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Abstract

Background

Their seems to be a common belief that women are better in multi-tasking than mehetmiis

tasking skills than men.
Methods

In Experiment 1, we compared performance of 120 women and 120 menoimauter-based task
switching paradigm. In Experiment 2, we compared a different groufy at@men and 47 men o
“paper-and-pencil” multi-tasking tests.

Results

In Experiment 1, both men and women performed more slowly when two taslesragidly inter-
leaved than when the two tasks were performed separately. Importantlglavislown was signif;
icantly larger in the male participants (Cohed's= 0.27). In an everyday multi-tasking scenat
(Experiment 2), men and women did not differ significantly at solving simpleragttt problems
searching for restaurants on a map, or answering general knowtpaggtions on the phone, b
women were significantly better at devising strategies for locating a lostaygn’sd = 0.49).

Conclusions

Women outperform men in these multi-tasking paradigms, but the near lack dficahptudies on
gender differences in multitasking should caution against making stroregajisations. Instead, w
hope that other researchers will aim to replicate and elaborate on oungfend

practically no scientific research on this topic. Here, we tested whether vbme better multit

io




Background

In the current study, we address the question whether women are bettetaskers than men. The
idea that women are better multi-taskers than men is commonly held by lay peapéeréfeiew see
Mantyla 2013). While the empirical evidence for women outperforming men in rragking has been
sparse, researchers have shown that women are involeeslin multi-tasking than men, for example
in house-hold tasks (Offer and Schneider 2011; Sayer 2007). Ipdipisr we address the question if it
is true that women actuallgutperform men when multi-tasking.

Multi-tasking is a relatively broad concept in psychology, developed seeeral decades of research
(for a review see Salvucci and Taatgen 2010); this research hamems relevance for understanding
the risk of multi-tasking in real-life situations, such as driving while using a mgiitne (Watson and
Strayer 2010).

There are at least two distinct types of multi-tasking abilities. The first typeeiskiil of being able

to deal with multiple task demandasgthout the need to carry out the involved tasks simultaneously. A
good example of this type of multi-tasking is carried out by administrative aststaho answer phone
calls, fill in paperwork, sort incoming faxes and mail, and typically do notycaut any of these tasks
simultaneously.

A second type of multi-tasking ability is required when two types of informationtrbasprocessed
or carried outsmultaneously. An example of the latter category is drawing a circle with one hand
while drawing a straight line with the other hand. While humans have no difficaltyying out each
of these tasks individually, drawing a circle with one hand and drawiggagght line with the other
simultaneously is nearly impossible (the circle becomes more of an ellipse andetinedie of a circle,
Franz et al. 1991). Another example is the requirement to processdiffigpes of sensory information
at the same time (Pashler 1984), such as different auditory streams enewlifears (Broadbent 1952).
While humans frequently are asked to do such tasks in the psychologicediaty, humans seem to try
to avoid these situations in real life, unless they are highly trained (e.g., plpidng, with the left and
right hands playing different notes, or having a conversation whilérdyia car). Arguably, we are not
good at doing multiple tasks simultaneously (except when well trained), ahgribbably explains why
this type of multi-tasking is less common than the type in which we serially alternate®etwo tasks
(Burgess 2000). It is because of this that we focus on the first typmutii-tasking in this study. Also,
it is important to note that the two types of multi-tasking described above arextnenree examples on
a continuum of multi-tasking scenario.

Cognitive scientists and psychiatrists have postulated a special setrofivefunctions that help with
the coordination of multiple thought processes, which include the skills sagefor multi-tasking,
namely “executive functions” (Royall et al. 2002): task planning, pasipg tasks depending on ur-
gency and needs (i.e., scheduling), and ignoring task-irrelevantiatgyn (also known as “inhibition”).
Healthy adults can reasonably well interleave two novel tasks rapidlyd{®sndonck et al. 2010). The
involved (human) brain areas necessary for multi-tasking have beestigated and we can at the very
least make a reasonable estimate of which are involved (Burgess et @). 200ong primates, humans
seem to have a unique way of dealing with task switching (Stoet and Sn@@&),2vhich we hy-
pothesize reflects an evolutionary unique solution for dealing with the tatyesand disadvantages of
multi-tasking (Stoet and Snyder 2012). The specific contributions ofisha brain areas to executive
control skills in humans have been linked to a number of mental disorderartioypar schizophrenia
(Evans et al. 1997; Kravariti et al. 2005; Royall et al. 2002; Senikaes al. 2004; Dibben et al. 2008;
Hill et al. 2004; Laws 1999).

