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Abstract

There is a widespread stereotype that women are better at multitasking. Previous studies examining gender difference
in multitasking used either a concurrent or sequential multitasking paradigm and offered mixed results. This study
examined a possibility that men were better at concurrent multitasking while women were better at task switching. In
addition, men and women were also compared in terms of multitasking experience, measured by a computer monitoring
software, a self-reported Media Use Questionnaire, a laboratory task-switching paradigm, and a self-reported Multitasking
Prevalence Inventory. Results showed a smaller concurrent multitasking (dual-task) cost for men than women and no
gender difference in sequential multitasking (task-switching) cost. Men had more experience in multitasking involving
video games while women were more experienced in multitasking involving music, instant messaging, and web surfing.
The gender difference in dual-task performance, however, was not mediated by the gender differences in multitasking
experience but completely explained by difference in the processing speed. The findings suggest that men have an
advantage in concurrent multitasking, which may be a result of the individual differences in cognitive abilities.
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stimulus-response mappings, response sets, and stimulus set
in a recent study on individual differences in task switching
(von Bastian & Druey, 2017).

Introduction

Multitasking is very common in daily life, and the study of
multitasking has far fetching implications on the under-
standing of human performance and well-being. Two
aspects of multitasking have been studied extensively,
including dual-task performance (e.g., Dux et al., 2009;
Pashler, 1994; Schumacher et al., 2001; Strayer & Johnston,
2001), that is, performing more than one task at the same
time (e.g., driving while talking on cell phone) and task
switching (e.g., Mayr & Kliegl, 2003; Monsell, 2003;
Rogers & Monsell, 1995), that is, rapidly switching between
tasks (e.g., toggling between writing and viewing videos
online). In dual-task paradigms, the stimulus of the second
task is usually presented before one explicitly responds to
the first task, such that there is an overlap of the stimulus
presentation to response production period between the two
tasks. In the task-switching paradigms, the stimulus of the
second task is always presented after one has responded to
the first task. In the literature, there are several variants of

Gender differences in multitasking ability

Human gender differences continue to be a very important
and interesting topic in both public discussion and scien-
tific research. In the past decades, gender differences were
extensively studied in many domains, including physical
health (e.g., Naugler et al., 2007), mental health (e.g.,
Weissman & Klerman, 1977), hemisphere specialisation
(Hirnstein, Hugdahl, & Hausmann, 2019; Hiscock et al.,
2001), personality (e.g., Costa et al., 2001), economic pref-
erences (e.g., Croson & Gneezy, 2009), decision-making
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task-switching paradigms that differ in the components of
task switching. Specifically, task switching has been defined
as switching between judgements, stimulus dimensions,
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(e.g., Byrnes et al., 1999), mate selection (e.g., Buss, 1989),
cognition (e.g., Denno, 1982; Linn & Petersen, 1985), and
SO on.

There seems to be a widespread belief that women are
better at multitasking than men in the general public. The
media (e.g., Fisher, 1999; Hambrick et al., 2010; Pease &
Pease, 2003) tended to portray women as being better at
multitasking than men. A more recent online survey of 488
participants from various ethnic backgrounds (the United
States, the United Kingdom, Germany, the Netherlands,
Turkey, and others) revealed that 50% of participants
believed in gender differences in multitasking, and among
them, 80% believed that women were better multitaskers
(Szameitat et al., 2015). Another recent study (Strobach &
Woszidlo, 2015) examined 241 young and older German
participants and found that gender stereotype in multitask-
ing existed, and over 80% of the stereotype holders
believed that women performed better in multitasking situ-
ations than men.

Despite the great interest from the general public in this
topic and the widespread belief that women are better at
multitasking, it is surprising that scientific studies for gen-
der differences in multitasking were relatively scarce and
the findings were inconsistent. Hambrick et al. (2010)
found that men outperformed women in SynWin (Elsmore,
1994), a relatively complex concurrent multitasking para-
digm, but this advantage was fully mediated by the video
game playing experience. Colom et al. (2010) found that
men outperformed women in intelligence, working mem-
ory capacity, and multitasking performance on two con-
current multitasking paradigms. The first one was a divided
attention paradigm that assessed the total workload in per-
forming two different tasks simultaneously. The second
one was a funnel task that required participants to figure
out how to guide three dots towards a funnel simultane-
ously. Méntyld (2013) found in his study that men outper-
formed women in a concurrent multitasking paradigm in
terms of performance of the four component tasks, but the
gender difference was fully mediated by the gender differ-
ence in spatial ability. Recently, a similar study (Méntyla
et al., 2017) showed that men outperformed women in a
concurrent multitasking paradigm involving spatial rela-
tional processing with a higher combined score of the four
component tasks. On the contrary, Stoet et al. (2013,
Experiment 1) found that women outperformed men in a
task-switching paradigm which required participants to
switch back and forth between a shape task and a filling
task. More specifically, women got a smaller mixing cost,
calculated as the reaction time (RT) difference between the
single-task trials in pure blocks and task-repeat trials in
mixed blocks, than men in the task-switching paradigm.
Ren et al. (2009) also found that women showed lower
switch costs than men in a task-switching paradigm that
consisted of a Go/No Go task and a flanker task. Moreover,
other studies showed that there were no gender differences

in multitasking ability (Hirnstein, Larei, & Laloyaux,
2019; Strayer et al., 2013; Tschernegg et al., 2017).

Different processing limitations underlying
multitasking

In one of our previous studies (Lui & Wong, 2020), we
performed exploratory factor analyses (EFAs) to examine
whether multitasking costs measured in concurrent multi-
tasking (e.g., dual-task) and task-switching paradigms
reflect one general or multiple separable processing limita-
tions. We revealed three different processing limitations
underlying multitasking, namely response selection,
retrieval and maintenance of task information, and task-set
reconfiguration. The response selection limitation refers to
the limitation in choosing more than one response at the
same time, which occurs in concurrent multitasking para-
digms (see Pashler, 1994 for a review). For example, in a
dual-task paradigm, RT of trials involving two tasks (i.e.,
dual-task trials) was typically longer than RT of trials
involving only one task (i.e., single-task trials) because
there was a bottleneck in selecting two responses concur-
rently. Therefore, the response selection limitation can be
measured by the dual-task cost which is the RT difference
between dual-task trials and single-task trials. The second
and third processing limitations are typically regarded as
limitations in two stages of task switching, in which par-
ticipants were asked to alternate between two tasks (e.g.,
Monsell, 2003). The retrieval and maintenance of task
information (Mayr & Kliegl, 2003) refers to the process of
retrieving task information from long-term memory into
working memory and maintaining the information in
working memory. This continues until task set reconfigu-
ration (Mayr & Kliegl, 2003; Rogers & Monsell, 1995),
which refers to the process of reconfiguring the cognitive
system for a new task. The limitations in task switching
can be measured by switch cost, which is the RT difference
between trials that are different to the previous trial (i.e.,
switch trials) and trials that are the same as the previous
trial (i.e., repeated trials). More importantly, it was found
that these processing limitations were weakly correlated
with each other, suggesting that they were measuring dif-
ferent aspects of multitasking ability.

The inconsistent findings about gender differences in
multitasking could result from the possibility that men and
women are superior at different aspects of multitasking
respectively. A curious pattern from previous gender differ-
ence studies is that all studies showing an advantage for men
have adopted concurrent multitasking paradigms (Colom
et al., 2010; Hambrick et al., 2010; Méantyla, 2013; Mintyla
etal., 2017), while the two studies showing an advantage for
women (Ren et al., 2009; Stoet et al., 2013) have adopted
task-switching paradigms. The studies showing no gender
differences in multitasking either used complex multitask-
ing paradigms containing elements of both concurrent
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multitasking and task switching (Strayer et al., 2013) or did
not contrast the multitasking performance to a single-task
condition in the measurements (Tschernegg et al., 2017), or
both (Hirnstein, Larei, & Laloyaux, 2019). It is therefore
possible that gender difference depends on the type of mul-
titasking ability concerned. This was partly supported by
Lui and Wong’s (2020) finding that males were associated
with a smaller response selection limitation closely tied to
dual-task costs than females, but no gender difference was
found in retrieval and maintenance of task information
related to task-switching costs. A recent study (Hirsch et al.,
2019) examined gender differences in concurrent multitask-
ing and task switching at the same time and found no gender
differences in either paradigm after controlling for gender
differences in working memory, processing speed, spatial
abilities, and fluid intelligence. However, multitasking
experience, which may be a critical factor influencing mul-
titasking ability was not examined (more discussion in the
next section). In this study, we included both a dual-task
paradigm and a task-switching paradigm as measures of
multitasking ability. Apart from multitasking ability, we also
measured multitasking experience and asked whether gen-
der differences in multitasking experience could explain
gender differences in multitasking ability.

