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Abstract

How good are people at multitasking when given free choice in what tasks they perform?
This question has yet to be answered in concurrent multitasking. Are they able to minimize
load (lessen interference) to achieve the best performance? An experiment was conducted
where participants were able to freely choose which combination of tasks they want to do
at any time. The results show that people take on more tasks as the experiment progresses,
because this maximizes their score. Also, the task combination predicted to have the least
interference by the threaded cognition theory, is in fact the most preferred condition of the
participants. The task combination which is expected to be disliked most does not significantly
decrease over time compared to the most preferred one however. These findings indicate that
the score system is likely to be a contributor to the intrinsic motivation of participants.
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1 Introduction

1.1 Background

This paper is about the decisions people make in
concurrent multitasking. Questions involved are:
do people adapt their preference for tasks based
on how easily these are combined? Do their deci-
sions allow them to optimally use their cognitive
resources? Performance plays an important role in
these questions: how well do people perform and
how does this compare to the theoretically optimal
performance?

Some people seem to perform better in mul-
titasking than others. A few show no decre-
ment at all in dual-task performance compared to
single-tasking. These are so-called ‘supertaskers’
(Watson & Strayer, 2010). This raises an in-
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teresting question: what affects multitasking per-
formance? Some findings suggest that working
memory, attention and fluid intelligence (Konig,
Buhner, & Murling, 2005) reliably predict multi-
tasking performance in the “Simultaneous capac-
ity/Multitasking” (SIMKAP) scenario. The neu-
ral correlates of multitasking have been examined
by Dux et al. (2009), who concluded that increased
processing speed in the prefrontal cortex likely con-
tributed to multitasking performance, rather than a
functional reorganization of the brain circuits sup-
porting multitasking. Such studies seem to point at
a wide range of possible factors affecting multitask-
ing performance. This raises the question whether
all of them are truly independent, or that there is
some underlying principle causing these observa-
tions? If the last is the case, then what underlies
these findings and how can it all be united with
physical observations?

A theory that has proven useful in explaining ob-
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served performance during multitasking is that of
threaded cognition (D. Salvucci & Taatgen, 2010).
It states that multitasking behaviour can be repre-
sented as multiple processes that can run simulta-
neously. Problems can occur between these threads
as soon as they call on the same cognitive mod-
ule or modules at the same time. For instance the
processing of two images at the same time by the
visual module, or the simultaneous performance of
two different moves with both hands by the motor
module. This is called interference. The cognitive
modules thus limit information processing, becom-
ing a bottleneck, as only a single thread is served
at a time. Overlap in the cognitive demands of the
performed tasks thus reduces multitasking ability.

An example that builds on these bottlenecks is
the work by Borst, Taatgen, Stocco, and van Rijn
(2010). It posits that people are only able to re-
tain one problem state. The problem state module
is used to maintain intermediate results, for exam-
ple intermediate steps in algebra, or remembering
the next turn in a route. The bottleneck becomes
apparent as soon as multiple tasks demand this re-
source, like in the situation that one is rehearsing
the route during the algebra. Borst et al. (2010)
found that this problem state bottleneck is a plau-
sible cause for the interference observed in their ex-
periment and that it might be located in the intra-
parietal sulcus. This is just one of several studies
that utilize threaded cognition (D. D. Salvucci &
Taatgen, 2008; Taatgen, Juvina, Schipper, Borst,
& Martens, 2009).

Quite some attention has been devoted to mul-
titasking, but little is known about the decisions
humans make in concurrent multitasking: when is
a switch made between tasks that are performed
simultaneously? Do people adapt to multitasking
interference and if so, how? Are humans able to
minimize interference and ultimately make optimal
use of their cognitive resources?

A study attempting to answer whether hu-
mans adapt to multitasking interference is that
of Nijboer, Taatgen, Brands, Borst, and van Rijn
(2013). The study contained three experiments
with different goals each: the first was to check
whether the task combinations actually led to the
expected interference pattern and preference, the
second builds further on that by closer examination
of the preferences and the third was to determine
how much difference in interference between combi-

nations is required to persuade participants into op-
timal conditions. The main conclusions drawn by
Nijboer et al. (2013) are that the expected optimal
task combinations indeed have the least interfer-
ence: While a portion of the participants adapted
to this combination, a considerable fraction only
slowly converged to this solution, or not at all.

This research will continue on from those find-
ings. Foremost, we address the reluctance in taking
on more or different tasks. Our main concern will
be motivating people into switching tasks. Should
a method be found to accomplish this, it will al-
low us to investigate whether humans are capable
of minimizing interference, given an intrinsic moti-
vation.

