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Abstract: Blind people suffer from stress and anxiety when they must go to an unfamiliar place. Using virtual
reality applications allowed these people to become familiar with the new environment. In this study four
virtual reality applications with different cognitive interfaces were developed to walk through a test maze and
an auditory deferred memory task was added to establish the cognitive load required by the participants. The
evidence supports a 4.3% decrease in cognitive load for participants using interface 2 compared to those using
interface 1. The time taken to go through the maze was statistically significant when using the application built
with interface 2, with a p-value of 0.04. The success in completing the maze was 21.43% higher when
participants used interface 2 compared to interface 1.

Keywords: Virtual reality applications; cognitive load; blindness; navigation through unfamiliar
spaces

1. Introduction

Virtual spaces allow the development of knowledge of a place [1] and provide unique
experiences so that users can get to know the site in advance [2]. Augmented reality applications
(ARA) provide more information about the environment by augmenting the application with
experiential elements simultaneously [3]; which could be used by people with blindness to navigate
freely through an unfamiliar space. Some applications have been used to reduce students “stress and
improve their mental well-being [3], others were used in design and construction and still others
were used for entertainment and education [4].

Various health conditions can affect human mobility permanently or transiently, impacting
people’s daily lives [5]. For blind individuals the vision of the world is realized through hearing and
touch, with them they obtain information from the environment and explore their surroundings [6] .
They establish spatial relationships and create their mental map based on their previous visual
experiences [7,8,9].

The design of applications for blind people must contain appropriate physical and cognitive
interfaces that allow for good performance and minimal mental effort [10]. According to Armougum
etal. [11], an individual's working memory can benefit from using multiple sensory channels. Several
mobility support systems for blind people often use auditory and haptic devices to provide safety
and confidence in users [12,13]. At the Polytechnic University of Madrid, several virtual and
augmented reality applications were developed that use different sensitive interfaces to enable blind
people to take virtual visits in advance of unfamiliar places [14,15].

Cognitive load is the mental effort made by an individual to perform a certain activity, and is
related to the amount of memory used and the difficulty of its execution [16]. When visiting an
unfamiliar space virtually, the cognitive load of blind people increases, since they must identify and
locate objects of interest using only the information from the application [7,17]. The ability to
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multitask is crucial, as it requires the simultaneous execution of cognitive and motor tasks [18]. This
ability is fundamental for a wide range of daily activities, such as gathering information about the
anticipated route, allowing quick reactions to the environment; or perceiving alerts to potential
hazards and obstacles during ambulation [19]. The interaction between cognitive processes and
motor actions is essential for performing efficiently and safely in a wide variety of environments.

The dimensions of cognitive load are multiple [20], from the interpretation of biosignals [19] or
physiological data of individuals [21], to the inference in the execution of a task [22]. According to
Vasquez [23] cognitive load should be approached from a comprehensive perspective considering:
cognitive demands, task complexity, task characteristic, temporal organization, work pace and health
consequences. According to Cegarra and Chevalier [24] the techniques to measure mental workload
are: performance measures, subjective measures and physiological measures; each technique has
advantages and limitations. An indicator of cognitive load corresponds to the mental effort applied
by an individual while performing a task or immediately after completing it [25].

In this study, the cognitive load of fourteen blind individuals was measured during navigation
through a test maze, using as a secondary task, listening and memorizing of five words during the
journey. According to Plummer et al. [26] the difficulty of the cognitive task has a direct effect on the
second auditory task when the user walks through the virtual environment. According to Clark,
Kirschner and Sweller [27] the memory has a limited capacity in size and complexity, so the number
of words used in this study was lower than the maximum contemplated in other studies [28].

2. Materials and Methods

There are four sections: Section 2.1 describes the study participants. Section 2.2 describes the
measurement of the cognitive load of the participants. Section 2.3 describes the development of the
navigation system. Finally, section 2.4 describes the study design used in the research.