Gender differences in the amount of
multitasking experience

Another interesting question concerns the source of gender
differences in multitasking ability. Hambrick et al. (2010)
found that video game playing experience fully mediated
the gender difference in multitasking ability while Méntyla
(2013) showed that the gender difference in spatial ability
fully explained the gender difference in multitasking abil-
ity. However, it is surprising that no studies have examined
whether gender differences in the amount of multitasking
experience could account for gender differences in multi-
tasking ability.

From the evolutionary perspective, there was a rigid
labour division between men and women to adapt to the
demands of the environment. For example, Silverman and
Eals (1992) proposed the Hunter—Gatherer Hypothesis,
suggesting that the natural selection process favoured
hunting-related skills in men and gathering-related skills
in women. More recently, Offer and Schneider (2011)
found that mothers on average spend 10 more hours per
week than fathers in multitasking involving housework
and child care. Sayer (2007) further pointed out the gender
differences in multitasking at home was enlarged for par-
ents who were employed for long hours. Mothers who
faced the greatest employment time demands used multi-
tasking as a strategy to squeeze tasks in very little time,
whereas the level of fathers’ working hours did not have
any effects on their multitasking at home. Besides, it has
been found that women switched between categories more

frequently than men in performing a verbal fluency task
(Lanting et al., 2009; Weiss et al., 2006). Recently, studies
on media-based multitasking behaviour suggested that
teenage boys spent more time in playing video games than
girls, but teenage girls spent more time than boys in media
multitasking (Cotten et al., 2014; Foehr, 2006; Rideout
etal., 2010). The media involved either do not require con-
tinuous attention (e.g., instant messaging, email, and web-
sites) or are not very attention demanding (e.g., music). All
of these studies seem to suggest that women are more
habitual multitaskers than men. From the differential-
experience perspective, gender differences in multitasking
experience may therefore lead to gender differences in
multitasking ability. It is therefore interesting to examine
whether gender differences in the amount of multitasking
experience is one of the sources of gender differences in
multitasking ability.

Gender differences in the effect of multitasking
experience on multitasking ability

Another possibility is that it is the qualitatively different
multitasking experience, not the difference in the amount
of multitasking experience, that causes gender differences
in multitasking ability. Research has suggested that multi-
tasking experience could affect different cognitive abili-
ties including multitasking ability, with again mixed
findings. Ophir et al. (2009) devised a media multitasking
questionnaire to assess the extent to which an individual
uses multiple media at the same time. Surprisingly, they
found that heavy media multitaskers performed worse in
task switching than light media multitaskers. In the same
study, heavy media multitasking was also associated with
worse performance in other cognitive tasks that measure
one’s ability to filter out irrelevant information when
attending to visual stimulations and when updating con-
tent in working memory. It was concluded that a pro-
longed experience of multitasking with media was
associated with a breadth-biased processing style and
weakened ability to filter out irrelevant stimuli and tasks
(Lin, 2009). It has also been shown that during a visual
search task, heavy media multitaskers were less able to
filter out apparently irrelevant information from the audi-
tory modality (Lui & Wong, 2012).

On the contrary, Minear et al. (2013) showed that
heavy and light media multitaskers performed at similar
levels in tasks involving selective attention, working
memory update, and task switching. Baumgartner et al.
(2014) showed that heavy media multitaskers were better
(not worse) at ignoring irrelevant distractions measured in
a flanker task, though they did not have any advantage in
task switching. Moreover, in Alzahabi and Becker’s
(2013) study, heavy media multitasking was associated
with better performance in task switching. It is therefore
difficult to conclude from the inconsistent findings
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whether multitasking experience is associated with better
or worse task-switching ability.

One could attribute the conflicting findings of the
effects of multitasking experience on multitasking ability
to differences in specific task settings, characteristics of
participants, the time at which the studies were conducted,
and so on (Alzahabi & Becker, 2013; van der Schuur et al.,
2015). A potential factor that has been overlooked con-
cerns the type of multitasking experience. For example,
gender differences have been found not only in terms of
the amount but also the type of multitasking. Offer and
Schneider (2011) suggested that fathers’ multitasking at
home involved less housework and child care. Studies on
media-based multitasking behaviour (Cotten et al., 2014;
Foehr, 2006; Rideout et al., 2010) suggested that teenage
girls spent more time on multitasking with social network-
ing sites, music, and online reading, whereas boys spent
more time on playing games. It is therefore important to
examine whether gender would moderate the effect of
multitasking experience on multitasking ability. This
would in turn provide another explanation for gender dif-
ferences in multitasking ability.

Different methods in measuring multitasking
experience

Measures of multitasking experience have been very lim-
ited until recently. This is because of the difficulty in
developing a measure that is reliable, comprehensive,
cost-effective, and suitable for different groups of individ-
uals, as discussed below. The majority of studies of chronic
multitasking adopted the media multitasking questionnaire
devised by Ophir et al. (2009). One advantage of self-
reports like this is their ability to cover a wide range of
behaviours. Also, given the prevalence of media nowa-
days, one could argue that media multitasking is represent-
ative of multitasking at least in more developed parts of
the world. However, the validity of the questionnaire
depends on whether individuals have good insight and
memory of the details of their multitasking behaviour. The
questionnaire requires one to report, for the past year, the
average number of hours spent each week in each of 11
primary media, as well as the extent to which one uses the
other media at the same time as each primary medium.
This amount to over 100 numbers to fill in, and the validity
of responses are questionable. First, it is sometimes hard
for participants to distinguish between primary and sec-
ondary media. Second, some tasks such as listening to
music may be more passive when they are engaged as sec-
ondary tasks and thus the situation may not be as demand-
ing as a multitasking experience. Indeed, past studies have
shown that humans tended to overestimate their ability to
multitask (Sanbonmatsu et al., 2013), underestimate their
task-switching frequency (Brasel & Gips, 2011), know lit-
tle about their susceptibility relative to others to perfor-
mance impairment due to multitasking (Finley et al.,

2014), and fail to choose the ideal combination of tasks
that would result in minimal costs during multitasking
(Nijboer et al., 2013). One could therefore question the
adequacy of relying on self-reports alone to measure mul-
titasking experience.

In response to the shortcoming of self-reports, other
multitasking experience measures based on behaviours
have become more popular in recent years. Recording of
computer usage is one common method. Grace-Martin and
Gay (2001), for example, gave university students laptop
computers to track their web browsing behaviour for a
semester. It was found that those who spent more time on
web browsing while attending class also obtained lower
final grades. Rosen et al. (2013) observed middle school,
high school, and college students studying for 15min in
their usual study environment. They found that those with
a positive attitude towards task switching tended to have
more distracting technologies (computer, cell phone, tele-
vision, video games, ctc.) available during study and also
were less able to stay on a task (e.g., reading a book and
writing on paper) for long. Other studies used computer
software to log switches between content on computers to
characterise multitasking behaviour (e.g., Judd & Kennedy,
2011; Spink et al., 2006; Yeykelis et al., 2014). Unlike self-
reports, monitoring computer usage does not require an
individual to have detailed insight of their multitasking
behaviour. Besides, experience measurement can occur in
a more natural and private setting (e.g., home) without the
constraint of proper computer use expected in work or
school environment (Benbunan-Fich et al., 2011). One
may argue that this method focused heavily on multitask-
ing within a single device (computer) and may thus pro-
vide a very limited and situation-specific measure of
multitasking experience. However, given the rapid
enhancement of the functions of computers and the preva-
lence of computer usage, computer-mediated multitasking
could account for most instances of multitasking, espe-
cially for the younger generation.

