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Abstract

Abstract

There is increasing evidence that inter-individual interaction among conspecifics can cause
population-level lateralization. Male-female and mother-infant dyads of several non-human
species show lateralised position preferences, but such preferences have rarely been
examined in humans. We observed 430 male-female human pairs and found a significant bias
for males to walk on the right side of the pair. A survey measured side preferences in 93 left-
handed and 92 right-handed women, and 96 left-handed and 99 right-handed men. When
walking, and when sitting on a bench, males showed a significant side preference determined
by their handedness, with left-handed men preferring to be on their partner’s left side and
right-handed men preferring to be on their partner’s right side. Women did not show
significant side preferences. When men are with their partner they show a preference for the
side that facilitates the use of their dominant hand. We discuss possible reasons for the side
preference, including males preferring to occupy the optimal ‘fight ready’ side, and the

influence of sex and handedness on the strength and direction of emotion lateralization.
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Introduction

Lateralization of brain and behaviour is a fundamental property of humans and other
species (Giintiirkiin, Strockens, & Ocklenburg, 2020; Rogers, 2017). As humans are social in
nature, often spending long periods of time interacting with other people, lateralized
behaviours can also be expected to emerge in a variety of social interactions. This has been
found to be the case in many non-human species, suggesting that lateralization may have the
important adaptive function of helping co-ordinate and synchronize behaviours among
conspecifics (Rogers, Rigosi, Frasnelli & Vallortigara, 2013; Zaynagutdinova, Karenina, &
Giljov, 2021; Vallortigara & Rogers, 2020). As proposed by Rogers (1989, 2021), it is
possible that individual lateralization developed first, because of the cognitive advantages
that it conveys (Vallortigara & Rogers, 2005; Vallortigara & Rogers, 2020), and then, as
sociality evolved in a species, the requirement to interact effectively led to patterns of
population-level lateralization. Therefore, understanding the lateralization of social
behaviours and inter-individual interactions, may be crucial to understanding the origin and
function of lateralization (Bisazza, Cantalupo, Capocchiano, & Vallortigara, 2000; Frasnelli,
lakovlev & Reznikova, 2012; Frasnelli & Vallortigara, 2018; Rogers, 2021; Schnell, et al.,

2019).

In humans, the lateralization of motor behaviour during social interactions has been
examined most extensively for types of social touch, including kissing, cradling and
embracing (Barrett, Greenwood, & McCullagh, 2006; Glintiirkiin, 2003; Harris, Cardenas,
Spradlin & Almerigi, 2010; Manning, Heaton, & Chamberlain, 1994; Ocklenburg et al. 2018;
Packheiser et al., 2021; Turnbull, Stein, & Lucas, 1995). Each of these behaviours typically
involves an emotional connection between individuals, and their lateralization has been found

to be influenced by handedness and by the emotional context (Ocklenberg et al., 2018;



Packheiser et al., 2019). The aim of this research was to examine the lateralization of another
type of social behaviour between humans, namely the side that members of a male-female
pair, or couple, prefer to occupy when together. Female-male and mother-infant pairs of
many non-human species show lateralized side preferences (Karenina, et al., 2017;
Zaynagutdinova et al., 2021) but they have rarely been explored in human pairs. Borden and
Homleid (1978) found side preferences in heterosexual couples were influenced by the
handedness of males, particularly when touching, though this may have been due to many of

the observed couples leaving a building, with the woman often emerging first.

One explanation for why side preferences are exhibited by dyads of different species
derives from hemispheric asymmetries in emotional processing. Many species have a
preference to keep social partners in their left visual field (Bisazza et al., 2000; Giljov,
Karenina, & Malashichev, 2018; Hauser, & Akre, 2001; Rogers 2021; Salva, Daisley,
Regolin, & Vallortigara, 2009; Quaresmini, Forrester, Spiezio, & Vallortigara, 2014;
Vallortigara & Andrew, 1994). This applies to male-female pairs (Zaynagutdinova, et al.,
2021) and mother-infant interactions in a wide range of mammalian species, including sheep,
red kangaroo, orca, muskox, horse, and reindeer (Karenina, et al., 2017). This left looking
bias is believed to originate from the right hemisphere’s greater specialization in recognizing
and interpreting emotions (Gainotti, 2019), thereby facilitating social interactions and perhaps
monitoring the intentions of conspecifics (Quaresmini et al., 2014; Rogers 2021). Research
with humans has also provided strong evidence for the right hemisphere’s greater role in
emotion processing (Borod, Zgaljardic, Tabert, & Koff, 2001; Gainotti, 2019), including
vocal emotion perception (Grimshaw, 1998; Grimshaw, Séguin, & Godfrey, 2009; Rodway
& Schepman, 2007) and facial emotion perception (Ley & Bryden, 1979; Borod et al., 2001;

but see Prete et al., 2015 for evidence of valence-specific asymmetries).



The greater role of the RH in emotional processing may also account for why socially
driven emotions affect the lateralization of motor behaviours in humans and non-human
species (see Boulinguez-Ambroise, Aychet, & Pouydebat, 2022). Gorillas and Chimpanzees
(Forrester et al., 2011; Forrester et al., 2012) show different hand preferences for unimanual
actions to inanimate and animate objects (e.g. self, conspecifics). It is suggested that the
handedness preference reflects hemispheric functional specialization, with the left-hand (RH)
more suited to the manipulation of emotive (animate) objects (Forrester et al., 2012). In
humans, social emotions also influence the expression of lateralized motor behaviours. Side
preferences for kissing are affected by whether the kiss is romantic or parental (Sedgewick &
Elias, 2016), and for embracing by whether the embrace is emotional or neutral (Packheiser
et al., 2019). The left-side maternal cradling bias present in humans (Packheiser et al., 2019)
and other species (Boulinguez-Ambroise et al., 2020; Giljov et al., 2018; Manning &
Chamberlain, 1990), which results in the infant in the mother’s left visual field, is also

believed to be due to the RH’s greater specialization for emotion processing.

