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60

 

(2) 473–488, 1998.—Behavioral,
endocrinological, and pharmacological data suggest that the emotional response of rodents to the elevated plus-maze alters
as a function of prior test experience. In the present study, 74 intact male Swiss–Webster mice were exposed to the plus-maze
for 5 min on each of 3 consecutive days, with all test sessions recorded on videotape. Behavior patterns for each trial were
scored using ethological analysis software and the resultant database subjected to a number of statistical treatments. Analysis
of full session profiles (i.e., 5 min total scores) showed that a single prior undrugged experience of the maze increases behav-
ioral indices of anxiety and that these alterations are either maintained or further enhanced on subsequent trials. Further-
more, the behavioral profile evident by trial 3 was largely unchanged when animals were reexposed to the maze 10 days later.
More detailed (i.e., min by min) examination of behavior patterns within and between trials demonstrated that unambiguous
open arm avoidance is acquired by the third minute of trial 1, and that the behavioral profile evident by the end of trial 1 is (a)
markedly different to that seen at the beginning of that trial, and (b) generally maintained or even accentuated on trials 2 and
3. The implied impact of prior test experience on future behavioral strategy in the maze was strongly supported by a series of
factor analyses. Thus, while the factor associations of vertical activity and directed exploration remained constant across tri-
als, trial 2 and 3 anxiety measures loaded on a separate factor to that loading trial 1 anxiety measures. A similar trial 1 vs. tri-
als 2 and 3 dissociation was observed for measures of locomotor activity. Although the present findings are consistent with
the proposal that prior test experience produces a qualitative shift in emotional response to the elevated plus-maze, the pre-
cise basis for this change as well as its full significance for our understanding of anxiety-related processes remain to be
determined. © 1998 Elsevier Science Inc.
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SINCE its introduction over a decade ago (28), the elevated
plus-maze has become one of the most widely used animal
models for the detection of anxiolytic-like activity (29). The
test is based on the natural aversion of rodents for open
spaces (52), has been validated for both rats (36) and mice
(32,50), and is bidirectionally sensitive to manipulations de-
signed to impact anxiety (40). The primary indices of plus-
maze anxiety comprise spatiotemporal measures of open-arm
avoidance, while locomotor activity is assessed either by the
total number of arm entries or, more validly, by the number of
closed-arm entries [e.g., (17,32)]. Several laboratories have re-
cently reported enhanced test sensitivity through the addi-

tional scoring of certain behavioral acts and postures and, in
particular, those related to the defensive pattern of risk as-
sessment (1,11,26,41,49). Not only are these ethological mea-
sures often more sensitive to drug action, but they can also de-
tect compounds (e.g., 5-HT

 

1A

 

 receptor partial agonists) that
either fail to significantly influence open-arm avoidance per
se or do so only at debilitating doses [for review, (38)].

A fascinating feature of the plus-maze concerns the effect
of prior test experience on subsequent behavioral and phar-
macological responses. Although early studies found stable
test-retest profiles for rats and mice [e.g., (20,32,36)], it has
been more widely reported that a single prior undrugged ex-
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perience of the maze significantly reduces open-arm activity
in both species (2,13,15,24,25,31,44–48). This profile has been
interpreted as reflecting an experientially induced sensitiza-
tion of fear/anxiety (52), a state that appears to develop very
early during trial 1. Thus, within-session time-bin analysis has
shown that clear open-arm aversion is evident as early as the
second minute of trial 1 and that it increases further through-
out that session (45,48). The crucial importance of the initial
stages of trial 1 is supported by significant between-session in-
creases in open arm avoidance following a trial 1 duration of
only 2 min (45), while additional observations have shown
that this learning is independent of extra-maze cues (44).

Although the within- and between-trials alterations in
plus-maze profiles might simply reflect a quantitative shift in
anxiety/fear (“fear sensitization”), several lines of evidence
would be consistent with an experientially induced qualitative
shift in behavioral strategy/emotional state. Thus, on reexpo-
sure, animals exit more rapidly from the center platform,
spend more time in closed arms and less time on the center
platform/open arms, and show less exploratory head dipping.
However, as total/closed-arm entries and rearing either re-
main stable or even increase on retest, this pattern of change
cannot be simply attributed to a general behavioral suppres-
sion (15,45). Furthermore, unlike other anxiety models, the
plasma corticosterone response to plus-maze exposure does
not appear to habituate with repeated testing (22). It is, there-
fore, most intriguing that the efficacy of benzodiazepine anxi-
olytics (e.g., diazepam, chlordiazepoxide) is markedly re-
duced or even abolished by prior undrugged experience of the
maze (15,16,20,21,23,24,32,46,47,52). This effect occurs with
intertest intervals of 24 h to 2 weeks and, whereas it appears
critically dependent upon trial 1 open-arm experience, it is in-
dependent of drug state on initial exposure and even the ma-
terial from which the maze is constructed (16,19,20,32,46,47).
Although it has been proposed that this loss of benzodiaz-
epine efficacy may be an artefact related to between-trials ha-
bituation of locomotor activity (13), there is little evidence of
a reduction in the principal measures of locomotion (total
and/or closed-arm entries) upon retest [e.g., (15,16,44–47)]. A
more plausible explanation is that prior experience alters the
nature of the anxiety reaction provoked by this test; thus, not
only are benzodiazepines ineffective in maze-experienced ani-
mals, they are ineffective against a behavioral baseline indica-
tive of enhanced anxiety (46). This view has been further de-
veloped by File and Zangrossi (21), who suggest that trial 2
anxiety may be close to a phobic state against which benzodi-
azepines are known to be relatively ineffective [e.g., (34,51)].
In support of this hypothesis, factor analysis of the responses
of male rats to repeated plus-maze testing have indicated that
the major anxiety indices from trials 1 and 2 do indeed load on
independent factors (15,23).

In view of the importance of these findings, not only to our
understanding of the plus-maze per se but also to the evolu-
tion of animal models of anxiety, the present study was de-
signed to further assess the nature of behavioral changes in-
duced in male mice by prior plus-maze experience. Intact
animals were exposed to the plus-maze on 3 successive days,
response patterns were analyzed in detail by ethological scor-
ing techniques, and the resultant database subjected to a
range of statistical treatments. The mouse strain selected for
study (Swiss–Webster) has been shown to be behaviorally
more similar to feral mice than other laboratory strains
(4,5,27,35), and to be highly suitable for pharmacological in-
vestigations of defensive reactivity in the plus-maze [e.g.,
(6,7)]. As previous work from this laboratory has predomi-

nantly involved inbred DBA/2 mice [but see also (10,39,42)]),
a secondary aim was to gather further information relevant to
strain differences in patterns of plus-maze exploration.

