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Mouse paw preference: effects of variations in testing protocol
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Abstract

Two experiments using two inbred strains of mice were conducted to study mouse paw preference. In the first study, 250
(50×5) paw reaches from each of 12 male and 12 female C57BL/6J mice were observed over an 8-week period using the Collins
paw preference apparatus to investigate questions relating to the independence of reaches, the size of the tube into which the
animals reach for flakes of food, and practise effects. Animals appeared to be much more highly lateralized when two independent
reaches per day for 25 days (I protocol) were observed than when 50 reaches were observed in a single session (S protocol).
Paradoxically, however, we found no evidence for the lack of independence of reaches when we examined the sequences of reaches
performed by animals under the S protocol conditions. With practise, animals became slightly more lateralized, but there were no
effects of sex, and approximately equal numbers of mice were left-pawed as were right-pawed. The size of the tube had no effect.
The second study used 30 BALB mice, each of which was tested with both the I and S protocols, with order of testing
counterbalanced. There was a significant protocol×order interaction such that those doing S first were more highly lateralized
on the I task, but those doing I first were highly lateralized on both tasks. © 1997 Elsevier Science Ireland B.V.
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1. Introduction

The relations among handedness and various mea-
sures of hemispheric specialization in humans are com-
plex; therefore, it is not surprising that despite much
research having been carried out concerning these top-
ics over the past 25 years, there are many questions yet
to be answered. The relatively recent discovery of later-
ality effects in many non-human species has opened up
new possibilities for studying the nature and develop-
ment of lateralization of function [1–3]. Because of the
amount of information known about their genetics and
their short gestation period, mice are ideal subjects for
investigations of this sort, and may well provide the

clues for unravelling the genetics of hemispheric special-
ization [4,5].

Collins has developed a technique to assess the hand-
edness, or pawedness, of mice wherein animals reach
into a tube for food with either one or the other paw.
The number of right paw entries (RPE score) is a
measure of the degree and direction of paw preference
of the animal, and can easily be converted to a metric
of degree of preference that is independent of direction
(the preferred paw entry score, or PPE). He has re-
ported that the paw preference test yields measures of
lateralized behaviour that are stable over time, and do
not appear to be task specific [6]. He has also shown
that degree of preference is sensitive to genetic selection
[7,8]; mice of the Collins HI strain are more lateralized
than those of the Collins LO strain. Though mice show
individual asymmetry on this task, most workers have
reported equality of the distribution of asymmetric
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forms at the population level [8,9; see also 10]. Re-
cently, however, Waters and Denenberg [11] reported
a significant leftward bias on the Collins test in a
large number of mice (n=693), as well as significant
strain differences in direction of laterality in the
Collins task. This prompted them to reanalyze several
earlier studies, in the course of which they found sig-
nificant or near-significant leftward population biases
in all the studies they examined. Unpublished data
from our laboratory also support these results [12].
Be that as it may, as Collins himself has pointed out,
the usefulness of the mouse handedness model is not
predicated on the similarity of its distribution of
handedness types to those of other species [8]. Bid-
dle’s group [13] has also recently reported strain dif-
ferences in RPE scores and our own independent
reanalysis of the Signore et al. data supports both a
leftward population bias and strain differences in
RPE2.

The Collins test has been a very popular method
for determining paw preference in mice; several
groups of workers have employed this procedure to
investigate the influences of various factors on mouse
paw preference [14–19,11]. As a result of this popu-
larity and of the recent results mentioned above,
which suggest that the mouse model for human hand-
edness may be even more relevant than was previ-
ously believed, it would seem important to investigate
the parameters of the paw preference testing protocol.
The usual protocol for the Collins test involves
recording 50 paw reaches of each animal while ob-
serving several animals during a testing session. Be-
cause more than one of the animals often reach at
the same time, it is not possible to record the ani-
mals’ first 50 paw reaches. Furthermore, the individ-
ual reaches may not be statistically independent of
one another.

We had several questions concerning the Collins
procedure that prompted the studies we report here.
We studied: (1) to what extent a successful previous
reach would facilitate subsequent reaches with the
same paw; (2) whether the size of the tube into which
the animals reach for food would affect the degree of
paw preference; (3) the degree to which the animals
become more lateralized with practise; and (4) if mea-
sures based on the 50 (non-consecutive) paw reaches
that are normally recorded would correlate highly
with those derived from the first 50 reaches.

