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Abstract

Previous studies have reported gender differences in performance when two
bars have to be set parallel to each other haptically, with females having sig-
nificantly larger deviations than males. Recent results comparing male par-
ticipants with and without action video game experience showed that the
former performed significantly better than the latter in the aforementioned
haptic parallelity task. Considering that males more often engage in action
video gaming, the observed performance differences between male and fe-
male participants might be related to gaming experience rather than gender.
This was investigated in the current study by comparing haptic parallelity
performance in males with action video gaming experience and in males and
females without this experience. The results showed that male participants
with as well as without action video gaming experience performed signifi-
cantly better than female participants. These results suggest that differences
in haptic parallelity matching between males and females seem to be related
to gender, rather than action video gaming experience. When performing the
parallelity task visually, no significant differences were found between the
three groups, corroborating earlier hypotheses that women are less able to
ignore the bias of the egocentric hand-centered reference frame than men
when haptically paralleling orientations.
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1. Introduction

Research has shown that when male and female participants are asked to hapti-

cally make two bars parallel to each other, males perform significantly better
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than females, resulting in smaller deviations from parallelity in the former
(Hermens et al., 2006; Kaas & Van Mier, 2006; Kappers, 2003, 2007; Van Mier,
2013, 2016, 2019, 2020; Volcic et al., 2008; Zuidhoek et al., 2007). In this
so-called haptic parallelity task (Kappers, 1999; Kappers & Koenderink, 1999),
blindfolded participants are instructed to rotate a test bar, using one of their
hands, in the same orientation as the orientation of a reference bar that they feel
with the other hand. It has been shown that humans are not very proficient in
haptically paralleling both bars, as often rather large deviations have been ob-
served in both male and female participants (e.g. Kappers, 2002, 2003; Kaas &
Van Mier, 2006; Van Mier, 2013, 2016, 2019, 2020), taking into account the
above mentioned gender difference. When one has to parallel both bars, one can
use either an allocentric or an egocentric reference frame, or a combination of
both frames. When using an allocentric frame of reference, the orientation of the
test bar is coded in relation to a frame external to and independent of the posi-
tion of the perceiver. Allocentric referencing in the haptic parallelity task would
result in veridical performance, with both bars being parallel. However, when
using an egocentric reference frame, the test bar is oriented in relation to a frame
internal to the perceiver. Considering that the deviations from parallelity are
systematic and directed in the natural orientation of the hand, results from sev-
eral studies support the suggestion that the egocentric reference frame is cen-
tered on the hand (Kappers & Liefers, 2012; Kappers & Viergever, 2006; Van
Mier, 2013, 2016, 2019, 2020; Volcic & Kappers, 2008; Volcic et al., 2009). The
use of such a reference frame would result in rather large deviations from paral-
lelity, with both bars having different orientations. Due to the fact that devia-
tions in haptic parallelity matching are smaller than when only an egocentric
reference would have been used, Kappers (2002, 2003) has proposed that partic-
ipants most likely use a frame that is intermediate between allo- and egocentric
referencing.

The deviations from parallelity are thought to be influenced by the bias of the
hand-centered egocentric reference frame. The weighing of each frame can be
manipulated by using different procedures and has been shown to be dependent
on the gender of the participant (see Van Mier, 2014). Manipulations increasing
the weight of the allocentric reference frame resulted in reduced deviations, with
an effect that was similar in both men and women (Van Mier, 2013, 2016, 2019,
2020). This suggests that the observed gender difference is not due to an inability
of women to use allocentric cues. In conditions of the parallelity task in which
the test bar had to be rotated with the hand, significant gender difference were
found (Hermens et al., 2006; Kaas & Van Mier, 2006; Kappers, 2003, 2007; Van
Mier, 2013, 2016, 2019, 2020; Volcic et al., 2008; Zuidhoek et al., 2007). Only
when the motor response at the test bar was reduced (Van Mier, 2013) or elimi-
nated (Kappers & Schakel, 2011: in the visual condition; Van Mier, 2016) or
when a bar had to be rotated to match a verbally stated clock time but no refer-
ence bar had to be felt (Zuidhoek et al., 2007), differences between the genders
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were not significant. Zuidhoek et al. (2007) speculated that women are most
likely less able to overcome the bias of the egocentric reference frame of the
hand. Results reported by Van Mier (2013, 2016, 2019, 2020) corroborate this
line of thought.