A body of evidence therefore suggests that lateralized side preferences can be
influenced by the social emotional context, with preferences favouring greater involvement of
the right hemisphere. Consequently, when members of a couple are with their partner, they
may prefer to have their partner to their left, so that verbally and visually communicated
information preferentially goes to the right hemisphere, as this arrangement may facilitate
social interaction. It is possible, however, that this may be less pronounced in left-handers
than right-handers because motor behaviours (McManus, Van Horn, & Bryden 2016;
Rodway, Thoma, & Schepman, 2021) and hemispheric functional asymmetries (Johnstone,
Karlsson, & Carey, 2021; Knecht et al., 2000) are less consistently lateralized in left-handers.
Moreover, while some research suggests that emotion perception is lateralized similarly in

left and right-handers (Rodway, Wright, & Hardie, 2003; van Strien & van Beek, 2000), or



that left-handers show RH specialization but less strongly than right-handers (Elias, Bryden,
& Bulman-Fleming, 1998; Badzakova-Trajkov, et al., 2010), other studies have found a

reversed pattern (Willems, Peelen, & Hagoort, 2010; see also Schrammen et al., 2020). This
indicates that left-handers might show a weaker preference to be on their partner’s right side

compared to right-handers.

A further reason why members of mixed-sex couples could have side preferences is
because of the possibility of agonistic inter-individual encounters, which require an
individual to be in an effective fighting (or defending) position. For example, a right-handed
individual might prefer to be on their partner’s right, and a left-handed individual on their
partner’s left (from their perspective), so that their dominant hand is free to fight a potential
opponent. Considerable evidence indicates that sexual selection of human males has been
strongly influenced by intra-sexual competition, with the selection of male traits that favour
fighting ability, such as upper body strength (Kordsmeyer, et al., 2018; Puts, 2010;
Richardson & Gilman, 2019). It is relevant that gelada baboons have a left visual field
preference for agonistic interactions (Casperd & Dunbar, 1996), and inter-individual position
biases appear important for displays of aggression in other species (Frasnelli & Vallortigara,
2018; Lemaire, Viblanc, & Jozet-Alves, 2019). Moreover, several species show left-right
asymmetries in predatory behaviour, including toads (Robins & Rogers, 2004), lizards
(Hews, Castellano, & Hara, 2004), and whales (Canning et al., 2011). Conceivably, therefore,
side preferences in mixed-sex pairs of humans could arise from the potential for agonistic

inter-individual interactions.

The ability to fight effectively is clearly adaptive (Puts, 2010) and it has been
hypothesized that the persistence of a stable minority of left-handers in human populations is
due to a fighting advantage of left-handed males (Raymond, Pontier, Dufour, & Moller,

1996). The fighting hypothesis suggests that the surprise advantage that left-handedness



conveys to males, when fighting in a population of predominantly right-handed males,
increases their chances of surviving and reproducing (Groothuis, McManus, Schaafsma, &
Geuze, 2013). This form of frequency-dependent selection requires a low frequency of left-
handed males in a population for the advantage to be present, because the surprise advantage
would be eliminated if left-handedness became relatively common. It is thought that this is
genetically supported by a polymorphism (Billiard, Faurie, & Raymond, 2005) promoting

survival and/or reproductive success via the father’s fighting advantage.

Evidence in favour of the fighting hypothesis is the finding that left-handed males are
over-represented in fighting sports (Grouios et al. 2000, 2002; Pollet, Stulp & Groothuis,
2013; Raymond et al., 1996), compared to indirect contact sports (Groothuis et al., 2013), and
left-handed fighters have greater fighting success (Richardson & Gilman, 2019). Other
evidence for the theory is somewhat mixed (Groothuis et al. 2013; Vallortigara & Rogers,
2020), such as a suggested link between left-handedness and health problems (Porac, 2015;
Groothuis et al. 2013). In addition, the proposed relationship between the frequency of
homicide and left-handedness in non-industrial societies has not received strong support,
partly because of alternative interpretations of the data and difficulties in obtaining accurate
measures of left-handedness in non-industrial societies (Groothuis et al. 2013). Moreover, an
examination of the fighting hypothesis in male fiddler crabs (genus Uca) found no evidence
for a frequency-dependent fighting advantage in left-clawed crabs (Backwell, et al., 2007).
Despite this, the fighting hypothesis remains influential, and suggests that left-handedness is
a sexually selected trait in males (Billiard et al, 2005; Richardson & Gilman, 2019), and is
compatible with evidence that sexual selection of human males has been strongly influenced
by intra-sexual competition, such as fighting (Kordsmeyer, et al., 2018; Richardson &

Gilman, 2019).



If hand dominance for fighting is as important as the fighting hypothesis suggests,
then it could influence the side that left and right-handed men prefer to occupy when with
their partner because it could affect a man’s ability to fight, protect a female partner, and their
likelihood of reproducing. The fighting hypothesis proposes that in human societies it is men
that engage in fighting (see also Puts, 2010; Sell et al., 2009). Therefore the desire to occupy
the optimal ‘fight ready’ side should apply to men rather than women. If men prefer a
particular side, so that they are better prepared to fight, right-handed men should prefer to be
on the right side of their partner, whereas left-handed men should prefer to be on the left of
their partner, because these positions would better enable the use of their dominant hand for

fighting.

A further possible cause of side preferences is hand dominance, independently of any
thoughts of threats from other humans. A person’s desire to have their dominant hand free to
be used in different ways, rather than being restricted by the potentially close presence of a
partner, may cause people to want to have their dominant hand on the outside of the couple.
In this case right-handed individuals can be expected to prefer to be on the right side and left-

handed individuals on the left side. This would be the same for both men and women.