 

GENERAL METHOD

 

Animals

 

Subjects were 74 adult male Swiss–Webster mice (Bantin
& Kingman Hull, UK), acquired at the age of 4–6 weeks and
housed in groups of 10 per cage (45 

 

3

 

 28 

 

3

 

 13 cm) for at least
7 weeks prior to testing. They were maintained under a 12
D:12 L reversed light cycle (lights off: 0700 h) in a tempera-
ture (21 

 

6

 

 1

 

8

 

C)- and humidity (52 

 

6

 

 2%)-controlled environ-
ment. Food and water were freely available except during the
brief test sessions. All mice were experimentally naive at the
start of the study and, with the exception of routine hus-
bandry, were not specifically handled prior to testing.

 

Apparatus

 

The elevated plus-maze was a modification of that vali-
dated for NIH Swiss mice by Lister (32), and comprised two
open (30 

 

3

 

 5 

 

3

 

 0.25 cm) and two enclosed (30 

 

3

 

 5 

 

3

 

 15 cm)
arms that extended from a common central platform (5 

 

3

 

 5
cm). A conventional configuration was employed in which
like arms opposed one another across the central platform.
The apparatus was constructed from black (maze floor) and
clear (side and end walls of closed arms) Plexiglas, and was el-
evated on a wooden pedastel to a height of 60 cm above floor
level. Open arm exploration was encouraged by the inclusion
of a slight raised edge (0.25 cm) around their perimeter and
by testing under dim red light (4 

 

3

 

 60 W indirect) (31,43).

 

Procedure

 

All experimentation was conducted during the midportion
of the dark phase (1000–1400 h), and, to facilitate adaptation
to the test environment, animals were transported the short
distance from holding room to laboratory at least 1 h prior to
testing. In total, 74 intact mice were tested on three successive
occasions (intertrial interval 

 

5

 

 24 h), with tail marking used to
identify subjects. On each trial, animals were gently removed
from their home cages and conveyed to the maze in individual
holding boxes (33 

 

3

 

 15 

 

3

 

 13 cm). Testing commenced with
the placement of a subject on the central platform of the maze
(facing an open arm), following which the experimenter im-
mediately withdrew to an adjacent laboratory. A standard
5-min test duration was employed and, between subjects, the
maze was thoroughly cleaned using wet and dry cloths. Be-
havior was recorded by a video camera positioned above and
at ca. 50

 

8

 

 to the maze, with the signal relayed to a monitor and
VCR situated outside the immediate test environment.

 

Behavioral Analysis

 

Videotapes were scored by a highly trained observer (in-
trarater reliability 

 

>

 

0.90) using an ethological analysis package
(“Hindsight”) developed by Dr Scott Weiss (Cerebrus Ltd,
UK). Using separate location and behavior keys, this software
permits the real-time scoring of videotapes by direct keyboard
entry to a PC with the resultant datafiles electronically down-
loaded for statistical analysis. Parameters scored from video-
tape included the conventional spatiotemporal measures and a
range of specific behavioral acts and postures [e.g., (43)].
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Conventional measures were the frequency of open- and
closed-arm entries (arm entry defined as all four paws into an
arm; arm exit defined as two paws onto the central platform),
total arm entries, and the amount of time spent by animals in
open, central, and closed parts of the maze. These data were
used to derive scores for % open entries [(open/total) 

 

3

 

 100)
and % time spent in different zones of the maze [(zone time/
300) 

 

3

 

 100). Ethological measures comprised the frequency
of rearing (vertical movement against the side and/or end
walls; note: mice only very rarely display unsupported rearing
in this test), head dipping (exploratory movement of head/
shoulders over the sides of the maze), stretched attend pos-
tures (SAP; exploratory posture in which the mouse stretches
forward and retracts to original position without locomoting
forward), and closed-arm returns (exiting a closed arm with
forepaws only and returning/doubling back into the same
arm), as well as the duration of more prolonged behaviors
such as rearing, grooming (species-typical sequence beginning
with snout, progressing to ears and ending with whole-body
groom), sniffing (olfactory exploration of maze floor and
walls, with occasional air sampling), and flatback approach
(exploratory locomotion where the animal stretches to its full
length while slowly moving forward). In view of the impor-
tance of thigmotactic cues to patterns of plus-maze explora-
tion (52), head dipping, SAP, sniffing, and flatback approach
were further differentiated as a function of where abouts on
the maze they were displayed. Consistent with earlier reports
[e.g., (43)], the closed arms and central platform were to-
gether designated “protected” areas (i.e., offering relative se-
curity), while the open arms were designated unprotected ar-
eas. Data for the above measures are presented both as

behavior totals (e.g., SAP) and as “percent protected” scores
(e.g., %pSAP; (protected SAP/total SAP) 

 

3

 

 100).

 

Statistics

 

All statistical analyses were performed using the software
package, “Statistica” (StatSoft Inc., Tulsa, OK). The effects of
repeated testing (“trials”) on gross plus-maze profiles were
initially analyzed by one-way repeated measures analyses of
variance (ANOVA), followed by Newman–Keuls compari-
sons. Two further statistical approaches were used to identify
patterns of behavioral change within and between trials. First,
the data for each 5-min trial were broken down into 1 min
time bins and subjected to two-factor repeated measures
ANOVA (trial 

 

3

 

 time bin), followed by Newman–Keuls com-
parisons. Second, the datasets for all three trials were sub-
jected to factor analysis using a principal components solution
with orthogonal rotation (varimax) of the factor matrices: this
method ensures that the extracted factors are independent of
one another. Factor pattern matrices were identified using a
combination of the Kaiser criterion (eigenvalues 

 

>

 

1) and the
Cattell Scree test (on a simple line plot, the point at which the
smooth decrease in eigenvalues levels off to the right) (9,30).
The loading of each behavioral item indicates how strongly it
correlates with the associated factor/s (range 

 

2

 

1.0 to 

 

1

 

1.0) and,
in accordance with previous studies [e.g., (11,17,32,33,53)], only
factor loadings of 

 

.