Currently, there are few studies on gender and multi-tasking, despitenéngge confident public opin-
ion that women are better in multi-tasking than men (Ren et al. 2009). Ren #edgues (2009)



extrapolated the hunter-gatherer hypothesis (Silverman and Eals 1982ké&opredictions about male
and female multi-tasking skills. The hunter-gatherer hypothesis proposemén and women have
cognitively adapted to a division of labor between the sexes (i.e., men aneizggl for hunting, and
women are optimized for gathering). Ren and colleagues speculated tmaivgogathering needed to
be combined with looking after children, which possibly requires more multiiiggkan doing a task
without having to look after your offspring. In their experiment, men andwewo performed an Eriksen
flanker task (Eriksen and Eriksen 1974) either on its own (i.e., single tagkition) or preceded by an
unrelated other cognitive decision making task (i.e., multi-tasking conditiongy Téund that in the
multi-tasking condition, women were less affected by the task-irrelevarkeftarihan men. Thus, the
latter study supports the hypothesis that women are better multi-taskers.

We tested whether women outperform men in the first type of multi-tasking. perirent 1, we tested
whether women perform better than men in a computer-based task-switeajgm. In Experiment
23, we tested whether women outperform men in a task designed to test “plammiagreal-life”
context that included standardized tests of executive control funct@uasprediction was that women
would outperform men.

Experiment 1

In this experiment, we used a task-switching paradigm to measure taskiggithilities. Task-
switching paradigms are designed to measure the difficulty of rapidly switeliagtion between two
(or more) tasks. Typically, in these types of studies, performing a taskisterof a simple response
(e.g., button press with left or right hand) to a simple stimulus (e.g., a digit) diocpto simple rules
(e.g., odd digits require left hand response, even digits a right hapdnes).

In task-switching paradigms, there are usualy two different tasks (etgskmA deciding whether digits
are odd or even, and in task B deciding whether digits are lower or higaertkie value 5). An easy
way to think of task-switching paradigms is to call one task “A’” and anothér‘@ds A block of just
ten trials of task A can be written as “AAAAAAAAAA’ and a block of just ten tiseof task B can be
written as “BBBBBBBBBB”. Most adults find carrying out sequencesoé task type relatively simple.
In contrast, interleaving trials like “AABBAABBAABB” is difficult, as demonstted for the first time
in 1927 by Jersild (1927). Today, the slowing down associated withiogrout a block of mixed trials
compared to a block of pure trials is known as “mixing cost”. Further, within thixecks, people slow
down particularly on trials that immediately follow a task switch (in BBAA there are two such trials,
here indicated in bold font); the latter effect is known as “switch cost”.

Researchers have given switch costs more attention than mixing costsiafigmnce the mid-1990s
(Vandierendonck et al. 2010)In the current experiment, we measured both types of costs.

Methods
Participants

We recruited participants via online advertisements and fliers in West Yoek$§K). Our recruitment
procedure excluded participants with health problems and disordersathldt potentially affect their
performance, which included color-vision deficits, as tested with the Ishitwor test (Ishihara 1998)
before each experimental session. Altogether, we selected 240 panticgpatified by gender and age
(Figure 1).



Figure 1 The distribution of participants by gender and age. The average age of women was 27.4
years 8D = 6.0); the average age of men was 27.8 ye8s< 6.4).

Research ethics

Research was in accordance with the declaration of Helsinki, and aprbethical standards for
Experiment 1 was given by the ethics committee of the Institute of Psychold&paahces, University
of Leeds. All participants gave written or verbal consent to participate.

Apparatus and stimuli

The experiment was controlled by a Linux operated PC using PsyToofkitae (Stoet 2010). A 17"
color monitor and a Cedrus USB keyboard (model RB-834) were ugestifoulus presentation and
response registration, respectively. Of the Cedrus keyboard, onlpittons were used. These were
the buttons closest to the participant (%x22.2 cm each, with 4.3 cm between the two buttons), which
we will further refer to as the left and right button, respectively.

