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Locomotor activity and exploration: 
The use of traditional manipulators 

to dissociate these two behaviors in the rat 

MARK LEYLAND 
Chemical Defence Establishment, Porton Down, Salisbury, Wilts SP4 OJQ, England 

and 

TREVOR ROBBINS and SUSAN D. IVERSEN 
University of Cambridge, Cambridge, England 

An apparatus designed by Berlyne was used to dissociate locomotor activity and inspective 
exploratory responses with the aid of traditional manipulators. In this apparatus, novel and 
complex stimulation increased exploration but did not affect locomotor activity (LA). d-amphetamine 
(1.5 mg/kg) increased LA but decreased exploration. These findings provide a double dissociation 
of the behavioral components. In addition. low intrasubject correlations for the two behaviors 
were demonstrated. Results are discussed with reference to the need for simultaneous separate 
measures to obtain valid indices of exploratory behavior and LA. 

When placed in a novel environment, rats move 
around. At first sight, this behavior seems no more 
than simple ambulation. However, if the novelty or 
the degree of complexity of stimulation in the 
environment is manipulated, the amount and nature 
of the motor behavior varies (Berlyne, 1950; 
Schneider & Gross, 1965; Woods & Davidson, 1964). 
Such results indicate that general activity in any par­
ticular situation is compounded of what one might 
describe as "pure locomotor" behavior (Lore, 1968) 
together with an exploratory element, which may be 
manipulated by traditional elicitors, such as novelty 
and complexity of environmental stimulation. 

It has often been suggested that in studies of 
spontaneous locomotor behavior, these two contrib­
uting components have neither been recognized nor 
independently measured (Berlyne, 1960; Bindra & 
Spinner, 1958; Lester, 1968). This has been felt to be 
particularly true of experiments using apparatus such 
as the Y -maze, where a measure of locomotion is 
often assumed to be exploratory in nature with no 
prior rationale for such an assumption (e.g., 
Montgomery, 1955; Steinberg, Rushton, & Tinson, 
1961). Simultaneous observation of both behavioral 
components has been attempted in the past by 
Corman and Shafer (1968), Foshee, Vierck, Meier, 
and Federspiel (1965), and Kumar (1969). However, 
in none of these studies was there an attempt to 
manipulate each of the two behavioral components 
separately, by means of independent variables within 
the same experimental design, nor was a low intra­
subject correlation between the two behavioral 
components demonstrated. 

Robbins and Iversen (1973), using a modified 

version of Berlyne's box (Berlyne, 1955), have 
demonstrated that amphetamine will simultaneously 
increase locomotor activity (LA) and decrease time 
spent investigating or inspecting novel objects. This 
result appears to dissociate the two behavioral 
components, but this interpretation is complicated 
by high correlations between LA and inspective 
exploration reported in the same paper. A closer 
examination of intrasession data in that experiment 
reveals that (a) most exploration occurred during 
the first 2 min, and (b) correlations between the 
behaviors over this period were near to zero. These 
observations indicated that it is not necessarily the 
case that the two measures are both indices of the 
same behavior as the high correlations alone would 
suggest. Indeed, at any time when both behaviors 
are occurring to an appreciable extent the correla­
tions were near zero. 

It was considered that the most appropriate 
method for demonstrating the separate nature of the 
two behavioral types involved was to perform a 
double dissociation by the use of a pair of tradi­
tional manipulators of the behaviors, and the present 
experiments report such a dissociation. 

Novel and complex stimuli were chosen to manipu­
late exploration as in previous studies (Berlyne, 1955; 
Woods & Davidson, 1964). The universal finding 
has been that novelty enhances exploration and that 
this enhancement is augmented by complexity. 
Familiar, complex stimuli, however, were reported 
not to be effective elicitors of exploration (Schneider 
& Gross, 1965) when speed of approach was used 
as an index. In Experiment I, we have attempted to 
observe the effects on LA and inspective exploration 
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Figure 1. Ground plan of the 8erlyne box. Numbers around 
the alcove refer to placement of stimulus cards. 

of novel and complex stimuli placed in the alcove 
s.ection of the apparatus. 

Because it is well known to increase LA in photo­
cell boxes resembling the main chamber of the 
present apparatus, d-amphetamine was chosen to 
manipulate locomotor activity. By contrast, it has 
been found that inspective exploration is either 
unaffected or depressed by the drug (Kumar, 1969; 
Wimer & Fuller, 1965). Effects of this drug on LA 
and inspective exploration were examined in Experi­
ment II, which is discussed more fully below. 