In a recent study from our lab (Van Mier & Jiao, 2020), we compared perfor-
mance on haptic parallelity matching in male participants who did or did not
play real time strategy (RTS) action video games with a so-called bird’s eye view.
These video games are played from a top-down perspective and promote an al-
locentric perspective (Dobrowolski et al., 2015; Kithn et al., 2014). Because we
tested habitual RTS action video gamers with more than 5 year experience and
playing at least a minimum of 5 hours per week, we hypothesized that this group
would show enhanced allocentric processing resulting in smaller deviations in
the haptic parallelity task than participants without action video gaming expe-
rience. That was indeed what we found; male action video gamers had signifi-
cantly smaller deviations than males who did not or hardly played action video
games (Van Mier & Jiao, 2020). That brought up the question if the previously
observed gender differences regarding haptic parallelity performance could be
related to better allocentric processing in men due to the fact that in the general
population the percentage of males playing action video games is much larger
than of females. Terlecki et al. (2011) reported that of more than 2000 college
students that filled out several psychological questionnaires, of which several
questions were related to video game playing and experience, 74% of men and
only 27% of women played videogames at the time of the survey, with women
playing significantly less frequently than men. Women had been playing an av-
erage of 2 - 5 years while men had played an average of 10 years. A nationwide
representative survey including almost 3000 German participants between the
ages of 16 to 93 years, showed that in the group of frequent gamers, 70% of the
players were male. Furthermore, male gamers preferred significantly more often
game genres with action video game characteristics, like shooter and RTS games,
than females (Rehbein et al., 2016). Focusing on competitive action video gam-
ing, Ratan and colleagues (2015) found that of almost 17.000 players that re-
sponded to a survey addressing certain game characteristics, only 4% to 6% were
female (2% did not report their gender). Based on over 270.000 gamers who
completed a 5-minute survey to obtain a report of their gaming motivations
(Gamer Motivation Profile), Yee (2017) reported that only 18.5% of the gamers
who took the survey were women. Looking at the different game genres, he
found that only around 20% of those female gamers played some sort of action
video game. Similar gender differences regarding frequency and game genre
have been reported for adolescents. In a representative sample of more than
4000 American high school students aged between 14 to 18 years, 76% of boys
indicated that they played video games at least 1 hour per week, while this per-
centage was 29 for girls (Desai et al., 2010). With more than 11.000 German

adolescents, aged 13 to 18 years, being surveyed regarding video game depen-
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dency, Rehbein et al. (2015) found that boys played on average 162 min of video
games per day compared to girls only playing 27 min. In addition, Greenberg et
al. (2010) stated that of more than 1200 children, adolescents, and students, male
video gamers played on average 2 to 3 times the weekly average of female play-
ers. They also found that males played significantly more games that fell in the
category of action video games. Taking these numbers and video game genres
into account, one might argue that the observed gender differences in haptic
parallelity matching might not be due to gender per se, but rather to enhanced
spatial processing in males as a result of action video gaming. To establish if the
aforementioned differences in haptic parallelity performance between males and
females could be related to superior performance in males due to video gaming
experience, the current study compared haptic parallelity performance of the
above mentioned male participants who did or did not play action video games
with performance on the same task in female participants without action video
game experience. It was expected that female participants who didn’t play action
video games would have significantly higher deviations from parallelity than
male participants who did play these games. If we would find that male and fe-
male participants without gaming experience would have similar deviations,
then the observed differences might be related to something else than gender.
However, if the former would have smaller deviations than the latter, the ob-
served differences would be most likely related to gender and not to experience
with action video gaming.

Previous research on parallelity matching has shown that gender differences
were absent in conditions were participants had full view of the set-up and/or
test hand (Kappers & Schakel, 2011: in the visual condition; Van Mier, 2013,
2016, 2020). The current study therefore also compared performance between
the groups in a version of the parallelity task in which participants had full view
of the set up, and could use allocentric cues, like the sides of the plates with the
bars, the table, walls, doors etc. In this condition, participants looked at the
orientation of the reference bar and only used their (test) hand to parallel this
orientation on the test bar. Because the egocentric bias of the hands plays a mi-
nor role in this condition, it was expected that the groups would show similar

deviations in this visual-haptic version of the parallelity task.

