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Extended Abstract

Introduction

Cognitive load refers to the mental effort required by the framework of Cognitive Load Theory, various studies by
working memory during cognitive and perceptual activi- cognitive scientists have measured and reduced cognitive

ties. It is characterized by high speed and limited capac- load (3).
ity, which can lead to rapid overflow (1, 3). Within the Given the advances in digital technology and the need
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for efficient human-computer interaction, reducing the
cognitive load of UI/UX has received special attention
(1, 3). Methods for measuring UI/UX cognitive load are
categorized as follows:

1. Subjective measures the quality of user experience
with one or more products (e.g., A/B testing, AHP).

2. Objective measures user reactions (e.g., heart rate,
brain activity, eye movements, response time).

As the use of information dashboards and business intel-
ligence for rapid and effective data presentation expands,
designing UI/UX dashboards with optimal cognitive load
becomes crucial (3). This research aims to use the meth-
od of measuring user response time when placing data
on a management dashboard by tracking mouse pointer
movement.

Although most related research has used unsupervised
methods, the proposed method in this study is based on
a supervised approach, evaluating the placement of dash-
board data in response to specific questions. The results
can be used to optimize dashboard design for optimal
cognitive load.

This study uses the pavement management dashboard
of the country’s Road Maintenance and Transportation
Organization as a case study. The dashboard, designed
for managing the road maintenance process, includes
four data panels: 1) Key Performance Indicators (KPI)
panel, 2) Map panel showing pavement index zoning, 3)
Pie chart panel displaying road length distribution based
on pavement indices, and 4) Line chart panel showing
changes in pavement index values by survey year. It also
has four filter elements, including 1) List and map filter
for selecting from 35 provincial road maintenance de-
partments, 2) List and slider filter for selecting survey

years (2016, 2021, 2023).

Methods

The research adopts a quantitative method with simple

random sampling. Its population consists of 40 road
maintenance experts from the road maintenance and
transportation organization of Iran. The t-student statis-
tical distribution with a lower limit of 20 samples is used
to describe the statistical population.

Each participant is exposed to 12 categories of questions
in the format "What is the value of {parameter} in {ad-
ministrative level} {year}?" where the brackets ({}) de-
fine variables as follows:

1. {parameter}: Survey length (KM), maintenance cost
(Billion Rials), and road pavement indices including PCI,
IRI, RUT, and ETD.

2. {administrative level}: Country and province (35
items).

3. {year} including 2016, 2021, and 2023.

(e.g., “What is the length of surveyed lines (km) in the
country?”, “What is the PCI index for Tehran province?”,
and “What is the IRI index for Kerman province in
202177).

The implemented iterative mechanism presents a ques-
tion in each iteration. The user indicates the location of
the answer on the dashboard by moving the mouse point-
er over the relevant data. The movement path and time
spent finding the answer, along with user information, are
recorded in the database. These observations are refined
as follows:

1. The Shapiro-Wilk test evaluates the conformity of the
observations with the t-student distribution, and returns a
p-value; if the p-value is greater than 0.05, the observa-
tions are deemed to be consistent with the t-student dis-
tribution.

2. The outliers are omitted for each user, checking if nor-
malized observations (x-X)/s (where x is the observed
value, X is the mean, and SD is the standard deviation of
observations) exceed 3, considering a confidence interval
of 99.85% and a one-sided p-value of 0.15% or 0.0015

for random observations.
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3. Incomplete user datasets that did not examine all dash-
board options are removed.

The average time of placement observation is used as a
proxy for cognitive load across different states to perform

a sensitivity analysis of the design components.

Results

Twenty-eight users participated in the evaluation by an-
swering 413 placement questions. The p-value of the
Shapiro-Wilk test was 0.2616, which is greater than 0.05,
confirming conformity with the t-student distribution.
During data refinement, 27 outlier questions and five us-
ers with incomplete evaluations were identified and re-
moved.

The dashboard’s overall cognitive load was 15.2 sec-
onds. Applying year and provincial list filters increased
the load by 57.8% and 65%, respectively, while applying
both simultaneously increased it by 132.5%. Using a line
chart instead of the year list filter decreased load by 14%,
and using a zoning map instead of the provincial list filter
decreased it by 29.6%.

Using a map for provincial department filtering signifi-
cantly reduced cognitive load compared to a list-based
filter. This is evident in the cognitive load for the provin-
cial department filter being lower than that for the year
filter, despite having more options (35 vs. 3). This is due
to the map filter’s alignment with the geographical nature
and spatial distribution of departments. The slider filter
did not reduce the cognitive load of the year list filter as
effectively as the map filter did for the department filter.
Implementing clickable graphic filters, such as assigning
keys to each year in the design, could further reduce the
cognitive load of this filter. Besides, the increase in cog-
nitive load due to the addition of year and province filters
was linear, with each causing an increase of about 4.8 and
5 seconds, respectively. This indicates that the indepen-

dence of these two filters has been correctly incorporated

into the design.

The provincial list filter, with 35 options, is classified as
a complex element (more than 5s) due to a 5.4s time dif-
ference, which is reasonable given its many options. The
year list filter, though offering just three options, is cate-
gorized as medium complexity and takes 3 to 5 seconds
to load. The 4.8-second delay is longer than anticipated,
suggesting a possible design flaw. This study measured
UI/UX cognitive load using mouse pointer tracking on a
pavement management dashboard. By posing questions
and tracking user responses, researchers calculated cog-
nitive load to optimize dashboard design. The findings
can be applied to reduce cognitive load and improve user
experience in information dashboards.

The proposed method applies to other UI/UXSs, specifi-
cally dashboards, and allows for heat map analysis and
A/B comparisons. This approach provides valuable in-
sights for optimizing dashboard designs and improving

user experience by reducing cognitive load.
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