By using a similar apparatus and technique to 
Robbins and Iversen's (1973), it is possible to answer 
more questions relevant to their experimental situa­
lions: first, to determine the effects of novelty upon 
the behavior of rats in the Beriyne box, and second, 
to observe the effects of amphetamine on low, stable 
rates of exploration of previously habituated com­
plex exploranda. 

EXPERIMENT I 

A modified ver5ion of Berlyne's box, similar to 
the apparatus of Robbins and Iversen (1973), was 
used, exploration being measured in terms of inspec­
tive responses 10 predefined stimulus objects pre­
sented in an alcove at one end of the box and LA 
being measured by photocells in the main chamber. 
This experimenl assesses the effect of novelty and 
complexity in the design of visual stimulus cards on 
exploration and activity. We Illay predict, on the 
basis of previous results, that the novel stimuli will 
produce increased exploration and that this effect 
will be enhanced in a group exposed to more complex 
novel stimuli. Further, we may predict that explora­
tion will decrease over trials in all groups but will 
decrease more slowly in a group given a new stimulus 
each day than in a group given the same stimuli each 
day. Effects of novel and complex stimulation on 
LA have not previously been examined. 

Methods 
Subjects. The experimental animals were 18 male albino rats of 

the Wistar strain, weighing 225 ± 10 g at the time of testing. They 
were housed in groups of 4, with ad-lib supply of standard labora­
tory chow and water. 

Apparatus. The test apparatus (Figure I) used in this study was 
derived from an apparatus designed by Berlyne (1955) to assess 
mspective behavior displayed to novel objects. It consisted of two 
compartments: a main chamber, 61.0·x 45.6 x 30.4 cm deep, 
where locomotor activity was recorded by Counters I, 2, and 3, 
and an alcove, 45.6 x 6.7 x 30.4 cm. The two were Joined by an 
alley measuring 10.1 x 5.1 x 30.5 cm. 

The stimuli used were the black and white visual patterns shown 
in Figure 2. Each was drawn on a card measunng 5.1 x 30.4 cm. 
Two cards of each design were presented simultaneously in the 
alcove, m the 10 po~itions marked in Figure I, .... lth one of each 
pair in each arm. The cards were reversible, being plam white on 
one side and patterned on the other. They were attached to the 
walls of the alcove by means of a bulldog clip at the top and by an 
adhesive "plasti-tak" at the bottom. 

Procedure. Testing was earned out in the afternoon, in a room 
illuminated by a IOO-W overhead light. The rats were run in an 
irregular sequence and were transferred from the home cage to 
the apparatus by hand, and then placed in the center of the box 
with head pointing away from the alcove. 

Before testing, e'lch rat was habituated to the box for three 
consecutive daily IO-mm periods. The stimulus cards in the alcove 
were all reversed dUI ing this phase of the experiment so that the 
patterns could not be seen. 

The animals were then divided arbitrarily into three groups of 
six each. Five dail~ I-min test sessions were given in which 

• 
• 
• 
• • • • • 

Figure 2. The five patterns used for the 10 stimulUS cards. 
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Figure 3. Experiment I: Mean duration of exploration (E.M.) 
in seconds for each of the three groups over the 5 successive 
test days. 

groups experienced the following stimulus conditions: Group /- . 
complex-For this group, all \0 stimulus patterns were displayed 
in the same position on each trial. Group 2-novel-A different 
pair of identical, randomly positioned, stimulus patterns was dis­
played on each day, the eight remaining cards being blank. 
Group 3-control-AII cards remained blank on all trials. 

The following measures were taken: (a) locomotor activity 
assessed by the cumulative counts on the photocells, and 
(b) exploration (EM) assessed by recording the cumulative dura­
tion of inspective response~ made to the stimuli during the I-min 
test. The inspective response criterion was (a) frontal (head or 
paw) contact with stimuli or (b) animal's head < 4 cm from stim­
ulus with long axis of head < 60° to stimulus card face. 