2. Method
2.1. Participants

Data from thirty participants, which all had normal or corrected-to-normal vi-
sion, 20 males and 10 females, were analyzed to address the above mentioned
research question. Participants were divided into three groups. The first group
consisted of 10 male participants, who were habitual action video gamers
(mAVG), the second group included 10 males, who had little or no experience
with action video games (mNAVG), while 10 female participants without any

action video game experience made up the third group (fNAVG). No female
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action video gamers were included, because it is hard to find women with suffi-
cient action video game experience, as has been reported by others (Green et al.,
2012). The male participants were the same participants as reported in our pre-
vious study (Van Mier & Jiao, 2020). Eight of the female participants had parti-
cipated in our 2020 study (Van Mier, 2020). We were able to retroactively obtain
data regarding video game experience of eight of the female participants from
that study, of whom none had played action video games before or at the time of
testing. Two additional female participants without action video gaming expe-
rience were tested for the current study. Ages in the first group (mAVG) ranged
from 19 to 44 years, with a mean age of 23.8 years (SD = 7.4), in the second
group (mMNAVG) from 19 to 55 years, with a mean of 25.1 years (SD = 11.3), and
in the third group (fNAVG) from 19 to 46 years, with a mean age of 24.7 years
(SD = 7.7). There was no significant difference regarding age between the groups
(A2, 27) = 0.055, p=0.95). Annett’s hand preference questionnaire was used to
assess handedness (Annett, 2004). Two participants from the first group and one
from the second group were left handed. Most of the participants were students
at Maastricht University, the others were recruited among (gaming) friends.
Participants received a monetary voucher, with students having the additional
option to choose course credits instead of the monetary reward. All participants
gave written informed consent prior to the study, which had been approved by
the ethics review committee of the Faculty of Psychology and Neuroscience of
Maastricht University and was performed in line with the ethical standards of
the Helsinki Declaration of 1964.

Male participants who had played action video games for at least 5 years with
a minimum of 5 hours per week and were still playing at the time of testing,
made up the first group (mAVG). They played on average 9.5 hours (SD = 8.6)
per week, and all played real-time strategy (RTS) action video games. Male par-
ticipants in the second group (mNAVG) played no RTS video games and only
three participants played sometimes other genre action video games for up to 2
hours a week for a short period (average 0.3 hours per week, SD = 0.6). As stated
before, none of the female participants in the third group (fNAVG) played ac-
tion video games before or at the time of testing. Differences between the 3
groups regarding action video game experience as determined by number of play
hours per week were significant (A2, 27) = 11.795, p < 0.001). Post hoc compari-
sons with Bonferroni correction showed that mAVGs played significantly more
hours than mNAVGs and fNAVGs (both p = 0.001), while the difference between

male and female non-players was not significant (p = 1.0).

2.2. Materials

Participants were asked to fill out the Video Game Experience Survey of Terlecki
and Newcomb (2005). Based on this survey the total hours of video gaming per
week were established as well as the kind and genre of video games that a par-

ticipant played. For a more detailed description regarding the use of this survey,
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see Van Mier and Jiao (2020). Based on this survey it was established that all
mAVGs played RTS action video games, while none of the other participants
played this kind of games or played regularly other kinds of action video games.

Parallelity matching performance was measured using two square metal plates
of 30 by 30 cm with an aluminum bar positioned in the middle of the plate. Each
plate was covered with a plastic layer on which a protractor was printed (see
Figure 1). The protractor had a radius of 10 cm. Each bar was 20 cm in length
and had a diameter of 1.1 cm and a small arrow-shaped point at one end of the
bar, enabling accurate setting and reading of the reference and test bar of about
0.5°. In the middle of the bar a small pin was attached that slotted in a small hole
in the center of the protractor, making rotation of the bar possible.

To achieve the setting of precise orientations, two magnets were attached to
the bottom on the test bar increasing resistance to accidental movements and
avoiding over- and undershooting. The reference bar had two additional mag-
nets, to make sure participants would not accidentally rotate this bar. The boards
were placed on anti-slip mats to avoid movement or displacement of the boards.
To avoid that participants would see the protractors in the visual-haptic block
and would parallel both bars based on information from the protractors, they
were covered with a circular black paper (see Van Mier, 2020; Van Mier & Jiao,
2020). By lifting the edge of the paper just a little, the experimenter was able to
easily set the orientation of the reference bar and read the orientation of the test

bar without the participant seeing the protractor.