2. Study 1

2.1. Methods

2.1.1. Subjects
The 12 male and 12 female mice used were off-

spring of C57BL/6J mice obtained from the Jackson
Laboratory, Bar Harbor, ME. They were placed in
standard plastic mouse cages with same-sex siblings
from the time of weaning and had free access to tap
water and lab chow (Purina Lab Chow 5001) until
the beginning of the study, when they were approxi-
mately 10 weeks old.

2.1.2. Paw preference testing sessions

2.1.2.1. SN1. In the late afternoon before the first
testing session, the lab chow was removed from the
food hoppers in order to motivate the animals to
learn the reaching task the next morning. Four ani-
mals at a time were placed into the apparatus pic-
tured in Fig. 1 and were observed reaching for flakes
of rolled oat cereal until 50 reaches were recorded for
each animal. (Details of the apparatus can be found
in [14].) The internal diameter of the food tube for
this session was 6.5 mm (narrow), the same as that
used by Collins [8]. This session was videotaped.

2.1.2.2. SN1V. Data for this session are those ob-
tained from the analysis of the videotapes of session
SN1. Therefore, they represent the first 50 reaches of
each animal during the SN1 session.

2.1.2.3. IND. This independent-reaches session lasted
for 5 weeks. Every weekday for 5 weeks each animal
was placed by itself into the apparatus (which was
configured with the narrow tubes) on two separate
occasions (separated by at least 10 min), and the first
paw reach was noted. Because the animals had
learned the task during the first session, it was usu-
ally not necessary to deprive them of food in order
for them to reach during this or subsequent sessions.
Several of the animals did not reach on one day, and
there was one animal who did not reach on two days.
These animals were food-deprived for the next day’s
testing, and their missing reaches were made up at
the end of the 5-week testing period.

2.1.2.4. SN2. This took place during the week follow-
ing the completion of the IND session, and was iden-
tical to SN1 except that it was not recorded on
videotape. For animals that took a long time to reach
on the independent-reaches trials, the food was taken
away the afternoon before the test. The other animals
were not food-deprived.

2 A reanalysis (using loglinear procedures) of the Signore et al. data
from their Fig. 1 reveals that significantly more mice were left- than
right-pawed in that study (P=0.01, n=450) and suggests that there
may be directional differences among the 11 that were tested
(P=0.06) [9].
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Fig. 1. The mouse paw preference testing apparatus (from [6]). The paw with which the mouse makes each of 50 reaches for food is recorded by
an observer. Reprinted from Ref. [6] (with kind permission from Elsevier Science B.V.).

2.1.2.5. SW. The feeding tube’s inner diameter for this
session, which took place 2 days after session SN2, was
wider than that for the other three sessions (9 mm).
Animals were not food-deprived for this test.

2.2. Results

The right paw entry (RPE) score is the number of
times, in a session of 50 observed reaches, that an
animal reaches into the glass tube with its right paw.
The preferred paw entry (PPE) score is then simply
�RPE-25�, and ranges between 0 (a mouse using the left
paw as many times as the right) and 25 (either 50 or 0
reaches with the right paw). The RPE thus is a measure
of the direction of paw preference whereas the PPE
measures the degree of paw preference.

Preliminary results indicated no effects of sex, so
male and female data were pooled for subsequent
analyses.

2.2.1. Testing protocol
The question of the statistical independence of paw

reaches for the standard Collins protocol was investi-
gated by performing a one-sample runs test for ran-
domness [20] on the SN1V data, the videotaped data
from session SN1. Only four of the 24 animals showed
significant runs effects. Two of these shifted from one
paw to the other more often than would be expected by
chance, whereas two tended to perseverate in their
responses. This general pattern provides little support
for the notion that animals tend to repeat successful
reaches.

2.2.2. Paw preference
No mouse reached exactly the same number of times

with its right as with its left paw in any of the sessions.
Classifying a mouse with an RPE score of less than 25
as left-pawed and one with an RPE score of greater
than 25 as right-pawed, there were roughly equal num-
bers of mice classified as left- and as right-pawed for
each session. Mean RPE and PPE scores, as well as the
numbers of mice classified as right- and left-pawed for
each session are shown in Table 1. In general, the
direction of preference remained consistent from ses-
sion to session. Seventeen animals were consistent
across all sessions; three differed only on the SW ses-
sion, three differed in the SN1 session, and one in the I
session. In the SN1 session, classifications by observa-
tion (SN1) and by videotape (SN1V) were consistent in
every case.