1.2 Paradigm

To answer this question, a similar set-up as Nijboer
et al. (2013) was used. In addition a score system is
included to encourage subjects to take on as much
tasks as possible. Besides this change, a fixed pri-
mary task might (implicitly) lead to that task being
prioritized. For that reason there shall be no fixed
task and subjects can freely choose which task to
perform.

The tasks used for this purpose are 1-back, track-
ing and tone counting. The cognitive resources each
requires is believed to be as follows:

1-back The objective of 1-back is to respond
whether the letter presented previously is
equal to the current one. This task is expected
to use working memory (WM) for remember-
ing the last letter. Visual resources are also
needed for processing the stimuli. Lastly mo-
tor resources are required for initiating a re-
sponse.

Tracking A participant has to keep a circular cur-
sor on top of a moving dot. This task is ex-
pected to require visual resources to process vi-
sual information and motor resources for con-
trolling the circle.

Tone counting The goal of this task is to count
high tones in a stream of either high or low
tones. As soon as the count reaches five, this
should be reported. We believe that this task
involves WM for keeping track of the count,
aural resources for interpreting the sounds and
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motor resources for reporting the fifth high
tone.

Since the score system is expected to motivate
people to do as many tasks as possible, supposedly
most of the time two or all three of the tasks are
performed concurrently. It is also expected that
participants converge to a strategy where the in-
terference is minimal. This is in the case where
tone counting and tracking are done simultane-
ously. These tasks have the least overlap since
tone counting is aural and tracking visual. Also,
tone counting is the only task that requires WM
in this combination. Should tone counting be com-
bined with 1-back, there is overlap in WM demand.
Should tracking be combined with 1-back, both de-
mand visual resources. Therefore the other combi-
nations are not optimal.

2 Methods

2.1 Participants and materials

For this experiment, 22 students agreed to partic-
ipate with informed consent (12 male/10 female,
age: µ = 21.4, σ = 2.5). Each were granted 10
Euro for their participation. Only the data of 21
participants is used, as the scores of one participant
were negative. This proved to be an indication of
bad performance on the tasks. It is unclear whether
this was caused by distractions or a lack of motiva-
tion or something else entirely.

At most three people performed the experiment
simultaneously in a separate cabin of approxi-
mately four square metre. The monitor used is
the BenQ XL2420T. The headset used is either the
Sennheiser HD 201 or HD 280 pro.

Participants were allowed to do a few practice
trials after having received instructions (Appendix
A, page 12). The instructions contained informa-
tion about how the experiment takes place and
a high-score list was also included. High-scores
were updated when these were achieved. The prac-
tice consisted of six trials, one for each single- (1-
back, tracking and tone counting) and dual-task
(1-back with tracking, 1-back with tone counting
and tracking with tone counting) condition. Each
trial had a duration of thirty seconds. After these
trials the experiment initiates. Afterwards the sub-
jects are asked to answer a questionnaire contain-

ing eleven questions, concerning difficulty and task
preferences (a template can be found in the ap-
pendix, B on page 15).

The experiment code was written in MATLAB
using Psychtoolbox (Brainard, 1997).

2.2 Tasks

Here follows a detailed description of how the three
tasks appeared during the experiment.

2.2.1 1-Back

A letter was presented for one second. After that,
a mask was displayed for one and a half seconds,
after which the next letter was presented. The
mask serves to make it less likely that participants
used the mental image of the last letter to recollect
whether it was the same as the previous. Specifi-
cally, a hash tag (#) was chosen for this purpose.
Participants had to press the E key in case the cur-
rent letter was the same as the previous and R if
it was different. A response had to be given within
half a second after the stimulus disappeared, oth-
erwise it was recorded as a wrong response.

2.2.2 Tracking

The participant had to keep a circular cursor on
top of a moving dot. The U and I keys moved the
cursor left and right respectively. Two boundaries
were drawn beside the moving dot, one to the left
and one to the right of it. As long as the cursor
was on top of the moving dot, these boundaries
were green. Whenever the middle of the cursor
exceeded a boundary, these turned red. Figure 1
shows the two different situations.

2.2.3 Tone counting

High and low tones were presented to the partici-
pant. As soon as five high tones were heard, the
participant had to press the space bar. The pitch
of the high tone is A4 (≈ 440 Hz), the low tone is
a C4 (≈ 262 Hz). Feedback was provided aurally,
where the negative feedback was a buzzer and the
positive one sounded a bell twice.∗

∗https://code.google.com/p/correctwrong/
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(a) Inside (b) Outside

Figure 1: Two examples in which the circular
cursor is within limits or outside.