A rectangular frame (% 8 cm) with an upper and lower section (Figure 2a) was displayed. Thesword
“shape” and “filling” were presented above and below the frame, otispdy. Further four imperative
stimuli were used in different trials (Figure 2b). These four were the @oatibn of two shapes (di-
amond and rectangle) and a filling of two or three circles. The frame and trerathge stimuli were
yellow and were presented on a black background. Feedback messagepresented following trials
that were not performed correctly (“Time is up” or “That was the wroag’k

Figure 2 Schematic representation of the task-switching paradigm A: Example trial. During a
block of trials, a rectangular frame with the labels “shape” and “filling” wassble. On each trial,
a different imperative stimulus (i.e., a stimulus that requires an immediate regpeas presented in
the top or bottom part of this frame. The location (i.e., in top or bottom partavhé) determined
whether the participant had to apply the shape or filling task rules #:iThere were four different
imperative stimuli, which needed to be responded to as follows. In the stepataliamond” required
a left-button response, and a rectangle a right-button response. IHitigetéisk, a filling of two circles
required a left-button response, and a filling of three circles a right-butgponse. Congruent stimuli
are those that required the same response in both tasks, whereasuecdrsgimuli required opposite
responses in the two tasks. Thus, the imperative stimulus in panel A is ineorigit appears in the top
of the frame, thus is should be responded to in accordance to the shamthabecause it is a diamond
(the filling of three circles is irrelevant in the shape task) it should be refgmbto with a left-button
response (see Additional file 1 for demonstration).

Procedure

Participants were seated in a quiet and dimly lit room, and received writteveaibdl instructions from
the experimenter. They were instructed to respond to stimuli on the compugensc here were two
different tasks, namely a shape and a filling task. In the shape task,jantshad to respond to the
shape of imperative stimuli (diamonds and rectangles required a left dntdegponse, respectively).
In the filling task, participants had to respond to the number of circles withinhthpes(two and three
circles required a left and right response, respectively). ThenBakéeature of this procedure was
that both task dimensions (shape and filling) were always present artti¢htavo dimensions required
opposite responses on half the trials (incongruent stimuli). This meantdhatipants were forced to
think of which of the two tasks needed to be carried out and to attend to thrametimulus dimension.



Participants were informed which task to carry out based on the impertiveliss location: If the
stimulus appeared in the upper half of the frame, labeled “shape”, thelplwry out the shape task,
and when it appeared in the bottom half of the frame, labeled “filling”, theltbaarry out the filling
task.

Participants first went through 3 training blocks (40 trials), and theropedd 3 further blocks (192
trials total) that were used in the data analysis. The first two blocks wer&sblgith just one of the
two tasks (pure blocks), and in the third block the two tasks were randomieiated (mixed block).
In the mixed block, task-switch trials were those following a trial of the alteraatisk, and task-repeat
trials were those following the same task. The order of blocks was identicallfparticipants. The
computer used a randomisation function to choose which task would oceugiven trial. Further, it is
important to note that participants had training in both tasks before the blacksdsthat were used for
data analysis; this means that even in the first pure block of the analyizddeticipants were aware
that incongruent stimuli were associated with opposite responses in theditertask.

In each trial, the frame and its labels (as displayed in Figure 2a) were visilolegthout the blocks.
When an imperative stimulus (one of the four shown in Figure 2b) appéedwere chosen at random
by the software), participants had up to 4 seconds to respond. The impestimulus disappeared
following a response or following the 4 seconds in case no responsgivess Incorrect responses (or
failures to respond) were followed by a 5 seconds lasting reminder ofithalgs-response mapping,
and then followed by a 500 ms pause. The intertrial interval lasted 800 msméAnmktration of the task
is available in the Additional file 1.

When we report response times in task switching trials or in pure blockslwegsreport the average
of both tasks. For example, when reporting the response times in the poke blee will report the
average of the pure block of the shape task and pure block of the fillikg tas

Results

Response time analyses were based on response times in correct trisisifpdoleast one other correct
trial. Further, we excluded all participants who performed not significaliffigrent from chance level in
all conditions. This exclusion is necessary, given that response timhgsas@ cognitive psychology are
based on the assumption that response times reflect decision time. Whepaatdiguess, for example
because they find the task difficult, the response times are no longer infiegrobtheir decision time.