2.3. Set-Up and Procedure

Parallelity performance was measured during a haptic and a visual-haptic block.
The haptic block was always performed first. During this block participants were

blindfolded and were instructed to parallel the orientation of the reference bar,

Figure 1. The protractor showing the test bar and the
four orientations used in the study.
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which they felt with their non-dominant hand, on the test bar, which they had to
rotate with their dominant hand. Both hands had to be placed simultaneously on
the bars. During the visual-haptic block, participants had full view of the set-up
and were told to look at the orientation of the reference bar without touching the
bar and to parallel this orientation on the test bar using their dominant hand. In
this block participants could both see and feel the orientation of the test bar. In
both blocks, participants were instructed to place their stretched hand(s) on the
bar(s) with their middle finger resting on the bar. This instruction was given to
make sure that differences in deviations between haptic and visual-haptic per-
formance would not be related to differences in hand position at the test bar. A
significant difference in deviations in parallelity performance due to a change in
hand position at the test bar has been reported in one of our previous studies
(Van Mier, 2019).

For reasons of variation in stimulus presentation, the following four different
reference orientations were used in the study: 30°, 60° 120° and 150° (see Figure
1). To prevent that participants would recognize cardinal orientations of 0° and
90° in the visual-haptic trials and use the sides of the plates and/or table to align
the test bar to, these orientations were not used to be paralleled. They were only
used as starting positions for the test bar with the side of the bar with the arrow
being directed either upwards or to the right. All four orientations were pre-
sented with each of the two starting positions. The order and repetition of the
orientations was randomized within each block and for each participant, taking
into account that the same orientation was never presented consecutively. For
the current study the results of one haptic and one visual-haptic block were used.

After filling out and signing the consent form, participants were tested re-
garding their understanding of parallelity by instructing them to line up two
pens in such a way that they were parallel to each other using different orienta-
tions. During the experiment participants were seated in front of the boards,
which were placed on a table at an equal distance from the midline of the par-
ticipant’s body. The distance between the centers of the boards was approx-
imately twice the length of the arm. Arm length was measured from the top of
the shoulder to the beginning of the hand and the distance between the plates
was assessed by subtracting 3 cm from the arm length to ensure a comfortable
position of arms and hands for each orientation (see also Van Mier, 2019). The
mean distance between the plates was therefore 91.0 cm for mAVGs, 92.0 cm for
mNAVGs and 87.4 cm for fNAVGs. This difference in distance between the
groups was not significant (A2, 27) = 1.342, p = 0.28). Most participants per-
formed 6 haptic and 5 visual-haptic blocks, which were presented alternately.
However, because we are interested in gender differences in pure haptic and
visual-haptic parallelity, for the current study we only take into account perfor-
mance during the first haptic and first visual-haptic block. All participants
started with the haptic block. Because they were blindfolded during this block,

the experimenter positioned the participant’s hands just above the bars, and in-
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structed them to feel the reference bar as well as rotate the test bar with their
stretched whole hand. The same instruction regarding the position of the hand
was given in the visual-haptic block, with the exception that participants just
looked at the reference bar without touching it and only rotated the test bar. Af-
ter the haptic block, participants took off the blindfold so they had full view
during the visual-haptic block. They were, however, asked to close their eyes
between trials when the experimenter changed the orientation of the reference

bar for the next trial.

2.4. Statistical Analysis

The dependent variable was the deviation between the orientation of the refer-
ence bar and the orientation of the test bar. For right-handed participants devia-
tions clockwise to the reference bar were noted as positive values, and deviations
counterclockwise to the reference bar as negative values. This was reversed for
left-handed participants, with clockwise deviations being noted as negative and
counterclockwise as positive. Deviations were averaged over the two repetitions
and four orientations. A repeated measurement ANOVA was performed with
Condition (2: haptic vs visual-haptic) as independent within factor and Group
(3: mAVG, mNAVG, and fNAVG) as independent between factor. Separate
analyses were performed on the deviations in the haptic and visual-haptic block.
Partial eta-squared (7]'2)) was used to calculate effect sizes for condition and
group (all 3 groups). When comparing male and female non-gamers directly,
Cohen’s d was used to measure effect size. The Shapiro-Wilk test was used to
test for normality because of the small sample size. Normality was obtained in all
groups in the haptic block, as well as for the non-gamers in the visual-haptic
block. Normality was not obtained for the video gamers in the visual-haptic
block (p = 0.036). This was due to one video gamer, having larger deviations
than the other gamers in this block. Levene’s tests showed homogeneity of error
variances for all groups for the haptic and visual-haptic block. For post hoc

comparisons Bonferroni correction was used.