Figure 2: A typical arrangement of a dual-
task condition. In this case, 1-back and tone-
counting.

2.3 Display

The score display was always located slightly above
the center of the screen. If only one task was per-
formed, the task took place at the center of the
display. If a participant performed two tasks at the
same time, the tasks were arranged side by side.
Whenever tone counting was part of the combina-
tion, a cross was drawn as fixation. For the triple-
task condition 1-back and tracking were put side by
side and tone counting was not provided visually at
all. Figure 2 is an example of what was displayed
whenever one performed 1-back and tone counting
at the same time.

2.4 Score

The participants’ score was calculated based on the
number of tasks being performed at once and how
long these tasks have been active.

2.4.1 Diminishing returns

Initially each of the three tasks yielded one point
per second. This also implies that doing all three
tasks together yielded three points per second.

To encourage participants to switch, the obtain-
able points for the current task combination de-
creased every second. Equation 2.2 on page 5 is
the formula used in determining the new division
of obtainable points.

In equation 2.2 n is the number of active tasks.
decrements is the number of times points were de-
ducted from active tasks: if a task reaches the min-
imum of 0.25 points, no further decrements are ap-
plied to it. If this is not accounted for, the zero-
sum explained in section 2.4.2 is no longer true. For
this reason, the added obtainable points for inac-
tive tasks depends on the number of decrements. It
is also clear that the minimum of obtainable points
for a task is 0.25. If the second requirement (cur-
rent gain > 0.25 or decrements > 0) is not fulfilled,
gain stays equal to current gain.

2.4.2 Zero-sum

The total of three points per second for all tasks
holds at all times. The score system therefore is a
zero-sum game. As a formula:

3∑
i=1

tpi = 3 (2.1)

Where tpi is the amount of points awarded to task
i. Initially it is true that tpi = 1 for each task i.
This means that a decrement in obtainable points
resulted in an (equal) increase in obtainable points
for the other task or tasks.

2.4.3 Penalty

Whenever a participant gave a wrong response, a
deduction was made from their score. The deduc-
tion is not equal for all tasks, it depends on the
task in which it was made. The criteria of an error
and the score penalty applied for each task are:

1-Back Giving the wrong response or none at all.
In these events, two points were subtracted.

Tracking Every 1000 ms that the circular cur-
sor was considered outside the boundaries, one
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gain =

{
current gain − 0.04/n if task is active and current gain > 0.25

current gain + decrements · 0.04/n
3−n if task is inactive and decrements > 0

(2.2)

point was subtracted from the score. The time
is cumulative: that is, when the total time
the cursor was outside the boundaries reached
1000 ms, the penalty was applied.

Tone counting Pressing the space bar before the
count reached five was punished with a decre-
ment of the score by three points. If the count
reached six or higher, the score was decre-
mented by three points for every time the
count reached a multiple of five plus one. So
the decrement was applied if the count reached
six, eleven, sixteen, and onward. If the partic-
ipant pressed the space bar somewhere during
this time, no further points were subtracted.

The penalty system is also summarized in Table
1. Given this scoring system, if the subject just ran-
domly chose responses, the score balanced around
zero points.

task penalty applied if
dot tracking 1 1000 ms outside
1-back 2 wrong or no response
tone counting 3 count not five

Table 1: Table of penalties showing the de-
ducted points per error and their criteria.

3 Results

3.1 Multitasking choices

The following plot (Figure 3, page 6) provides a
brief overview of the conditions participants chose
over time.

Looking at Figure 3 it is clear that the triple-task
is the only task that gained popularity greatly over
the duration of the experiment. Furthermore, it
seems that dot tracking and tone counting together
was performed most out of all combinations, and it
decreased the least of all dual-tasks.

The slopes of every condition tell something
about either an increase or decrease in preference

over time. A comparison between them gives infor-
mation about changes in preference of one condi-
tion against the other. Slopes were calculated for
each condition using linear models for each partic-
ipant. Table 2 gives an overview of the results of
one-way analyses of variance on the change in pop-
ularity over time.

conditions F p
all 15.48 < 0.001
excluding triple-task 4.48 < 0.001
only dual-tasks 0.29 > 0.5
only single-tasks 0.16 > 0.5

Table 2: Results of a one-way ANOVA on the
condition slopes.

