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Rats’ memory for serially presented
flavors: Effects of interstimulus
interval and generalization decrement

PHIL REED
University College London, London, England

In four experiments, the effect of sequential exposure to a series of five novel flavors on the subse-
quent neophobic response of water-deprived rats to those flavors when they were presented simulta-
neously was examined. After a list-test interval of 30 min and a list-interstimulus interval of 10 sec, the
rats generally consumed more of the first and last flavors presented in the initial sequence. This find-
ing was taken to reflect the existence of primacy and recency effects. Experiment 1 provided evidence
that successive contamination can occur between flavors in the initial list, making subsequent recog-
nition of later flavors in the list more difficult. However, this effect was overcome by presentation of
water between each flavor during the list exposure. Experiments 2 and 4 showed that primacy was not
a necessary result of successive contamination in this procedure, by demonstrating that increasing the
interstimulus interval between list items decreased the size of the primacy effect. This result suggests
that rats’ memory for serially presented items may be controlled by mechanisms different from those
typically implicated in the human verbal memory literature. In Experiment 3, the question of whether
the testing procedure adopted here could have introduced sources of artifactually produced serial-

position effects was explored, but no such influence was found.

Reed, Croft, and Yeomans (1996) investigated rats’
memory for serially presented material, using a nonspatial
paradigm involving flavors. In this report, the tendency of
rats to avoid novel substances (neophobia) was exploited
to obtain a measure of their memory for those flavors. To
the extent that subjects remember previously having been
exposed to a flavor, the subjects should drink more of that
flavor when it is again presented to them. The serial pre-
sentation of a list of items results, typically, in better mem-
ory for the items occupying the initial and terminal por-
tions of the list than for those items occupying the central
positions in the list (Baddeley, Papagno, & Andrade, 1993;
Glazner & Cunitz, 1966). These effects are termed pri-
macy and recency, respectively. Reed et al. (1996) demon-
strated that both primacy and recency effects could be
obtained in the above-mentioned flavor paradigm. The rats
consumed more of the flavors presented at the start and end
of the series than of the flavors presented in the middle
of the initial sequence.

Although it is not contentious that the serial presenta-
tion of items to nonhuman subjects will result in recency
effects (Macphail, 1980; Sands & Wright, 1980; Thomp-
son & Herman, 1977), the existence of primacy effects in
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all but a few situations has not yet gained universal ac-
ceptance (see, e.g., D. Gaffan, 1983; E. A. Gaffan, 1992).
It is well established that rats show primacy effects in
spatial tasks (e.g., Bolhuis & Van Kampen, 1988; Di-
Mattia & Kesner, 1984; Harper, McLean, & Dalrymple-
Alford, 1993; Reed & Richards, 1996). However, the ev-
idence for primacy effects with rats in nonspatial tasks is
less clear. Reed, Chih-Ta, Aggleton, and Rawlins (1991)
presented rats with a series of five items, each located at
the end of an arm in a maze. After a retention interval, the
rats were given a choice between an arm containing a copy
of one of the items from the list and an arm containing a
novel item. To earn a reward, the rat had to choose the arm
containing the novel item. In this experiment, choice ac-
curacy was better when the discrimination involved an ob-
ject from the start or end of the list than when it involved
an item from the middle of the list. In contrast, Deacon
and Rawlins (1995) reported a series of experiments that
putatively failed to replicate the result reported by Reed
et al. (1991). However, in seven different conditions that
tested for serial position effects, Deacon and Rawlins ob-
tained six null results. It should be noted that such null re-
sults cannot properly be said to represent a failure to repli-
cate only the study by Reed et al. (1991). These results
also fail to replicate other studies with nonhumans that
have shown recency effects under such conditions, making
interpretation of those findings extremely problematic.
In fact, the one interpretable result reported by Deacon
and Rawlins was a demonstration of both primacy and re-
cency effects. However, given the controversial nature of
the above-mentioned procedure (cf. E. A. Gaffan, 1992;
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Reed, 1994), the demonstration of primacy and recency
effects in the flavor paradigm (Reed et al., 1996) is one of
the few unequivocal findings of primacy for rats in a non-
spatial paradigm. Given this, additional demonstrations
of serial position effects with this procedure and an analy-
sis of the possible causes of these effects in this paradigm
appear to be warranted.

One set of explanations of serial position effects in hu-
mans attributes primacy effects to the rehearsal of early
items in the list. This rehearsal allows these items access
to a permanent memory store, from which recall is highly
likely. On this view, recency is attributed to the retrieval
of the later items in the list from a temporary short-term
store, in which the last items are still held (Atkinson &
Shiffrin, 1968). Alternatively, another set of theories em-
ploys the notion of distinctiveness as an explanation for
serial position effects in humans (see Johnson, 1991;
Neath, 1993; Schmidt, 1991). Primacy and recency may
be the product of such distinctiveness, since the early and
late items in the list, owing to their positions, are relatively
free from interference by the other items in the list (John-
son, 1991; Wright, Santiago, Sands, Kendrick, & Cook,
1985).