Results 
Mean levels of exploration of the stimulus cards by 

the three groups on each day are given in Figure 3. 
A two-way analysis of variance for repeated mea­
sures (Winer, 1962) revealed significant differences 
between groups [F(2,15) = 12.2, p < .01] and over 
days [F(4,60) = 10.9, p < .01]. In addition, there 
was a significant Days by Groups interaction 
[F(8,60) = 3.26, p < .01]. This interaction was 
examined by means of comparison testing using 
Student's t over the first 2 days and the last 2 days 
of the experiment. Each experimental group (l and 2) 
was compared with the control group pl. Over the 
first 2 days of the experiment, both Group 1 (com­
plex) and Group 2 (novel) explored significantly 
more than Group 3 (control) (t > 2.9, p < .01). 
These results do not imply anything about the 
relationship between Groups 1 and 2, so these 
groups were in turn compared and Group 1 found to 
explore more than Group 2 (t = 2.59, p < .025). 
Over the last 2 days of the experiment, there was 
no difference between the score of Complex 
Group 1 and Control Group 3. Novel Group 2, 
however, . explQred more during this period than 

the control (t = 1.83, P < .05) over this period. 
Hence, the interaction may be largely attributed 
to the decline in exploration in Complex Group 1 
over the course of testing as compared with the­
other two groups. 

Mean levels of LA for each group on each day are 
given in Figure 4. Analysis of variance revealed no 
significant differences in activity between groups or 
over days . 

Intrasubject product-moment correlations of LA 
and EM on each day were carrieQ out. The correla­
tion coefficient was found to be less than 0.20 
on each day except Day 2, when r = 0.39, never 
approaching significance. 

Discussion 
In this study, a clear dissociation of exploration 

and locomotor activity was obtained. While novelty 
and complexity did not affect the level of LA, each 
greatly affected exploration in the predicted direc­
tion. Animals of Novel Group 2 explored more than 
the habituated control group, 3, and this enhance­
ment of exploration persisted so long as a ne"l stim­
ulus was provided on each day. Animals of Complex 
Group 1 explored more than Control Group 3 on 
the early trials, and the effect of novelty was here 
enhanced by the complexity of the stimuli so that 
these rats explored even more than the subjects 
of Group 2. However, since the -same set of stimuli 
was presented to Group 1 rats in each of the five 
sessions, its novelty was reduced and by the ~nd of 
testing these rats explored no more than the habit­
uated control group, 3. These findings are in com­
plete agreement with previous results mentioned 
earlier. 

Thus we have demonstrated, first, that effective 
manipulators of exploration have no effect on loco-
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Figure 4. Experiment I: Mean activity, as measured by pboto­
cell counts, for each of the three groups over the 5 successive 
test days. 
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Table 1 
Protocol for Experiment 2: D = Drug group, C = Control group . 

Day 

Group D 
Group C 

Saline 
SalIne 

2 

Drug 
Saline 

. _------------ -

3 4 

Saline 
Saline 

5 

Drug 
Saline 

6 7 

- Saline 
- Saline 

motor activity in the situation, and second, that 
correlation between the two behavioral components 
is near zero. 

The experiment can be compared with two other 
studies which have manipulated stimulus com­
plexity as a determinant of exploration. Sales (1968) 
showed that inspection time of stimuli was related to 
an inverted-U-shaped function of their complexity, 
whereas approach towards the stimuli had no sys­
tematic relationship with that variable. In the 
present study, a similar distinction was found for 
inspective exploration and general locomotor 
activity. 

Denny (1975) has recently found that rats prefer 
environments of increasing complexity.· In addition, 
the level of locomotor activity also increased as a 
function of increasing complexity. There are, of 
course, many differences between the present study 
and that of Denny. In Denny's experiment, the 
stimulus objects of exploration were distributed over 
a wide area, and it would therefore be expected that 
the level of locomotor activity would be con­
taminated with inspective exploration of these 
objects. In addition, the long-term nature of that 
experiment compared with the present one may have 
:resulted in the measurement of behavior not so much 
exploratory in nature as directed towards alternative 
ecological goab, ,uch as ,afety-seeking. 

EXPERIMENT II 

To complete the double di~sociation of behaviors, 
it is desirable to manipulate LA and examine the 
effects of such a manipulation on a steady baseline 
of exploration. The animals of Group 1 of Experi­
ment I had rea(hed ~uch a ,teady baseline of explora-
1 ion of their c\ploranda and, hence, effects of 
d-amphetamll1e on LA and EM were observed in 
these animals in a design similar to that of Robbins 
and Iversen (1973). We may predict that 
d-amphetamine will increase activity, as in the 
Robbins and Iversen experiment, while we would 
expect it to depress or leave unaffected the EM 
(Kumar, 1969; Wimer & Fuller, 1965). 