2.1. Participants

Fourteen adults with more than eight years of blindness and no other physical impairment
participated in the present study. There were 9 men and 5 women with an average age of 45 years.
All were affiliated the ONCE Foundation (National Organization of the Spanish Blind).

2.2. Cognitive Load

The cognitive load was modeled as the Mahalanobis distance of two four-dimensional vectors.
Whose dimensions are described in Table 1. The origin vector (1, 1, 1,1) represents that the user
successfully completed all the activities established in this research.

Table 1. This is a table. Tables should be placed in the main text near to the first time they are cited.

Dimension Variable Determination Type of variable
1 Concentration and Montreal test Discrete, maximum 5
working memory [29]
2 To find a way Mobile applications Dichotomous
through the maze (Apps) 1 (success)
0 (failure)
3 Running time Researcher’s Continuous.
records Normalized value
between 0 and 1
4 Deferred memory Montreal test Discrete, maximum 5
[29]

e  Concentration and working memory: A segment of the Montreal test was used to assess
participants’ concentration and working memory. The method is described in the procedure
(Section 2.4). Each correct word is worth 1 point. The data are normalized. 1 corresponds to 5
correct words and 0 to none.
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e To find a way through the maze: Participant enters the maze with his/her white cane and the
mobile application. They go to the target point using the information provided by the App.
If he/she completes the route. 1 point is assigned, otherwise 0.

¢  Running time: A stopwatch is used to record the time it takes the participant to complete the
maze. The shortest time is assigned 1. If the participant did not reach the target point. 0 is
assigned.

e  Deferred memory: Deferred memory is linked to the working memory. During the tour the
researcher pronounced five words. At the end of the tour the participant had to remember
these words. One point was assigned for each of the words remembered regardless of the
order. Incorrect or omitted words were considered an information processing error that was
attributed to excessive mental effort to complete this task. For the evaluation 1 corresponds
to five correct words and 0 to none.

2.3. Navigation System

The system tracks user’s progress through the maze and dynamically updates the scene in the
virtual world. A laser and infrared sensor attached to the smartphone establishes the distance to
objects and structures that appear during the walkthrough. Proximity beacons were also used to
correct the error produced by the sensor when the laser is pointed at windows. Bone headsets
connected to the smartphone via Bluetooth 4.0 were used to allow the user to receive auditory
notifications. Since the user requires a free hand to carry the with cane, the navigation system was
placed on the participant’s chest (See Figure 1).
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Figure. 1 Navigation system.

2.3.1. Test Scenarios

Since large spaces are difficult to control. A 16.75mx5.63mx2.5m test maze was designed on the
second floor of the Biomedical Technology Center at the Universidad Politécnica de Madrid.

Figure. 2 Test scenarios a) virtual; b) real.

The space had six windows. Two columns and two access doors and was divided into five
sections using chairs, carboard and wood. Each section had an obstacle-free zone, which was marked
with colored tape on the floor. The maze could be traversed in both directions.


https://doi.org/10.20944/preprints202411.1889.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 November 2024 d0i:10.20944/preprints202411.1889.v1

2.3.2. Augmented Reality Applications

Four applications were developed to guide participants through the maze. Two for traversing
the maze in one direction and two for traversing it in the opposite direction. Each virtual application
shows the maze, the view of which is the starting position of the avatar. Each App was implemented
as a video game for iOS using Unity3D. The Apps require a smartphone with a gyroscope and a
sensor with laser and infrared for user tracking and maze mapping. In the design of the application,
two 0.5-meter side rectangular prisms were placed to the left and right of the avatar and inform the
user about objects or structures entering these areas. Participants can stop or change direction at will.
Causing the avatar to stop or walk in the application. In two of the applications. Five safe zones were
modeled as 0.75m radius cylinders within the maze to provide supplemental information to the user.
Although the visual information is irrelevant for blind people. It was useful for the development and
debugging process of the data obtained.