To examine whether side preferences were more compatible with an emotional
communication, fighting readiness, or hand dominance explanation, we conducted an
observational study and a survey. In the observational study we observed male-female pairs
walking together and noted the side occupied, from their perspective, of the male-female
members of a pair, with pairs defined as two people walking together, without necessarily
being a couple. The survey measured side preferences in different situations, in right-handed
and left-handed men and women who were members of a couple (defined as someone who
was in a romantic heterosexual relationship). The two methods had complementary

strengths. The observational data allowed us to observe actual behaviour that took place when



a man and woman walked together. The self-report survey data indicated individual
preferences from people who were in a romantic relationship, and whose handedness was
known based on self-report and as checked via the Edinburgh Handedness Inventory
(Oldfield, 1971). The survey also allowed us to ask about preferences in different situations

(walking, sitting on a bench, and lying in bed, all with their partner).

The inclusion of the preferred position in bed served as a useful check on the accuracy
of the reported preferences, because we expected that people would have a strong preference
to be on the left or right, and very few would have no preference. Additionally, because
people typically spend long periods of time in bed sleeping together, it enabled the
examination of whether this habitual arrangement influenced side preferences in other
circumstances. That is, would the side habitually occupied by members of a couple when in
bed, a spatial arrangement that is longer lasting than most other situations, determine side
preferences when together in other circumstances, such as walking and sitting? Finally, it
also allowed us to examine preferences for a situation where the man’s preferred position
was, arguably, less likely to be influenced by his preparedness to fight with his dominant
hand. This is because lying down in a bed would be an unlikely location to fight another man

and the bed would usually be in a location of shelter.

For the observational data to be more consistent with the fighting readiness hypothesis
we would expect a significantly higher proportion of men than women to walk on the right
from the pair’s perspective. This is based on the fact that there are more right-handed than
left-handed men, and on the evidence-based assumption that the fighting drive resides in
men, rather than in women (Billiard et al., 2005). The RH emotional communication
hypothesis and the hand-dominance hypothesis both predicted that the majority of people
would have a preference to walk on the right. Because it is not spatially possible in pairwise

walking arrangements for both members of the pair to fulfil a hypothesized drive to be on the



right, these two hypotheses may lead to a situation in which there is a balance in walking

sides across the sexes, due to the walking sides being determined by factors other than sex.

For the survey data to be consistent with the fighting readiness hypothesis, we would
expect to find a difference in side preference for men only, with left-handed men preferring to
be on the left side more often than right-handed men, and right-handed men preferring to be
on the right side more often than left-handed men, but only in the public locations (walking,
sitting on a bench). For the survey data to be consistent with the right-hemisphere hypothesis,
individuals should show a preference to be on the right in all situations, regardless of sex. As
some evidence suggests that left-handers are less strongly right-hemisphere lateralized for
emotional processing it was possible that the preference to be on the right would be weaker in
left-handed men and women. Finally, for data to be consistent with the dominant hand
hypothesis, individuals should show a preference to occupy the side that has their dominant

hand on the outside of the pair, regardless of sex.

Study 1: Observation

This was a naturalistic observational study of male-female pairs of adults walking

along a riverside walkway popular with recreational visitors.

Method

Ethical arrangements
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The research was approved by the School of Psychology Ethics Committee at the
University of Chester and complied with the British Psychological Society Code of Ethics.
Because the data were based on anonymous observations in a public place where people
could expect to be observed, and because the observations made were not intrusive or

sensitive, participants were not required to give informed consent.

The observed, sample size calculation, and impact on inferencing

We observed 430 pairs of people in which one member presented as a man and the
other as a woman. The sample size was determined via a sample size analysis for one-sample
proportions, conducted on SPSS 27, based on an initial subsample of 164 observations, with
desired power set at .8 (and in fact, using the final data, observed power was calculated as

83).

This type of power calculation using interim data to estimate how many observations
are needed to gain sufficient power for a stable effect is named “Peeking for Power” and is
used in medical research outside clinical trials, in real-world environments, where effect sizes
and samples sizes may be difficult to estimate until trials are underway (Wasser, 2021).
Planned “peeks for power” do not require “alpha spending” (adjusting alpha to accommodate
the increased risk of a type I error, or false positive). However, in our study, a full peek for
power protocol was not planned a priori, so an alpha adjustment was made to protect the
final result against the risk of a type I error. This was done using the Bonferroni correction.
This has been classed as common by Wasser (2021), and as valid yet conservative by Lakens
et al. (2021). Thus, in light of one “peek”, final alpha was set at .05 / 2 =.025. To provide
additional inferencing in a different tradition we also report Bayesian Statistics (see e.g.

Dienes, 2011). This, in part, helped quantify the strength of the evidence.
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Procedure

The observed pairs were walking on a largely pedestrianized road with only
occasional local vehicular traffic called “The Groves” along the River Dee in Chester, UK.
Participants walked in either direction, in a target area delimited by Snugbury’s ice cream
parlour (coordinates: 53.188288, —2.884253) and the Grosvenor Rowing Club (coordinates:
53.188707105699905, —2.882302682399487). We judged their status as pairs, as opposed to
random co-walkers or members of larger groups, based on the distance from other walkers.
We only included participants if they had shown a stable period of walking together on the
same side of each other. Pairs were included if both members were judged without doubt to
be aged 18 or over, and excluded if they appeared under 18. Care was taken to avoid

including the same pair more than once, e.g. if they traversed the target area more than once.

Because a number of factors could have impacted on their preferred walking side,
pairs were not included in the sample if one or more of the following exclusion criteria
applied: 1) if the pair walked with other people (adults / children); 2) if the pair walked with
one or more dogs; 3) if one or both members of the pair pushed a pram, bike, or walking
frame; 4) if one or both members of the pair walked with crutches or with a walking stick; 4)

if one or both members of the pair carried or pulled one or more large items of baggage.