A one-way analysis of variance comparing slopes
of all conditions turns out to be significant
(F (6, 140) ≈ 15.48, p < 0.001). This implies that
there are differences in the slopes of all conditions.
Since the triple-task is the only one increasing con-
tinually, this result might be a consequence of in-
cluding this combination. Excluding the slopes of
the triple-task condition from the data does indeed
reduce the F-value, but the result is still signifi-
cant (F (5, 120) ≈ 4.48, p < 0.001). This indicates
that there is a difference in the slopes of the re-
maining tasks. The same test applied only to the
slopes of the dual tasks proves not to be significant
(F (2, 60) ≈ 0.29, p ≈ 0.750), which holds for the
single tasks as well (F (2, 60) ≈ 0.16, p ≈ 0.851).
This shows that the significant difference is between
these collections rather than within them.

While the slopes are an indication of changes in
the preference for conditions over time, the total
time spent in them is an average of the prefer-
ence. The sum of the time all participants spent in
each condition can be found in Table 4. Compar-
ing these times gives information about differences
between the preference for one condition over the
other over the duration of the experiment. Two
sample, two-sided paired t-tests were used to anal-
yse the time each participant spent in every condi-
tion. The comparison between the triple-task and
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Figure 3: Fraction of participants in a certain condition at any time. Each (coloured) line rep-
resents a condition and the height is the percentage of participants who actually were in that
condition at that time. The pink, yellow and darkblue line respectively represent the single-tasks
tone counting (C ), dot tracking (T ) and 1-back (N ). Green, lightblue and orange represent
the dual-tasks, respectively tracking and tone counting (CT), 1-back and tone counting (NC) and
1-back and tracking (NT). The red line is for the triple-task (NTC).

the dual-tasks is an exception: this is a Welch un-
paired t-test since the distributions do not contain
equally many observations. Note that dual-tasks
and single-tasks are collections of conditions that
qualify as such. An overview of the results can be
found in Table 3.

Whether participants were rather multi-tasking
than single-tasking can be analysed with the first
two tests. The t-test between dual-tasks and single-
tasks proves significant (t(62) ≈ 8.46, p < 0.001),
yet the one between the triple-task and the dual-
tasks is not (t(23.377) = 0.56, p ≈ 0.580). Given
the positive t-value of the first test, this means
that the time spent in dual-tasks is greater than in

conditions t p
triple-task vs dual-tasks 0.56 > 0.5
dual-tasks vs single-tasks 8.46 < 0.001
triple-task vs CT -0.30 > 0.5
CT vs NC 2.98 < 0.01

Table 3: Results of two sample, two-sided paired
t-tests between time spent on conditions. Dual-
tasks and single-tasks are collections of those
conditions.

single-tasks. There is no indication though that ei-
ther the triple-task or the dual-tasks are performed
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longer. This difference may however be obscured by
the fact that the condition CT is a dual-task and it
has the highest presence for some time. Only the
triple-task exceeds CT in presence later in the ex-
periment. Differences between the total time spent
triple-tasking or dual-tasking may thus not be rec-
ognized because these conditions are similar in the
time spent in them. This is confirmed by the non-
significant result of the third test (t(20) = −0.297,
p ≈ 0.769). Lastly, to see whether participants at
least show preference for the optimal combination
(CT) over the worst combinable dual-task (NC),
the last test is performed. The significant positive
t-value (t(20) = 2.98, p ≈ 0.007) shows that more
time is spent in CT than NC.

3.2 Performance

Table 4 provides a summary of the performance at
every condition. Indicated by this table is that the
time spent single-tasking is relatively small.

condition mean error total time
N 0.030 2954
T 0.551 352
C 0.003 330

NT 0.441 10846
NC 0.110 8236
CT 0.322 14576

NTC 0.527 13145

Table 4: The mean error rate (errors/second)
in a condition and the total time participants
spent herein (seconds).

Excluding tracking, the multitasking conditions
had higher mean errors than the single tasks and
the triple-task had an even higher mean error than
the dual-tasks.

A better means of comparison was to compare
performance on each task in multitasking condi-
tions. Figure 4 decomposes the performance on
multitasking conditions per task. Table 5 are the
results of one-way ANOVAs comparing the aver-
age error across conditions for each task. Again,
the mean error for each task in the triple-task was
higher than those in the dual-tasks, which in turn
were higher than when people were single-tasking
(excluding tracking).

task F p
N 4.26 < 0.01
T 1.62 > 0.1
C 37.63 < 0.001

Table 5: Results of one-way analyses of variance
on the average error across conditions for each
task. Conditions containing the task specified
are compared to each other. The result of N for
instance is a one-way ANOVA comparing the
time spent in the conditions N, NT, NC and
NTC.