 

0.4 are reported. To facilitate compari-
sons with earlier multitrial studies on rats (15,23), three sepa-
rate factor analyses were performed, i.e., conventional mea-
sures alone, conventional measures plus time center, and all
measures.

TABLE 1

 

EFFECTS OF REPEATED EXPOSURE TO THE PLUS-MAZE ON 
BEHAVIORS SHOWN BY INTACT MALE SWISS WEBSTER MICE (

 

n

 

5

 

74).

Trial 1 Trial 2 Trial 3

Mean SEM Mean SEM Mean SEM

 

Total entries 20.72 0.84 17.47‡ 0.74 16.04‡§ 0.81
Open entries 6.70 0.56 4.14‡ 0.45 4.27‡ 0.53
Closed entries 14.01 0.55 13.34 0.50 11.77‡¶ 0.60
%Open entries 30.27 1.89 20.75‡ 1.85 23.45† 2.45
%Open time 15.97 1.21 8.81‡ 0.93 7.90‡ 0.93
%Closed time 26.77 0.85 38.34‡ 1.75 46.36‡# 2.59
%Centre time 57.26 1.25 52.86* 1.58 45.73‡# 2.19
Rears 10.61 0.90 10.27 0.92 9.46 0.90
Rearing (duration) 6.69 0.71 8.40* 0.92 8.65* 1.01
Head-dips 27.53 1.17 13.11‡ 1.04 13.84‡ 1.24
%Protected head-dips 74.23 2.11 88.63‡ 1.70 88.43‡ 2.04
Stretched-attend postures 46.43 1.88 35.66‡ 1.38 28.04‡# 1.05
%Protected SAPs 86.43 1.21 92.84‡ 0.88 94.16‡ 0.98
Closed arm returns 1.66 0.32 3.19‡ 0.45 2.15¶ 0.34
Sniffing (duration) 72.88 5.38 112.96‡ 5.69 133.75‡# 6.04
%Protected sniffing 89.06 1.41 95.05‡ 0.89 94.91‡ 0.84
Flat-back approach (duration) 10.78 0.66 11.72 0.74 11.71 0.86
%Protected flat-back 41.35 3.56 44.67 4.44 46.41 4.56
Grooming (duration) 2.72 0.45 6.57* 0.90 11.97‡# 1.95

Intertrial interval 

 

5 

 

24 h. SAP 

 

5

 

 Stretched attend postures.
Post-hoc analyses (Newman–Keuls comparisons); *

 

p

 

 

 

, 

 

0.05, †

 

p

 

 

 

, 

 

0.01, ‡

 

p

 

 

 

, 

 

0.001 vs. Trial 1; §

 

p

 

 

 

, 

 

0.05,
¶

 

p

 

 

 

, 

 

0.01, #

 

p

 

 

 

, 

 

0.001 Trial 3 vs. Trial 2.
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RESULTS

 

Effect of Repeated Test Experience on Gross 
Behavioral Profiles

 

Table 1 summarizes the changes in gross behavioral pro-
files observed over three successive trials in the plus-maze.
ANOVA revealed that the vast majority of behavioral mea-
sures were significantly altered by prior maze experience [all

 

F

 

(2, 146) 

 

.

 

 3.89, 

 

p

 

 

 

,

 

 0.025]: total entries, open-arm entries,
closed-arm entries, % open entries, % open time, % closed
time, % center time, rear duration, head dips, stretched at-
tend postures, closed-arm returns, sniff, groom, and the %
protected forms of SAP, sniff, and head dipping. Measures
not affected by prior experience were rear frequency, flatback
approach, and % protected flatback approach. Further analy-
sis (Table 1) indicated that, relative to trial 1, behavioral pro-
files on trial 2 comprised (a) reductions in total arm entries,
open entries, % open entries, % open time, % center time,
head dips, and SAP, together with (b) increases in % closed
time, sniffing, grooming, closed-arm returns, and the pro-
tected forms of head dipping, SAP, and sniffing. Table 1 also
shows that the changes observed on trial 2 were either fully
maintained or further strengthened (i.e., total entries, %
closed time, % center time, sniff, groom, and SAP) on trial 3.
Significantly, closed-arm entries did not change between trials
1 and 2, but, rather, showed a significant decline by trial 3.

To assess the persistence of this retest effect, a subset of
the present sample (

 

n

 

 

 

5

 

 

 

48) was exposed to the maze for a
fourth time 10 days following trial 3 (Table 2). With the ex-
ception of rear frequency and % protected flatback approach
which (as above) were unaltered by prior maze experience,
ANOVA on this smaller database confirmed the potent ef-
fects of prior experience on all other behavioral measures [all

 

F

 

(3, 141) 

 

.

 

 3.26, 

 

p

 

 

 

,

 

 0.025]. Follow-up comparisons (Table 2)
revealed a virtually identical pattern of behavioral change
over the first three trials to that seen for the full dataset (Ta-
ble 1). Furthermore, this analysis demonstrated the enduring
nature of prior maze experience in that the behavior of ani-
mals on trial 4 remained significantly different to their naive
(trial 1) profile but did not differ substantively from their trial
3 profile.

 

Minute-by-Minute Changes Within and Between 
Plus-Maze Trials

 

To examine more closely how behavior changed both
within and between trials, the full dataset presented in Table 1
(i.e., three trials, 

 

n

 

 

 

5

 

 74) was broken down into 1-min time
bins (Figs. 1–5). Two-way ANOVA revealed a large number
of significant trial 

 

3

 

 time bin interactions indicating that, for
these variables, the within-session pattern of behavioral
change differed as a function of test trial [all 

 

F

 

(8, 568) 

 

.

 

 1.96,

TABLE 2

 

RETENTION OF AN ESTABLISHED PLUS-MAZE RETEST-EFFECT IN INTACT MALE SWISS WEBSTER MICE (

 

n

 

 

 

5

 

 48). 