The procedure for testing if participants performed better than chareeamed out as follows. Given
that there were only two equally likely response alternatives on each tidigipants had 50% chance
to get a response correct. To determine if a participant performed sagrtlfidetter than chance level,
we applied a binomial test to the error rates in each condition. Based on #iysianwe concluded

that nine participants (5 men and 4 women, aged 18-36) did not perfater bean chance in at least
one experimental condition. We found that each of these nine participankedvat chance level in the
incongruent task-switching condition (with error rates ranging from 29@0%), and for five of them,

this was the only condition they failed in. None of these nine failed in the pukdotasks. We excluded

these participants from all reported analyses.

The next set of analyses were carried out to confirm that the usadigar showed the typical effects
of task-switching and task-mixing paradigms as described in the introduétigaré 3). Throughout,
we only report statistically significant effects ¢riterion of .05).

We analyzed task-switch and incongruency costs in response times in theb lrtox&s. We carried out
a mixed-design ANOVA with the within-subject factors “switching” and “camgncy” and between-
subject factor “gender”. We found a significant effect of switchiR{f,229) = 743.90p < .001: Par-



Figure 3 The response times and error rates + 1 standard error othe mean in the pure, task-
switching and task-mixing conditions. Further, data is split up for congruent and incongruent stimuli,
and for men and women.

ticipants responded 24¥ 9 ms more slowly in the task-switch (10#014 ms) than in the task-repeat
(763+ 10) conditiory. Further, participants were 365 ms slower in incongruent (904 11 ms) than
in congruent (869 11 ms) trialsF(1,229) = 52.48p < .001.

We repeated the same analysis on the error rates. Again, we found acaiginéffect of switching,
F(1,229) = 53.20p<.001, with people making 1.9F 0.27 error percentage points (ppt) more in the
task-switch (4.62t 0.27%) than in the task-repeat (2.69.18%) condition. Further, people made 3.77
+ 0.31 ppt more errors in incongruent (5.520.30%) than in congruent (1.750.18%) trialsi-(1,229)
=143.90p <.001. Finally, the interaction between switching and congruency was sigmiifi-(1,229)
=14.65,p<.001.

Next, we analyzed task-mixing costs using a similar approach as above.wdoeontrasted trials in
the pure blocks with task-repeat trials in mixed block. We observed a slemn d6319+ 8 ms due to
mixing, F(1,229) = 1555.34p<.001, with an average response time in mixed trials of 6810 ms and

in pure trials of 444+ 5 ms. This effect interacted significantly with the gender of participants sidve
down due to mixing was 33& 11 ms in men and 302 12 ms in women (the effect size of this gender
difference expressed as Cohet’'s 0.27). We also found an effect of congruengyl,229) = 24.46,
p<.001, with people responding 1 4 ms slower in incongruent (618 7 ms) than congruent (594
+ 7 ms) trials. Finally, there was a significant interaction between mixing andaengy,F(1,229) =
10.37,p =.001.

We carried out the same analysis using error rate as dependent vaiabiee found a significant effect
of task-mixing again. People made 0.55 ppt more errors in the task mix conditigidf 0.18%) than
in the pure condition (2.16- 0.13%),F(1,229) = 9.17p = .003. People made 1.7 0.20 ppt more
mistakes in the incongruent (3.260.19%) than in the congruent (1.490.13%) conditionF(1,229) =
80.86,p<.001. The factors switching and congruency interaditl,229) = 26.94p<.001. In the error
rates, there were no effects of gender. Even so, it might be of interesport that women’s mixing cost
in error rates was 0.58 0.28 percentage points and that of men G160.23 percentage points.

Altogether, the ANOVAs of task-switching, task-mixing, and congruemmyficmed the well known

picture of task-switching data. The novelty is the gender difference iartasikg costs. Although men

and women did not show an overall speed difference, we wanted toectied the gender difference
was not simply related to overall speed (e.g., people with larger switch coskd adgp have had a
different baseline speed). To do so, we analyzed relative mixing cesteld Relative mixing costs is
the percentage slowing down in mixed compared to pure task blocks. Fopéxaf a person responds
on average in 500 ms in mixing blocks and 400 ms in pure blocks the perso@5$étslower due to

mixing tasks.

We found that when analyzing the relative slow down due to mixing in relatipristperformance in
pure blocks, there was a significant effect of gender. Women'svelatbw down (69.H- 2.6%) was,
in correspondence to the ANOVA of the absolute response time, less thaof than (77.2+ 2.6%),

t(229)=2.18p = .030; in other words, both the analysis of absolute and relative mixing sloste the
same phenomenon.