Another behaviour-based method involves direct obser-
vations of one’s multitasking tendency in a laboratory to
infer one’s chronic multitasking experience. Reissland and
Manzey (2016), for example, asked participants to per-
form two tasks (odd/even discrimination for digits, conso-
nant/vowel discrimination for letters). While performing
one task, the participants could always preview the other
task and were free to decide when to switch to the other
task. A large individual difference was observed in terms
of the tendency to switch. Calderwood et al. (2014) asked
college students to study or complete homework assign-
ments in a laboratory for 3 hr, during which video cameras
and an eye tracker were used to monitor multitasking
behaviour. Multitasking was frequent and was associated
with lower study/homework motivation as well as nega-
tive affect. Brasel and Gips (2011) had participants come
to a laboratory for 30 min with a computer connected to the
internet and a television set, and used video cameras to
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record how their eye gaze switched between the two
media. It was found that young college students switched
more than older college staff, and participants in general
underestimated their switching frequency by almost 90%.
It is debatable whether the tendency measured in a labora-
tory reflects chronic experience in daily life. But if that is
the case, then laboratory observations could be another
objective method that shares the advantages of recording
of computer usage, yet could be less time-consuming and
less intrusive.

Overall, various measures of multitasking experience
have their pros and cons. This study will benefit from the
use of multiple multitasking experience measures.

The current study

There were four objectives in this study. First, we exam-
ined whether women and men differ in concurrent and
sequential multitasking ability. Second, we used multiple
measures of multitasking experience and examined
whether there were gender differences in the amount of
multitasking experience. Third, we examined whether
gender differences in the amount of multitasking experi-
ence could explain gender differences in multitasking abil-
ity by performing mediation analyses. In the mediation
analyses, we also controlled for possible gender differ-
ences in five additional cognitive abilities that were found
to be associated with multitasking performance including
processing speed, working memory capacity, working
memory update, inhibition, and interference control
(Hirsch et al., 2019; Lui & Wong, 2020; Redick et al.,
2016). Finally, we examined whether the effects of multi-
tasking experience on ability depends on gender by per-
forming moderation analysis.

A group of participants’ multitasking experience and
ability were measured. Four experience measures were
used, including two detailed self-reports, computer usage
tracking, and behavioural observations in a laboratory. We
first evaluated the reliability of each measure on repeated
testing (except for the reliability of Multitasking Prevalence
Inventory which was evaluated by calculating the
Cronbach’s alpha), and then the correlations between these
measures to know the extent to which they tapped on over-
lapping aspects of multitasking experience. The multitask-
ing ability was measured by two paradigms including a
dual-task paradigm and a task-switching paradigm to indi-
cate different aspects of multitasking ability. Participants’
video game playing experience was also measured as an
additional experience measurement.

Method

Participants

One hundred and twenty-nine university students from
The Chinese University of Hong Kong, including 60

men and 69 women were recruited with monetary com-
pensation to participate in the experiment (approved by
the Survey and Behavioural Research Ethics Committee).
The participants were between 18 and 31years old
(M=20.16, SD=1.94). All reported normal or correct-
to-normal visual acuity and no perceptual or cognitive
disorders. This sample size was determined for two rea-
sons. First, as the path analyses and structural equation
modelling (SEM) involved eight measurement variables
(gender, four multitasking experience measures, video
game playing experience, and two multitasking ability
indicators), 120 subjects would be required to achieve a
subject-to-variables ratio of 15, which was considered to
be good for SEM analyses (Nunnally & Bernstein,
1967). Second, this sample size enabled detection of a
medium effect size with Cohen’s d=.5 with a statistical
power of .8. The effect size with Cohen’s d=.5 is within
the range of effect sizes (.27-.82') found in previous
gender difference studies in multitasking (Hambrick
et al., 2010; Mantyl4d, 2013; Mantyla et al., 2017; Stoet
et al., 2013). It is also similar to the effect size used for
power analysis in a similar recent study examining gen-
der differences in both dual-task and task-switching par-
adigms was 0.6 (Hirsch et al., 2019). In addition, with
the large number of tasks involved and measurement of
personal computer usage, higher rates of attrition and of
subject filtering (due to the failure to follow instruc-
tions) were expected. As a result, we planned to recruit
about 130 participants and retain around 120 of them in
the final sample.

Among the 129 participants, 7 of them were discarded
due to poor performance in at least one of the multitasking
paradigms (below 70% accuracy although within 3 SD of
the mean accuracy of all participants), and 3 of them were
discarded as their number of switches were more than 3
SD of the mean switches in the laboratory switching ten-
dency observation paradigm. Another 2 participants were
discarded because they got less than 2 hr data, and the data
were recorded in only one or two occasions out of the
4-week period. Data of the remaining 117 participants
whose age were between 18 and 31 (M=20.27, SD=2.00),
including 56 males (age: M=20.26, SD=1.83) and 61
females (age: M=20.29, SD=2.18), were subjected to fur-
ther analyses.

Procedure

All participants were tested on four measures of multitask-
ing experience and two measures of multitasking ability
and five additional short measures of other cognitive abili-
ties. The purpose of measuring the five additional cogni-
tive abilities is to explore whether there are gender
differences in other cognitive abilities and also control for
such gender differences when examining gender differ-
ences in multitasking ability. Apart from the computer
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usage monitoring measure of multitasking experience,
which was done by installing a computer monitoring soft-
ware on participants’ personal computer for 4 weeks, all
other measures were done in the laboratory and in the
same sequence for all participants. The laboratory testing
lasted for about 4.5 hr in total and was completed in three
sessions with a 2-week separation between consecutive
sessions. In Session 1, participants first filled in the media
use questionnaire followed by performing the laboratory
switching tendency paradigm and a processing speed test.
Afterwards, they answered two video game playing ques-
tions and filled in the Multitasking Preference Inventory
(MPI). At the end of Session 1, they were given the com-
puter monitoring software and instructions of how to instal
the software in their personal computer. In Session 2, par-
ticipants filled in again the media use questionnaire and
performed again the laboratory switching tendency para-
digm for calculating the test—retest reliability. Afterwards,
participants performed a task-switching paradigm with 2:1
cue to task mappings, a flanker task, and a stop signal task.
In Session 3, participants performed an equal-priority
dual-task paradigm, a letter memory task, and an operation
span task.

Participants received a fixed amount of monetary com-
pensation for the participation in the study, plus an extra
bonus based on their performance in the laboratory switch-
ing tendency observation paradigm. All personal informa-
tion and measures of this study were kept strictly
confidential in the laboratory computers that can only be
accessed by the authors. Participants’ identity will not be
disclosed in the material that is published.

Multitasking experience measure |—computer
usage monitoring

A computer usage monitoring software—ActivIrak
(http://activtrak.com/) was installed on the participant’s
personal computer for 4 weeks. The software can monitor
the usage of a computer and create an activity log of it. The
activity log provides information about which software are
being activated at a given time. In the data file, each row
represents one record. When the participants switched
between task (e.g., from Microsoft Word to Microsoft
Excel or from one website to another website using the
same browser), a new record was created. The columns
contain variables that mark the information about the
record including time, date, software name, URL, and title
bar name. Apart from these variables of interest, no other
information about the tasks was examined.

A switching index, indicating the number of switches
per hour between tasks was calculated by dividing the total
number of switches by the total duration (in hours). The
total number of switches is simply the count of records
minus 1 and total duration is the sum of duration of the
records.

Multitasking experience measure 2—media
use questionnaire

The media use questionnaire was developed by Ophir et al.
(2009) to assess people’s amount of media multitasking
experience. Part 1 of the questionnaire asks about the num-
ber of hours one spends each week for the last year in
using 11 primary media, including print media, television,
computer-based video, music, non-music audio, video or
computer games, telephone and mobile phone voice calls,
instant messaging, text messaging, e-mail, web surfing,
and other computer-based applications. Part 2 requires the
participant to fill in a media multitasking matrix with the
number 0, 1, 2, or 3 to indicate how often one uses each of
the other media (including SMS—short message service
for mobile phones) at the same time with a primary
medium. A formula was used to calculate, for each partici-
pant, a media multitasking index (MMI) to indicate the
mean number of media the participant is engaged in con-
currently. Participants filled in this questionnaire twice in
the first and second sessions respectively.