It is yet to be established which of these putative mech-
anisms is operative in the nonhuman case. Of equal im-
portance, it may be that nonhuman serial position effects
are generated by processes different from those operative
in humans. For example, serial position effects in non-
humans may be the result of the relative hedonic proper-
ties of the items occupying various positions in the list of
stimuli (Wixted, 1986; Wynne, 1995). If different pro-
cesses support serial position effects in humans and in
other species, it may be that the same manipulation will
have different effects on memory for serially presented in-
formation. In fact, there are examples of differences be-
tween humans and nonhumans with respect to the effects
of various manipulations on memory for serially pre-
sented material: Varying the interstimulus interval (ISI)
between items in a list increases the size of the primacy ef-
fect in human subjects (Glazner & Cunitz, 1966), as long
as the items are nameable (Reed, 2000; Wright, Cook,
Rivera, & Shyan, 1990). In contrast, this manipulation ap-
parently reduces the size of the primacy effect in monkeys
(Cook, Wright, & Sands, 1991). Cook et al. manipulated
the viewing time and the ISI experienced by two monkeys
in a list-learning procedure. The increase in ISI led to a
decrease in overall accuracy in identifying the list items
on the part of the monkeys and gave the impression that
the primacy effect was reduced. This is a potentially im-
portant point deserving further investigation in a procedure
other than that used by Cook et al., in order to confirm its
generality across nonhuman species and test situations.

It is possible that the results obtained by Reed et al.
1996), using the flavor paradigm, reflect processes
sther than those typically implicated in the generation of
serial position effects, either in humans or in nonhu-
nans. In order to demonstrate that the flavor paradigm is
1 valid index of memory for serially presented items, ma-
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nipulations would need to influence memory similarly in
this procedure and in other procedures. It could be, for
example, that the flavor paradigm generates serial posi-
tion effects via nonmemorial processes. Potentially, one
of these processes involves generalization decrement be-
tween the initial presentation of the flavors during list ex-
posure and the re-presentation at test. The sequential pre-
sentation of flavors during the list exposure phase may
lead to one flavors contaminating the next flavor in the se-
quence. If successive contamination between flavors oc-
curs, the only item that would be familiar to the rat at test
would be that flavor presented first in the initial list; all
of the other flavors would effectively have been presented
as compound stimuli. If this were so, the first flavor would
be the only one free from a neophobic response during
the test (since it would be the only one recognized as hav-
ing been consumed previously), and a primacy-like effect
would be seen. This possibility was noted by Reed et al.
(1996), but its influence on performance was not system-
atically assessed. If the present flavor paradigm is to be
established as reflecting the operation of mechanisms re-
sponsible for serial-memory effects, the above general-
ization decrement account has to be shown to be an in-
sufficient explanation of the results. If the above ISI
manipulations were found to have the same effects on
recognition for serially presented material in the present
paradigm that they have in other procedures (i.e., primacy
could be attenuated by increases in the ISI), it could be
demonstrated that the primacy effect is not a necessary
consequence of the present procedure.

Thus, the present series of studies was devised with
three aims: first, to replicate the original serial position
effects noted by Reed et al. (1996); second, to extend the
findings of Cook et al. (1991) concerning the effect of the
ISI manipulation on serial position functions; and third,
in the process of investigating the effect of the ISI on
memory for serially presented items, to demonstrate that
serial position functions generated in the present flavor
paradigm are not a consequence of paradigm-specific
processes.

EXPERIMENT 1

In Experiment 1, the possibility that generalization
decrement plays a role in the generation of primacy ef-
fects was examined. Successive exposure to flavors may
lead to contamination of the later flavors by earlier fla-
vors, reducing the possibility of recognition of the cont-
aminated items at test. Previously, this problem was ad-
dressed by the presentation of water between each flavor
(Reed et al., 1996). However, no evidence was presented
that such water presentations between the flavors during
exposure made any difference to the pattern of perfor-
mance at test.

Even if such a procedure did alter performance, it is
unclear whether the presence of water during the ISI be-
tween the flavors or the ISI per se was critical in produc-
ing the effects observed. In Experiment 1, these possibil-
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ities were addressed by assessing the influence on serial
position effects when both water and an ISI, just an ISI,
or neither water nor an ISI was presented during list ex-
posure. Should there be a significant degree of general-
ization decrement in the absence of water during the ISI,
primacy-like effects should be most pronounced in the
group receiving no ISI and no water; in this group, there
is maximum potential for interstimulus interference. If in-
terstimulus interference is reduced by intervening water,
the role of the water and the ISI per se will be assessed by
comparison of the two further groups. If the presentation
of water is critical, only the group with water should show
a recency effect. If the presence of an ISI is sufficient in
itself to reduce stimulus interference, both of the groups
with an ISI, irrespective of the presence of water, should
show a recency effect.

Method

Subjects. Seventy-five male hooded Lister rats were used (plus
8 animals for a pilot study). The rats were 5—6 months old and had
a free-feeding body weight range of 485-615 g. The rats had all ex-
perienced standard laboratory diet and Noyes reinforcement pel-
lets, but none had experience with the flavors to be used in the pre-
sent experiment. The subjects were housed singly, with free access
to food in their home cages. Prior to testing, the rats were water de-
prived for between 16 and 20 h. The rats were ona 12:12-h light:dark
cycle, and water deprivation was initiated 3 h before dark onset.

Apparatus. The subjects were all housed individually in plastic
cages with metal roofs (40 X 25 X 20 cm), with sawdust on the
cage floors. Flavors were presented via small plastic bottles with
metal spouts that could be inserted through the bars of the cage.
The flavors were all locally obtained, commercially produced food
flavorings (UK. Safeway Brand), which were diluted with tap
water. The bottles were filled with 50 g of tap water, and then 15-20
drops of a food flavoring were added to the water. (This amount was
enough to make the solution have a distinct odor, at least to a human
nose.) The flavors used were lemon, vanilla, almond, peppermint,
and rum. A number of 2-ml syringes (one for each flavor in the ex-
periment) were also used in this study.