 Trial 1 Trial 2 Trial 3 Trial 4

Mean SEM Mean SEM Mean SEM Mean SEM

 

Total entries 22.42 1.05 18.69‡ 1.00 16.44‡ 1.07 14.96‡ 1.11
Open entries 8.17 0.70 4.77‡ 0.62 4.83‡ 0.72 5.02‡ 0.75
Closed entries 14.25 0.69 13.92 0.65 11.60‡¶ 0.76 9.94†§ 0.72
%Open entries 35.07 2.25 22.13‡ 2.40 25.35† 3.12 28.14* 3.13
%Open time 18.83 1.42 10.02‡ 1.26 8.44‡ 1.24 7.57‡ 1.18
%Closed time 27.05 1.07 39.12‡ 2.22 49.45‡# 3.40 52.23‡ 3.59
%Centre time 54.11 1.41 50.86 1.91 42.11‡# 2.79 40.20‡ 2.96
Rears 12.17 1.15 10.88 1.08 11.25 1.05 11.73 1.24
Rearing (duration) 7.19 0.97 8.50 1.05 10.30* 1.29 9.63 1.25
Head-dips 27.79 1.38 12.31‡ 1.39 12.77‡ 1.57 10.04‡ 1.24
%Protected head-dips 69.28 2.57 86.45‡ 2.24 88.33‡ 2.85 80.38‡¶ 3.46
Stretched-attend postures 51.02 2.56 37.81‡ 1.84 27.00‡# 1.40 23.83‡ 1.47
%Protected SAPs 83.28 1.45 91.43‡ 1.18 92.67‡ 92.67 90.15‡ 1.64
Closed arm returns 1.48 0.42 3.02* 0.60 1.73¶ 0.42 1.13 0.34
Sniffing (duration) 97.80 4.96 133.08‡ 6.29 160.53‡# 5.11 131.89‡# 5.51
%Protected sniffing 83.80 1.70 92.53‡ 1.23 93.50‡ 93.50 94.84‡ 0.97
Flat-back approach (duration) 10.93 0.68 11.92 0.92 12.11 1.13 8.39¶ 0.87
%Protected flat-back 36.66 3.35 46.02 5.26 45.16 45.16 42.46 5.58
Grooming (duration) 3.47 0.62 7.65 1.25 12.64‡ 2.49 26.34‡# 3.39

Intertrial interval for Trials 1–3 = 24 h. Intertrial interval between Trials 3 and 4 = 10 days. SAP = Stretched attend postures. 
Post-hoc analyses (Newman–Keuls comparisons); *

 

p

 

 ,

 

 0.05, †

 

p

 

 

 

,

 

 0.01, ‡

 

p

 

 

 

, 

 

0.001 vs. trial 1; §

 

p

 

 , 

 

0.05, ¶

 

p

 

 

 

,

 

 0.01, #

 

p

 

 

 

, 

 

0.001 vs. preceding trial.

FIG. 1. Minute-by-minute changes in total arm entries, closed-arm entries, open-arm entries, and percent open-arm entries for male Swiss–
Webster mice over three successive plus-maze trials (intertrial interval, ITI 

 

5

 

 24 h). *

 

p

 

 

 

,

 

 0.05, **

 

p

 

 

 

,

 

 0.01, ***

 

p

 

 

 

,

 

 0.001 vs. minute 1 of same
trial. 

 

o

 

p

 

 

 

,

 

 0.05, 

 

oo

 

p

 

 

 

,

 

 0.01, 

 

ooo

 

p

 

 

 

,

 

 0.001 vs. minute 1 of previous trial. 

 

1

 

p 

 

,

 

 0.05, 

 

11

 

p 

 

,

 

 0.01, 

 

111

 

p 

 

,

 

 0.001 vs. minute 5 of previous trial. 

 

#

 

p

 

 

 

,

 

 0.05,

 

##

 

p

 

 

 

,

 

 0.01, 

 

###

 

p

 

 

 

,

 

 0.001 vs. minute 1 of trial 1.
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p

 

 

 

,

 

 0.05]: total entries, open entries, closed entries, % open
entries, % open time, % closed time, rear duration, closed-
arm returns, head dips, SAP, sniff, % protected SAP, and %
protected flatback approach. Significant main effects (but no
interactions) of trial (

 

df

 

 

 

5

 

 2,142) and time bin (

 

df

 

 

 

5

 

 4,284)
were observed for % center time, 

 

F

 

 

 

5

 

 12.91, 

 

p

 

 

 

,

 

 0.001; 

 

F

 

 

 

5

 

7.18, 

 

p

 

 

 

,

 

 0.001, and grooming, 

 

F

 

 

 

5

 

 15.92, 

 

p

 

 

 

,

 

 0.001; 

 

F

 

 

 

5

 

 5.17,

 

p

 

 

 

,

 

 0.001, demonstrating that, although these measures
changed both within and between trials, the pattern of within-
session change was similar on each occasion. Significant main
effects of trial only for % protected head dips, 

 

F(2, 40) 5 7.06,
p , 0.001, and % protected sniff, F 5 10.55, p , 0.001, indi-
cated that these measures differed between but not within tri-
als, while significant effects of time bin only for rear fre-
quency, F 5 38.20, p , 0.001) and % protected flatback, F(4,
60) 5 31.44, p , 0.001, indicated that these measures differed
within but not between trials.

Further analysis (Figs. 1–5) showed that during the first
minute of trial 1, animals spent most of their time on the cen-
ter platform (.60%) with the remaining time divided equally
(ca. 20%) between closed and open arms: there were corre-
spondingly few arm entries and these were also equally dis-
tributed between open and closed sections. However, while
rearing, sniffing, and grooming were infrequent, this initial
period was characterized by high levels (absolute and pro-
tected) of head dipping, SAP, sniffing, and flatback approach.
By the second minute, center time had decreased and closed
time increased; this change was accompanied by large in-
creases in closed arm entries and rearing, small (though signif-
icant) increases in open-arm entries and % protected SAP,
and decreases in % open entries, head dipping, SAP, sniffing,
and % protected flatback. From minute 3 to minute 5, closed
entries remained high, closed time and rearing increased fur-
ther, and open entries, % open entries, open time, center
time, head dips, and SAP decreased further. It is notable that
% protected SAP increased from the second to third minute
but thereafter declined to levels significantly lower than those
observed in the first minute. Generally speaking, the behavior
pattern observed by the final minute of trial 1 was either
maintained or further enhanced on subsequent trials (Figs. 1–
5). However, it is pertinent to note that in the first minute of
each retest trial, SAP, closed arm returns, sniffing, % pro-
tected SAP, and % protected flatback showed significant in-
creases relative to the final minute of the preceding trial,
whereas rearing showed a relative decrease.