The observers were both authors, who sat on one of the many benches available in the
target area with their back to the walking area, looking to the left and right, and partly over
their shoulders. The observations were made unobtrusively, and the walkers were not aware
that they were being observed in an observational study. Following a brief trial of individual

and collaborative observations, the authors settled on full collaborative observation to
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optimize accuracy. This meant that the observers collaboratively decided on inclusion
decisions and apparent sex. They then each recorded their observations in a small notebook
with black pen. They recorded the apparent sex of the member of the pair walking on the left
from the observers’ perspective while the pair’s faces were in the observers’ view.
Observations took place in the afternoons of four separate days with pleasant summer
weather in July and August 2021, in full daylight. The total time spent observing was 259

minutes (4 h:19 m), with an average rate of observing target pairs of 1.66 pairs per minute.

Upon recoding for statistical analysis, male walkers who walked on the left from the
observers’ perspective were coded as 1, and female walkers as 0. Data were entered in the
order in which they were observed. A Wald—Wolfowitz runs test was performed to check
whether there were any signs of non-randomness in the order of the observations, and this test
found no such non-random patterning in the data, test value = 0.5, cases < test value = 187,
cases > test value = 243, total number of cases = 430, number of runs =209, Z=0.33,p =
.74. Thus, the ordering of the data was random, confirming the important assumption of non-

patterning, independent observations.

Results and Discussion

Of the 430 participants, 243 (57%) men and 187 (43%) women were observed
walking on the right from the pair’s perspective, which was significant, p = .008 (less than

the Bonferroni-corrected alpha of .025). The effect size was Cohen’s h =.13.

For readers who may not feel satisfied with Bonferroni-corrected frequentist statistics,
we also supply Bayesian statistics (Dienes, 2011). A Bayesian binomial test was conducted

(JASP team, 2022) to establish whether the number of men walking on the right was robustly
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above the chance proportion of .5. The 95% Credible Interval around the median of .57 was
[.52, .61], BF+o =4.62. The credible interval was fully above .5, and the Bayes Factor showed
that the data were 4.62 times more probable under the alternative hypothesis (Hi) than the
null hypothesis (Ho), which constituted moderate evidence (3 < BFio < 10) for H; over Ho.
Thus, the Bayesian statistics showed a very similar outcome to that of the frequentist Null

Hypothesis Significance Testing outcome, suggesting good calibration.

The results of this observation study did not include information about handedness,
and did not include preferences that individuals expressed separately. For those reasons,

survey data were collected to allow us to evaluate the theoretical positions against richer data.

Study 2: Survey

Method

An online survey was conducted on Qualtrics.

Ethical Arrangements and Participants

Ethical approval for the study was given by the School of Psychology Ethics
Committee at the University of Chester, UK, in turn complying with Ethical Guidelines of the

British Psychological Society. Participants gave their informed consent electronically.

A sample of 400 participants took part (100 left-handed women, 100 right-handed
women, 100 right-handed men, and 100 left-handed men). They were recruited online via

Prolific.co, and invited to take part only if they were UK residents over the age of 18, had
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self-reported their handedness and sex in the Prolific demographic pre-screening data, had
indicated that their sexual orientation was heterosexual, and had confirmed that they were in
a relationship, engaged, or married. Participants who matched these criteria were invited to

take part via a criteria-selective recruitment message on Prolific, and were then free to opt in.

At data processing, data from 20 participants were removed because their handedness
/ gender / relationship status did not match the information provided via Prolific pre-
screening. This raised questions about the reliability of their data, and out of caution we
removed them. We hereby lost 7 left-handed women, 8§ right-handed women (non-matching
handedness), 4 left-handed men (1 not in a relationship, 3 non-matching handedness of which
one also non-matching gender), and 1 right-handed man (non-matching gender), leaving 380
participants in the sample for analysis. The mean age of the remaining sample was 33.21
years, SD = 11.77, range 18-75, with six participants not providing their age. The
participants’ current relationship had lasted, on average, 9.5 years, SD = 10.33, range = 0.8—

55 years, with no missing data.

Materials and Procedure

Participants read a Participant Information Sheet which briefly explained the task and
ethical arrangements (right to withdraw, right to withhold data, data processing, data sharing,
advantages, risks, contact details, standard disclaimers, and informed consent), following

which they gave electronic consent.

They were asked for age and gender, and they were asked whether they had a partner,
and how long they had been in their current relationship. They were then asked which hand
they used for writing, left hand, right hand, or both left hand and right hand. Then, they were

administered a modified version of the short 10-item Edinburgh Handedness Inventory
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(Oldfield, 1971) in which they were asked which hand they used in ten different tasks.
Response options were: “always left”, “usually left”, “both hands equally”, “usually right”,
“always right”. The tasks were: Writing, Drawing, Throwing, Using scissors, a toothbrush,

knife (without a fork), spoon, broom (upper hand), Striking a match (match), and Opening a

box (lid), with the items in brackets indicating which object was the focus of the question.

Following that, they were shown an image of silhouette figures walking into the
distance (Figure 1, panel a), with “Left” and “Right” clearly marked, and were asked
“Imagine that the picture above is of you and your partner, walking into the distance, in the
direction of the arrow. Please indicate the side that you would prefer to walk on. (Left / Right
as shown in the picture)”. The following question displayed a bench (Figure 1, panel b) again
with sides clearly marked and an arrow indicating the facing direction, with instructions
“Imagine that the picture above is of a bench that you and your partner sit on, facing towards
the front, in the direction of the arrow. Please indicate the side of the bench that you would
prefer to sit on. (Left / Right as shown in the picture)”. The final item showed a double bed
pictured from the foot end perspective (Figure 1, panel c), again with sides clearly marked,
with the instruction “Imagine that the bed above is the bed that you share with your partner.
Please indicate the side of the bed that you would prefer to sleep on. (Left / Right as shown in
the picture)”. Response options for these were as for the modified Edinburgh Handedness
Inventory, but with “hand(s)” replaced with “side(s)”. Note that the bed had the reverse
perspective from the other two images. Participants were paid a small sum for their

participation, in line with Prolific tariffs.