Experiment 2

In Experiment 1, we found that men’s and women’s performance diffarea computer-based task
measuring the capacity to rapidly switch between different tasks. One diftioalties with computer-
based laboratory tasks is their limited ecological validity. Experiment 2 aimee#teca multi-tasking
situation in a “real-life” context that included standardized neurocognitigts.

The approach of this experiment is based on tasks common in cognitivepsgahology. From a neu-
ropsychological perspective, Burgess (Burgess et al. 200@yided multi-tasking as the ability to
manage different tasks with different (sometimes unpredictable) prioritisatie initiated and moni-
tored in parallel. Furthermore, goals, time, and other task constraintssaraseelf defined and flexible.
Shallice and Burgess (Shallice and Burgess 1991) devised the Six El€Fastits assess precisely these
abilities (later modified by others, Wilson et al. 1998). In this task, particip@uisive instructions to
do three tasks (simple picture naming, simple arithmetic and dictation), each d¢f hdsdwo sections,
A and B. The subject has 10 minutes to attempt at least part of each of thecsions, with the proviso
that they cannot do sections A and B of the same task after each other.

Burgess and colleagues (Burgess 2000; Burgess et al. 2000higinighted various features of multi-
tasking behaviour, including: (1) several discrete tasks to completdté)eaving required for effec-
tive dovetailing of task performance; (3) performing only one task atricpéar time; (4) unforeseen
interruptions; (5) delayed intentions for the individual to return to a tasikhvis already running; (6)
tasks that demand different task characteristics (7) self-determiningtgangth which the individual
decides for him/herself; and (8) no minute-by-minute feedback on howamelhdividual performs.
As Burgess and colleagues note, most laboratory-based tasks delndeimall of these features when
assessing multi-tasking. If this is indeed the case, there is a real advamtstgelying multi-tasking
using this approach.

Methods
Participants

We recruited 47 male and 47 female participants, largely undergraduaenttud Hertfordshire Uni-
versity. The mean age was 24.2 yea§$)( = 8.1, range 18-60) for men, and 22.6 yeasdX = 5.6,
range 18-49) for women; there was no significant age differencesketthese two groupg92) = 1.1,
p=.28.

Research Ethics

Research was in accordance with the declaration of Helsinki, and appbethical standards for
Experiment 2 was given by the ethics committee of the School of Life and MiE8ences, University
of Hertfordshire. All participants gave written or verbal consent tdigipate.

Material

We used three different tasks. The “Key Search task” was taken thierBehavioral Assessment for
Dysexecutive Syndrome (BADS, Wilson et al. 1998). This is a specifiofgdanning and strategy, in
which participants are required to sketch out how they might route an attemgéartchsa “field” for a
missing set of keys. This task is normally used as a measure of problemsgirtiezdunction, and low
scores are indicative of frontal lobe impairment. In the healthy populati@task reveals no evidence
of a gender difference according to test norms and personal comrtianieath Jon Evans (one of the



test designers). The test designers reported a high.99) correlation between raters (Wilson et al.
1998).

The Map search task was taken from the “Tests of Everyday Attentioobé€Rson et al. 1994). The
task requires individuals to find restaurant symbols on an unfamiliar colprahBhiladelphia (USA)
and its surrounding areas. Again, this task reveals no evidence ofdemdifference according to the
test norms and personal communication with test designer lan Robertson.

The third task was custom designed and involved solving simple arithmeticsiigue presented on
paper as shown in Figure 4. We did pilot these mathematics questions (unlfksthgo tests, this test
is not standardised, and after piloting we moderated these questions tounakiey could be largely
successfully attempted while doing the other tasks).

Figure 4 Example of the arithmetic task.

Although there are reports that men outperform women on more complex mathepratitems, this is
typically not the case for simple calculations like this (Halpern et al. 2007).

A scoring system established within the BADS marks these plans accordiagrtdess such as parallel
patterns and corner entry. A panel of 3 scorers agreed on thessimoreach test to ensure reliable
scoring. Examples of key search strategies are shown in Figure 5.

Figure 5 Examples of the key search task. The example on the left is from a male participant, the
example on the right from a female participant.