Procedure. Prior to the study proper, a small pilot study (n = 8)
was conducted in order to ensure that the flavors would be con-
sumed in roughly equivalent amounts. Two 4-h water-deprived sub-
jects were given 15-min access to all five of the above flavors si-
multaneously. After this time, the amount drunk of each of the
flavors was measured. If both rats tended to consume large amounts
of a particular flavor, an attempt was made to equate future con-
sumption by either diluting or concentrating the amount of flavor-
ing present in the liquid. The new concentration was given to 2 new
rats, and the procedure was repeated until there were no systematic
preferences for any of the flavors.

For the critical experimental manipulation, the subjects were
moved from the colony room into a test room, in which all depriva-
tion and testing was conducted. On 2 consecutive days prior to the
presentations of the flavors, all the subjects were water deprived for
4 h. The rats were then presented with the nozzles of 2-ml syringes
filled with water and inserted into their home cages. The rats were
allowed to drink from those syringes. This procedure entailed al-
lowing the animals’ mouths to make contact with the syringes and
slowly depressing the syringes to provide constant, slow flows of
liquid that the animals could drink. Over the course of these 2 days,
the subjects were habituated to the infusion procedure. All the rats
readily learned to drink in this manner. For the flavor exposure, the
subjects were presented with five different, novel flavors, using the

infusion technique. The syringe was inserted into the rats’ cages for
30 sec, during which 0.5 ml of liquid was delivered to the animals.

The subjects were divided into three groups (n = 25), and 1 ani-
mal from each group was matched with 1 animal from each of the
other two groups during the exposure phase. The rats in each
matched triplet (1 from each group of subjects) received the flavors
in the same serial order during the exposure phase of the study. The
order of flavor presentation was varied across the 25 rats in each
group (1 rat from each of the three groups received the same order
of flavor presentations as a rat in each of the other two groups) to
control for any remaining flavor preferences. Each flavor occurred
at each serial position in the initial list five times. The order of the
five flavors was also quasi-random between rats, in that no runs of
three flavors were ever given to 2 rats. Prior to the first flavor, the
subjects in Group ISI-Water received 0.5 ml of water, delivered
over 30 sec by the infusion technique. Between each flavor, the sub-
jectsreceived 0.2 ml of water, delivered over 10 sec by the same in-
fusion technique. The subjects in Group ISI were treated identically
to those above but had no water presented between the flavors. The
subjects in Group No were presented with the sequence of flavors,
but had a minimal ISI (approximately 2-3 sec) between the flavors
and had no water presented between the flavors.

Following exposure, all the rats received a 30-min retention in-
terval (90 sec water plus 28.5 min without liquid). At test, all five
of the bottles were replaced through the front of the subjects’ cages.
The order in which the bottles were inserted from left to right across
the cages was random with respect to the order in which the subjects
had experienced the flavors during the exposure phase. The subjects
were then allowed 15 min undisturbed free-access to the solutions.

Results and Discussion

Figure 1 displays the mean amount consumed at each
serial position, during the test phase, for all three groups
in Experiment 1. An inspection of the amount of liquid
consumed during test reveals that larger amounts of the
initial flavor, relative to those in the middle of the se-
quence, were drunk in all three groups. However, only in
Group ISI-Water was there a recency effect.

A two-factor analysis of variance (ANOVA), with group
as a between-subjects factor and serial position as a within-
subjects factor, was conducted on these data. A rejection
criterion of p < .05 was adopted for this and all subse-
quent analyses. This analysis revealed no significant ef-
fect of group (F < 1), a significant main effect of serial
position [F(4,288) = 5.26] and a significant interaction
between these factors [F(8,288) = 3.26]. Trend tests were
conducted on these data, which revealed the only signif-
icant trend in Group ISI-Water to be quadratic [#(24) =
2.03]. That is, the test data for Group ISI-Water con-
formed to a U-shaped pattern. This pattern would be pre-
dicted if the rats had consumed, at test, more of the first
and last flavors presented in the initial list than they had
consumed of the middle flavors. Planned comparisons
revealed that there was, indeed, a significant difference
between the amount of flavor consumed, at test, at serial
position one and serial position three [#(24) = 2.07], and
similarly, the difference between serial positions three and
five was significant [#(24) = 2.01]. In contrast, only the
linear trends were significant in the other two groups [small-
est £(24) = 2.77]. On inspection of the data, this result
implied that there was a significant decreasing trend in
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Figure 1. Results from Experiment 1: mean amount of liquid (in grams) con-
sumed during test. Error bars are standard errors of the mean. Group ISI-water,
water presented during a 10-sec interstimulus interval (ISI); Group ISI-no
water, no water presented during a 10-sec ISI; Group No, no ISI presented dur-

ing list exposure.

the data across the serial positions for both Group ISI and
Group No. Planned comparisons for both of these groups
revealed that serial position one differed significantly
from serial position three [smallest (24) = 2.55], but that
serial position three did not differ from serial position five
(both ps > .20). Simple effect comparisons between the
consumption of the liquids occupying the various posi-
tions revealed no differences between the groups, except
for serial position five, in which Group ISI-Water con-
sumed more liquid than did either of the other two groups
[F(2,354) =2.98].

A consideration of the data from Group ISI-Water, re-
veals that primacy and recency effects can be obtained with
this procedure, and this replicates the results reported by
Reed et al. (1996). The generalization decrement account
suggests that test consumption of the first flavor presented
in a sequence should be large, relative to consumption of
the subsequent flavors. It does not suggest that consump-
tion of the final flavor (i.e., a recency effect) should be
large. That recency effects were replicated in the present
experiment confirms that generalization decrement is un-
likely to be the sole mechanism responsible for the pre-
sent data.