Factor Analysis

Trial 1 only: all measures (Table 3). Factor analysis of all
T1 behavioral measures yielded a six-factor structure account-
ing for 83.84% of total variance. Factor 1 (37.01%) gave high
positive loadings for the conventional measures of open-arm
avoidance as well as total entries, and was associated with
high negative loadings for % center time and all % protected
scores. Factor 2 (18.56%) loaded highly for closed arm entries
and more moderately for total entries, closed-arm returns,
and stretched attend postures. Factor 3 (9.27%) loaded highly
but in opposite directions for sniffing and head dipping. Fac-
tor 4 (7.69%) loaded highly for rearing. Factor 5 (5.97%) for
grooming and % closed arm time. Factor 6 (5.32%) for flat-
back approach.

All trials: conventional measures only (Table 4). Factor
analysis limited to conventional scores from all three trials re-
vealed a four-factor structure accounting for 80.13% of the to-
tal variance. Factor 1 (41.36%) predominantly loaded for T2
and T3 measures of % open time, % open entries, and open
entries, although moderate loadings for T2 and T3 measures
of total entries and % closed time (-ve) were also apparent.
Factor 2 (17.49%) showed strong loadings for T2 and T3 mea-
sures of closed entries and total entries. Factor 3 (12.37%)
loaded strongly for T1 measures of open entries, % open
time, % open entries, and total entries. Factor 4 (8.91%) com-
prised strong loadings for T1 closed entries and % closed
time, a high loading for T2 % closed time, and a moderate
loading for T1 total entries.

All trials: conventional measures plus center time (Table
5). The addition of scores for % center time yielded a five-fac-
tor structure that accounted for 83.85% of total variance. Fac-
tor 1 (36.95%) gave high loadings for closed and total entries
from T2 and T3, while factor 2 (18.62%) primarily loaded for
T1 measures of closed entries, closed time, and total entries.
Factor 3 (12.49%) loaded highly for T1 measures of % open
time, open entries, % open entries, % center time (-ve), and
total entries. Factor 4 (9.64%) comprised high loadings for T2
and T3 measures of % open time, % open entries, open en-
tries, and moderate loadings for T2 and T3 total entries. Fac-
tor 5 (6.14%) loaded highly for T2 and T3 measures of % cen-
ter time and closed time (-ve).

All trials: conventional and ethological measures (Table
6). Although analysis of the full dataset for all three trials was
precluded by an unfavorable subject:variable ratio (9,30), it
was considered potentially informative to run a final factor
analysis incorporating some ethological measures. The data
entered into the final factor analysis were based on the need
to (a) maintain a respectable ratio of subjects to variables
(.3:1), and (b) include those high probability behavioral
measures most frequently recorded in ethological studies in-
volving the plus-maze (i.e., rearing and head dipping). This fi-
nal analysis (Table 6) yielded a six-factor structure accounting
for 83.91% of the total variance. Factor 1 (36.08%) gave high
loadings for T2 and T3 measures of open entries and % open
time, although moderate loadings for T2 and T3 total entries
were also obtained. Factor 2 (16.43%) loaded highly and ex-
clusively for rearing on all three trials. Factor 3 (10.24%)
loaded strongly for T2 and T3 measures of total entries and
closed entries, while factor 4 (8.48%) loaded most strongly for
T1 measures of open-arm entries and % open-arm time. Fac-
tor 5 (7.19%) loaded highly and exclusively for head dips on
all three trials, and factor 6 (5.49%) yielded high loadings for
T1 measures of closed entries and total entries. 

DISCUSSION

In an extensive investigation of the plus-maze performance
of 16 inbred mouse strains, Trullas and Skolnick (53) found
that over 70% of the variance in open-arm activity measures
could be attributed to genetic factors. Using a derived index
of plus-maze responsivity, they were able to categorize strains
into four distinct groups: nonreactive (e.g., BALB/c), inter-
mediate-low reactive (e.g., C3H.SW/SnJ), intermediate-high
reactive (e.g., DBA/2J), and high reactive (e.g., C57BL/6J).
Results obtained with inbred strains in our own laboratory are

FIG. 2. Minute-by-minute changes in percent open-arm time, percent closed-arm time, and percent center platform time scores for male Swiss–
Webster mice over theee successive plus-maze trials (ITI 5 24 h). For key to symbols, see legend for Fig. 1.
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generally consistent with these observations: thus, DBA/2
mice characteristically show low levels open arm activity (%
open time ca. 10%) while, if anything, animals of the BALB/c
strain actually avoid the enclosed arms (% open time ca.
75%) (10). Relative to these profiles, two outbred strains
(Tuck-1 and CD-1) were found to be much more active in the
maze and to display intermediate profiles of open-arm avoid-
ance (% open time ca. 20 and 30%, respectively) (10,39,42).
In general agreement with these observations, present results
(Table 1) indicate that test-naive Swiss–Webster mice are
very active in the plus-maze, showing particularly high levels
of head dipping, stretched attend postures, and sniffing. Fur-
thermore, the spatiotemporal distribution of their behavior on
the maze (% open entries; % time) is very much more similar
to that of outbred Tuck-1 and CD-1 strains than the inbred
DBA/2 strain (10,42). Thus, unlike the typical DBA/2 profile
of closed time . center time . open time, but similar to find-
ings reported for the C3H.SW/SnJ (53) and CD-1 (42) strains,
maze-naive Swiss–Webster mice display a rank order prefer-
ence of center time . closed time . open time.

Despite these strain differences in initial response pat-
terns, present findings confirm that prior maze experience
produces major changes in the way in which rodents react to
this test (2,13,15,24,25,31,44–48,52). On first reexposure (T2),
significant reductions were observed in total arm entries,
open entries, % open entries, % open time, % center time,
head dipping, and stretched attend postures. These changes
were accompanied by significant increases in % closed time,
rear duration, closed-arm returns, sniffing, grooming, and the
% protected forms of head dipping, SAP, and sniffing (Table
1). As no alterations in closed-arm entries were apparent, this
retest profile is more consistent with anxiety enhancement/
fear sensitization [e.g., (21,23,45,46,52)] than with locomotor
habituation (13). This interpretation is also supported by ref-
erence to the effects of anxiogenic compounds [e.g., (12)],
which, with the principal exception of reducing closed-arm en-
tries, produce effects comparable to those seen in plus-maze–
experienced animals. Indeed, the reduction in overall activity
levels with proanxiety compounds such as PTZ and picrotoxin
suggests that these agents produce a more global increase in
fear than that seen in response to a single prior experience of
the maze. Importantly, the behavioral changes observed on
T2 were either maintained or further enhanced on T3 [see
also, (15)], with a very similar pattern evident when a subsam-
ple was tested again some 10 days later (Table 2). However,
despite the absence of a reduction in locomotor activity be-
tween T1 and T2, it is relevant to note that significant de-
creases in closed-arm entries were evident by T3 and T4. This
observation closely parallels recent findings in Lister hooded
rats (15) and, in line with the above argument, would be con-
sistent with yet further fear enhancement.

