselected
from locationsvisitedduring the secondhalf of the list. This proce
dure was used in order to minimize possible confounding effects
from theserial positionof itemswithineach list. A correct response
was again based on a win-shift strategy. Only one training trial
(consisting of a study phase anda test phase [two tests)) was given
per day. Each animal was given a total of 40 tests, with 8 tests of
each POI (2, 4, 6, 8, or 10).

Subjects: Humans
Twenty-fourstudentsfrom a Universityof Utah introductory psy

chology class were tested in groups of 8. Each trial was divided
into a study phase and a test phase. During the study phase, the
subjects were presented with 2,4,6, 8, 10, 12, or 14 Xs, shown
one at a time. Each X was printed in a specific location on a
20.2x27.9 cm transparency that contained a grid of 16 squares.
Only one X appeared at a time for a 5-sec duration. The stimuli
were presented on a screen with an overhead projector.

The subjects received 28 trials, 4 trials of each list length, with
an intertrial interval of 10 sec. For each trial both the locations of
each X and the list length were randomly arranged.
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retrospective strategy; that is, they tried to rememberall
the itemsthatwerepresented in the studyphase. The other
half of the students used both retrospectiveand prospec
tive strategies; that is, they shifted their strategy to try
to remember the remaining items when the list lengths
were long. Comments that were judged to be in the
retrospective/prospective categoryincluded, for example,
"I formed a positivegeometric shape. When more than
6 Xs were shown I started a negativegeometric shape"
and "When there were more spaces I remembered Xs,
when there were more Xs I remembered spaces."

Because the error rate was rather low, it was decided
to depictthe resultsusingthe totalnumberof errors rather
than the average number of errors. The results, shown
in Figure 2, indicate that the students who used a
retrospective code showed an increase in errors with an
increase in POI. In contrast, the students who used a
retrospective/prospective code increased in errors up to
a POI of 8 items and then showed a decrease in errors
with longer list lengths.

A two-wayanalysisof varianceon the total number of
errors as a function of POI for the subjects who used a
retrospective code and those who used a retrospec
tive/prospective code revealed a significant group effect
[F(1,22) = 6.9, P < .05] and a significant POI effect
[F(6,132) = 6.0, P < .01], as wellas a significant group
x POI interaction [F(6,123) = 2.8, P < .05]. Subse
quent Duncan range tests revealed that for the retrospec
tive code group there were significantly more errors at
the longest POI (14 items) than at POls of 2, 4, 6,
(p < .01), or 12(p < .05) items. There werealso more
errors at POls of 8 or 10 items than at a POI of 2 items
(p < .05).

Subsequent Duncan range tests for the retrospective/
prospectivecode group revealed that there were signifi-
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cantly more errors at a POI of 8 items than at a POI of
2 (p < .01) or 12 or 14 items (p < .05).

DISCUSSION

The present study indicatesthat college students use at
least two typesof strategies in coding informationwithin
long lists. The first strategy is to remember all of the
previously presented items; that isa retrospective strategy,
which should result in increasederrors as the list length
increases. Indeed, the largest numberof errors occurred
for the longest list length. The second strategy is to shift
somewhere in the middle of the list from a strategy of
remembering all of the previously presented items to
remembering the items that still remain in the list, that
is, a retrospective/prospective strategy. This strategy
should result in an initial increase in errors, followed by
a decrease as list length increases. Indeed, the largestnum
ber of errors occurred in the middleof the list. The latter
error pattern was seen in Cook et al. 's (1985) study with
ratsand in the present studywhenthe list length increased.
The observationthat both humansand animals use a pro
spective code in remembering longlistsof itemsprovides
an opportunity to analyze the neural basis of prospective
coding of information in animals and humans. A recent
series of studiesshowedthat rats withparietal (Kametani
& Kesner, in press) or frontal (Kesner, in press) lesions
do not showthe abilityto use a prospective code, whereas
rats with hippocampal lesions are impaired in usingretro
spective and prospectivecodes (Kametani & Kesner, in
press).

Even though, in the present study, there were a few
differences betweenthe procedureused with rats and that
used with humans (the use of spaced vs. massed trials,
longer set size for the human subjects, a short vs. long
delay between study phase and test phase, and use of a
different type of reinforcement), there were a sufficient
number of procedural similarities (including the use of
spatial location information and two tests for each study
phase) to permit a comparisonbetweenrats and humans.
Thus, the similarity in the pattern of results suggests the
possibilitythat rats indeed utilize both retrospective and
prospectivecodes in remembering long lists of informa
tion. Thisexplanation couldaccount for the excellent abil
ity of rats to remember all spatial locations in a 17-arm
maze (Olton, Collison, & Wen, 1977).

In conclusion, the present study provides yet another
demonstrationthat comparable mnemonic functions can
be found in animals and humans.
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