3. Results

We first performed a repeated measurement ANOVA including performance of
the haptic and visual-haptic trials. This analysis showed a significant effect of
condition (A2, 27) = 265.40, p < 0.000, 77’% = 0.91) due to much larger devia-
tions in the haptic trials (mean = 37.5°, SD = 11.5) than in the visual-haptic trials
(mean = 10.6°, SD = 5.9). There was a significant effect of group (A2, 27) =
22.592, p = 0.001, ns = 0.63), as well as a significant interaction of group *
condition (A2, 27) = 9.013, p = 0.001, 775 = 0.40). Differences between the
groups were much larger in the haptic block than in the visual-haptic block (see
Figure 2). Pairwise comparisons with Bonferroni correction showed significant
differences between the three groups with mAVGs having smaller deviations
than mNAVGs (p = 0.002) and fNAVGs (p < 0.000), as well as mNAVGs having
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Figure 2. Mean deviations and standard error bars in the haptic
and visual-haptic block for fNAVGs (female Non Action Video
Gamers), mNAVGs (male Non Action Video Gamers), and
mAVGs (male Action Video Gamers).

smaller deviations than fNAVGs (p = 0.023). Because of the significant interac-
tion of group and condition, we additionally performed two separate analyses

for the haptic and visual-haptic block.

3.1. Haptic Parallelity Performance

Focusing on the haptic trials, we found a significant effect of group (A2, 27) =
24.78, p < 0.000, 7]§ = 0.65). Male action video gamers (mAVG) had a mean
deviation of 26.0° (SD = 8.0) when haptically paralleling both bars, while male
(mNAVG) and female (fNAVG) non-video gamers had deviations of 38.5° (SD
=7.6) and 48.1° (SD = 5.2) respectively. Pairwise Bonferroni corrected compar-
isons showed significant differences between the three groups with mAVGs
having significantly smaller deviations than mNAVGs (p = 0.001) and fNAVGs
(p < 0.000), as well as mNAVGs having significantly smaller deviations than
fNAVGs (p=0.016). A direct comparison between male and female non-gamers
showed that their performance was significantly different (A1, 18) = 10.87, p =
0.004). Cohen’s d was 1.20, showing a large effect size of group. Because 3 par-
ticipants in the mNAVG group played occasionally action video games while
none of the females in the fNAVG group did, which could have skewed the re-
sults, performance of the 10 female non-gamers was compared to performance
of the 7 male non-gamers. This analysis still showed a significant difference
(A1.15) = 9.45, p=0.008), with an effect size of 1.31 (Cohen’s d).

3.2. Visual-Haptic Parallelity Performance

Attending to the visual-haptic trials, we observed that the effect of group was not
significant (A2, 27) = 1.96, p = 0.16, 77,2) = 0.13). Male action video gamers
(mAVG) had a mean deviation of 7.9° (SD = 6.2) when visually paralleling both
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bars, while male (nNAVG) and female (fNAVG) non-video gamers had devia-
tions of 10.9° (SD = 4.8) and 12.9° (SD = 5.9) respectively. Pairwise Bonferroni
corrected comparisons showed no significant differences between the three groups
also not when comparing male gamers (mAVGs) with female non-gamers
(fNAVGsS) (p=0.18).

We also tested to what extent the deviations in the visual-haptic trials were
different from veridical performance, so from 0° and we found that this differ-
ence was significant (K1, 27) = 103.922, p < 0.001, nf) = 0.79). The interaction
with group was not significant (A2, 27) = 1.96, p=0.16, 775 =0.13).