These profound effects of repeated testing confirm the po-
tency of prior experience in altering subsequent reactions to
the plus-maze. Although previous findings suggest that such
learning is unaffected by between-test variations in maze ori-
entation/location/construction (20,44), it has been argued that
initial experience of open arms is a crucial factor (20). The ob-
servation that significant test-retest changes are apparent
even when the duration of T1 is limited to 2 min (45) would
not be inconsistent with this proposal, especially in view of ev-

idence that during the first minute of T1 animals do not dis-
criminate between open and closed arms but thereafter show
a substantial within-session increase in open-arm avoidance
(45,48). The results of the present time bin analyses extend
these earlier findings to subsequent trials (Figs. 1-5) and, in
accordance with previous findings in DBA/2 mice (45), show
clear time-dependent behavioral changes within T1. Thus,
from a first-minute baseline of roughly equal entries into and
time spent on open and closed arms, mice rapidly shifted their
spatial preference to the enclosed parts of the maze. This al-
teration in the spatiotemporal distribution of behavior was ac-
companied by major changes in the frequency and/or duration
of specific behavioral acts and postures, with increases in
closed-arm–related behaviors (e.g., rearing) and reductions in
open-arm/center platform behaviors (e.g., head dipping and
SAP). Interestingly, the percent protected form of SAP was
the only measure to show a biphasic profile within T1, in-
creasing in minutes 2–3 and decreasing in minutes 4–5. In
agreement with earlier findings in rats (48), the behavioral
changes present by the end of the first trial were generally
maintained or further enhanced on T2 and T3. Thus, mice
commenced each new trial with a behavioral profile very sim-
ilar to that with which they ended the preceding session, i.e.,
within-session learning (particularly in T1) readily general-
ized between sessions. However, it is particularly interesting
to note that, relative to the final minute of the preceding trial,
the first minutes of T2 and/or T3 were characterized by a “re-
instatement” of higher levels of SAP, sniffing, closed-arm re-
turns, and % protected forms of head dipping, SAP, and sniff-
ing (as well as lower levels of rearing). This profile would not
be inconsistent with an initial and rapid refamiliarization with
the spatial configuration of the maze prior to reversion to a
typical retest preference for the closed arms. Together, these
novel findings support previous suggestions (45–47) that prior
test experience not only alters gross plus-maze behavioral
profiles but also results in an altered behavioral strategy.

In recent years, factor analytic methods have been increas-
ingly used in anxiety research, both to identify commonalities
and differences between animal models of anxiety [e.g., (3,8,
17,37)] and to characterize relationships among specific indi-
ces within the same model. In the latter context, findings
based on conventional plus-maze T1 scores have been re-
markably consistent across species and strain, with measures
of open arm avoidance (“anxiety”) and closed arm entries
(“activity”) loading on independent factors (11,14,15,17,32,
33,43,53). Furthermore, the inclusion of absolute or percent
center time scores has often [e.g., (11,43,53)], although not al-
ways [see (15,33)], revealed a third factor thought to reflect
“decision making.” When applied to databases comprising
both conventional and ethological measures, factor analyses
have uncovered yet further dimensions to plus-maze behavior
patterns. For example, although employing rather different
behavioral measures and/or different behavioral definitions,
research on male rats (Wistar, hooded Lister) and mice
(Swiss) has typically identified a four-factor structure with all
reports agreeing on factors related to “anxiety” and “activity”
but differing with respect to the composition and/or naming of
the remaining factors [e.g., “decision making” and “displace-
ment” (11); “risk assessment” and “impetuosity” (33); “deci-
sion height” and “decision open” (15); “approach–avoid con-

FIG  3. Minute-by-minute changes in head dips, percent protected head dips, stretched attend postures (SAP), and percent protected SAP for
male Swiss–Webster mice over three successive plus-maze trials (ITI 5 24 h). For key to symbols, see legend for Fig. 1.
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flict” and “displacement” (14)]. Similar findings have been
reported for DBA/2 mice (43), but with a six-factor structure
comprising: “anxiety” (primarily open-arm avoidance mea-
sures including % protected measures), “locomotor activity”
(primarily closed entries), “risk assessment” (SAP, sniffing),
“decision making” (primarily center time), “vertical activity”
(rearing), and “directed exploration” (head dipping). Al-
though variation in the number of independent factors identi-
fied by these studies may simply be a consequence of method-
ological differences (e.g., the number and type of behavioral
measures recorded), present findings suggest that strain dif-
ferences cannot be ignored.

Thus, while factor analysis of the trial 1 plus-maze profile
of Swiss–Webster mice (Table 3) also produced a six-factor
structure, the composition of these factors differed in several
important ways to that previously reported for DBA/2 mice
(43). Factor 1, loading for conventional measures of open-arm
avoidance and the precent protected scores, is clearly related
to “anxiety”; however, unlike the DBA/2 profile, this factor
also loaded strongly and negatively for % center time. This
finding is consistent with the much higher proportion of time
center observed in Swiss–Webster mice (discussed above) and
suggests that, in this strain, center time reflects anxiety rather
than “decision making” [see also (15,33)]. Although the high
factor 2 loadings for closed-arm entries and total entries
strongly suggest a relationship to “locomotor activity,” this
factor additionally showed moderate-high loadings for total
stretched attend postures and closed-arm returns. This finding
also contrasts with the pattern observed in DBA/2 mice, in
which stretched attend postures are associated with an inde-
pendent “risk assessment” factor. However, attention is
drawn to a potentially crucial difference in the functional sig-
nificance of “protected” and “unprotected” forms of this pos-
ture. Such a distinction is clearly supported by the strong
loading for % protected SAP scores on the main anxiety fac-
tor (vs. the loading pattern for total SAP) and is further con-
firmed by a recent factor analytic study by Espejo (14). Using
absolute scores for protected and unprotected SAP, this au-
thor found the former to load strongly on “anxiety” and the
latter on an independent factor equivalent to the risk assess-
ment factor previously identified in DBA/2 mice (43). These
data clearly imply that future studies should separately record
and analyze the subcomponents of the total SAP score. It is
also relevant to note the equal loadings of total arm entries on
factors 1 and 2, confirming the inherent weakness of this mea-
sure as an index of general activity [e.g., (11,17,43)]. Factor 3
loaded strongly (and in opposite directions) for head dipping
and sniffing, suggesting commonality with “directed explora-
tion” factor identified in DBA/2 mice, while the composition
of factor 4 (high loadings for rear frequency and duration) is
directly comparable to the “vertical activity” factor in the lat-
ter strain. However, further confirming strain differences in
the structure of plus-maze patterns, the loading pattern for
factor 5 (grooming) would suggest a relationship to “displace-
ment” [see also (11,14)], while the high loading for flatback
approach on factor 6 would, in accordance with recent work on
antipredator defense (4,5), suggest a relationship to “defensive
ambulation.” Together, these results demonstrate important
strain differences in the pattern of behavioral response to the