Multitasking experience measure 3—
laboratory switching tendency observation

This paradigm aims at observing one’s natural task-switch-
ing tendency as a proxy of one’s previous multitasking
experience. Participants were asked to perform four tasks
(calculation, visual search, text entry, and modified Stroop
task) displayed on the computer screen simultaneously.
The calculation task was either a two-digit addition or sub-
traction task. The visual search task required participants
to judge whether a target word was appeared in a list of 10
words. In the text entry task, participants listened to a six-
string word and were required to enter the word using an
onscreen keyboard. The modified Stroop task required
participants to judge either the colour or name of a col-
oured word. Figure 1 shows a screen shot of this paradigm
containing the display of the four tasks. Participants were
required to complete 200 trials for each task and they can
freely switch between the tasks. All responses were made
via computer mouse clicking. The total number of switches
served as the indicator of one’s task-switching tendency.
Participants performed this paradigm twice in the first and
second sessions, respectively. Participants got extra $20
bonus if they got higher than 90% accuracy for each task.

Multitasking experience measure 4—the MPI

The MPI was developed by Poposki and Oswald (2010) to
assess one’s polychronicity which is the preference for
multitasking as opposed to performing only one task at a
time. In the MPI, participants were asked to rate 14 items
on a 5-point Likert-type scale indicating to what extent
they agree or disagree with the statements. For example, “I
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Figure |. A screen shot of the laboratory switching tendency paradigm.

prefer to work on several projects in a day, rather than
completing one project and then switching to another” and
“When I have a task to complete, I like to break it up by
switching to other tasks intermittently.” The total score of
the 14 items was used to indicate their preference for mul-
titasking. The MPI serves as another proxy of one’s previ-
ous multitasking experience in this study.

Video game playing experience

Two questions adopted from Hambrick et al. (2010) were
used to assess participants’ video game playing experience
and skill. The first one asked participants about the number
of hours they spent on playing video games per week in the
past year. The second one asked participants to rate their
video game playing skill compared to others in a 1 to 7
scale (1 =very poor to 7=very good). The two video game
playing indices were combined as one indicator represent-
ing the amount of video game playing experience by aver-
aging the z-scores.

Multitasking ability measure |—task-switching
paradigm with 2:1 cue to task mappings

The task-switching paradigm was adopted from Mayr and
Kliegl (2003). The paradigm used two cues for each task to
indicate which task to perform for each trial. This resulted
in three types of trials in the mixed-task blocks. In non-
switch trials, both cue and task were identical to that of the
previous trial. In cue-switch trials, the cue was different to
the previous trial, but the task remained the same. In the
task-switch trials, both the cue and task were different to
that of the previous trial. The task cue was presented

300ms after the preceding response and lasted for 200 ms
until the presentation of the stimulus which could be a cir-
cle, a square, or a triangle of about the same size (i.e., the
side length of the square was 1 cm), and it could appear in
green, blue, or red. Participants had to indicate the colour
of an object if the task cue was the letter G or S, and had to
indicate the shape of the object if the task cue was the letter
B or W by pressing the keys 1, 2, and 3 on the numeric
keyboard, respectively, using their index, middle, or ring
finger. Stimuli remained on the screen until the participant
made the response.

There were two single-task blocks and one mixed-task
block with 30 trials each in the practice session. In the test
session, there were eight mixed-task blocks with 90 trials
each. Task instructions as well as the stimulus-response
mappings were presented at the beginning of each block.
Stimuli, tasks, and cues were selected randomly for each
trial with two constraints: (1) the number of the three types
of trials (task-switch trials, cue-switch trials, and non-
switch trials) was equal and (2) there were no trials with
direct repetition of both the task and target stimulus.

Participants’ RT and accuracy were recorded. The task-
switch cost was calculated by subtracting the RT of the
cue-switch trials from that of the task-switch trials and,
while the cue-switch cost was calculated by subtracting the
RT of the non-switch trials from that of the cue-switch
trials.

Multitasking ability measure 2—equal-priority
dual-task paradigm

The equal-priority dual-task paradigm adopted from
Schumacher et al. (2001) required participants to perform
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two tasks concurrently with equal priority. One task was an
auditory-vocal (AV) task, in which a low (220 Hz), medium
(880Hz), or high (3,520 Hz) tone occurred for 40 ms, and
participants were required to say “one,” “two,” or “three,”
respectively, in response. The other task was a visual-man-
ual (VM) task, in which a character string (O--, -O-, or
--0) appeared at the centre of a computer screen and par-
ticipants responded on a keyboard with their right ring,
index, or middle finger, respectively.

There were four pure blocks (two per task and in an
alternating order starting with the AV task) consisting of
only single-task trials for a task and five mixed blocks con-
sisting of single-task trials for both tasks as well as dual-
task trials interleaved randomly. The single-task trials in
pure blocks were termed as homogeneous single-task tri-
als, and the single-task trials in mixed blocks were termed
as heterogencous single-task trials. In dual-task trials, par-
ticipants viewed three dashes for 500 ms followed by the
simultaneous presentation of stimuli of the two tasks.
Participants were instructed to respond to the two tasks as
accurately and fast as possible with equal priority, and not
to constrain the serial order of their responses. The inter-
trial interval was 2s in both types of blocks. Participants
performed two pure blocks and one mixed block as prac-
tice. Each pure block consisted of 45 homogeneous single-
task trials (15 for practice blocks) while each mixed block
consisted of 18 dual-task (6 for practice blocks) and 30
heterogeneous single-task trials (15 per task, 10 for prac-
tice blocks). Stimuli were presented in the same amount of
trials within each condition and were not repeated in two
consecutive trials. Feedback about the accuracy and RT
was given after each trial in the practice session, and feed-
back about the number of correct responses, and mean RTs
were given after each block in the test session. At the
beginning of each block, participants were told which type
the block would be.

The dual-task cost was calculated by subtracting the RT
of heterogeneous single-task trials in the mixed blocks
from that of the dual-task trials. The heterogeneity cost
was calculated by subtracting the RT of homogeneous sin-
gle-task trials in the pure blocks from the RT of heteroge-
neous single-task trials in the mixed blocks.

Additional cognitive ability measure |—Eriksen
flanker task

The flanker task adopted from Wostmann et al. (2013) is a
measure of interference control. In each trial, a central
fixation cross was presented for 500 ms followed by the
presentation of a white arrow in the middle of a black
screen which lasted for 1,000 ms. In the neutral, congruent,
and incongruent conditions, the white arrow was flanked
on each side by two white squares, or two other identical
arrows point in the same or opposite direction, respec-
tively. Participants were required to judge the direction of

the white arrow in the middle by pressing the correspond-
ing arrow key on the keyboard. There were one practice
block of 10 trials and two test blocks of 120 trials each
with same number of trials for each condition and each
response. The trials were presented in a randomised order
with a 1,000 ms inter-trial interval. The flanker cost was
calculated by subtracting the RT of the congruent condi-
tion from that of the incongruent condition.

Additional cognitive ability measure 2—stop
signal task

The stop signal task adopted from Miyake et al. (2000) is a
measure of inhibition ability. There were two blocks in the
task. The first block consisted of 48 trials. For each trial,
participants viewed a fixation point for 500 ms followed
by a word presented up to 1,500ms. Participants were
required to categorise the word as either an animal or non-
animal as accurate and fast as possible. The difference
obtained by subtracting 225 ms from the mean RT of this
first block was then used as the time at which the stop sig-
nal occurred for the stop trials of the second block. The
second block consisted of 192 trials. In the second block,
participants were instructed to keep performing the same
categorization task as the first block except that they
should not respond for the trials that they heard a tone as
the stop signal. The dependent variable for this task was
the proportion of non-response trials for the stop trials.

Additional cognitive ability measure 3—letter
memory task

The letter memory task adopted from Miyake et al. (2000)
is a measure of working memory update. For each trial, a
random number of letters were presented serially for
2,000 ms per letter. Participants were instructed to rehearse
out loud the last presented four letters during the presenta-
tion of the letters. At the end of the trial, they were required
to recall the last four letters of the presentation list of the
trial. There were two practice trials with five and seven
letters each and 12 test trials (5, 7, 9, or 11 letters). The
dependent variable was the number of correctly recalled
letters.

