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Abstract

Cognitive Load (CL) measurement has gained interest across
various domains as performance and efficiency can be af-
fected if CL is not properly managed. The human cognitive
structure has some limitations which are important to con-
sider when accomplishing a task. Additionally, the study on
how a primary task is impacted when a secondary task is
accomplished has been studied. This affects to the working
load memory and, therefore, to the CL. This work uses a
tool, a multitasking game, that allows to infer cognitive load.
This game considers a primary task and different types of
secondary tasks: visual, memory and auditory. An experi-
mental test has been performed using this game and objective,
subjective and performance information has been gathered.
The objective information was obtained thorough different
sensors, the subjective information through the NASA-TLX
and Paas questionnaires and the performance information
through a score value provided by the game. An impact on
performance on the primary task was perceived when sec-
ondary tasks were activated. Nevertheless, this impact is
different depending on the type of secondary task accom-
plished. The memory task seems to impact the most on the
performance on the primary task. Additionally, the subjec-
tive information did not correlate with any other variable
gathered along the whole experimental test. With respect
to the objective information, the eye measurements corre-
late with different physiological variables, showing that they
provide reliable information with respect to measuring CL.
Finally, interesting results on how the different difficulty
levels impact performance is obtained.

1. Introduction

Interest in measuring Cognitive Load (CL) has increased
not only in the learning environment but also in many
other domains such as surgery, driving, manufacturing
or emergency services [1]. This is due to the fact that, an
appropriate management of the CL may support perfor-
mance and efficiency [2]. The CL Theory (CLT) began
with the aim to solve problems on students’ learning in
the late 1970s. Since then, a lot of research has been
made on this field providing information about how the
human cognitive structure works. Considering this cog-
nitive structure, the new information is managed by the
working memory, which has a limitations in time and
capacity. Nevertheless, with time, some information
goes to the long-term memory in which such capacity
and time limitations do not exist. Therefore, to avoid
unnecessary information while performing a task will
avoid to overload the working memory capacity. This
involves also to limit distractions and to deliver the in-
formation in an appropriate manner so that the work-
ing memory is not affected. As a consequence, the CL
will not increase. However, if this is not properly man-

aged, problems may arise. When mental task demand
increases, people become unable to maintain adequate
engagement in the task performed which leads to an in-
crease in errors that, in some areas, might have an enor-
mous impact. Nevertheless, it is not easy to measure
the CL and different approaches have been taken in the
literature. These approaches rely on either subjective,
objective or performance information. The most fre-
quent approaches for assessing CL have been subjective
measurements [3, 4]. These measurements gather the
information from users through specific questionnaires.
Nevertheless, new approaches have been developed to in-
tegrate objective information, such as physiological data
from the body [5, 6]. In these studies the impact on car-
diovascular, temperature, respiration and electrodermal
measures are presented. They state that these variables
are the most popular in CL assessment. Additionally,
the eyes provide valuable information according to [7],
which states that the pupil diameter increases when CL
increases. This is because the autonomous nervous sys-
tem is affected when the CL increases and therefore, the
pupil diameter changes accordingly. Moreover, other eye
measures such as fixations and blinks are also of inter-
est [8]. As the CL changes the number of fixations as
well as the duration is affected; similarly, the number
of blinks and their duration change. These measures
have been proposed as the most reliable physiological
information [2]. Finally performance measures, which
consider how a task is performed, are also considered.
This is specially studied when different tasks are per-
formed simultaneously, as the human cognitive structure
is composed of multiple interdependent modules which
have a great potential but, they are limited to execute
one task at a certain time, which is a human cognitive
structure limitation. These studies focus on measuring
how performance on a task is affected when another one
is performed at the same time. This phenomenon is
known as multitasking, and its influence on CL has also
been extensively examined in the literature[9]. Consid-
ering all this, there are studies that find some corre-
lations between the information provided by this three
sources of data (subjective, objective or performance)
whereas other do not; nevertheless, all of them agree
that further research is needed. The aim of this study
is to analyze the impact that a multitasking game that
combines a primary and a secondary task has on CL by
analyzing objective, subjective and performance infor-
mation. Furthermore, the investigation will encompass
an examination of how various types of secondary tasks
influence performance on the primary task.
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2. Materials

2.1. Participants

Seven healthy participants volunteered to participate in
the study: 3 women and 4 men, with an average age
of 28 years (SD ± 6.8). The total time of the study
lasted 60 minutes. All the participants had normal or
corrected-to-normal vision and were right-handed.
2.2. Software used

The software used within this study has been developed
in Unity 3D [10]. The game presents a multitasking
environment in which different types of tasks are im-
plemented to be executed simultaneously. There is a
primary task, which consists on a blue square jumping
a red obstacle as shown in Figure 1.