plus-maze, thereby extending previously reported strain varia-
tion in gross behavioral profiles in mice (10,39,42,53).

The hypothesis that the nature of anxiety in maze-experi-
enced animals differs fundamentally from that in maze-naive
animals would lead to the prediction that anxiety-related
measures from different trials should load on independent
factors. Consistent with prediction, recent work on the rat
plus-maze has shown that: (a) in a two-trial paradigm, T1 and
T2 measures of anxiety loaded on separate factors (23), and
(b) in a three-trial paradigm, T1 measures of anxiety loaded
independently of anxiety measures from T2 and T3 which, to-
gether, load on the same factor (15). These results indicate
that the shift in emotional response to the maze occurs be-
tween the first two trials, and that the state engendered on
second trial is largely maintained on further testing. Present
data, based the outcome of factor analyses applied to the re-
sponse profiles of male Swiss–Webster mice on three succes-
sive plus-maze trials, confirm the cross-species generality of
these findings. Analysis of the conventional measures from all
three trials produced a four-factor resolution accounting for
.80% of the total variance (Table 4). The loading patterns
obtained indicate that factor 1 5 “retest (T2/T3) anxiety,” fac-
tor 2 5 “retest (T2/T3) locomotor activity,” factor 3 5 “naive
(T1) anxiety,” and factor 4 5 “naive (T1) locomotor activity.”
Irrespective of trial, it is important to note the persistent co-
loadings of total entry scores on “anxiety” and “locomotor ac-
tivity” factors, a pattern that differs markedly from the exclu-
sive loadings of closed entry scores on the “locomotor
activity” factors. Despite the remarkable similarity between
the currently identified four-factor structure for Swiss–Web-
ster mice and that recently documented for Lister hooded rats
(15), the latter authors reported absolute dissociations be-
tween T1 and T2/T3 behavioral measures. This clearly con-
trasts with the weak loadings (all ,0.50) observed for T2 %
closed time on factor 1, T1 closed entries on factor 2, for T2
open entries/% open entries on factor 3, and for T3 % closed
time on factor 4, suggesting that the distinction between T1
and T2/T3 behavior patterns in Swiss–Webster mice is some-
what less definitive. However, as Fernandes and File (15)
used a loading cutoff of .0.50, and because the application of
this higher threshold to present data would also have yielded
absolute distinctions between T1 and T2/T3 measures, the ap-
parent discrepancy in findings may simply be ascribed to be-
tween-laboratory variation in the arbitrarily defined factor
loading threshold.

Inclusion of percent center time scores in the present study
(Table 5) yielded a five-factor resolution accounting for ap-
proximately 84% of the total variance. Although the new
analysis produced a different factor order, loadings for the
first four factors map well onto those identified in the initial
analysis (factor 1 5 “retest locomotor activity”; factor 2 5
“naive locomotor activity”; factor 3 5 “naive anxiety”; factor
4 5 “retest anxiety”). However, whereas T1 % center time
loaded negatively on the “naive anxiety” factor, T2 and T3 %
center time scores loaded independently, exclusively, and pos-
itively on the new factor 5. This is an intriguing finding in that
previous studies on the behavioral structure of animals naive
to the maze have found this variable to load either on a sepa-
rate “decision-making” factor (11,43,53), or on the main “anx-

FIG. 4. Minute-by-minute changes in flatback approach (duration, s), percent protected flatback approach, sniffing (duration, s), and percent
protected sniffing for male Swiss–Webster mice over three successive plus-maze trials (ITI 5 24 h). For key to symbols, see legend for Fig. 1.
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iety” (33) or “activity” (15) factors. Current results suggest
that, in Swiss–Webster mice, the significance of center time
may change as a function of test experience, being positively
related to anxiety in naive animals and to decision making in
maze-experienced animals. An alternative, and perhaps more
parsimonious, interpretation is that the shift in factor loading
for % center time is merely a statistical consequence of the re-
duction in open-arm time. However, in this context, attention
has already been drawn to the high T1 % center time scores of
naive Swiss–Webster mice vs. other mouse strains (10,53) and
to the experientially induced reduction in these scores (this
study). In addition to the expected coloadings of total entries
and closed entries on the trial-specific anxiety and locomotor
activity factors (see above), several other measures also
showed loadings on an additional factor (i.e., T1 closed en-
tries and % center time on F2, T2 open entries on F3). How-
ever, it is important to emphasize that these were very much
weaker than their main factor loadings, i.e., just above the cut-
off value of <0.40 and, hence, likely to be of little importance.

Ideally, the final factor analysis would have incorporated
all variables for each of the three trials. Unfortunately, how-
ever, this would have resulted in a subject:variable ratio of
,2:1 and, consequently, concern about the reliability of the
analysis (9,30). Nevertheless, the pattern of results obtained
within and between trials suggested the potential utility of a
factor analysis incorporating at least some of the ethological
measures. To accommodate this aim, while retaining an ac-
ceptable subject:variable ratio, the final analysis was applied
to a database comprising key conventional parameters (i.e.,

FIG. 5. Minute-by-minute changes in rear frequency, rear duration (s), closed-arm returns, and grooming (duration, s) for male Swiss–Webster
mice over three successive plus-maze trials (ITI 5 24 h). For key to symbols, see legend for Fig. 1.