=== [nsert Figure 1 about here ===
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Figure 1: Images used to elicit side preferences

Distance Front
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Note: The three images in panels a, b, and ¢ were presented sequentially, each with

their own side preference question: a) Walking; b) Bench; c¢) Bed. Scores for panel ¢ (Bed)

were reversed for analysis.

Missing data, Design, Analysis Strategy, and pre-testing

There were very few missing data. There were 11/3800 = 0.2% missing data for the
modified Edinburgh Handedness Inventory, and the overall scores were taken over the
remaining items. There were no missing data for the walking or bench question, and one

missing data point (0.26%) for the bed question.

For the main analysis of the location choice dependent variables “always left” and
“usually left” were scored as 0; “usually right” and “always right” as 1; “both sides equally”
as 2, except in the case of the bed, where left and right scores were reverse-scored, because
the image of the bed was presented from the viewer’s perspective. Changing it to the
sleeper’s perspective when lying on their back ensured that the orientation matched the other

two position preference measures.

17



The modified Edinburgh Handedness Inventory was scored as a Laterality Quotient
using Oldfield’s method of assigning 2 (++) to “always” responses, 1 (+) to “usually”
responses, separately on the left and right, and then entering those scores into the formula:
Laterality Quotient (LQ) = ((Right — Left) / (Right + Left)) *100. The modified Edinburgh
Handedness Inventory score was a calibrating variable via which we tested whether self-
declared left- and right-handed samples obtained mean scores that confirmed their self-
declared status. We treated modified Edinburgh Handedness scores as parametric scale data
because they were calculated over multiple items. Descriptive statistics for the Laterality

Quotients derived from the modified Edinburgh Handedness Inventory can be found in Table

1.

=== insert Table 1 about here ==—=

Table 1: Laterality Quotients for the modified Edinburgh Handedness Inventory

Left-handed Right-handed Total

Female —72.78(39.08) 95.63 (9.90) 10.97 (89.11)
Male  —68.18 (38.27) 94.29 (11.58) 14.31(86.12)

Total  —70.44 (38.64) 94.94 (10.80)

We used a 2 x 2 (Sex, Handedness) independent-samples ANOV A for the analysis of
the Laterality Quotients derived from the modified Edinburgh Handedness Inventory. These

showed a significant main effect of Handedness, F (1, 376) = 3237.21, p <.001, n,* = .90,
but no significant main effect of Sex, F (1, 376) = 0.31, p = .58, n,*> = .001, and no significant

interaction, F (1, 376) = 1.04, p = .31, n,*> = .003. Thus, self-declared handedness was clearly
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confirmed in the modified Edinburgh Handedness Inventory scores, with no sign of

asymmetries between the sexes.

We present the full side preference survey data representing all three coded responses
(left, right, both equally) in all three settings for descriptive purposes. However, we
performed our main inferential statistical analysis on the left vs. right preferences only,
removing the less informative “both sides equally” responses. In addition, we subsequently
double-checked whether the pattern was the same when all three response categories were
included. The measures with focal relevance to the hypotheses were the side preferences

related to walking and sitting on a bench.

Data for sleeping in a bed were treated separately, because they formed control data.
To check whether analysing the bed setting separately in this way was statistically justified,
we ran Kendall’s tau b correlations between all responses in the three settings using “left”,
“both sides equally”, and “right” responses, coded 0, 1, and 2, respectively just for this
analysis. There was a significant positive correlation between walking and bench, 1, = .30, N
=380, p <.001, but there were no significant correlations between bed and walking, 1, = -
001, N =379, p=.98, nor bed and bench, 1, =-.034, N =379, p = .48. These analyses
showed that the bed data differed from the walking and bench data, justifying its separate

analysis.

The left and right choices for walking and bench data were analysed using
Generalized Mixed Model using GAML; (Galluci, 2019) on jamovi 2.0.0 (jamovi team,
2021) in turn running R (R Core Team, 2021). For the main analysis, we used a logistic
model type, with the logit link function, and the binomial distribution. In line with Barr et al.
(2013), we used the maximal model compatible with the design, which had Sex (Female = 0,

Male = 1) and Handedness (Left-handed = 0, Right-handed = 1) as between-subjects fixed
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factors, and Setting (Walking = 0, Bench = 1) as a within-subjects fixed factor, with Subjects
(participants) as the random factor. Sex and Handedness were nested in Subjects, and random
slopes could therefore not be estimated. There were too few observations for further random

intercept or slopes to be identified.

We followed reporting standards proposed by Meteyard and Davies (2020). As part of
this, we tested the maximal model against alternative reduced models (see Table 2) and found
that the overall fit was significantly worse without the fixed factors, and could not be
significantly bettered by removing the less hypothesis-relevant effect of Setting, so we settled
on the maximal model as our final model. Diagnostics showed no evidence of overdispersion
X2/ df = 0.53; (< 1), which confirmed the suitability of the binomial distribution. We report
Odds Ratios [OR = Exp(B)] as effect sizes, labelling OR < 1.68 as very small, 1.68 < OR <
3.47 as small, 3.47 <OR < 6.71 as medium, OR > 6.71 as large, in line with Chen et al.

(2020).