Method 
Subjects. The experimental anImals were the rats that had 

served as Group J In Experiment I and 6 rats run under Iden­
tical stimulus conditions in a replication of Experiment I, 
to give a total of 12 ammals. 

Apparatus. The box and <;ttmuli were tho,e used for Expen­
ment I. 

()rug. The drug u<;ed was d-amphetamtnt: sulfate iUpphed by 
Smith. Khne and French. Do<;age was I 5 mg/kg, the demon­
strated maximum (If the lhlse-respome CUI\e lor actl\lt" 111 a 
ph{)tocell cage. 

1 he drug was dl',sol\cu III 0 <)<T'n ,altne at I 'mg'ml Salll1e 
alone was used for control ITlJectlollS ,\11 InJeCllons "ere made 
tntrapenloneally 30 mtn bel ore the othet of the trial 

Procedure. The 12 rats were diVided tnto two groups of 6 each, 
contalntng 3 rats flom (Jroup I of [xpenment I and 3 of the 
additional rats. All subjects were run under th,~ same stimulus 
conditions and in the ,ame general "a) as Group I of Experi­
ment I 

Five datly <;e>Slom of 5 mtn each were run. and the order of 
drug and placebo tnjectlOll> IS given tn Table I. 

On Days 2 and 5. Ciroup D (drug) received tnJeCtlOlb of 
d-amphetamtne. whde Group C (control) received ,ahne alone 

Results 
All results reported are for the first minute of each 

seS~Jon. Re~ult~ over the full 5 min were very 
similar. 

Mean score~ for exploration of the stimuli are 
given in Figure 5. These results were analyzed by 
means of three planned contrasts comparing 
(a) mean scores of Group D rats on drug days with 
the mean scores of the same rats over control days, 
(b) mean scores of Group D rats on drug days with 
the mean score~ of Group C rats on drug days, and 
(c) mean score., of Group D rats on all control days 
with the mean score, of Group C rats on all control 
days. The result~ of these tests were as follows: 
(a) t = 4.02, df 5, p < .01; (b) t 3.15, 
df = 10, p < .01; (c) t = 1.16, df = 10, n.s. 
From this result, \\e may deduce that on drug days 
Group D explored Ie.,., than on control days dnd less 
than Group C did on drug days. The two groups did 
not differ on (Qntrol day~. 

Mean scores of activity are given in Figure 6. 
These results were analyzed as above with the follow­
ing results: (a) t 2.98, df 5, p < .025; 
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Fi~ure 5. Experiment II: The effec .. , of 1.5 m~/kg d-ampheta­
mine on mean duration of exploration (E.M.) In seconds. The 
dru~ wa, admini,tered on Days 2 and 5. 
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Figure 6. E'llperiment II: The effects of 1.5 mg/kg d-ampheta­
mine on activity as measured by photocell counts. The drug 
was administered on Days 2 and 5. 

(b) t = 2.57, df = 10, p < .025; (c) t = 0.29, 
df = 10, n.s. 

From these results, we may deduce that on drug 
days Group D were more active than on control 
days and more active than Group C on drug or 
control days. The two groups did not differ on 
control days. 

Intrasubject product-moment correlations of 
activity and exploration measures were computed on 
each day both over the first minute and over the full 
5 min. In every case, the coefficient was found to be 
less than 0.20, and in no case did it approach 
signi ficance. 

Discussion 
The rat under the influence of d-amphetamine 

were more active and explored less than the rats 
not under the influence of the drug. These results 
indicate that, as predicted, amphetamine increased 
LA. In this case, exploration was reduced by the 
drug. Again, a clear dissociation of two behaviors 
was produced and near-zero correlation of the two 
measures further indicated their distinctness. 

In support of these findings, File and Wardill 
(1975), using a modified hole board, have recently 
shown that amphetamine reduces the duration of 
head dips into holes beneath which are novel 
objects, while simultaneously increasing the level 
of locomotor activity in mice. 

Thus, the double dissociation of behaviors has 
been satisfactorily demonstrated, and this draws 
attention to the significance of an adequate examina­
tion of locomotor behavior assumed to be 
exploratory in nature. It has been clearly shown here 

that the index of LA under observation is quite dis­
tinct from a simultaneous measure of exploration. It 
would be advisable therefore to include such simul­
taneous measures in all experiments purporting to 
manipulate either activity or exploration in order to 
avoid the possibility of confounded effects. 
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