TABLE 3
ORTHOGONAL FACTOR LOADINGS FOR PLUS-MAZE TRIAL 1

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

Total entries 0.65 0.64
Open entries 0.93
Closed entries 0.89
%Open entries 0.88
%Open time 0.97
%Closed time 0.47 0.44 20.66
%Centre time 20.77 0.41
Rears 0.91
Rearing (duration) 0.95
Head-dips 20.63
%Protected head-dips 20.89
Stretched-attend postures 0.55
%Protected SAP 20.92
Sniffing (duration) 0.86
%Protected sniffing 20.81
Closed-arm returns 20.41 0.68
Flat-back approach (dur.) 20.86
%Protected flat-back 20.65 0.46
Grooming (duration) 20.86

Conventional and ethological measures (total variance = 83.84%). Factor loadings of ,0.4 are not included.
See Tables 1 and 4–6 and text. Key: SAP; stretched-attend postures, dur; duration.

TABLE 4
ORTHOGONAL FACTOR LOADINGS FOR

PLUS-MAZE TRIALS 1, 2, AND 3

Factor 1 Factor 2 Factor 3 Factor 4

Total entries 1 0.65 20.53
Total entries 2 0.45 0.71
Total entries 3 0.51 0.76
Open entries 1 0.92
Open entries 2 0.68 0.48
Open entries 3 0.91
Closed entries 1 0.43 20.77
Closed entries 2 0.74
Closed entries 3 0.92
%Open entries 1 0.86
%Open entries 2 0.68 0.44
%Open entries 3 0.89
%Open time 1 0.90
%Open time 2 0.73
%Open time 3 0.93
%Closed time 1 20.77
%Closed time 2 20.40 20.66
%Closed time 3 20.64 20.40

Conventional measures only (total variance 5 80.13%). Factor
loadings of ,0.4 are not included. See Tables 1, 3, 5, and 6 and text.
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total entries, open entries, closed entries, and % open arm
time), plus rear duration and head-dip frequency. The latter
measures were selected on the basis of pattern of change
within and between trials (Figs. 1–5), their factor loading pat-
tern in naive subjects (Table 3), and their inclusion in plus-

maze scoring by several independent laboratories [e.g.,
(14,15,33,43)]. The resultant analysis (Table 6) confirmed the
clear separation of anxiety scores from T1 (factor 4) and T2/
T3 (factor 1), as well as the distinction between locomotor ac-
tivity scores from T1 (factor 6) and T2/T3 (factor 3). Once

TABLE 5
ORTHOGONAL FACTOR LOADINGS FOR PLUS-MAZE TRIALS 1, 2, AND 3

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Total entries 1 0.52 0.67
Total entries 2 0.70 0.47
Total entries 3 0.75 0.53
Open entries 1 0.90
Open entries 2 0.41 0.73
Open entries 3 0.91
Closed entries 1 0.78
Closed entries 2 0.70 0.43
Closed entries 3 0.92
%Open entries 1 0.84
%Open entries 2 0.72
%Open entries 3 0.85
%Open time 1 0.91
%Open time 2 0.79
%Open time 3 0.92
%Closed time 1 0.79
%Closed time 2 20.79
%Closed time 3 20.49 20.79
%Centre time 1 20.41 20.76
%Centre time 2 0.86
%Centre time 3 0.88

Conventional measures plus %center time (total variance 5 83.85%). Factor loadings
,0.4 are not included. See Tables 1, 3, 4, and 6 and text.

TABLE 6
ORTHOGONAL FACTOR LOADINGS FOR PLUS-MAZE TRIALS 1, 2, AND 3

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

Total entries 1 0.61 0.71
Total entries 2 0.49 0.60
Total entries 3 0.59 0.72
Open entries 1 0.90
Open entries 2 0.73 0.43
Open entries 3 0.93
Closed entries 1 0.90
Closed entries 2 0.67
Closed entries 3 0.91
%Open time 1 0.92
%Open time 2 0.78
%Open time 3 0.93
Rearing (duration) 1 0.78
Rearing (duration) 2 0.85
Rearing (duration) 3 0.89
Head-dips 0.85
Head-dips 2 0.87
Head-dips 3 0.58 0.63

Representative conventional measures plus rearing (duration) and head-dips (total variance 5 83.91%).
Factor loadings of ,0.4 are not included. See Tables 1 and 3–5 and text.
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again, the coloading patterns observed for T1 total entries
(factors 4 and 6), and for T2/T3 total entries (factors 1 and 3)
confirm the pitfalls associated with reliance upon this measure
as an index of general activity. However, by far the most inter-
esting aspect of this analysis concerns rearing and head dip-
ping, which not only formed independent factors [factor 2/
“vertical activity”; factor 5/ “directed exploration”; see (43)]
but also retained factor identity across trials. This important
finding implies at least some behavioral constancy across re-
peated plus-maze exposures.

In summary, the present factor analyses demonstrate that
although some plus-maze behavioral dimensions (i.e., vertical
activity, directed exploration) remain fairly stable across tri-
als, others show a clear demarcation between initial and sub-
sequent trials (e.g., anxiety, locomotor activity). Furthermore,
% center time is clearly a measure of anxiety on T1 but may
reflect a separate decision-making dimension on retest trials.
Together with the other statistical approaches employed in
the present study, these data fully support the conclusion that
the behavioral state engendered in mice upon reexposure to the
plus-maze differs substantially from that engendered on initial
exposure. The fact that present findings closely parallel re-
sults obtained in the rat plus-maze (15,23), while remarkable
in itself, concurs both with the well-established observation
that a single undrugged experience of the maze results in a

loss of benzodiazepine efficacy in both species (15,16,20,21,
23,32,46,47,52), and the suggestion that prior maze experience
produces a qualitative shift in anxiety/fear reactions in this
test (23,46,52). This altered state has been linked to the acqui-
sition of a phobic response to the open arms (21,23), a pro-
posal supported by the restoration of benzodiazepine sensitiv-
ity when longer test trials (designed to facilitate extinction of
the phobic reaction) are employed (18). Although the cross-
species generality of this particular finding remains to be de-
termined, present data demonstrate that Swiss–Webster mice
very rapidly acquire an open-arm avoidance response during
initial exposure to the maze and that, in the absence of major
changes in general activity levels, this reaction strongly per-
sists on subsequent reexposure. The observation that the pri-
mary anxiety (and activity) indices from naive and subsequent
trials load on independent factors serves to further emphasize
the impact of prior experience on emotional response to and,
hence behavioral strategy employed in future encounters with
the plus-maze.
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