Additional cognitive ability measure 4—
operation span task

The operation span task adopted from Engle et al. (1999)
is a measure of working memory capacity. For each trial,
participants viewed 2-5 equation-word pairs (e.g., Is
3 X 3-5=4? apple) and were instructed to read aloud and
verified the equations followed by reading aloud the
words. The equation-word pairs were presented to partici-
pants serially and each equation remained on the computer
screen until participants made the verification response. In
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addition, participants were required to keep the words in
mind and recalled all the words in the order of presentation
at the end of the trial. The participants were instructed to
start reading the equation as soon as it appeared in their
normal speed. Participants performed three practice trials
at set size 2 followed by 12 target trials with set size ranged
from 2 to 5. The dependent variable was the proportion of
correctly recalled words.

Additional cognitive ability measure 5—
processing speed

A letter comparison task (adopted from Hambrick et al.,
2010) and a symbol comparison task were used to measure
processing speed. Participants were required to judge
whether pairs of letters or symbols separated by an under-
score (e.g., AOT b ©T) were the same or different as
accurate and fast as possible by putting a tick or a cross,
respectively, in a box next to the stimuli. The test consisted
of four parts (two for letter comparison and two for symbol
comparison) with 30s for each part. The score of process-
ing speed was calculated by subtracting the number of
incorrectly answered items from the number of correctly
answered items.

Statistical analyses

To examine whether there were gender differences in mul-
titasking ability and experience, we performed independ-
ent-sample #-tests. All RT measures were mean RT
calculated basing on correct trials only. We also reported
Bayes factors of the gender differences. Bayes factor was
first introduced by Jeffreys (1935). It is defined as the like-
lihood ratio of the likelihood of the two competing hypoth-
eses such as the null and research hypotheses. If the value
of Bayes factor is equal to 1, it indicates that the data
equally supports the research hypothesis and the null
hypothesis. Bayes factors between 1 and about 3 (or
between 1/3 and 1 for null hypothesis) have been proposed
to provide weak evidence for the research hypothesis,
Bayes factors between 3 and 10 (or between 1/10 and 1/3
for null hypothesis) have been suggested to provide sub-
stantial evidence for the research hypothesis and Bayes
factors larger than 10 (or smaller than 1/10 for null hypoth-
esis) have been suggested to provide strong evidence for
the research hypothesis (Kass & Raftery, 1995; Wetzels
etal., 2011).

The reliability of individual measures was computed
before subsequent mediation and moderation analyses. For
computer switching, MMI, and laboratory switching, test—
retest reliability was computed. For MPI, Cronbach’s
Alpha was used. For other multitasking and cognitive abil-
ity measures, split-half reliability (odd and even trials) was
estimated with adjustments according to the Spearman—
Brown formula. Similarly, the 4-week computer usage

monitoring data were divided into two halves for reliabil-
ity calculation. The first half contained the data of the first
2 weeks and the second half contained the data of the last
2weeks. As a result, the middle time point of the two
halves was equal to 2 weeks which was same as the time
difference between the first test and retest of the other two
multitasking experience measures. However, nine partici-
pants who got less than 1 hr computer monitoring data in
one of the halves were excluded in the reliability analysis.

To examine whether gender differences in the amount
of multitasking experience can explain gender differences
in multitasking ability, we performed mediation analyses
both before and after controlling for the five additional
cognitive measures. If we find a direct effect of gender on
multitasking ability and no indirect effects through the
multitasking experience measures, we can conclude that
gender differences in multitasking ability cannot be
explained by gender differences in multitasking experi-
ence. In contrast, if we find only indirect effect but no
direct effects, we can conclude that gender differences in
multitasking ability is completely explained by gender dif-
ferences in multitasking experience. Finally, if we find
both direct and indirect effects, we can conclude that gen-
der differences in multitasking ability is partly explained
by gender differences in multitasking experience.

Finally, we performed a moderation analysis to examine
whether the effects of multitasking experience on ability
are different between males and females. If yes, this would
suggest that gender differences in multitasking ability may
not only come from the amount of multitasking experience
but also come from the qualitatively different multitasking
experience such as the different types of media multitask-
ing behaviour engaged by males and females.

Results

Gender differences in multitasking ability

We first checked the reliability of the multitasking ability
and experience measures (Table 1). As the cue-switch cost
and the task-switch cost showed relatively lower reliability
(.62 and .63 respectively), the total switch cost was used as
the indicator of switch cost in the subsequent analyses. In
addition, the reliabilities of multitasking costs in terms of
accuracy were very low, ranging from .26 to .56; hence,
the accuracy costs were also excluded in the subsequent
analyses. The low reliabilities of the accuracy costs were
predictable, given the ceiling performance of both the
task-switching paradigm and the dual-task paradigm (95%
and 97% mean accuracy, respectively). Apart from the
laboratory switching tendency and the accuracy measures,
all other measures showed good reliabilities (=0.7).
Independent-samples t-tests were performed to exam-
ine gender differences in the ability measures (Table 1).
Male participants showed a significantly smaller dual-task
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Table |. Descriptive statistics, reliability, and gender differences of all the measures.

Measures Males Females t-score p-value d BF,, Reliability
Ability
Dual-task cost (ms) 282 (19) 357 (20) —2.69 .008 -5 4.80 .90
Dual-task cost (%) 0.37 (.02) 0.44 (.02) —2.28 .025 -43 1.97 .87
Heterogeneity cost (ms) 134 (15) 137 (15) —0.14 .89 -.03 0.20 .90
Heterogeneity cost (%) 0.23 (.02) 0.21 (.02) 0.56 .58 .10 0.23 .90
Switch cost (ms) 673 (43) 623 (39) 0.87 .39 .16 0.28 .84
Switch cost (%) 0.62 (.04) 0.56 (.03) 1.24 22 .23 0.39 76
Dual-task cost in accuracy —0.01 (.00) —0.01 (.00) -0.21 .83 —-.04 0.20 .26
Heterogeneity cost in accuracy 0.00 (.00) 0.00 (.00) -0.27 79 -.05 0.20 .56
Switch cost in accuracy —0.02 (.00) —0.01 (.00) 2.10 .04 .39 1.40 29
Experience
Computer switching 89 (5.5) 99 (4.8) -1.29 .20 -24 0.42 74
MMI 2.54 (.19) 3.38(.19) =3.11 .002 -.58 13.92 .84
Laboratory switching tendency 10.4 (1.6) 11.0 (1.0) -0.32 .75 -.06 0.21 .56
MPI 379 (.9) 37.7 (1.2) 0.11 91 .02 0.20 .88
Video games 0.42 (.10) —0.39 (.08) 6.27 <.001 I.16 I.5let+6 -
Cognitive
Flanker 100.6 (33.2) 105.4 (38.7) =71 48 —-13 0.25 .88
Stop signal 0.80 (.14) 0.76 (.15) 1.45 .15 27 0.51 83
Letter memory 35.43 (7.40) 33.75 (7.61) 1.21 .23 22 0.38 71
Operation span 0.72 (.12) 0.73 (.12) -0.29 .78 -.05 0.20 72
Processing speed 26.68 (5.10) 25.07 (3.66) 1.98 .05 .37 1.13 91

MMI: media multitasking index; MPI: Multitasking Preference Inventory.