The conclusion above is strengthened by an examina-
tion of the different performances of the three groups.
When water was presented between the flavors, the sub-
jects drank more of the last flavor in the series than they
did when no water was presented between the flavors.
This result implies that, within the limits tested in the pre-
sent experiment, it is the presence of water, and not the ISI
per se, that is responsible for the increase in consumption
of the final flavor, relative to when no water is presented
during the present ISI. The reduction in consumption of
the last item, relative to the other items, when a 10-sec ISI
but no water was presented during exposure to the novel
flavors is consistent with the suggestion that the inter-

stimulus water served to prevent interference between fla-
vors during exposure to the series. In the absence of water
presented during the 10-sec ISI, there could be interfer-
ence between the flavors in the list, resulting in general-
ization decrement at test. In total, these results suggest
that perceptual interference may be operating in the pres-
ent experiment but that, given the appropriate control
procedures, this is not a sufficient explanation of the re-
sults. Of course, it could always be the case that gener-
alization decrement was operating in all three groups but
was only powerful enough to obscure the findings of pri-
macy when a mouthwash was not given to the animals.
This possibility cannot be discounted, although it would
have to be accepted that some aspect of the procedure, in
addition to generalization decrement, was also operating
to promote the difference in serial position recognition
effects noted in the present study.

EXPERIMENT 2

Although the results above are consistent with the sug-
gestion that generalization decrement does not play the
sole role in generating serial position effects, they do not
completely rule out this possibility. In order to do so, it
would be necessary to show that recency effects could be
obtained in the absence of any primacy effects. An in-
spection of the data presented in Experiment 1 suggests
that the group receiving no ISI displayed a numerically
greater (although not statistically significant) primacy
effect than did those subjects receiving an ISI. Previous
demonstrations of the effect of increasing the ISI on non-
human memory for serially presented items have shown
a similar tendency. Cook et al. (1991) reported data con-
sistent with the suggestion that a longer ISI between list
items reduces the size of the primacy effect in monkeys,
whereas recency remains intact. This is a potentially im-



140 REED

N
o

C)
g 2
5
2 15
o 3 -"__‘
o 1
c Inter Stimulus Interval
3 0.5 -8-.3.5s
£ —~—@— 10s
< 0 -A--. 60s
1 2 3 4 5

Serial position

Figure 2. Results from Experiment 2: mean amount of liquid (in grams) con-
sumed during test for all three groups. 3.5s, 3.5 sec interstimulus interval (ISI); 10s,
10-sec ISI; 60s, 60-sec ISI. Error bars are standard errors of the mean.

portant finding, since it is not typically found in human
subjects, at least when these subjects are presented with
verbal material (see Glazner & Cunitz, 1966). A replica-
tion of this effect of ISI would be of some theoretical sig-
nificance, and it would also serve to show that primacy ef-
fects are not a necessary product of the flavor procedure
that is caused by generalization decrement.

The aim of the second experiment was to investigate
the effects of increasing the length of the ISI between list
items on rats” memory for serially presented flavors. Three
groups of rats were studied. One group received a minimal
ISI (approximately 3.5 sec), and a second group received
an ISI of 10 sec, both as described in Experiment 1. The
third group received an ISI of 60 sec. If a longer ISI does
produce lower levels of primacy with the present proce-
dure, the group receiving the longer ISI should display a
reduced primacy effect, relative to the former two groups.
Such a result would also help to validate the flavor proce-
dure as one that taps central memory processes, rather than
one that generates apparent serial position effects through
paradigm-specific processes.

Method

Subjects and Apparatus. Seventy-five male hooded Lister rats
were used. The rats were 8-9 months old and had a free-feeding
body weight range of 495-745 g. The rats had similar previous ex-
perience and were maintained as described in Experiment 1. The
apparatus and flavors were the same as those in Experiment 1.

Procedure. A small pilot study was conducted as described in
Experiment 1. The subjects were habituated to the infusion proce-
dure in the same way as those in Experiment 1. For the critical ex-
perimental manipulation, all the groups of rats were treated like
Group ISI-Water in Experiment 1, with the following exceptions.
Group 3.5 sec had an ISI of 3.5 sec, which involved the presenta-
tion of approximately 2 sec water between each flavor. This resulted
in there being less time to drink the interstimulus water in this
group, relative to the other two groups, which received a longer ISI.
Group 10 sec received the same treatment as Group 1SI-Water in
Experiment 1. Group 60 sec received the same treatment as Group

10 sec, except that after the 10 sec of water presented during the ini-
tial portion of the ISI, there was a further 50 sec preceding the pre-
sentation of the next flavor in the list.

Results and Discussion

The mean amount consumed at test, at each serial po-
sition, for all three groups is displayed in Figure 2. An in-
spection of these data reveals that Group 10 sec displayed
a strong primacy effect and a somewhat weaker (although
numerically present) recency effect; at test, more of the
flavors presented at the start of the list were consumed, as
compared with those in the center of the list. Group 3.5 sec
displayed a serial position function similar to that for
Group 10 sec over the first four serial positions. However,
there was no sign of a recency effect in this latter group;
at test, consumption of the final flavor presented in the
initial list was low. In contrast, there was no sign of a pri-
macy effect in Group 60 sec, although there was a recency
effect in this latter group; at test, consumption of the first
flavor presented in the initial list was low.

A two-factor ANOVA (group X serial position) was
conducted on these data and revealed that the main effect of
group was not significant (F << 1). There was a significant
effect of serial position [F(2,288) = 3.58], but the inter-
action between group and serial position narrowly failed
to reach conventional levels of significance [F(8,288) =
1.86, .07 > p > .06]. Separate trend tests were conducted
on each of the three groups. For Group 10 sec, there was
only a significant U-shaped quadratic trend [1(24) = 2.23].
This result implies that the first and last flavors presented
during the initial list produced greater levels of con-
sumption at test than did the flavors presented in the mid-
dle of the initial list. Planned comparisons revealed a sig-
nificant difference between serial positions one and three
[¢(24) = 2.19], and a difference between serial positions
three and five that narrowly failed to reach the conven-
tional level of significance [#(24) =2.01, .06 > p > .05].