4. Discussion

The current study addressed if previously observed gender differences in haptic
parallelity matching could be related to enhanced performance in males due to
the fact that males more often play action video games. Playing action video
games has been found to result in better allocentric spatial performance in male
participants (Van Mier & Jiao, 2020). In the current study deviations from par-
allelity were compared between male action video gamers as well as male and
female non-video gamers. As previously reported, male action video gamers had
significantly smaller deviations in the haptic condition than male non-gamers
(Van Mier & Jiao, 2020). As expected, in the current study the former also per-
formed significantly better than female non-gamers. Interestingly, we found that
male non-gamers also outperformed female non-gamers. Although the sample
size in the groups was small, the rather large effect size that was measured when
deviations of male and female non-gamers were statistically compared, points
towards a reliable effect. The fact that having to make two bars haptically parallel
differentially modulated performance in male and female participants without
action video gaming experience with the former outperforming the latter con-
verges with numerous other studies reporting better haptic parallelity perfor-
mance in men than in women (Hermens et al., 2006; Kaas & Van Mier, 2006;
Kappers, 2003, 2007; Van Mier, 2013, 2016, 2019, 2020; Volcic et al., 2008;
Zuidhoek et al., 2007). As hypothesized, no significant gender differences were
found in the visual-haptic condition, replicating earlier findings that including
informative vision abolished the gender effect (Kappers & Schakel, 2011: in the
visual condition; Van Mier, 2013, 2016, 2020).

Because three participants in the male non-gamer group occasionally played
action video games, while none of the females played these games, one could
argue that the significant performance differences between the male and female
non-gamers might have been skewed by performance of those three occasional
gamers. However, when we compared only the seven male participants who had
no action video game experience at all with the female non-gamers, the male
non-gaming participants still had significantly smaller deviations than the fe-
male non-gaming participants. A large effect size was also found for this com-

parison. So even males without any video gaming experience performed better
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than the females in the current study, suggesting a gender difference with respect
to haptic parallelity matching rather than performance differences between the
genders due to any action video gaming experience.

The above-mentioned results regarding haptic parallelity matching suggest
that previously reported gender differences are not (solely) due to differences
between the genders related to action video gaming. Previous studies researching
the effect of action video gaming have also shown significant differences in per-
formance between male and female non-gamers (Feng et al., 2007; Boot et al.,
2008). The former reported significant differences between the percentage of
correct scores on a Useful Field of View (UFOV) task between gamers and
non-gamers. In the non-gamer group, the difference in scores between male and
female participants was also significant, with male non-gamers outperforming
female non-gamers (Feng et al., 2007). Boot and colleagues (2008) measured ac-
curacy in a Functional Field of View (FFOV) task in gamers and non-gamers.
Although no significant difference in scores was found between gamers and
non-gamers, a direct comparison between male and female non-gamers showed
that males performed significantly better than females in this group (Boot et al.,
2008). The field of view task assesses the capacity of visual attention and its spa-
tial distribution in the visual modality (Green & Bavelier, 2003). These gender
related results on the field of view task might suggest that the performance dif-
ferences between male and female non-gamers in this task could be related to
differential spatial performance in both genders, which might explain the gender
differences in the haptic parallelity task. However, as already stated in the intro-
duction, gender differences in haptic parallelity performance were not signifi-
cant when allocentric processing was stimulated and the motor response with
the test hand was eliminated (Van Mier, 2016; Kappers & Schakel, 2011: visual
condition) or reduced (Van Mier, 2013). Apparently, men and women use allo-
centric referencing to process spatial orientations in these versions of the paral-
lelity task in a more or less similar way. This is in line with other studies report-
ing similar performance in men and women in spatial orientation tasks (Bosco
et al., 2004) and gender differences being mainly related to spatial tasks that in-
volve spatial working memory (Voyer et al., 2017). Furthermore, results have
shown that females selected an ego- or allocentric strategy in equal proportions
as males in studies addressing ego- and allocentric strategy choices in navigation
tasks (Van Gerven et al., 2012; Livingstone-Lee et al., 2014).

The findings of the current study suggest that other factors than spatial ability
might explain the observed gender differences in the haptic parallelity task. One
of these factors is most likely the fact that it is harder for women to ignore the
egocentric bias of the hand, as proposed by Zuidhoek and colleagues (2007).
This is supported by findings of Kappers (2007) who reported that the relative
contribution of ego- and allocentric referencing is most likely different for men
and women. She found that women had larger egocentric weighing factors than

men. If this is indeed the case, we would expect that female action video gamers
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would still have larger deviations than male gamers, but smaller than female
non-gamers, and maybe similar deviations as male non-gamers. This could be
addressed in a follow-up of the current study including also habitual female ac-
tion video gamers.