Procedure

Each participant was given 8 minutes to attempt the three tasks described(abthmetic, Map, Key
Search). The layout of the position of the map task, maths task and keshseas counterbalanced
to avoid any bias affecting which tasks participants chose to do. Theyinsracted that each task
held equal marks; it was left to participants to decide how they would orgdnéir time between each
task. The participants were also informed that they would receive a ptadha& some unknown time
point (always after 4 minutes) asking them 8 simple general-knowledgs&igne (e.g., “What is the
capital of France”), it was again left to participants to decide whethepbthey answered the phone
call. Without or with answering the phone call, they were multi-tasking; arisgyé¢ine call just added
to that multi-tasking 'burden’ as such. If they attempted to multi-task while arnsg/éne phone call,
this was recorded. We recorded time spent on each task as well asypante.

Results

We compared test scores (Table 1) and response times (Table 2) of ch&roaren using tests. We
found that women (10.26& 0.58) scored significantly higher than men (8:8.68) on the key search
task. Importantly, this finding cannot simply be explained as a preferdfieeedce for the speed with
which the task was carried out, as no response time differences we féable 2).

No differences emerged in the numbers of men and women who answerptidhe (79% of men
and 81% of womeny?(1) = 0.06,p = .80). Those who answered the phone heard 8 simple general
knowledge questions and the correct answers did not differ betwean(3r&5 4+ 0.35) and women
(3.84+ 0.34),t(73) = 1.0,p = .32; nor did time spent on the phone differ between men (9£.8313
seconds) and women (106.873.65 seconds}(73) = 1.91p = .06. Of those that did answer the phone,



Table 1 Scores of men and women in Experiment 2

Task Men Women t test p value Cohen’sd

Arithmetic correct 19.68 (1.07) 17.29 (1.08) 1.57 12 0.33
Map task (% correct) 75 (3.82) 72.00 (3.72) 0.52 .60 0.11
Key search score 8.13 (0.68) 10.26 (0.58) 5.6 .02 0.49

Standard errors in parentheses

Table 2 Response times (RT, seconds) of men and women in Experini&n

Task Men Women t test p value Cohen’sd

Arithmetic 312 (13) 341 (17) 1.33 19 0.28
Map task 160 (16) 180 (14) 0.91 .37 0.19
Key search 36 (4) 36 (5) 0.03 .98 0.01

Standard errors in parentheses. The sum of the three individualeasieds the 480 allocated seconds, because sometimes
the participants carried these tasks out concurrently and so were dmobézl on time.

we also measured whether they actively multi-tasked while on the phone certdosted purely on this
phone - and there was no significant difference 73% of men and 84%m&w multi-taskedy?(1) =
1.41,p = .24.

Discussion

Using two very different experimental paradigms, we found that womea ha advantage over men
in specific aspects of multi-tasking situations. In Experiment 1, we measespdnse speed of men
and women carrying out two different tasks. We found that even though and women performed
the individual tasks with the same speed and accuracy, mixing the two tasks nred slow down
more so than women. From this, we conclude that women have an advamgean in multi-tasking
(of about one third of a standard deviation). In Experiment 2, we medsuen and women’s multi-
tasking performance in a more ecologically valid setting. We found that woerdormed considerably
better in one of the tasks measuring high level cognitive control, in partipldaning, monitoring, and
inhibition. In both experiments, the findings cannot be explained as a gdifkgence in a speed-
accuracy trade off. Altogether, we conclude that, under certain congjtisomen have an advantage
over men in multi-tasking.

Relation to other work

As noted in the introduction, there is almost no empirical work addressindegelifferences in multi-
tasking performance. For example, even though there are numeroesatasiking papers, none has
focused on gender differenéesin fact, most task-switching studies do not explore individual differ-
ences, and accordingly are carried out with small samples.

Because they are typically carried out in psychology undergraduagggmmes (with less than 20%
male students), there are few male participants. The novelty of our study @nhothe relatively

large number of participants, but also the good gender balance. Despitattstudies about gender
differences in multi-tasking, there has been an interesting discussiorreaytly about a study by
Mantyla (2013) which received much attention. Probably the main reasdng@ttention in the media
for this study was the conclusion that men perforrbeter than women in a multi-tasking paradigm.
The finding of that study thus not only contrasts with the widely held beliefwluahen are better at
task switching, it also contrasts with our current data and the experiméeand colleagues (2009).