Table 1
Study 1 means for raw RPE and PPE scores and numbers of mice
classified as right- and left-pawed (n=24 C57BL/6J mice)

Session RPE (S.D.) R/L classificationPPE (S.D.)

SN1 15.1 (8.9)26.4 (17.7) 13/11
26.8 (19.3)SN1V 17.3 (8.1) 13/11

IND 23.5 (23.5) 22.6 (4.4) 11/13
SN2 24.6 (19.7) 17.5 (8.2) 10/14
SW 25.2 (20.2) 18.3 (7.6) 11/13

SN1, first standard-protocol session with narrow feeding tube; SN1V,
videotaped data of first 50 reaches from SN1; IND,
reaches session; SN2, second standard-protocol session, narrow tube;
SW, final standard-protocol session, wider tube.
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Table 2
Right paw entry (RPE) and preferred paw entry (PPE) correlations for the five reaching sessions

RPE correlations

SN1V SN2 SWINDSN1

PPE correlations
0.858***0.932***0.873***0.967***SN1

0.880*** 0.937***SN1V 0.864*** 0.880***
0.927***IND 0.473* 0.649** 0.803***

0.516** 0.943***0.843***SN2 0.765***
0.816***SW 0.666*** 0.778*** 0.706***

RPE correlations are shown in the top-right array of the correlation matrix, and PPE correlations appear at the bottom left.
* PB0.05, ** PB0.01 and *** PB0.001.
Abbreviations are as for Table 1.

Correlations for the RPE and PPE scores from all
the sessions are presented in Table 2, and are all highly
significant. In particular, there were very high correla-
tions between session SN1, the first standard protocol
session, and the videotaped data of that session (SN1V)
for which the first 50 reaches with each paw were noted.
Therefore, the procedure of observing several mice at
once does not seem to bias the data.

2.2.3. Degree of paw preference
Notwithstanding the high correlations noted above,

the distributions of scores for the PPE variable were
quite different among the five sessions. Preliminary
analysis revealed that the distributions of PPE scores
for the standard protocol sessions (every session except
IND) were very similar but differed substantially from
that of the IND session. We therefore obtained a mean
frequency distribution of PPE scores for the four stan-
dard sessions and compared this to the PPE frequency
distribution for the IND session using the Kolmogorov-
Smirnov two-sample test [21], the result of which was
significant (x2 (2)=10.07, PB0.01). The two cumula-
tive relative frequency distributions are shown in Fig. 2.
As can be seen from this figure, mice tended to be more
lateralized for the IND session wherein independent
reaches were recorded.

We also performed parametric tests on the trans-
formed PPE scores. These were obtained by first trans-
forming the RPE scores using a logit procedure in
order to attenuate problems of nonnormality and range
restriction [14,22]:

LRPE=0.5 ln
RPE+1/6

(50−RPE)+1/6

We then obtained the absolute value of LRPE and
performed the repeated-measures ANOVA on these
(LPPE) values:

LPPE= �LRPE�

The results of the ANOVA were highly significant
(F(4,92)=8.84, PB0.001), which was a result of the
discrepancy between the mean LPPE for the IND ses-
sion, and those for the standard protocol sessions.
These means, and their standard errors, are shown in
Fig. 3.

A similarly discrepant result for the IND session was
obtained when we tabulated the numbers of mice in
each session that would be considered to be ambilateral
by a criterion based on the binomial test. In 50 reaches,
to be considered truly right-pawed, a mouse should
reach at least 33 times with the right paw. Similarly, a
left-pawed mouse should not reach with its right paw
more than 17 times out of 50. This means that a mouse
could be considered ambilateral with a PPE score of
less than or equal to 7. Only one mouse met this
criterion in the IND session, whereas between three and
seven mice were thus classified for the four standard-
protocol sessions.