For Group 3.5 sec, there were no significant trends (all
ps > .10). Planned comparisons revealed no significant
differences either between serial positions one and three
or between serial positions three and five (ps > .10). For
Group 60 sec, there was a significant linear trend [¢(24) =
7.81] and a significant quadratic trend [#(24) = 3.56].
These results imply that the flavors from both ends of the
initial list were consumed to a greater extent than the fla-
vors from the middle of the list but that the size of the
difference was much greater for the last than for the first
stimulus. Planned comparisons revealed no significant
difference between serial positions one and three (p >
.10), but there was a significant difference between ser-
ial positions three and five [¢(24) = 5.10]. Simple effect
analyses conducted between the groups revealed a signif-
icant difference at serial position one [F(2,359) = 3.15]
and at serial position five [F(2,359) = 3.06].

The results of Experiment 2 suggest that the size of the
primacy effect is reduced by increasing the length of the
ISI. The two groups with the shorter ISI values (Group
3.5 sec and Group 10 sec) had similar-sized primacy ef-
fects to one another. This finding indicates that the dif-
ference in the length of the ISI between these groups was
not sufficient to generate significant effects on the pri-
macy effect (this finding replicates that noted in the pres-
ent Experiment 1). The group with a longer ISI (Group
60 sec), however, displayed no primacy effect. This result
is important, since it confirms the interpretations of the
findings reported by Cook et al. (1991) with respect to the
influence of ISI length on nonhuman primacy effects;
they noted a reduction in primacy when visual stimuli pre-
sented to two monkeys had a longer ISI than when they
had a shorter ISIL.

It should be noted that the retention intervals between
the first flavor and test were not equated in the three groups
of rats. The longer ISI groups have a longer total retention
interval between the first flavor in the list and the test.
However, it is unlikely that this aspect of the procedure
affected the results, since the total discrepancy was less
than 4 min and no effect of retention interval was found on
recognition functions across periods of 24 h by Reed et al.
(1996) with the same procedure.

A possible generalization decrement account of these
data should also be considered. Generalization decrement
may have occurred to a greater extent in the group receiv-
ing the short ISI (Group 3.5 sec) than it did in the groups
receiving the longer ISI. The closer presentation of the
flavors to one another may have facilitated this process.
However, this account assumes that the mouthwash was
less effective in Group 3.5 sec than it was in the other two
groups. Although this consideration may have exerted
some influence over the results in Group 3.5 sec, other
aspects of the present data imply that generalization
decrement will not always lead to a primacy effect; for
example, Group 60 sec displayed little primacy effect and
yet displayed a recency effect of a size comparable with
those for the other groups (if not a little larger). If gen-
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eralization decrement was always present in this proce-
dure, the primacy effect should always be pronounced,
and Group 60 sec should also have displayed such an ef-
fect. Thus, in order for a generalization decrement ac-
count to be applied to these data, it would have to be ap-
plied selectively.

EXPERIMENT 3

The preceding experiments have shown that primacy
and recency effects can be produced with the present
procedure and that the primacy effects do not appear to
be solely the result of generalization decrement. To a
large extent, this validates the present paradigm as an ap-
propriate index of serial position effects, especially be-
cause a manipulation known to influence primacy effects
with other procedures also exerts similar influences with
this procedure. However, before further documentation of
these effects is attempted, it seems important to turn to an
investigation of one further aspect of the present flavor
procedure that may introduce some paradigm-specific
influences over the results reported—that is, the nature
of the test situation. During the test, the subject has free
access to the five flavored liquids that were presented dur-
ing the initial list. This aspect of the test procedure, po-
tentially, could introduce some confounds into the results
obtained. For example, if a subject sampled from only
some of the bottles during the test, perhaps because of a
position bias, this might affect the results. In addition, if
a rat sampled and rejected a number of flavors before
coming to one which it recognized, the first flavors sam-
pled during the test would presumably also become fa-
miliar over the course of the test session. Given this, the
animal may return to those bottles more readily during
the test. If this were so, there should be a correlation be-
tween the ordinal position of the bottle sampled at test
and the amount of that flavor consumed during the test
(the earlier the rat is exposed to the flavor, the less neo-
phobia there should be over the course of the test). Al-
though it is difficult to see how these possibilities could
systematically influence the results, given the random-
ization procedures in the test phase, the behavioral dy-
namics of the task need to be assessed.

Method

Subjects and Apparatus. Twenty-five male hooded Lister rats
(plus 4 animals used in a pilot experiment) were used in this study.
The rats were between 9 and 10 months old at the start of the study
and had a free-feeding body weight of 500-605 g. The rats were
housed and maintained as described in Experiment 1. The appara-
tus and flavors were the same as those in Experiment 1.

Procedure. The procedure was the same as that described for
Group ISI-Water in Experiment 1. A brief pilot experiment (n = 4)
was conducted to equate the flavors for preference biases. The ex-
perimental rats were trained to drink from a syringe. Following this
pretraining, each rat received presentation of five flavors. The order
of flavor presentation was varied across the 25 rats to control for
any remaining flavor preferences. Each flavor occurred at each ser-
ial position in the initial list five times. The order of the five flavors
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Figure 3. Results from Experiment 3: mean amount of liquid (in grams) con-
sumed during test. Error bars are standard errors of the mean.

was also quasi-random between rats, in that no runs of three flavors
were ever given to 2 rats. Prior to the first flavor, the subjects re-
ceived 0.5 ml of water, delivered over 30 sec by the infusion tech-
nique. Between each flavor, the subjects received 0.2 ml of water,
delivered over 10 sec by the same infusion technique.