Table 5 shows that the number of errors made
per second significantly differs for the tasks 1-back
(F (3, 408) = 4.26, p ≈ 0.006) and tone counting
(F (3, 419) = 37.63, p < 0.001). The difference in
heights of the bars for these tasks is thus signifi-
cant. This does not hold for dot tracking though
(F (3, 464) = 1.62, p ≈ 0.184).

3.3 Questionnaire

The top answers to a few questions is displayed in
Table 6. A complete overview is included in the
appendix (Table 7, page 19).

Participants considered dot tracking the easiest
(single-)task (15 out of 21). Most participants
showed a preference for the optimal condition, the
combination tracking and tone counting (15 out of
21). Most also had the greatest aversion for the
worst condition, the combination 1-back and tone
counting (11 out of 21). Lastly, a point maximiza-
tion strategy was employed most often (15 out of
21).

4 Discussion

4.1 Multitasking choices

The difference between the slopes of the condi-
tions (Table 2) indicates that people’s preference
for combinations develops over time. This is an
indication that people adapt to interference as sug-
gested by Nijboer et al. (2013): people start to
prefer different conditions, because the smaller in-
terference of these makes them easier to combine
than the conditions they chose first. However, no
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Figure 4: Decomposition of the mean error rate (errors/second) of a certain task in a condition.

question top answer %
What task do you think was easiest? tracking 68
Which combination did you prefer most? tracking and tone counting 68
Which combination did you try to avoid most? 1-back and tone counting 52
What strategy did you employ during the experiment? maximizing points 68

Table 6: The top answers to some of the questions on the questionnaire. The last column (%)
contains the percentage of participants that gave that specific answer (out of 21).

differences between the slopes of dual-tasks are rec-
ognized, suggesting that the change of preferences
does not lie in the severity of interference in task
combinations. People do not necessarily change
their preference for combinations, rather for the
number of tasks combined: the differences were be-
tween the single- and dual-tasks (and triple-task),
rather than within them.

That dual-tasks are performed more often than
single-tasks (Table 3) shows that participants pre-
ferred multitasking conditions over single-tasks,
which might be a consequence of the score system.
Another explanation is that the single-tasks were
simply not engaging enough. There does not seem
to be an indication that the triple task is done more
often than dual tasks, but this might be because

it is similar to the combination tracking and tone
counting (in time spent at least). Looking back
at figure 3 the difference between these two condi-
tions seems to be how often they are chosen over
time: NTC starts low, but ends high, while CT
starts highest and decreases a little toward the end
of the experiment. The time spent in conditions
is comparable to the area underneath a curve, so
this measure can become high for several reasons:
the curve is steady (horizontal) starting high and
ending high, the curve starts low but becomes very
high or it starts very high and ends low. There-
fore, the total time spent in conditions (considered
as preference for conditions) seems not to be a re-
liable measurement for participants’ overall prefer-
ence for one of these conditions. If the slopes cross,
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as in the case of these two conditions, one condi-
tion was preferred at the start while the other was
preferred at the end.

The theory of threaded cognition predicts that
dot tracking and tone counting together is the dual-
task with the least interference in this experiment.
Looking at figure 3, this combination seems to have
the highest precedence of all dual-tasks and it seems
to decrease the least. This suggests that partic-
ipants show more preference for this condition in
the experiment than for the other dual-task condi-
tions. This can also be explained by the theory, as
for instance 1-back and tone counting together in-
troduces interference as both call on memory, while
dot tracking and tone counting have no overlap
in cognitive modules. This preference is also sup-
ported by the fact that 15 subjects expressed their
preference for dot tracking and tone counting in the
questionnaire. Moreover, the majority of the sub-
jects (n = 11) dislikes 1-back and tone counting
most of all combinations (Table 6).

The statistical results do not fully agree with this
though: no significant differences were found be-
tween the slopes of the dual-tasks (Table 2). This
contradicts the expectation that the optimal com-
bination (dot tracking and tone counting together)
undergoes the least decrease. The t-test (Table 3)
between the best (CT) and worst (NC) dual-task
combinations predicted by threaded cognition does
show that significantly more time is spent in the
best than the worst. This confirms the expecta-
tion that the optimal combination has the highest
prevalence.