Fig. 2. Comparison of the cumulative frequency distributions for the
preferred paw entry (PPE) scores on the independent-reaches test and
the average of for the four standard-testing sessions in Study 1
(C57BL/6J mice).
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Fig. 3. The mean LPPE scores (see text for formula) for the paw
preference testing sessions in Study 1 (C57BL/6J mice). Abbrevia-
tions: SN1, first standard protocol test with narrow tube; SN1V,
videotaped data for first 50 reaches of SN1; IND, independent-
reaches protocol; SN2, second test using standard protocol, narrow
tube; SW, standard protocol, wide tube.

mice during a testing session would lead one to draw
essentially the same conclusions as would observing the
first 50 consecutive reaches of each animal. This is
important to know because of the extremely labour-in-
tensive nature of the testing procedure.

The results of the runs tests on the consecutive
reaches (videotaped) data give no support for the hy-
pothesis that the reaches for the majority of the mice
are not independent. Therefore, because the usual pro-
cedure involves random sampling from the consecutive
sequence of reaches, there is no reason to question the
independence of these data.

It is paradoxical, therefore, that the main finding was
that the C57BL/6J mice showed a greater degree of paw
preference when tested under the independent-reaches
condition than when tested in the standard manner,
when all 50 reaches were recorded at one sitting. Be-
cause results from the standard protocol situation do
not provide evidence to reject the hypothesis of inde-
pendence of reaches, the independence per se of the
individual-reaches protocol cannot provide the explana-
tion for the differences observed, and other explana-
tions must be investigated. In the standard situation,
the mice often reach several times in quick succession
with one paw, and it is possible that fatigue of the
muscles involved in performing the reaching movement
could account for these differences. For example, the
right arm of a strongly right-preferent mouse may
become tired after several reaches, and the animal may
try out the left paw once or twice, until its right arm is
rested and ready to reach for more food.

Another possible explanation for the discrepancy
might be the stress of the handling involved with the
IND protocol (Carlson, personal communication 1995).
Because animals might be considered to be more
stressed at the beginning of a testing session, it could be
that the IND sessions, in which only the first reach was
recorded, might have involved more stress than did the
standard sessions. If this were the case, then, animals
that were not very strongly lateralized (those for whom
there was a non-neglible probability that a reach would
be made with the non-preferred paw) would all be
expected, at the beginning of a standard session, to
reach with the paw that was concordant with their
eventual classification. An examination of the first
reaches of SN1, which was videotaped, revealed that as
many of these animals’ first reaches were not concor-
dant as were concordant with their pawedness classifi-
cation. Therefore, these results do not provide support
for the stress explanation.

Food deprivation has been shown to influence rota-
tory behaviour in rats through its effects on prefrontal
cortical systems that modulate the nigrostriatal system
[23]. It is unlikely, however, that food deprivation
played a role in the effects seen in the present experi-
ment. For one thing, although all mice were food-de-

In agreement with the high correlations between the
SN1 and SN1V sessions, a matched-pairs t-test between
the two LPPE measures was not significant (t(23)=
1.67, P\0.05, two-tailed).

2.2.4. Practise effects and tube width
Also of interest with respect to the PPE scores was

the comparison of the two standard protocol sessions
using the narrow tubes: sessions SN1 and S2, between
which there was a period of 5 weeks when the animals
performed the 50 independent reaches. A matched-pairs
t-test on the mean difference between the LPPE scores
for SN1 and S2 revealed a significant effect, with LPPE
scores increasing from the first to the second session
(t(23)=2.23, PB0.05, 2-tailed) (see Fig. 3).

To assess the effects of tube width, we performed a
matched-groups t-test on the difference between the
mean of the LPPE scores for SN1 and SN2 (the two
tests using the standard protocol with the narrow tube)
and the LPPE mean score for SW (wide tube). The
effect was not significant (t(23)=1.54, P\0.05, two-
tailed).