Following exposure, all the rats received a 30-min retention in-
terval (90 sec water plus 28.5 min without liquid). At test, all five
of the bottles were replaced through the front of the subjects’ cages.
The order in which the bottles were inserted from left to right across
the cages was random with respect to the order in which the subjects
had experienced the flavors during the exposure phase. The subjects
were then allowed 15 min free access to the solutions. However, in
this study the experimenter remained in the test room and recorded
the order in which the flavors were sampled by each subject.

Results and Discussion

Figure 3 shows the mean amount of liquid consumed at
test at each serial position in the initial sequence. An in-
spection of these data reveals that there were pronounced
primacy and recency effects. An ANOVA conducted on
these data revealed a difference between the positions
that was narrowly short of conventional levels of signifi-
cance [F(4,96) = 2.33, .07 > p > .06]. Trend tests con-
ducted on these data revealed only a significant U-shaped
quadratic trend [¢(24) =2.36]. This result implies that the
rats consumed, at test, more of the flavors initially pre-
sented first and last in the list than they did of the flavors
presented in the center of the list. Planned comparisons
revealed a significant difference between serial positions
one and three [#(24) = 2.67] and between serial positions
three and five [#(24) = 2.09]. These data corroborate those
presented in the present Experiments 1 and 2 and previ-
ously (Reed et al., 1996).

Table 1 shows the number of times at test that the rats
sampled each of the items from the initial list as the first
bottle sampled at test, as the second bottle sampled at test,
and as the third, fourth, and fifth bottles sampled at test.
That is, Table 1 shows, for the test session, the number
of rats that initially sampled the item that had been pre-

sented first in the preceding list, the number that initially
sampled the item that had been presented second during
the preceding list exposure, and so forth. An inspection
of these data reveals that there were no particularly strik-
ing deviations from that which could be expected by
chance. During the test, the rats were just as likely to sam-
ple the first item presented in the preceding list before
any of the other items as they were to sample the second,
third, fourth, or fifth flavor presented in the preceding
list before any of the other flavors at test. Separate chi-
square tests were conducted on these data, in order to de-
termine whether the serial position of a flavor in the ini-
tial list had an impact on the order of sampling of the
flavors during the test. Chi-square tests on the distribu-
tions of ordinal sampling during test, for each of the five
serial positions during initial list presentations, revealed
no significant deviations from chance performance at test
(all ps > .20). There are two reservations that should be
noted about the use of this test. First, although testing sep-
arately the effect of each of the five serial positions in the
initial list on the order of test sampling means that these
data subject to each chi-square test are independent (i.e.,
each rat is only represented once in each data set), it does
mean that repeated testing has been performed on these
data as a whole. That is, five tests were conducted, which
would increase the chances of obtaining a false positive

Table 1
Number of Rats Sampling List Items
at Each Ordinal Position During Test

Ordinal Position of Sampling at Test

Serial Position

in Initial List First Second Third Fourth Fifth
One 4 3 5 8 5
Two 7 8 3 4 3
Three 7 8 4 3 3
Four 3 4 6 4 8
Five 4 2 7 6 6




Table 2
Number of Rats Sampling Test Items
at Each Spatial Position During Test

Spatial Position Ordinal Position of Sampling at Test

in Test Cage First Second Third Fourth Fifth
One 11 5 3 1 5
Two 4 9 6 4 2
Three 3 4 11 4 3
Four 2 4 4 10 S
Five 5 3 1 6 10

Note—Spatial position one was the leftmost bottle, and spatial position
five was the rightmost.

result. Second, the expected number of observations in
each of the cells was five, which is only just at a level that
would allow for reliable use of chi-square.

There was no significant correlation between the order
in which the list items were sampled at test and the sub-
sequent consumption of those items at test [#(25) =.016,
p > .80]. Thus, ordinal position of the flavor in the ini-
tial list had no impact on order of sampling of the flavors
at test. Furthermore, order of sampling at test had no re-
lationship to the amount consumed of that flavor at test.

Table 2 shows the order in which the flavors were sam-
pled at test with respect to their spatial position across the
cage at test (leftmost bottle = 1, rightmost bottle = 5, as
the experimenter observed the rat). There were some dis-
cernable patterns to these data. For example, more ani-
mals than might be expected by chance sampled the fla-
vor on the far left of the array of flavors at test. Chi-square
tests were conducted to see whether the spatial position of
the bottle in the test cage affected the ordinal sampling
of the bottles at test. Separate chi-square tests were con-
ducted on each of the orders of sampling of the bottles as
a result of each of the five bottle positions in the cage, to
avoid the problems of nonindependence of the data. These
tests revealed a significant deviation from chance in the
order of sampling for the bottle occupying the extreme
left position in the cage [ ¥?(4)=11.2, p < .02]. It should
be noted, however, that with repeated testing, the appro-
priate level of significance for these tests, in order to main-
tain an error rate of p < .05, would be p < .01.

Inspection of the sequence of sampling revealed that
7/25 rats (28%) sampled the flavors in a strict left-to-right
sequence. No other sequences of sampling were readily
apparent. In order to ascertain whether or not there were
differences in the consumption patterns owing to this
sampling strategy, the mean level of consumption of the
liquids at test was calculated, both for those animals
adopting this left-to-right strategy and for those rats not
adopting this strategy. The mean consumption of the lig-
uids (with standard errors) by the animals with this left-
to-right strategy for serial positions one to five were: 2.07 g
(0.54),1.35g(0.32),0.94 g(0.21),1.14 g (0.48),and 1.01 g
(0.21), respectively. These scores for the subjects not adopt-
ing this strategy were: 2.49 g (0.76), 1.07 g (0.18),0.85 g
(0.16),2.26 g (0.59), and 2.23 g (0.64). Both sets of sub-
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jects displayed primacy and recency effects, and no dis-
cernable effect of strategy was noted on performance. A
two-factor ANOVA (strategy X serial position) was con-
ducted on these data. Neither the main effect of strategy
(p > .10) nor the interaction between strategy and serial
position (p > .10) proved to be significant in this analysis.