The hypothesis that people will converge to a
strategy with the least interference is thus partially
true. People immediately have a preference for the
optimal condition, rather than gaining preference
over time.

The triple-task is odd in this respect. The in-
crease in triple-taskers is not readily explained by
the theory of threaded cognition. Compared to
any dual-task in this experiment, doing these three
tasks obviously requires all modules of that dual-
task plus those required by the remaining task.
This can only lead to more interference. Since that
is the case, it would be expected that people try to
avoid this combination.

A reasonable explanation can be given however
if this increase is attributed to the score system.
Since this combination yields the most points per

second (at least .25 point more compared to dual-
tasking), it may have encouraged participants to
engage in this condition anyway. Provided a par-
ticipant wants to maximize his or her score, it is
reasonable to assume they will at least try this com-
bination, with the possibility of taking it on more
often if it seems to be advantageous to their score.
On top of the score calculation itself, especially the
list of high scores presented at the start may have
triggered them to utilize this strategy. If this rea-
soning is true, it is not unthinkable that the dis-
played increase in the triple-task comes from the
point maximization strategy, because fifteen sub-
jects indicated that they utilized this strategy.

In the study by Nijboer et al. (2013), one of the
main problems was that the participants did not
discover the optimal combination, because they did
not switch often enough. In this experiment, the
score system was included to encourage subjects to
also switch tasks, in order to find the combination
where they got as much points as possible. Look-
ing at the prevalence of the triple-task, it can be
defended that this system proved to be effective,
persuading people to do their best multitasking.
If this is all true, it offers yet another account to
intrinsic motivation (Bnabou & Tirole, 2003). Ap-
parently, such a score system is able to intrinsically
motivate people to try their hardest, without the
need of other incentives.

4.2 Performance

The performance of participants on conditions
shows an unexpected discrepancy. Tracking is con-
sidered the ‘easiest’ task, as 15 participants indi-
cated (Table 6). This is however also the task with
the greatest average error rate. On closer inspec-
tion this seems to be caused by the system of penal-
ties. An ‘error’ is just defined as some mistake and
their criteria are defined in section 2. There is how-
ever not a one on one relation with the points de-
ducted. The penalty applied actually depends on
the task for which the error is made. Also stated in
section 2 is that these penalties are determined in
such a way that someone’s score balances around
zero points if they randomly give their responses.
As such, it is not strange that most errors are
recorded per second in the easiest task, as the cri-
terion of an error is easily satisfied (one second out-
side boundaries). As a compensation, the severity
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of the penalty applied is mild (one point deducted
per error). On the contrary, tone-counting has an
error criterion that might take quite a while to ful-
fil (did not press at a count of five), but then the
penalty is rather severe (three points per error).
This puts the performance results of Table 4 and
Figure 4 in perspective.

Table 4 yields a better perspective into how the
performance during conditions compare to each
other. The mean error on tasks is highest in the
triple-task and higher in the dual-tasks than the
single-tasks. This points out that people experience
more difficulty (thus make more errors) doing more
tasks. Nevertheless the error rate on dot tracking is
odd in these respects. When it is done alone, most
errors are made. Since the single-tasks are not per-
formed much though, these numbers may not be
entirely reliable. Also peculiar is the fact that the
error on tracking is next highest in condition NT,
rather than NTC. The most reasonable explanation
for this phenomenon is that participants prioritize
tracking more in the triple-task than in the dual-
task. It might also be a result of practice. Since
triple-tasking is done more often in the end, the
practice people had beforehand may be beneficial
for their proficiency on the tasks. Another possi-
bility is that the triple-taskers are simply more ca-
pable of combining tasks, so this result just shows
differences between dual- and triple-taskers.

4.3 Implications

A less welcome implication of this observation is
that people might be persuaded to take on tasks
that do not necessarily combine well. This notion
can be connected to utility theory (Fishburn, 1970).
The advantage of triple-tasking in this experiment
is that a participants’ score rises as much as pos-
sible, provided one does not make many more er-
rors. This option can thus have a higher utility
than combining ‘easier’ tasks. This effect may seem
harmless at first, but can have major impacts in
society. For instance the driving examples stated
at the beginning of this article: driving while han-
dling a cellphone can lead to dangerous situations.
Although it is good to know that certain multi-
tasking conditions are detrimental, it will not nec-
essarily stop people from multitasking as for some
reason the utility of doing this concurrently seems
greater at the moment. A different situation is

on the work-floor. Deadlines are known to moti-
vate people for tasks (Amabile, DeJong, & Lepper,
1976). This is also used to increase efficacy of a
company. Deadlines however just prioritize tasks
that should be finished first, not necessarily those
that combine best. This consequence may actu-
ally prove to be a bad thing for efficiency. When
deadlines force someone into multitasking, this may
make them combine jobs that are not done together
easily, probably resulting in making more errors in
the process. In the best case, this just results in an
increase in completion time of the jobs compared
to when these are done separately or in another
combination. In the worst case however, this may
lead to more resources being wasted in the form of
faulty, or even hazardous products.