==== insert Table 2 about here ===
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Table 2: Model selection Table for Study 2

Random
Model Fixed Effects / effect: Model Model Model

Model specification name interactions Subjects fit: AIC fit: BIC fit: LL df LRTdf LRTX? p

Sex;
Side Preference ~ 1 + Sex Handedness;
+ Handedness + Setting + Setting;
Sex:Handedness + Maximal Sex x Handedness;
Sex:Setting + model Sex x Setting; Intercept 771.77 811.1276 -376.8839 10
Handedness:Setting + Handedness x
Sex:Handedness:Setting + Setting;
(1 | Participant) Sex x Handedness

x Setting
Side Preference~ 1+ (1]~ Minimal /o Intercept  783.59 79234  -389.797 3 7 258262 <.00l
Participant) model
Side Preference ~ 1 + Sex
¢ Handedness + IS{Z);gggness Sex; Handedness; 1o cept 77045 7923203 -3802268 6 4 6.6858  .153
Sex:Handedness + (1 | only Sex x Handedness P ' ' ' ' '

Participant)

Note: Model comparison and selection for Study 2, preference data (0 = left, 1 = right). Sampling Units: N total Observed = 586; N Subjects = 345;
Abbreviations AIC: Aikake Information Criterion (less is better); BIC: Bayesian Information Criterion (less is better); LL: LogLikelihood; df: degrees of
freedom; LRT df: Degrees of freedom for Likelihood Ratio Test comparing to maximal model; LRT X? — Chi-square for Likelihood Ratio Test comparing to

the maximal model

21



Results

Frequency scores for the three measures (walking, bench, bed) as a function of the
independent variables are shown in Figures 2, 3, and 4, respectively. Full data are available

via Supplementary Information in the interest of Open Science.

=== Insert Figures 2, 3 and 4 about here ===

Figure 2: Study 2 (Survey): Preferred walking side data
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Figure 2 Note: Frequencies (raw counts) for preferred walking side as a function of Sex and
Handedness. Side is the side from the walker’s perspective (e.g. “Left” means the participant
preferred to be on the left of their partner when walking). “Both” indicates the participants

chose “Both sides equally”.
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Figure 3: Study 2 (Survey): Preferred bench sitting side data
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Figure 3 Note: Frequencies (raw counts) for preferred side when sitting on a bench as a

function of Sex and Handedness. Side is the side from the sitter’s perspective (e.g. “Left”
means the participant preferred to be on the left of their partner when sitting on a bench).

“Both” indicates that the participants chose “Both sides equally”.
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Figure 4: Study 2 (Survey): Preferred side when lying on a bed
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Figure 4 Note: Frequencies (raw counts) for preferred side when lying on a bed as a function
of Sex and Handedness. Side is the side of the bed from the perspective of the participant in

relation to their partner when both are lying on their backs (e.g. “Left” means the participant
preferred to be on the left of their partner when they are both lying in bed on their backs).

“Both” indicates that the participants chose “Both sides equally”.
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Walking and sitting

The results from the Generalized Mixed Model for left- and right-side preferences
from the couple’s perspective (Left side = 0, Right side = 1) for walking and sitting on a
bench are presented in Table 3 (following Meteyard & Davies, 2020). Overall, the mean
across all retained observations was .44, showing a slight overall preference to be on the left.
This was similar across males (.45) and females (.42), with no significant overall effect of
Sex (p=.67, OR = 1.121, very small effect size). The overall slight left preference was
significantly influenced by two factors and two two-way interactions. There was a significant
main effect of Handedness (p =.008, OR = 2.088, small effect size), with left-handers
showing a mean of .38, and right-handers of .49, indicating a greater left-side preference for
left-handers. This main effect was qualified by a significant interaction between Sex and
Handedness (p <.001, OR = 6.388, medium effect size), with females showing a more
modest difference as a function of handedness (Micfi-handed female = .44, Mright-handed female = .41)
than males (Mieft-handed male = -32, Miight-handed male = .58). Bonferroni-corrected post hoc tests
examining this Sex x Handedness interaction showed that left-handed males differed
significantly from right-handed males, Z = 3.99, ponferroni < .001, but females did not show a
significant effect of handedness, Z = .52, pBonferroni = 1. In addition, right-handed females
differed significantly from right-handed males, Z = 2.69, pBonferroni = .042. No other pairwise

comparisons in this set were significant.

Although not of focal interest with respect to the hypotheses, the interaction between
Setting (Walking, Bench) and Handedness was also significant (p = 0.017, OR = 2.813, small
effect size) with a more modest impact of Handedness for walking (Mieft-handed walking = .43,
Miight-handed walking = -46) than for sitting on a bench (Miefi-handed bench = -33, Miright-handed bench =

.53). Bonferroni-corrected post hoc tests showed a significant effect of handedness for the
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bench, Z = 3.40, ponferroni = -004, but not walking. There were no further significant pairwise

differences in this set.

As stated, we double-checked the significance of the factors in an additional model, to
ensure that the key observations reported above were not artefacts of the removal of the
“Both sides equally” responses. Thus we built a maximal Generalized Mixed Model with the
same factors, this time coding Left = 0, Both sides equally = 1, Right =2, with a Poisson-
family distribution and a log link function (Bono et al., 2021), including all 760 walking and
bench observations from the 380 participants. This model did not show overdispersion (X2 /

df= .77, < ).

In this model, there was a significant main effect of Handedness, Z= 2.28, p =.023,
and a significant interaction between Sex and Handedness, Z = 3.03, p = .002, matching the
pattern reported for the left vs. right responses above. Further, the Bonferroni-corrected
pairwise comparison between male left- and right-handers was significant, Z = -3.82,
PBonferroni < .001, but that between female left- and right-handers was not, Z = 0.52, pBonferroni =
1.00. The interaction between Setting and Handedness (which was of less interest in relation
to the hypotheses) was not significant in this analysis, Z = 1.80, p = .072. No other effects or
interactions reached significance. Thus, the key patterns of interest replicated in this

additional analysis, suggesting a robust pattern.