2.3. Discussion

The correlations between the SN1 session and the
videotaped version of that session, SN1V, for RPE and
PPE scores were very high (see Table 2). Furthermore,
there were no differences in classifications when
were dichotomized as either right- or left-preferent. It
would seem, then, that observing any 50 reaches of
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Table 3
Study 2 means for raw RPE and PPE scores and numbers of mice classified as right- and left-pawed

Testing protocolnTesting order

Standard Independent

RPE (S.D.) PPE (S.D.)RPE (S.D.) PPE (S.D.) R/L R/L

22.9 (4.9)17.6 (22.9) 5/11SI 7/916 19.4 (17.9) 16.6 (7.6)
5/8a 21.1 (22.9) 21.4 (6.7)IS 14 19.6 (23.9) 5/922.8 (6.6)

a One animal in the IS group had an RPE score of 25 on the standard-protocol test, so was not classified as R or L.

prived for the SN1 session, and some were also de-
prived for some of the independent-reaches tests, none
was deprived for the final SW session. If food depriva-
tion had been an important factor, one would not have
expected to have observed the high correlations be-
tween the SW and the other sessions, in which most
animals were food-deprived. Furthermore, there is evi-
dence that paw preference and rotatory preference are
probably subserved by different systems in the mouse
[17].

There was a small but significant increase in the
degree of paw preference between SN1 and SN2, indi-
cating that mice become more lateralized with practise,
a result that has been noted by other investigators
[10,24]. This effect was too small to account for the
protocol differences noted above, however. Although
the effect of tube size in this study was confounded with
effects of practise, it appears that there was very little
difference between the results of the test when the wide
as opposed to the narrow feeding tube was used. This
result would argue against the fatigue hypothesis, in the
sense that one might have expected fatigue to play a
larger role in the narrow-tube than in the wide-tube
situation.

One problem with the first study was that, for each
mouse, the independent-reaches test always followed
the testing by the standard protocol. Study 2 was
undertaken to determine whether the effect of protocol
observed in Study 1 would be observed with another
inbred strain, and to counterbalance the order of the
standard and independent-reaches tests.

3. Study 2

3.1. Methods

3.1.1. Subjects
The subjects for Study 2 were 16 male and 14 female

pigmented congenic BALB/c mice (C.B6 − + c/+ c

(N20); see [14] for details of the ancestry). They were
between 10 and 12 weeks of age at the beginning of the
study and were maintained under the same housing
conditions as described in Study 1.

3.1.2. Paw preference testing
Each mouse was given the Collins test under two

conditions: S (Standard condition, in which fifty
reaches are recorded in one session), and I (Indepen-
dent-reaches condition, as described in Study 1. The
first reach is recorded on two separate occasions each
day for 5 weeks). Sixteen animals (eight males, eight
females) received the S protocol before the I protocol
and for the remaining fourteen animals (eight males, six
females) the order of testing was reversed. The stan-
dard, narrow tube was used for all testing. The animals
for which I preceded S (IS) were food-deprived every
afternoon for the subsequent day’s I testing, and were
also deprived before the S testing. The S-first group (SI)
was food-deprived for the S test, but not for the
subsequent I testing.

3.2. Results

3.2.1. Direction of paw preference
As in Study 1, the data were examined to determine

the consistency of pawedness classification between the
S and I testing sessions. Twenty-five of the animals
were consistently classified over the two tests. One
animal from the IS group had an RPE score of 25 on
the S test, so was not classified as left- or as right-
pawed. Four of 16 SI animals had inconsistent
pawedness classifications on the S test and the I test but
none of the 13 IS animals was discordantly classified on
the two tests. Mean scores for the RPE and PPE
measures, as well as the numbers of mice classified as
right- and left-pawed for each of the tests are shown in
Table 3. Correlations between the S and I protocols for
RPE and PPE scores are shown in Table 4.

3.2.2. Degree of paw preference
Preliminary analyses showed that there were no sex

effects, so sexes were pooled for further analyses. A
repeated-measures ANOVA on the LPPE scores (the
log transform of PPE, as for Study 1) with order of
testing as the between-subjects factor and protocol as
the within-subjects factor revealed a significant main
effect of order (F(1,28)=5.17, PB .05) and a signifi-
cant protocol by interaction (F(1,28)=17.28,



M.B. Bulman-Fleming et al. / Beha6ioural Brain Research 86 (1997) 79–87 85

Table 4
Correlations for direction and degree measures between the standard
protocol and independent-reaches protocols in Study 2

IS order (n=SI order (n=All (n=30)
14)16)

0.79** 0.92**RPE score 0.67**
0.55* −0.07PPE score 0.16

1.0**0.74**Left/right direc- 0.90**
tiona

a Cosine-p tetrachoric correlations (for the IS order, this correlation is
based on the 13 animals that could be classified as left- or right-pref-
erent).
* PB0.05 and ** PB0.01.