The present data demonstrate that a full serial position
function can be generated with this technique and that the
behavior of the rat at test, with respect to their sampling
of the flavors, does not appear to make a great deal of dif-
ference to the type of serial position function obtained.
Indeed, apart from a sizable minority of the animals who
adopted one particular positional strategy in sampling
the flavors during the test session, no particular pattern
emerged from these data.

EXPERIMENT 4

The final experiment was performed to corroborate
that increasing the ISI during list presentation serves to
reduce the level of the primacy effect. The demonstration
that the factors that influence serial recognition in this
procedure are similar to those factors that apparently in-
fluenced serial recall in other procedures (see Cook et al.,
1991) also serves to validate the flavor paradigm. A find-
ing that longer ISIs between items acts to reduce the size
of the primacy effect would demonstrate that primacy ef-
fects are not an inevitable consequence of the present
procedure. To these ends, two groups of rats received five
flavors (which were slightly different from those already
employed in the experiments reported above). One group
of rats had a 10-sec ISI between items from the list, and
the other group had a 60-sec ISI between flavors in the
initial list. A strong primacy effect should be noted in the
10-sec ISI group (replicating the preceding experiments
reported here). In contrast, if the previous results reported
here were to be replicated, the group with the 60-sec ISI
should only demonstrate recency effects.

Method

Fifty subjects were housed and maintained as described in Ex-
periment 1. The rats were 10—11 months old and had a free-feeding
body weight of 635-740 g. The apparatus was the same as that in
Experiment 1. The procedure was the same as that in Experiment 2
with respect to Group 10 sec and Group 60 sec. The five flavors
used in this study were lemon, brandy, peppermint, almond, and
vanilla. A pilot experiment (2 = 10}, as described in Experiment 1,
was conducted in an attempt to ensure equal consumption of these
new flavors.

Results and Discussion

Figure 4 displays the mean amount consumed at test,
for each serial position, for both groups. Inspection of
these test data reveals that Group 10 sec consumed greater
amounts of the first and last flavors in the initial sequence
than of those flavors in the middle of the sequence. That
is, both primacy and recency effects were noted for this
group. In contrast, during the test phase, Group 60 sec
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Figure 4. Results from Experiment 4: mean amount of liquid (in grams) con-
sumed during test for both groups. 10s, 10-sec interstimulus interval (ISI); 60s, 60-
sec ISI. Error bars are standard errors of the mean.

consumed greater amounts of the terminal flavors in the
initial list than of the other flavors. That is, only recency
effects were noted in these subjects.

A two-factor ANOVA (group X serial position) revealed
a significant main effect of serial position [F(4,192) =
2.95] but no main effect of group (p > .10). There was
a significant interaction between the two factors [F(4,192) =
2.97]. Separate trend tests were conducted on each of the
groups. For Group 10 sec, there was only a significant U-
shaped quadratic trend [#(24) = 2.09]. This implies that
the rats consumed more of the flavors initially presented
at the ends of the initial list than of those presented in the
middle of the initial list. Planned comparisons were con-
ducted between both ends of the serial position and the
middle position (although it should be noted that the low-
est point of the function was serial position two, and these
analyses are also included). The analyses for Group
10 sec showed that there were significant differences be-
tween serial positions one and three [#(24) = 1.94] and be-
tween serial positions one and two [#(24) = 2.04], but only
a marginal difference between serial positions three and
five [1(24) = 1.74]; however, there was a significant dif-
ference between serial positions two and five [#(24) =
2.33]. For Group 60 sec, only an increasing linear trend
was significant [£(24) = 3.04]. Planned comparisons re-
vealed no significant differences between serial positions
one and three (¢ < 1; similarly, t < 1 for serial positions
one and two), but there was a significant difference be-
tween serial positions three and five [¢(24) = 2.45] and,
similarly, between serial positions two and five [¢(24) =
2.12]. An analysis of the simple main effect of group re-
vealed that Group 10 sec consumed more at serial posi-
tion one than did Group 60 sec [F(1,239) =2.81] but that
there was no difference at serial position five (ps > .10).

These data corroborated those obtained from the pre-
sent Experiment 2 but did so by using a different set of
flavors than did the former experiment. Increasing the

ISI between items in the initial list decreased the size of
the primacy effect that was obtained. This result suggests
that the present procedure is influenced by factors similar
to those noted in other procedures (cf. Cook et al., 1991)
and that a primacy effect is not a necessary result of gen-
eralization decrement with this procedure.