In the study by Mantyla (2013), men and women’s accuracy in a visuattimieask was measured.
Participants had to detect specific numerical patterns in three differenters presented on a computer
screen. Simultaneously, participants had to carry out an N-back taskl{sipppeared above the afore-
mentioned counters). Men had a higher accuracy score of detectingrieetmumerical patterns than
women. The latter study is of great interest, because it addresses giffefences in multi-tasking
of the second type, namely when tasks need to be carried out simultan@ifsigterest is that for
this specific type of multi-tasking, men had an advantage over women, anddgheedf the advantage
was directly related to men’s advantage in spatial skills. But as argued inttbeuation, this type
of multi-tasking is potentially of less relevance to daily life contexts in which peofikn carry out
tasks sequentially. In a comment on the study by Mantyla (2013), Stragleradlieagues (2013) argue
that gender is a poor predictor of multi-tasking. They present data totheckp from their own work
on multi-tasking when driving. Arguably, studies showing no gender réiffees might simply have
received less attention due to a publication bias for positive effects. We tteh their Strayer et al.’s
comments are valuable to the discussion, although their findings seem to priapgoijyyto the concur-
rent multi-tasking situations. That said, we found only one study that teghao gender differences
in a task-switching paradigm in which people switched between two tasker Bod Peter (Buser and
Peter 2012) had three groups of participants solving two different typpazzles (sudoku and word-
search). The group that did the two puzzles without switching between sbiued the puzzles best,
while switching between the puzzles while solving them impaired performarteedégree of impair-
ment was similar for men and women, irrespective of whether the switchingalastary or imposed.
This situation is somewhat similar to Experiment 2, and thus, especially geifféeeices in this type
of task-switching need further study to draw strong conclusions.

Finally, our finding that men and women did not differ in the effect of phealés might be linked to a
study by Law and colleagues (2004). They stated that the effects afuptens are “quite subtle” and
that more research on their effect on multi-tasking is necessary.

Limitations

We would like to consider a number of limitations of our current study that irapdications for the
interpretation of our results. First, as already mentioned above, theraaamg different ways to test
multi-tasking performance. Because this is an emerging field with a small extemdédge base we
cannot exclude the possibility that our findings only hold true for the twaiipgaradigms we em-
ployed. Given the aforementioned work by Méantyla (2013) and othetsdtianot find the effect, and
the general sparsity of the reports on the effect, this is a possibility thatbawssriously considered.

A second limitation is that we did not formally record levels of education or ocbfdr general cognitive
ability. Although we think it is not very likely, we appreciate the comment of ointa® reviewers that
if their were different levels of education this could potentially affect dtdgmperformance. The only
way to exclude this possibility is to formally record the highest level of educatiall participants.

A third limitation is that the power of the Experiment 2 may be low. Again, it is diffitmkay although
evidently powerful enough to detect moderate differences on the leegtstask - so it may be a task-
related issue and further work needs to investigate task-based catsstramulti-tasking. For example,
we did not conclude that there was a gender difference in arithmeticrpenfice or time spent on the
phone, but this could potentially be due to a lack of statistical power. In e afthe arithmetic task,
there are good reasons not to expect a gender difference on siritipieedic problems, even though we
acknowledge the complexity of the study of gender differences in mathetreditity (c.f.,Halpern et
al. 2007).



A final limitation is that although we checked that no gender differencesgatden the Key Search with
both the test authors and with the published norms, we cannot eliminate thigilfipsbat a difference
may have emerged tested alone. We could have retested the individualitisksother sample of
participants. Also, we could have run a repeated measures design (agiipants on the individual
tasks), although this would defeat the novelty aspect of the task. Thevhggo address this issue is
for another research group to replicate the finding.

Conclusions

Our findings support the notion that woman are better than men in some typestiofasking (hamely
when the tasks involved do not need to be carried out simultaneouslye fsearch on this question
is urgently needed, before we can draw stronger conclusions antebeé can differentiate between
different explanations.

Endnotes

aThe two experiments were carried out by independent groups ofrobsea. We only realised the
similarity between the two experiments and their findings afterwards. We bdfiavéhe two experi-
ments complement each other: While Experiment 1 uses a laboratory basddmdime experiment,
Experiment 2 uses a much more ecologically valid approach.

bThis is likely because of the availability of computers to measure response tinths.1920s, it would
have been hard, if not impossible, to accurately measure task-switctstgy wdiile measuring mixing
costs could be done with the paper-and-pensil tests used by Jersilf).(192

“Throughout the results section, we report meafisstandard error of the mean.

9To the best of our knowledge.
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Additional_file_1 as JAR
Additional file 1: Demonstration of task-switching paradigm (Java gplication which runs on all
desktop computers with Java installed).
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