Values in the parentheses represent the standard errors of the means (SEMs). Dual-task cost (%), heterogeneity cost (%), and switch cost (%) are
percentage changes of dual-task cost, heterogeneity cost, and switch cost, respectively, in comparison to the baseline condition. The valid sample
size for reliability analysis for computer switching was 108, and the valid sample size for reliability analysis for all other measures was 117.

cost than female participants, #(115)=-2.69, p=.008,
d=-.5, BF,,=4.80. In contrast, gender differences in het-
erogeneity cost and switch cost were not significant
#(115)=-0.14, p=.89, d=-.03, BF ,=.20, and #(115)=
—0.87, p=.39, d=.16, BF,,=.28, respectively. Although
female participants showed a significant smaller switch
cost in accuracy than male participants, the reliability of
this measure is very low (.29) probably due to the ceiling
performance of the task-switching paradigm (95% accu-
racy averaged across conditions). In addition, the switch
costs in accuracy as well as its gender difference were very
small in magnitude. Therefore, we excluded this accuracy
measure from the interpretation and subsequent analyses.
It is possible that the significant gender difference in
the dual-task cost was caused by the gender difference in
the general performance level as reflected in the single-
task condition. For example, the dual-task cost for a per-
son can be larger (e.g., 200ms) simply because s/he
responded more slowly in general (e.g., 2,000ms for
single-task trials and 2,200m for dual-task trials), as
opposed to another faster person with a numerically
smaller cost (e.g., 150 ms) that is actually more substan-
tial (e.g., 350 vs. 500 ms for single- and dual-task trials).
To control for the potential individual difference in the
general performance level, we calculated the percentage
change of RT in comparison to the baseline condition for
the dual-task cost, the heterogeneity cost, and the switch

cost as additional indicators and performed again the
independent-samples ¢-tests. The results were qualita-
tively the same such that male participants showed a sig-
nificantly smaller dual-task cost than female participants,
1(115)=-2.28, p=.025, d=-42, BF,,=1.97, while no
gender differences were found for the heterogeneity cost
and the switch cost (p-values > .22).

Gender differences in multitasking experience

Independent-samples ¢-tests were also performed to
examine gender differences in the experience measures
(Table 1). Male participants showed a significantly
smaller MMI than female participants, #(115)=-3.11,
p=.002, d=-.58, BF,,=13.92, and higher video game
playing experience than female participants, #(115)=6.27,
p<.001,d=1.16, BF,,=1.51e+6. Gender differences in
other multitasking experience measures were not signifi-
cant (p-values >.20).

To further explore the pattern of gender difference in
multitasking experience, we calculated MMI for each cell of
the media multitasking matrix of the Media Use
Questionnaire and performed independent-samples z-tests
to examine gender differences in each cell. Men showed sig-
nificantly more experience in multitasking involving video
games, whereas women showed more experience in multi-
tasking involving music, instant messaging, and web
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Figure 2. A matrix showing gender differences in the media multitasking indices for different combinations of media.

Numbers represent t-scores, with positive values indicating more experience in men. Significant gender differences are marked in blue (more experience
in men) and red (more experience in women) colours with higher saturation indicating more significant differences: high saturation indicates p-values
smaller than .001, medium saturation indicates p-values in between .00 and .01, and low saturation indicates p-values in between .0l and .05.

Table 2. Correlations among the multitasking experience indicators and among the ability indicators.

Experience Computer MMI Laboratory
switching switching tendency

Computer switching - - -

MMI .06 (.50) - -

Laboratory switching tendency .03 (.75) .02 (.81) -

MPI .07 (.44) 10 (.31) .31 (.o0l)

Ability Dual-task Heterogeneity Switch cost
cost cost

Dual-task cost - - -

Heterogeneity cost .36 (<.001) - -

Switch cost .22 (.017) A3 (.18) -

MMI: media multitasking index; MPI: Multitasking Preference Inventory.
P-values are included in the parentheses.

surfing as primary media (Figure 2). The gender difference
pattern is highly consistent with that found in previous stud-
ies (Cotten et al., 2014; Foehr, 2006; Rideout et al., 2010).

Whether gender differences in amount of
experience can explain gender differences in

ability

We first examined the overlap between different multitask-
ing experience measures and between different multitask-

ing ability measures to determine if certain measures need
to be combined. Table 2 shows the correlations among the

four multitasking experience indicators and among the
three multitasking ability indicators. For the experience
measures, there was only one significant correlation found
between MPI and laboratory switching tendency,
r(115)=.31, p<.001, BF,,=36.19, which were both
measuring one’s natural multitasking tendency. Apart from
this, the remaining five correlations were very small and
not significant, suggesting largely independent aspects of
multitasking experience in the measures. For the ability
measures, the dual-task cost was weakly correlated with
the heterogeneity cost, 7(115)=.36,p <.001,BF,,=315.44,
and the switch cost, 7(115)=.22, p=.017, BF ,=1.96. This
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Figure 3. The path analysis models (a) the model with multitasking experience variables as the mediators and (b) the model with
multitasking experience variables and cognitive measures as mediators.

Thick lines represent significant paths while thin lines represent non-significant paths. Only significant standardised coefficients were shown in the
figure. Positive (negative) values indicate a larger (smaller) amount of experience or multitasking cost, or better (poorer) cognitive performance for

males.

was consistent with the low correlation between factors
underlying concurrent and sequential multitasking costs (»
values=.20) in our previous study (Lui & Wong, 2020).
The heterogeneity cost was not significantly correlated
with the switch cost, #(115)=.13, p=.18, BF,;=.28. Thus,
the ability measures should represent different aspects of
multitasking ability.

To examine whether the gender differences in multi-
tasking ability were mediated by the amount of personal
experiences including multitasking experience and video
game playing experience, a path analysis was performed
which used the dual-task cost, the heterogeneity cost, and
the switch cost as the dependent variables, gender as the
predictor, and the multitasking experience measures, and
video game playing experience as mediators. Figure 3a
shows the path analysis model with the significant param-
eter estimates. Among the experience measures, consistent
with results of the independent-samples ¢-tests, there were
significant gender differences in MMI, B=-279, B=
-0.839,2 z=-3.126, p=.002, and video game playing,
3=.505, B=0.806, z=6.299, p <.001, such that male par-
ticipants engaged in significantly less media multitasking
and more video game playing than females. For the dual-
task cost, there was a significant total effect for gender,
B=-243, B=-74.289, z=-2.702, p=.007, such that male

participants showed a significantly smaller dual-task cost
than female participants. Importantly, the indirect effect of
gender on the dual-task cost was not significant, 3 =—-.049,
B=-14.916, z=-2804, p=.42 while the direct effect was
marginally significant, B=—.194, B=-59.373, z=-1.821,
p=.069, indicating that the gender difference in the dual-
task cost could not be explained by their difference in the
amount of multitasking experience and video game play-
ing experience. For the heterogeneity cost, no significant
gender differences were found in terms of total effect
(B=-.013, B=-3.033, z=-.143, p=.886), direct effect
(B=-.103, B=-23.480, z=-955 p=.340), or indirect
effect (B=.089, B=20.448, z=1.39, p=.165). Similarly,
for the switch cost, no significant gender differences were
found in terms of total effect (B=.080, B=50.245, z=.869,
p=.385), direct effect (fp=.061, B=38.169, z=.551,
p=.582), or indirect effect (=.019, B=12.076, z=.313,
p=.754).

To explore whether the qualitatively different media
multitasking pattern found between males and females (as
shown in Figure 2) can explain the gender difference in
multitasking ability, we calculated two additional MMIs
representing two specific types of media multitasking
experience: (1) multitasking involves video games and (2)
multitasking involves music, instant messaging, and web
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surfing. The first MMI was calculated by adding the MMIs
of all the cells involving video games as primary media,
while the second MMI was calculated by adding the MMIs
of all the cells involving music, instant messaging, and
web surfing as primary media except those involving video
games as secondary media. We then performed again the
mediation analysis using these two MMIs to replace the
original MMI in the path model. Significant gender differ-
ences were found in the two types of MMIs with males
showing significantly more experience in the MMI for
video games, f=.404, z=3.114, p=.002, but significantly
less experience in the MMI for music, instant messaging,
and web surfing, B=-2.111,z=-4.298, p <.001. However,
these two MMIs cannot explain the gender difference in
the dual-task cost, f=—74.289, —=2=2.702, p=.007, as indi-
cating by a non-significant indirect effect, B=1.533,
z=.071,p=.943, and asignificant direct effect, }=—75.823,
z=-2.221, p=.026.