Another implication of these findings is that peo-
ple might just immediately have a feel for what
is best to combine, rather than to learn this over
time. This can be either positive or negative. It
is positive if the combination they choose is indeed
optimal in some sense. In that case people indeed
optimally employ their resources. If however the
combination is sub-optimal at best, resources could
be utilized more efficiently. This is still not bad, un-
less people just stick to their current preference, in
spite of other evidence. This way people will never
be optimally effective, no matter how much time
and educational opportunities have passed.

4.4 Impurities

Certain aspects of this experiment can be revised.
First of all, there might be a selection bias in the
pool of participants. All subjects are students and
almost all studied Artificial Intelligence.

Another thing to note is that the experiment con-
ditions were not always optimal. Since the lab has
to be shared with other experimenters and sub-
jects, some participants may have experienced hin-
der from others.

Besides that, equipment failure such as an (al-
most) empty battery or a malfunctioning keyboard
probably are major distractions. In these cases it
was possible to continue data collection, neverthe-
less participants could be ‘off’ for at least a small
period of time.

As noted, the error rate measured is not a good
indication of performance on conditions. For this
reason, an assessment of the difficulty of each com-
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bination compared to each other is in place. As the
threaded cognition theory predicts dot tracking and
tone counting combined has the least interference
of all, this should be traceable in the performance
of participants. Further examination of this is thus
justified.

4.5 Further topics

Further research accounting for the aforementioned
problems is thus justified. To ensure that these
findings hold generally, a more diverse pool of par-
ticipants is recommended. Besides that, it may be
interesting to know what effect a less noisy, or even
a noisier environment, has on multitasking perfor-
mance.

It is also interesting to know to what extent these
conclusions hold in real-life settings. One of the
implications discussed is the possibility of people
making the wrong decisions given certain incen-
tives. The consequences can be quite profound and
thus require verification.

Besides that, the subjects know they are part
of an experiment. This fact might have influ-
enced their behaviour (Aarts & Dijksterhuis, 2003).
Again a verification of these findings in a more nat-
ural setting is in place.

Although there does not seem to be significant
differences between participants’ preferences over
time for the dual-tasks (as indicated by the slopes),
Figure 3 seems to suggest otherwise. The increas-
ing popularity of the triple-task may have obscured
such differences. Therefore, an experiment with
probably a slightly different set-up could examine
this further. The outcome would be very interest-
ing as this may confirm or contradict that people
are able to learn what the optimal combination is.
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Instructions 

 

1 Introduction 
Note: Instead of reading the instructions on this paper, it is also possible to just follow the instructions 

that accompany the experiment. 

The purpose of this experiment is to investigate how good humans are at multitasking. It is primarily 

aimed at task preference in multitasking conditions. For this purpose you may do three tasks (see 

section 4 for further instructions). You are free to switch between combinations of these at any time. 

 

2 High scores 
Before continuing, here is the top five of high scores of other participants: 

# Score 

1 4782 
2 4704 
3 4619 
4 4316 
5 4107 

 

Just try and beat that! 

 

3 Score system 
3.1 gain 

Initially, you can earn the same amount of points for every task, so it does not matter which task you 

choose at first. However, the longer you perform a certain task the less points you gain from it. The 

tasks you are not performing however will gain you more and more points. Therefore, it might be 

wise to switch tasks every now and then. 

The display containing your score will also change color based on how much points are gained (green 

is good, red is bad). This should give an indication on how fast your score is increasing. 

3.2 penalty 

If you make mistakes, a penalty is deducted from your score. Try to perform the tasks at your very 

best to avoid nasty penalties! 

  



4 Tasks 
4.1 1-back 

A stream of letters is presented, masked with a #. You have to indicate whether the current one is 

the same as the last you saw (press E for yes, R for no). 

4.2 tracking 

You have to keep a moving dot inside a circle. With U and I you can move the circle left and right 

respectively. 