Figure 1: Multitasking game in which the primary task
and the different secondary tasks are shown.

A secondary task is implemented taking into account
visual, auditory and memory inputs.

• Visual: the secondary task that deals with visual
inputs presents a list of numbers and the partic-
ipant needs to find the maximum one. This list
of numbers changes considering if the answer pro-
vided is correct or not. If the answer is correct the
range of number presented increase and if it is not
correct, the range of numbers remains the same.

• Memory: the secondary task that uses the mem-
ory is based on the n-back task. A white square
appears with a small blue square inside. This blue
square could be placed in any of the four corners.
The participant must remember the position of the
small square of the first figure, for the 0-back task.
Therefore, a sequence of figures appears and each
of them must be compared with the first one to
identify if they match or not. For the 1-back task,
each figure must be compared with the previous
one within the sequence of figures. And finally,
for the 2-back task, each figure must be compared
with the one that appeared two positions before.

• Auditory: the secondary task that deals with au-
ditory input consists on listening to a list of figures
and colours with the goal to identify the one that
is repeated. The list will increase its length if the

answer is correct and it will remain with the same
length if the answer is not correct.

Additionally, both primary and secondary tasks, have
different difficulty levels: low, medium and high. This
means that for the primary and secondary tasks that in-
volves visual and auditory inputs, the speed in which the
bar moves or in which the sequence of numbers or fig-
ures are displayed/listened changes. For the secondary
task that involves memory, the difficulty changes from
low (0-back task), to medium (1-back task) and to high
(2-back task).

2.3. Hardware used

Several hardware devices are used to measure the vital
signs and the eye measurements. The Zephyr BioMod-
ule inserted into the Zephyr strap gathers the respiration
rate [11]. The Empatica wristband is used to gather the
superficial temperature and the galvanic skins response
[12]. The Fitbit Versa 2 gathers the heart rate [13]. Fi-
nally, the Pupil Core eye tracking platform shown in
Figure 2 processes the information with respect to the
pupil size, the blink and the fixations duration [14]. The
Pupil Core eye tracker has three cameras: the world
camera that records data at 120 Hz and two eye cam-
eras that gathers all the eye-related information at 200
Hz. For this pilot study, the pupil size in millimeters as
well as the duration of the blinks and the fixations, in
seconds, are analyzed.

Figure 2: Pupil core eye tracker[14].

Finally, the subjective information is also gathered by
using the NASA-TLX questionnaire [15] and the Paas
scale [16]. The NASA-TLX questionnaire measures the
workload experienced when a task is performed and
takes into account six dimensions: mental, physical,
temporal, effort, performance and frustration. It is
currently the most used one. On the other hand, the
Paas scale focuses only on the mental effort experienced.
Even though it considers only one aspect, according to
[17] this scale is appropriate to detect Cognitive Load
changes.

3. Methods

The study accomplished within this work consisted of a
set of games in which the different complexities of both,
primary and secondary tasks were involved. Each par-
ticipant performed a session composed of 18 trials of
0.65 minutes each of them. Every trial comprised either
just the primary task or a primary and a secondary task
at the same time. These trials were grouped in three
blocks with 6 trials each of them. After each block, a
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5-minutes break was made. The combination of trials
were randomized and in Table 1, one example of a block
of trials is shown.

Trial Task Task Task Task

1 P1 P1 & V1 P1 & V2 P1 & V3
2 P1 P1 & M1 P1 & M3 P1 & M2
3 P1 P1 & A3 P1 & A1 P1 & A2
4 P3 P3 & M2 P3 & M1 P3 & M3
5 P3 P3 & A1 P3 & A2 P3 & A3
6 P3 P3 & V3 P3 & V1 P3 & V2

Table 1. A set of trials in which P corresponds to the
primary task, V to the visual, M to the memory and A
to the auditory secondary task. Additionally, the num-
bers 1, 2, 3 refer to the difficulty levels low, medium and
high respectively.