GENERAL DISCUSSION

In the present experiments, rats’ memory for serially
presented, nonspatial items was investigated. In all the ex-
periments, primacy and recency effects were generated.
That robust primacy effects can be generated in nonhu-
mans is not a novel finding (Buffalo, D. Gaffan, & Mur-
ray, 1994; Roberts & Kraemer, 1981; Wright et al., 1985).
Neither is the generation of primacy effects in rats novel
(see Bolhuis & Van Kampen, 1988; DiMattia & Kesner,
1984; Harper et al., 1993). However, that a primacy effect
in rats can be demonstrated in a nonspatial task is of some
interest, given recent discussions of this topic (see Dea-
con & Rawlins, 1995; E. A. Gaffan, 1992; Reed, 1994).
Of course, the present results do not speak to the question
of whether such effects are demonstrable in other non-
spatial procedures, such as those concerned with visual
modalities (cf. Deacon & Rawlins, 1995; Reed et al.,
1991). It may be that the gustatory/olfactory cues utilized
here are served by specialized mechanisms that do not
operate for stimuli from other modalities. However, the
fact that a similar manipulation of the ISI during initial list
presentation resulted in effects in this study, which used
flavors with rats (Experiments 2 and 4), that were similar
to those for monkeys exposed to visual stimuli in the re-
port by Cook et al. (1991) suggests that the above view is
unparsimonious, at best.

Experiment 1 tested whether generalization decrement
could have contributed to primacy effects. Such an expla-
nation suggests that successive exposure to flavors would



produce increasing amounts of contamination of the sub-
sequently presented flavors by those flavors that preceded
them in the initial list. Thus, for example, the last flavor
experienced in the list would be a compound of all the pre-
viously presented flavors. During the test, this phenome-
non would make recognition of all flavors except the first
flavor presented in the list difficult, since, in effect, none
of the other flavors would have been experienced previ-
ously. Given this, the neophobic response to all but the
first flavor would be high during the test.

That such an effect may contribute to the results gener-
ated by the present procedure is suggested by two pieces
of evidence. First, when water was not presented between
the flavors during initial exposure, test consumption of
the items presented later in the list was reduced, a finding
consistent with the above view (see Experiment 1). Sec-
ond, an inspection of the data from the previous report
using the flavor paradigm (Reed et al., 1996) shows that
the relationship of primacy and recency to retention inter-
val is not that normally seen in studies of memory. Neither
effect is observed with the present procedure at nominal
zero-retention intervals, but both effects develop with
longer intervals. There is some evidence to suggest that
generalization between items is greatest immediately after
their presentation and that generalization declines with the
passage of time after their presentation (see Hall, 1991).
The generalization decrement phenomenon would predict
the above pattern of serial position effects with respect to
the effect of retention interval.

On the other hand, there are also three strong pieces of
evidence suggesting that generalization decrement is not
the sole mechanism responsible for the primacy effect.
First, presentation of water between the list items pro-
duced recency effects (Experiment 1). This suggests that
the presentation of water between the flavors had an im-
pact on serial contamination. Second, the recency effect
implies that serial position effects cannot solely be attrib-
uted to generalization decrement, because this view does
not predict that a recency effect would ever occur. Third,
the results from the present Experiments 2 and 4 suggest
that generalization decrement cannot be the sole explana-
tion of the primacy effect, because little (if any) primacy
was noted in the rats’ performance at test when a longer
IS] was used between the initially presented list items.
Thus, primacy is not the automatic outcome of the pres-
ent procedure.

The results from Experiments 2 and 4 also suggest that
nonhuman memory for serially presented items is subject
to different influences than is human memory for serially
presented verbal material. In these experiments, as in the
report by Cook et al. (1991), increasing the ISI between
items in the list attenuated the primacy effect. However, in
studies of human memory, manipulation of the ISI leads
to enhanced memory for the initially presented items
(Glazner & Cunitz, 1966). In humans, this result is taken
to reflect the operation of a rehearsal mechanism, by which
the first items presented in the list gain access to a long-
term memory store. The longer the interval between suc-
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cessive presentation of the list items, the more rehearsal
can occur prior to the interruption of the process by the
presentation of the next item in the list (see also Reed,
1998; Wright et al., 1990). That the manipulation of the ISI
between list items does not result in the same enhancement
of the primacy effect in nonhumans has been taken to re-
flect the absence of a rehearsal mechanism in nonhuman
memory for serially presented items. The results obtained
from the present Experiments 2 and 4 do nothing to dis-
confirm this suggestion.

An alternative to the conceptualization of these results
in terms of memory is that they may reflect the operation
at the time of test of some hedonic process; that is, all the
flavors could have been equally well remembered, but
some could have been preferred to others. The primacy
effect may be due to positive hedonic properties acquired
by the first flavor presented in the sequence. These prop-
erties may arise because the initial flavor in the sequence
is also among the first liquids that occur after a period of
deprivation. Positive hedonic properties associated with a
flavor may cause the animal to approach and consume this
flavor at test. The last flavor may acquire such properties
through its contiguity with satiation, which could occur
after presentation of all the liquid given in the study. The
notion that the hedonic (or associative) value of a stimu-
lus exerts an influence over serial position effects has been
explored in other contexts (see Wixted, 1986; Wynne,
1995). It may be that some modified version of this view
could also be extrapolated to the present context.

The present results should not necessarily be taken to
support the notion that there is a species difference in the
mechanisms that govern memory for serially presented
items across all memory paradigms. Just as likely is the
notion that the present results reflect a difference be-
tween the processing given to different types of stimulus
materials. It could be, for example, that human memory
for nonverbal stimuli is affected in ways similar to those
for nonhuman memory for such material. It is clear that
humans do show both primacy and recency effects for
nonverbal material presented in a list (Neath, 1993; Reed,
2000; Roberts & Kraemer, 1981). What is less clear is
whether human memory for serially presented nonverbal
items is subject to the same influences as human mem-
ory for serially presented verbal items. The results of two
separate experiments suggest that the ability to name a
stimulus presented in a list plays a critical role in deter-
mining the mechanisms that will govern the generation
of serial position effects (see Reed, 2000; Wright et al.,
1990). The role of language in mediating memory for se-
rially presented items is yet to be well explored, and it
would be unwise to speculate further, on the basis of the
present data.
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