As shown in Table 1, male participants showed signifi-
cantly faster processing speed than female participants,
1(115)=1.98, p=.05, BF,,=1.13. They did not differ sig-
nificantly in all other measures of cognitive abilities.
Nevertheless, an additional mediation analysis was per-
formed including the five additional cognitive measures as
mediators to control for possible gender differences in
these cognitive abilities. As shown in Figure 3b, among the
cognitive abilities, the only significant gender difference
was found in processing speed such that males responded
significantly faster than females, B=.181, B=1.613,
z=1.987, p=.047. For the dual-task cost, after including
the cognitive abilities, there was a significant total effect
(B=-.249, B=—74.289, z=-2.767, p=.0006), and a mar-
ginally significant indirect effect (B=-.121, B=-35.975,
z=-1.735, p=.083) while the direct effect became non-
significant (3=-.128, B=-38.314, z=-1.277, p=.202).
This suggested that the gender difference in dual-task per-
formance was mediated by the cognitive abilities. For the
heterogeneity cost, again, no significant gender differences
were found in terms of total effect (B=-.013, B=-3.033,
z=-143, p=.886), direct effect (J=-.079, B=-18.037,
z=-757, p=.449), or indirect effect (3=.065, B=15.004,
z=.915, p=.360). For the switch cost, again, no significant
gender differences were found in terms of total effect
(B=.080, B=50.245, z=.864, p=.388), direct effect
(B=.088, B=55.496, z=.795, p=.427), or indirect effect
(B=-.008, B=-5.251, z=-.123, p=.902).

Whether effects of experience on ability
depends on gender

The next analysis concerned whether gender moderated the
effect of experience (multitasking experience and video
game playing experience) on the dual-task cost and the
switch cost. The moderation effect was examined by

Computer switch|

MMI Dual-tast cost
0.154 ;
ENERE | i (I
cost

o |

MPI Switch cost

Video games

Figure 4. Moderation analysis.

Thick lines represent significant paths while thin lines represent non-
significant paths. Only significant standardised coefficients were shown
in the figure.

performing multiple group analysis for male participants
and female participants. Figure 4 shows the model for the
multiple group analysis. In Model 1, no parameters were
set to be equal across groups. In Model 2, all paths from the
experience indicators to the two multitasking costs were set
to be equal between the two groups. The Lagrange multi-
plier test (LM test) was performed on the constraints set in
Model 2 to examine if any of the constraints should be
released. Models 1 and 2 both had a non-significant overall
chi-square, %*(20)=23.277, p=.275 and ¥*(35)=40.37,
p=.245, respectively. Both the univariate and cumulative
multivariate statistics of the LM test on Model 2 suggested
keeping all the constraints. As a result, Model 2 which was
a simpler model than Model 1 and had similar goodness-of-
fit, Ax*(15)=17.093, p=.313, was preferred. In Model 2,
only laboratory switch tendency significantly predicted the
heterogeneity cost, f=.154, B=2.352, z=2.36, p=.018,
such that more laboratory switches were associated with a
larger heterogeneity cost. All other effects of experience on
multitasking ability were not significant, p-values > .05. In
other words, for both males and females, individual differ-
ences in multitasking experience, in general, could not
explain individual differences in multitasking ability.
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Discussion

Research findings in the literature regarding gender differ-
ences in multitasking ability were inconsistent. A possibil-
ity was that men were superior at concurrent multitasking,
whereas women were superior at task switching. This
study examined gender differences in multitasking ability
using both a dual-task and a task-switching paradigm.
Experience measures including multitasking experience
and video game playing experience were included as
mediators and moderators and five additional cognitive
abilities measures were also included as mediators to fig-
ure out the source of gender differences in multitasking
ability, if there is any.

Gender differences in multitasking ability and
experience

The first analysis examined whether there were gender dif-
ferences in concurrent and sequential multitasking ability.
In terms of concurrent multitasking, it was found that men
showed a smaller dual-task cost than women for the dual-
task paradigm which is consistent with the studies show-
ing that men outperformed women at concurrent
multitasking paradigms (Colom et al., 2010; Hambrick
et al., 2010; Méntyl4, 2013; Méntyla et al., 2017). In addi-
tion, the men’s advantage in the dual-task paradigm cannot
be explained by their faster responses in the single-task
condition as indicated by the significant gender difference
found in the dual-task performance in terms of the percent-
age change in comparison to the single-task condition.
For task-switching ability, no significant gender differ-
ence in the switch cost was found. This is different from the
women’s advantage in task switching found in Stoet et al.
(2013). It should be noted that the indicator where women’s
advantage in task switching was found was mixing cost but
not switch cost in Stoet et al. (2013). In addition, the sample
size of this study (N=117), while larger than that of Hirsch
et al. (2019) which found no gender difference in either
dual-task or task-switching performance (N=96), was
smaller than that of Stoet et al. (2013) (N=231). One may
question whether the non-significant result was simply due
to a smaller sample size of this study. We compared the
effect sizes of the gender differences in switch cost and
dual-task cost of this study against the effect size of the
gender difference in mixing cost of Stoet et al. (2013). The
effect size of gender difference in switch cost of this study
was smaller than that of mixing cost in Stoet et al. (2013)
(Cohen’s d=.16 vs. Cohen’s d=.27). It was also much
smaller than the effect size for concurrent multitasking in
this study (Cohen’s d=.50 for a smaller dual-task cost
found in males than females). We performed a power anal-
ysis and found that it would have required a sample size of
1,230 to enable detection of the current effect size with a
power of .8. Therefore, even if a women’s advantage in task
switching exists, the advantage is much smaller than the

men’s advantage in concurrent multitasking. The current
finding was also consistent with the exploratory results of
Lui and Wong (2020) which found that males were associ-
ated with a smaller response selection limitation which was
manifested in the concurrent multitasking paradigms, but
no gender differences were found in retrieval and mainte-
nance of task information which were manifested in the
task-switching paradigms.

For multitasking experience, women engaged in sig-
nificantly more media multitasking and less video game
playing than men. There was no gender difference in the
multitasking preference, the time spending on computer
switching, or laboratory switching. To further explore gen-
der differences in each type of media multitasking behav-
iour, we calculated MMI for each cell of the media
multitasking matrix of the Media Use Questionnaire and
examined gender differences in each cell. We found that
men were associated with more experience in multitasking
involving video games, whereas women were associated
with more experience in multitasking involving music,
instant messaging, and web surfing as primary media.
These results are highly consistent with previous studies
which suggested that teenage boys spent more time play-
ing video games than girls, whereas teenage girls spend
more time than boys in media multitasking involved
instant messaging, music, email, and websites (Cotten
et al., 2014; Foehr, 2006; Rideout et al., 2010).

Gender difference in dual-task cost cannot be
explained by differences in multitasking and
video game playing experience

Another important question concerns whether gender dif-
ferences in the amount of multitasking experience can
account for gender differences in multitasking ability.
Surprisingly, inconsistent with Hambrick et al. (2010), the
men’s advantage in dual-task performance was not medi-
ated by the differences in the amount of media multitask-
ing experience and video game playing experience. One
possible reason is that, the tasks we used in the dual-task
paradigm are relatively simple and the dual-task cost
measured in this study may reflect a more pure response
selection bottleneck. In contrast, the SynWin paradigm
used in Hambrick et al. (2010) is a relatively complicated
multitasking paradigm which requires participants to han-
dle four complex tasks (a math calculation task, a letter
recognition task, a visual monitoring task, and an auditory
monitoring task) simultaneously. Three of the four tasks
involve visual stimuli in which there could be also interfer-
ence in visual stimulus perception which is purposely
avoided in the dual-task paradigm. Some tasks require also
additional calculation and memory processes to complete
in comparison with the simple stimuli classification tasks
used in this study. Particularly noteworthy is that the over-
all performance in the SynWin paradigm, instead of the
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performance in a dual-task condition compared to that in a
single-task condition, is used to indicate multitasking abil-
ity. The skills set required in such a paradigm may thus be
more mixed and it may not be surprising that gender differ-
ence in the SynWin performance was found to be related to
gender difference in video game playing experience. Thus,
a conclusion of this study is that men seems to be better at
response selection and this advantage cannot be explained
by gender difference in the amount of multitasking experi-
ence nor gender difference in the amount of video game
playing experience.

Why would the gender difference in multitasking abil-
ity not be explained by gender difference in the amount of
multitasking and video game playing experience? A pos-
sibility is that the effects of multitasking experience on
multitasking ability are different between males and
females and the differential effects lead to the gender dif-
ference in multitasking ability. The moderation analysis
examined this possibility by comparing the effects of
experience on multitasking ability between males and
females. No significant moderation was found for both
dual-task cost and switch cost (all ps>.05) suggesting
that gender difference in multitasking ability cannot be
explained by potential differential effects of multitasking
experience.