=== Insert Table 3 about here ===
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Table 3: Final (Maximal) Generalized Mixed Model for Study 2

[ [
Effect Estimate SE 9500@31 98:)/;’):;1 Exp(B) Eii)(/;)}) Eii)(/;)}) z p
CI Lower  CI Upper
(Intercept) -0.402 0.139 -0.675 -0.129 0.669 0.509 0.879 -2.883 0.004
Sex 1 0.114 0.265 -0.405 0.633 1.121 0.667 1.883 0.431 0.666
Handedness 1 0.736 0.276 0.196 1.276 2.088 1.217 3.583 2.671 0.008
Setting 1 -0.131 0.212 -0.546 0.285 0.877 0.579 1.330 -0.616 0.538
Sex1 * Handedness 1 1.854 0.561 0.754 2.955 6.388 2.126 19.199 3.303 <.001
Sex1 * Setting 1 0.004 0.423 -0.825 0.833 1.004 0.438 2.300 0.010 0.992
Handedness 1 * Setting 1 1.034 0.432 0.187 1.882 2.813 1.205 6.567 2.392 0.017
Sex 1 * Handedness 1 > Setting 1 -0.365 0.846 -2.022 1.292 0.694 0.132 3.641 -0.432 0.666
Random Effects
Variance  Variance Correlation
Group Name SD Variance 95% CI 95% CI (CC)
ower Upper
Subject (Intercept)  1.45 2.1 0.885 4.28 0.39
Residual 1 1
Model fit measures
R? Marginal 0.0703
R? Conditional 0.433
AIC 771.77
BIC 811.1276
LL -376.884
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Note: Generalized Mixed Model for Study 2 using left (0) vs right (1) responses only. Model equation: Side Preference ~ 1 + Sex + Handedness + Setting +
Sex:Handedness + Sex:Setting + Handedness:Setting + Sex:Handedness:Setting + (1 | Participant). Direction: P(y=1)/P(y=0), where 0 = left side and 1 = right side.

Number of Observations: 586. Number of Subjects: 345
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Bed

The bed data were analysed separately. We built a Generalized Mixed Model
(binomial, logistic, logit link function) for the bed setting, to test the impact of our factors on
side preferences (left vs. right), using the same factors as for the walking and bench data, but
without the factor of Setting. The model ran on 352 data points, with 28 excluded “both
equally” responses or missing data. All means were very close to .5 (Miefi-handed femate = .5 1;
Miight-handed female = -49, Miefi-handed male = .46, Mright-handed male = .51). The main effect of Sex was
not significant, Z = .31, p =.753, OR = .935, nor was the main effect of Handedness, Z = .21,
p =.836, OR = 1.045, nor the interaction, Z = .64, p = .524, OR = 1.313, with very small

effect sizes for all three.

In sum, the walking and bench data showed that males showed a significant difference
as a function of handedness. The means indicated that men preferred to walk or sit on the
dominant-hand side. This difference was not significantly present in females. The side
preferences for the bed were not impacted by Sex or Handedness, nor an interaction between

these two factors.

Discussion

In the observational study it was found that in 57% of pairs, men walked on the right
side of the pair, and women in 43%. The proportion of men walking on the right was

robustly above the chance value of 50%, based on Bonferroni-corrected frequentist
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inferencing and on Bayesian credible intervals and the Bayes Factor. This shows that
humans, like many other species (Regaiolli et al., 2021; Zaynagutdinova et al., 2021), exhibit
lateralized position preferences when in a pair. In addition, the finding adds to the examples
of other human social behaviours, such as kissing, cradling and embracing, which show
patterns of lateralization. The greater number of men on the right side is compatible with the
readiness to fight hypothesis which predicted that men would want to walk with their
dominant hand on the outside of the formation, and because right-handed men are more
frequent in a population, there would be more men on the right side of a pair. We evaluate

this interpretation in more depth shortly.

For the survey data, the prediction from the readiness to fight hypothesis that men, but
not women, would show a preference to have their dominant hand on the outside of the
formation, was supported for walking and sitting on a bench. In contrast, there was no
evidence for an overall preference to be on the right of a pair, and thus the data were not
compatible with a right-hemisphere hypothesis that applies universally to all. The dominant-
hand hypothesis also did not receive clear support because the preference to be on the right,
when walking and sitting, applied to men but not women. Despite this, the dominant-hand
hypothesis could account for the observational and survey data if it is assumed that men get
to be on their preferred side more often, perhaps by having a stronger side preference and / or
being more assertive. For example, manipulating objects might be more important to men
than women, and so men might have a stronger preference to have their dominant hand on the
outside of a pair, so it is free to manipulate objects (we are grateful to Dr Tucker Gilman for
this suggestion). The stronger effect of handedness for side preferences in bench sitting
compared to walking could be related to this. Further research is required to examine these

possibilities. Taken together, without including additional moderating influences, the
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observational data and survey data are more compatible with a readiness to fight hypothesis

than with a universal right-hemisphere hypothesis, or the dominant-hand hypothesis.

In the side of the bed preferences, the survey data showed that participants largely
avoided “both sides equally” responses. Individual preferences for the side of the bed were
not associated with sex or handedness. The bed question is helpful in the interpretation of the
data. First, it showed that participants were not responding in a mindless or heuristic way,
simply selecting the same response for each question. This provides confidence in the
walking and bench data, because it suggests that participants expressed genuine preferences.
Second, it showed that the typically habitual, long-lasting, and daily arrangement of a couple
in bed did not determine the preferred side when walking and sitting on a bench. Third,
although this is debatable, lying in bed is not usually a situation in which a man is required to
fight a foe, and therefore this question served as a useful control condition. The observed
pattern is compatible with the predictions from a fighting readiness hypothesis, if fighting-
related behaviours are context-specific and only instantiated in relevant settings where
fighting may be required. However, the bed data may contain some noise, because people
tend not to sleep on their backs, and rotating into other positions can reverse the left and right

sides, so some caution is required in the interpretation of the bed data.