Table 5
Comparison of Study 1 and Study 2 LPPE mean scores (S.D.)

Mouse Indepen-Standard Standard
strain dent

C57Study 1 1.06 (0.92) 2.16 (0.90) 1.46 (1.1)
BALB 1.83 (0.86) 2.38 (0.87)Study 2 IS

order
Study 2 SI 2.15 (0.83)1.04 (0.72)BALB

order

3.3. Discussion

Mice of the inbred BALB strain have a defect of
the corpus callosum such that some animals have a
midline callosal area that is much reduced and some
animals have a complete lack of fibres crossing mid-
plane [25]. It would seem reasonable, therefore, that
mice of this strain might exhibit anomalous paw-pref-
erence behaviour based on the extent of their callosal
deficit. However, a previous study with albino BALB
mice [26], and one from this laboratory using the
same pigmented BALB strain used in Study 2 [14]
both failed to find evidence of a relation between
midline callosal area and degree of paw preference as
measured by the Collins test.

Results from Study 2 provided a partial replica-
tion of the first study for the difference between the
PPE scores for the S and the I paw-preference test-
ing protocols when the order of testing was the S
protocol preceding the I protocol. Furthermore, this
difference was observed in a different inbred strain
of mice. It appears, however, as though the order in
which the mice performed the tasks was an impor-
tant factor in the determination of the degree of ex-
pressed paw preference. The mice that underwent the
I protocol first subsequently exhibited a much
stronger paw preference in the S condition than did
naı̈ve mice that performed the S protocol before the I
protocol.

There is no obviously satisfactory explanation for
the observed protocol by order interaction, but it
was the case that all the mice in Study 2 showed a
greater degree of preference in the second paw prefer-
ence test than in the first, irrespective of the order of
testing. It could be the case that BALB mice are
exhibiting practise effects, rather larger than those ob-
served in Study 1 for the C57 strain. If this is the
case, however, the fatigue hypothesis put forward ear-
lier as an explanation for the lower preference scores
for the S protocol is not tenable, because IS animals
were highly preferent for S testing in this study (see
Table 5).

PB .001) (see Fig. 4). When mice were given the in-
dependent-reaches test first, they had larger mean
PPE scores than did the standard-first group (Mean
PPE scores: IS=22.1; SI=19.8). As can be seen
from Fig. 4, the significant interaction resulted from
the increase in PPE from the first to the second test
for the SI group, and the lack of difference (consis-
tently high) between PPE scores on the two tests for
the IS group. Although the main effect of test was
not significant in this analysis, a matched-pairs t-test
performed on the data from the SI group (LPPE
scores) was significant (t(15)= −4.71, PB .01), indi-
cating that naı̈ve mice, if given the standard Collins
protocol first, exhibited significantly greater lateraliza-
tion when subsequently tested by the independent-
reaches method. This result is in agreement with
results from Study 1.

Fig. 4. The mean LPPE scores for Study 2 (BALB mice). Abbrevia-
tions: IS independent-reaches protocol first, followed by stan-
dard protocol; SI Order, standard protocol first, followed by
independent-reaches protocol.
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4. General discussion

The results of Study 1 indicate that B6 mice appear
to be more lateralized when tested using the indepen-
dent-reaches protocol. In addition, analysis of the
videotaped data indicated that four of the animals
exhibited a lack of independence of reaches using the
standard protocol. The second study replicated the
increased manifest laterality shown using the indepen-
dent-reaches method, and with BALB mice. In this
study, however, the results indicated that the mice,
when their first experience was with the independent-
reaches method, were as highly lateralized with the
standard protocol as they were with the independent-
reaches protocol.

The independent-reaches protocol has the advantages
of assuring independence of reaches and of being im-
mune from the order effects that affect the standard
protocol. It will be important in future work to investi-
gate the nature of these order effects. Inherent in many
human handedness preference questionnaires is the con-
cept of the degree to which one is right- or left-prefer-
ent, and, indeed, there is some evidence that the degree
of human hand preference may be hereditary [27]. If the
mouse model is to be a useful one for the study of the
development and nature of human handedness it will
obviously be important to understand the various fac-
tors that govern expressed pawedness in the mouse.
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