4.3 tone-counting 

Randomly either a high or a low tone is played. Count the number of high tones and press the 

spacebar as soon as you hear the fifth high tone. 

 

5 Switching 
You may switch at any time by pressing P. This will bring up a task selection screen where you can 

select which tasks to do next by pressing E, R or U. 

 

6 Good luck 
There is not much left to say. Good luck in the experiment! 



B Questionnaire
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Debriefing 
 

1. Finishing up 
Before leaving, would you like to answer a few questions about the experiment? In the mean time I 

will fetch your reward. Please tick only one box per question. If you make a mistake, place a circle 

around the answer you intended. 

Name:   

Date:   

  male / female 

 Which task do you think was easiest? 

☐ 1-back 

☐ tracking 

☐ tone counting 

☐ none specifically 

 

 Which task do you think was hardest? 

☐ 1-back 

☐ tracking 

☐ tone counting 

☐ none specifically 

 

 Which combination did you prefer most? 

☐ 1-back and tracking 

☐ 1-back and tone counting 

☐ tracking and tone counting 

☐ all three together 

☐ none specifically 

☐ otherwise, namely … 

 

 Which combination did you try to avoid most? 

☐ 1-back and tracking 

☐ 1-back and tone counting 

☐ tracking and tone counting 

☐ all three together 

☐ none specifically 

☐ otherwise, namely … 

 

  



 1-back: Did you use mental rehearsal to remember the letters? 

☐ yes 

☐ no 

☐ don’t know 

 

 1-back: Did you visualize the letters, or verbalize them (repeat them)? 

☐ visualize 

☐ verbalize 

☐ both 

☐ otherwise, namely … 

☐ don’t know 

 

 Tracking: Did you anticipate movement of the dot? 

☐ yes 

☐ no 

☐ don’t know 

 

 Tone counting: Did you use mental rehearsal to keep track of the count? 

☐ yes 

☐ no 

☐ don’t know 

 

 What strategy did you employ during the experiment? 

☐ maximizing points 

☐ making it easy for myself 

☐ making it hard for myself 

☐ otherwise, namely … 

☐ none specifically 

 

 Did you enjoy the experiment? 

☐ yes 

☐ no 

☐ don’t know 

☐ Gosh, did you really just ask this? 

 

 Any further remarks? 

 

 ....................................................................................................................................................... 

 ....................................................................................................................................................... 

 ....................................................................................................................................................... 

 ....................................................................................................................................................... 

 ....................................................................................................................................................... 

 ....................................................................................................................................................... 



2. Expectation 
As stated, we are investigating how good humans are at multitasking. When it comes to task 

preference we expect that tone counting and tracking go together best. These tasks have the least 

overlap in cognitive modules compared to the other combinations, so they should be easiest to do 

together. 

The score system was put in place to encourage you to switch tasks and as such increase the 

probability of finding this optimal combination. To answer the question whether humans are good at 

multitasking, the combinations done over time are compared. We think humans are capable of 

finding this solution, so they will perform this combination more often later on. 

 

3. Thanks again! 
Thank you for your participation and have a nice day! 



question answer n
What task do you think was easiest? 1-back 2

tracking 15
tone counting 2
none specifically 2

What task do you think was hardest? 1-back 9
tracking 4
tone counting 7
none specifically 1

Which combination did you prefer most? 1-back and tracking 2
1-back and tone counting 0
tracking and tone counting 15
all three together 4
none specifically 0
otherwise, namely . . . 0

Which combination did you try to avoid most? 1-back and tracking 3
1-back and tone counting 11
tracking and tone counting 0
all three together 5
none specifically 2
otherwise, namely . . . 0

1-back: Did you use mental rehearsal
to remember the letters? yes 11

no 8
don’t know 2

1-back Did you visualize the letters,
or verbalize them (repeat them)? visualize 6

verbalize 8
both 5
otherwise, namely . . . 0
don’t know 2

Tracking: Did you anticipate movement of the dot? yes 19
no 2
don’t know 0

Tone counting: Did you use mental rehearsal
to keep track of the count? yes 19

no 2
don’t know 0

What strategy did you employ during the experiment? maximizing points 15
making it easy for myself 2
making it hard for myself 2

otherwise namely
combination of points, easy and hard,
just a bit of different things combined 1
none specifically 1

Did you enjoy the experiment? yes 11
no 2
don’t know 2
Gosh, did you really just ask this? 6

Table 7: The given answers to the questions posed in the questionnaire. n is the amount of
participants that gave that specific answer (out of 21).
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