Some researchers have discussed whether a fighting drive is still relevant in modern
Western societies. For example, Faurie and Raymond (2013) suggest that, rather than fighting
leading to survival of the individual involved in the fight, in modern non-violent societies,
fighting, along with sporting achievements, may instead serve as a ritualized display aimed at
attracting mates and promoting procreation. However, evolutionary theorizing accommodates
vestigial behaviours that may have conferred Darwinian fitness in the past but that are no
longer adaptive (see e.g. Rognini, 2018). A drive to be prepared to fight, even if it is unlikely

to be necessary, may still be present in men as a behavioural trait at an implicit level, even if,
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in most situations, it is not necessary to exhibit the fighting for which the man readies

himself.

Other potential explanations of these findings cannot be discounted. One
interpretation is that they were caused by sex and handedness differences in emotional
lateralization, which caused a stronger side preference in right and left-handed males. There
is evidence that males are more strongly lateralized than females (Hirnstein, Hugdahl, &
Hausmann, 2019), and stronger leftward perceptual asymmetries in males have been reported
with line bisection (Jewell & McCourt, 2000) and the chimeric faces task (Innes, Burt, Birch,
& Hausmann, 2016). There is also evidence for sex differences in the lateralization of
emotion perception (Bourne, 2005; Burton & Levy, 1989; Rodway et al., 2003; Van Strien, &
Van Beek, 2000; but see Borod et al., 2001), and in social behaviours involving emotional
connections, such as cradling (Packheiser, et al., 2019). It is possible that stronger emotional
asymmetries in men may predispose them to more strongly prefer to occupy one side of the
pair, because it aids social interaction or the monitoring threats from other males. In relation
to this, Marzoli, Prete and Tommasi (2014) propose that the leftward gaze bias could
facilitate the monitoring of the dominant hand of other people, either for aiding
communication or for monitoring potentially aggressive acts. A stronger leftward gaze to the
hands than to other body parts, when looking at angry bodily postures, is in accord with this
suggestion (Calbi, et al., 2021; see also Lucafo et al., 2021). In addition, men have been
found to be more strongly lateralized than women when looking at facial emotions of threat
in male faces (Rahman & Anchassi, 2012). However, for stronger emotional lateralization in
males to account for the current findings, it would have to be assumed that left-handed males
have opposite emotional asymmetries to right-handed males. Some research has found this
reversal in left-handers (Willems, et al., 2010) while other evidence indicates weaker right

hemisphere emotional lateralization, but not a reversal (Elias, et al., 1998). In sum, it is
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apparent that an explanation of the side preference in terms of differences in lateralized
emotion processing, due to sex and handedness, is consistent with the current findings and

other research.

More research is needed to determine which of these alternative explanations is
supported by the evidence. The fighting readiness explanation predicts that men will show a
stronger side preference in more threatening environments, such as when it is dark, or when
walking through a crowd of unfamiliar people. In contrast, a sex and handedness difference in
lateralized emotion processing would not predict a stronger side preference in men under
more threatening circumstances, if the asymmetry was operating to facilitate social
communication with a partner. However, if it was functioning to facilitate the monitoring of
the environment for potential threats from aggressive conspecifics, then a stronger side
preference could be expected. In this case, the men’s preference for the side that facilitates
the use of their dominant hand, and the monitoring of threats in the environment, could be the

manifestation of a general behaviour to be “fight ready”.

Small effect sizes for some of our data could be said to be a limitation of the findings.
For example, in the observational study we observed a Cohen’s 4 of .13 which is a very small
effect size. However, the preference was statistically robust, and the proportion of men on the
right (.57) was meaningfully higher than chance (.50). The small effect size is most probably
a reason why this subtle bias had not yet been discovered, because it is not noticeable via
everyday non-systematic observation. If the effect had been larger, it is likely that people
would have noticed the bias routinely in their daily lives. The survey data showed a medium
effect size for the key interaction between Sex and Handedness for the walking and bench
data (OR = 6.388). This may be because in the survey, people could express their
preferences, which were not diluted to the same extent as the observational data, where

additional random effects and conflicting inter-individual preferences could interfere with
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individual preferences. In this respect, the observational data and survey data are most

usefully considered together because they complement each other’s limitations.

There are other limitations with the present research. First, it is unclear whether the
side preferences in the survey reflect actual preferences, or the side that a person typically
occupies, reflecting a memory rather than a preference, or a mixture of these influences.
Clarifying this will be relevant to understanding the cause of the side bias. Second, the
observational study was conducted in a particular location in the UK. While we have no
reason to believe that the findings do not generalize to other locations where male-female
pairs are able to walk freely, this requires testing. However, it can be noted that the survey
data were from participants from throughout the UK, and the side preferences complemented
those obtained in the observational study. This provides confidence in the generalizability of
the observational data. Finally, it would have been desirable for all survey images to be
matched for the presence of stick figures, so that all conditions were matched along that

dimension.

In sum, our observations show that in male-female pairs more men walk to the right
of a female than to the left from the pair’s perspective. Unlike women, men report significant
side preferences when walking or sitting with a female partner, and this preference is
dependent on their handedness. The side that men prefer, when with a partner, facilitates the
use of their dominant hand and this might be because men want to be in the best position to
fight effectively. There are other plausible explanations of the side preference exhibited by
men, including an effect of sex and handedness on the strength and direction of emotional
lateralization, or a stronger desire in males to be able use their dominant hand. Further

research is desirable to clarify the cause of the side preference in human dyads.
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