Once a block was finished and before the 5-minutes
break, all the participants fulfilled a NASA-TLX ques-
tionnaire which measures workload and a Paas scale to
measure mental effort experienced.

4. Results and discussion
All the physiological information from the participants
were gathered and analyzed. First of all, an analysis on
the performance on primary and secondary tasks was
performed. As shown in Figure 3, it is perceived that the
primary task is affected when a secondary task is per-
formed at the same time. In blue, the collisions which
refer to the performance on the primary tasks increases
when a secondary task is included. In fact, the sec-
ondary task that affects the most on the primary task
performance is the visual task, followed by the mem-
ory task and finally by the auditory one. Nevertheless,
when having a look at the performance of the secondary
tasks, wrongs in Figure 3, it is seen that the auditory
game seems to be the one that performed the worst. Fi-
nally, the Time-Up variable which counts the percentage
of times that the answer is not provided within the given
time is also shown. Nevertheless, its impact is almost
imperceptible.

Figure 3: Primary and secondary task performance
considering the percentage of collisions, errors and time-
up events.

Then, a deep analysis on all the relationship between
the physiological variables, the subjective information

provided by the questionnaires and the performance on
the game is carried out. To accomplish this analysis,
the values per physiological variable considered are: the
maximum, the minimum, the average and the peak-to-
peak values; and Figure 4 shows the results obtained.
The subjective information is the one provided by the
NASA-TLX and Paas questionnaires, and the perfor-
mance information is provided by the score value ob-
tained once a block of trials is finished. First of all,
the questionnaire responses do not present a correlation
higher that 0.5 with any other variable. This coincides
with previous works, that highlight that the response to
these questionnaires may vary a lot between individuals
[4, 18] and that, additionally, the cognitive load varies
along a task and these questionnaires are fulfilled once
the task has finished [19]. Therefore, they do not esti-
mate cognitive load in real time.

Figure 4: Correlations between all the objective and
subjective information gathered from the whole session
for all the participants.

The performance on the game correlates specially with
heart rate and respiration rate increasing the score ob-
tained on the game when the heart and respiration rates
increase. This could be related with the motivation and
excitement on the game [20]. Then, an analysis on the
physiological variables is performed as they are able to
detect changes along the game providing real-time infor-
mation to assess cognitive load. Between these variables,
some correlations are obtained. First of all, the change
in the dimension of the pupil (pupil peak-to-peak vari-
able) correlates with the galvanic skin response value
as, according to [2] the pupil variation is an indicator of
cognitive load as well as the galvanic skin response [21].
Additionally, the fixations duration correlates also with
the heart rate and the galvanic skin response. Usually,
when the cognitive load increases the fixation duration
increases as the attention is focused in order to try to
solve a task [22]. According to [5, 23] eye measures
provide reliable information that can be measured eas-
ily by using a single device whereas to obtain similar
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information from other physiological variables may re-
quire the use of more devices. On top of that, the right
and wrong responses do not show any correlation with
the objective, subjective and performance information.
What it is found relevant is that when the response time
increases there are more right answers. This makes sense
as a higher response time means that there are more sec-
onds given to the user to provide an answer. Therefore,
if this time is higher, there is more time to provide an
answer and the number of correct responses increases.
What is interesting to see is that, the number of times
that the obstacle is avoided increases with the speed
of the obstacle. This was perceived during the sessions
as to avoid the obstacle at lower speeds seems to be
more complex as more attention is needed. With higher
speeds, the jumps are more automatically performed.

5. Conclusions

This work has successfully measured objective, subjec-
tive and performance information when a multitasking
activity is accomplished. Additionally, how a secondary
task impacts on the performance of a primary task has
been studied. Moreover, relationships between all these
variables have been extracted. Of course, this is a pre-
liminary work with some limitations such as the number
of participants that should be increased to confirm the
preliminary findings obtained within this work.
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the call First Projects 2023 and under the Técnicas de
Control y Análisis de Variables Cinemáticas Aplicadas
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