To examine whether gender differences in specific
media multitasking experience (as shown in Figure 2) can
explain the gender difference in multitasking ability, we
calculated two additional MMIs representing two specific
types of media multitasking experience: (1) multitasking
involves video games and (2) multitasking involves music,
instant messaging, and web surfing. We then performed
again the mediation analysis by using these two MMIs to
replace the original MMI in the path model. Although sig-
nificant gender differences were found in the two types of
MMIs with males showing more experience in the MMI
for video games but less experience in the MMI for music,
instant messaging, and web surfing, these two MMIs can-
not explain the gender difference in the dual-task cost. To
conclude, the current findings do not support the predic-
tion from the evolutionary and differential-experience per-
spectives that women are better multitaskers because they
engage in more multitasking behaviours than men. In con-
trast, men are better at concurrent multitasking and this
advantage cannot be explained by the gender differences
in multitasking experience.

Gender difference in dual-task cost was
explained by differences in processing speed

Males were found to have faster processing speed than
females; therefore, it is possible that the gender difference
in the dual-task cost was caused by the gender difference in
the processing speed. As a result, an additional mediation
analysis was performed including both the multitasking
experience and cognitive ability measures as the mediators.

In this analysis, the significant gender difference in the
dual-task cost (the total effect) became non-significant
(direct effect) after controlling for the mediators, suggest-
ing that the cognitive abilities fully mediated the effect of
gender on the dual-task cost. In other words, males per-
formed better than females in the dual-task paradigm
because their processing speed was faster than females.

Although the current findings have suggested that
males have an advantage relative to females in concurrent
multitasking and this could be a result of the individual
differences in cognitive abilities rather than in multitask-
ing experience, we need to be cautious in interpreting the
results. The following section discussed the validity of the
results through three aspects: (1) whether this study has
captured all types of multitasking experiences, (2) whether
different types of multitasking abilities were adequately
measured, and (3) whether gender differences in all varia-
bles that would potentially affect differences in multitask-
ing abilities were controlled.

Use of multiple multitasking experience
measures

Four multitasking experience indicators were used in this
study including computer switching, MMI, laboratory
switching, and MPI. The only significant correlation
among the four multitasking experience indicators was
found between laboratory switching and MPI probably
because both indicators were measuring people’s natural
tendency towards multitasking. Another possibility is that
participants’ responses to the MPI were influenced by their
switching tendency in the laboratory switching paradigm
which was performed earlier in the same session. We can-
not exclude the second possibility since a fixed task
sequence was adopted in this study to prevent differences
in task order from cancelling out the individual differ-
ences. All other correlations were not significant, suggest-
ing that the indicators are targeting at different aspects of
multitasking experience. The two natural tendency meas-
ures likely cover part of instead of the whole spectrum of
one’s multitasking experience, as there are also other fac-
tors influencing one’s multitasking behaviours such as
nature of the work engaged, time pressure of the tasks at
hand, and amount of interruptions encountered. In addi-
tion, computer switching and media multitasking differ in
the way of assessment and also in the device involved.
Each measurement has its merit and insufficiency: com-
puter switching is an relatively objective measurement but
limited to a single device; the media use questionnaire
covers a large range of media multitasking situations but is
vulnerable to the problem of self-report; the two natural
tendency measures can cover multitasking behaviours that
are not assessed by the other two measurements but cannot
cover the whole spectrum of multitasking behaviours. In
any case, the use of multiple experience measures is ben-
eficial as they complement each other.
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Although multiple multitasking experience measure-
ments were adopted in this study, they may be still unable
to capture all types of multitasking experience. Due to the
rapid evolution of technology, smart phone has become
another population device that is widely and frequently
used in daily life. As a result, multitasking within smart
phone or between smart phone and other devices could
possibly occupy an unneglectable portion of time. Besides,
the two specific MMIs we calculated in the exploratory
analyses, including the MMI for video games and the MMI
for music, instant messaging, and web surfing, are also
vulnerable to the problem of self-report and cover only a
small range of media multitasking situations. Hence, it is
still possible that there are gender differences in other
aspects of multitasking experience which lead to the gen-
der difference in dual-task performance. It would be a
great challenge for researchers to devise reliable and valid
measurements in the future that can cover most, if not all,
of the multitasking experiences and provide index for each
specific qualitative aspect of multitasking experience.

Multifaceted nature of multitasking ability

Dual-task performance and task switching are two research
areas of multitasking that have been developing quite inde-
pendently in the literature, with few empirical studies of the
relationship between the two. The small correlation found
between the dual-task cost and the switch cost, and the
presence and absence of gender difference associated with
the two multitasking costs respectively, suggest that dual-
task and task-switching performance are very likely two
separate aspects of multitasking ability, supporting the mul-
tifaceted nature of multitasking ability proposed by our pre-
vious study (Lui & Wong, 2020). Any study assessing
multitasking ability or comparing group differences in mul-
titasking ability should hence cover these different aspects
of multitasking ability to obtain a more complete picture.

Compared with many previous studies in examining
gender differences, we took a step further and included
both dual-task and task-switching paradigms for the same
participants (similar to Hirsch et al., 2019). However, there
was only one task for measuring dual-task performance
and one for task-switching performance. Although the two
measures showed good reliabilities, variables measured by
single-task indicators are undoubtedly contaminated by
certain amount of task specific variances. This would
lower the possibility to find the relationship between mul-
titasking habit and multitasking ability if there is a rela-
tionship between the two. Future studies should use
multiple indicators for each aspect of multitasking ability
to examine the effects of multitasking habits as mediators
and moderators of gender differences in multitasking
performance.

In addition, future studies should include a wider range
of multitasking situations. As discussed, there are complex
multitasking situations that are quite different to the simple

multitasking paradigms used in this study. This study also
did not include interruption paradigms (Bai et al., 2014;
Trafton et al., 2003) and self-initiated task-switching para-
digms (e.g., Reissland & Manzey, 2016) that allows more
strategic planning. Hence, this study cannot exclude pos-
sible female advantages on other types of multitasking
situations. Conclusions on gender differences in multitask-
ing experience and possible mediation effects of multi-
tasking experience could be different when a more
comprehensive set of multitasking paradigms are included
in future studies.

Other potential mediators for gender
differences in multitasking abilities

This study has examined potential mediation effects of
four types of multitasking experiences and five cognitive
abilities for gender differences in multitasking abilities.
However, the processing speed was measured only by the
letter and symbol comparison tasks. As it was suggested
that woman demonstrated superior processing speed in
tasks involving digits, letters, and rapid naming, while
men were faster on RT tests and finger tapping (Roivainen,
2011), it would be better to include a more comprehensive
set of measures of processing speed. In addition, there are
still some other variables that can potentially affect males
and females’ multitasking performance such as the social
economic status, intelligence, and females’ phase of
monthly cycle which were not assessed and controlled in
this study. It should be noted that while these variables can
potentially explain the gender differences found in this
study, they are unlikely the whole story as this study did
not find gender differences in every multitasking measures
and cognitive abilities. For example, males and females
did not differ in the operation span task, a typical working
memory capacity measure, while it was found that intelli-
gence was related to working memory capacity to a similar
extent as to multitasking ability (Redick et al., 2016).
Nevertheless, future studies should control for more of
these variables to increase the validity and hence interpret-
ability of the findings.

Conclusion

This study represents the first attempt to examine, in the
same study, gender differences in different aspects of
multitasking ability, the role of the amount of multitask-
ing experience in mediating gender differences in multi-
tasking ability, and the role of gender in moderating the
effects of multitasking experience on multitasking abil-
ity. The findings suggest that men are better at response
selection while there is no observable gender difference
in task switching. Consistent with previous studies, men
were found to be more experienced in video games play-
ing and multitasking with video games, whereas women
were found to be more experienced in media
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multitasking especially in media multitasking with
music, instant messaging, and web surfing. However, the
men’s advantage in response selection cannot be
accounted for by either gender difference in the overall
amount of multitasking experience or gender differences
in specific aspects of multitasking such as multitasking
for video games and multitasking for music, instant mes-
saging, and web surfing. Instead, the men’s advantage in
response selection was completed explained by differ-
ence in the processing speed.
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