When participants in the current study were able to see both bars during the
visual-haptic trials, the groups performed at a similar level. In this condition
participants can use allocentric cues, like the sides of the plates and/or table to
parallel the bars. Although the test hand had to be used to rotate and set the test
bar, the reference bar was not felt with the other hand. The egocentric bias when
trying to align both hands, like in the haptic trials, was therefore abolished. This
is in line with results reported by Zuidhoek and colleagues (2007) who found
similar performance for male and female participants in a condition in which
they were asked to only use one hand to orient a bar to a verbally stated clock
time. Overcoming this aligning of the hands seems to be especially difficult for
women, as indicated by results of other studies (Zuidhoek et al., 2007; Kappers &
Schakel, 2011; Van Mier, 2013, 2016, 2019, 2020). The fact that no gender dif-
ferences were found in the visual-haptic condition is consistent with the
afore-mentioned explanation regarding similar performance for both genders in
spatial orientation tasks in which the bias of the hand-centered egocentric refer-
ence frame is reduced or eliminated. In the current study participants only used
their test hand to match the orientation of the test bar to the orientation of the
reference bar. One might have expected more or less veridical performance in
the visual-haptic trials where participants had full view of the set-up. However, as
has been shown by others, parallelity in visual space is also prone to distortions
(Cuijpers et al., 2000, 2003; Kappers & Schakel, 2011; Liu & Ando, 2018). It has
been suggested that this is most likely due to the bias of an eye-/head-centered
egocentric reference frame (Kappers & Schakel, 2011).

A limitation of the current study is its correlational nature. We did not test
non-gamers after training on action video games. It was assumed that gamers
would perform better in the haptic parallelity task because of their enhanced
spatial processing, especially improved allocentric processing, due to playing
RTS action video games. Although a causal link has been shown between action
video gaming and enhanced spatial attention and processing in the visual mod-
ality (e.g. Bediou et al., 2018; Spence & Feng, 2010), making it likely that such a
link might also exist for the haptic domain, a causative relationship has not yet
been established in the haptic modality. It might be that the video gamers in the
current study performed better than the non-gamers because of a population bi-
as. It is possible that people who have better spatial and/or allocentric processing
are more attracted to and/or spend more time playing RTS action video games.
Furthermore, one cannot rule out that it is not the RTS game genre that resulted
in improved performance in haptic parallelity matching but playing action video
games in general. The latter have been shown to improve not only visual

processing but also auditory processing (Green et al., 2010), as well as to en-
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hance multisensory perception (Donohue et al., 2010). Considering the fact that
numerous studies have demonstrated that action video game playing has shown
transfer effects beyond the activities that are trained in these video games (Boot
et al., 2011; Bavelier et al., 2018; Spence & Feng, 2010), it is plausible that this al-
so entails to haptic processing. However, only a direct causal relationship be-
tween action video gaming and enhanced performance in haptic parallelity
matching can support such an explanation. A direct comparison between haptic
parallelity performance of players of RTS games and players of other action vid-
eo game genres, like first shooter video games, could be set up to examine if the
action video game genre plays a differential role in haptic parallelity perfor-
mance.

Although the current study was not set up to directly address clinical/social or
practical implications, the increasing development of techniques like robotics
and virtual reality and the use of mobile devices and haptic displays have aug-
mented an interest in haptic perception. Therefore, enhancing fundamental
knowledge about processes that play a role in haptic perception is important and
necessary (Kappers & Bergmann Tiest, 2013). Furthermore, in situations in
which visual information is not available or cannot be used one has to rely on
haptic information. Gaining understanding and being aware about the limita-
tions of our haptic spatial system and having knowledge about strategies to re-
duce these limitations (Van Mier, 2014, 2019) can be of great importance when

performing tasks in which visual information is not or less available.

5. Conclusion

The present study replicated previously reported performance differences between
males and females in haptic parallelity matching. Additionally, significant dif-
ferences in haptic parallelity performance were found between male and female
non-gamers. The latter result suggests that the haptic performance differences
are most likely gender-related and do not appear to be associated with action
video gaming experience. When performing the same task visually, males and
females performed at a similar level. Evidence showing that gender differences
are mainly found when an orientation that is haptically felt by one of the hands
has to be paralleled haptically using the other hand, supports the proposal that
women are less able to ignore the biasing influence of the hand-centered ego-

centric reference frame when setting two bars parallel to each other haptically.
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