2.3.2.1 Cognitive and Physical Interfaces of the Mobile Application

The physical interface is the medium used to communicate between the user and the mobile
device. The cognitive interface indicates how the user acquires information from the location.

Previous studies conducted within the eGlance project [14, 15, 30], allowed choosing three
physical interfaces: 3D sounds to guide users through unfamiliar environments, pointing out the
direction and distance to the target point using bone earphones. A 440Hz tone of different intensities
was used to warn of nearby obstacles and the female voice was used to generate complementary
information, linked to the user’s progress while walking through the maze.

Interface 1: When the participant enters the test maze, the mobile application continuosly
generaties a 3D sound that indicates the end of the maze. The participante walks freely through this
space using his cane in a similar way as he would in a confined space, sensing the presence of objects
and structures inside. The App generates a warning tone about obstacles that apperar near the user,
so that he/she can modify his/her trajectory and avoid collisions. The closer the user is to the obstacle.
The higher the intensity of the tone. The user can use the wand to confirm the presence of these
obstacles and change direction at will.

Interface 2: When the participant enters the test maze. The mobile application generates a 3D
sound that guides the user to an obstacle-free area. Each time the user reaches a safe area. The
application generates a female voice that tells the participant the success achieved in each section of
the course and the distance to the next point; the application then generates a new 3D sound for the
user to continue his/her journey to the next safe area, until the entire course is completed. A total of
five safe areas were established. Participants changed trajectory. The system alerted them with a voice
message.

2.4. Study Design

A cross-sectional between-subjects study was performed. Talking into account the availability
of physical space and the size of the research team, it was decided to limit the duration of the
experiment based on previous studies conducted with the participants. Everyone participated in two
runs. One in the direct direction with one cognitive interface and one in the opposite direction with
another interface. To minimize the impact of possible carryover effects. Both direction and interface
were randomized according to the Latin square in table 2.

Table 2. Latin square of the Study design

Participant ID Route 1 Route 2
1 Direct-Interfacel Opposite-Interface2
2 Opposite-Interface2 Direct-Interfacel
3 Direct-Interface2 Opposite-Interfacel
4 Opposite-Interfacel Direct-Interface2
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2.4.1. Procedure

Participantes signed their prior consent before the start of the study. The activities were recorder
by two cameras. Which were placed at opposite ends of the maze. The researchers used observational
logs to record the time, responses and comments of the participants. No time limit was set for
navigation. The procedure was divided into five stages.

1. Welcome: The entire team welcomed the participants to the present study. They were
informed about the objectives of the study and their participation in it.

2. Assessment of concentration and working memory: A list of five words was read at a normal
pace for the user to hear and repeat. Subsequently, the same words were reread. Cut now the
participant was asked to remember them for later. Next, the participant is asked to clap once
each time he/she hears the letter A; the researcher read a series of the letters. At the end of the
reading of the letters. The participant was asked to repeat the words he or she had initially
heard. The number of words and correct order was recorder by the researcher.

3. Training: A member of the research team placed the bone headphones on the user’s head;
then opened a practice application on the smartphone for the user to follow the sound by
rotating on its own axis. Next. The navigation device was placed on the participant’s chest.
The user was asked to move around a test room, following the sound until the App indicated
that he/she had arrived. This stage has no time constraints. The device is removed once the
participant’s training was completed.

4. Navigation process: A team member selects the application according to Table 2; places the
navigation system on the chest and places the user at the beginning of the maze. The
participant was asked to walk through the maze until the application indicated that he/she
had reached the destination. In addition, the user was asked to retain in memory the words
spoken by the researcher during the walkthrough. If the researcher observed that the
participant could not overcome the obstacles places within the maze, the test was terminated.
At this stage the navigation time and the success in reaching the destination were recorded.
In the case that the participant did not reach the destination, these two variables are recorded
as 0.

5. Post/navigation: Each participant was asked to recall all the words pronounced by the
researcher during the running. The responses were recorded manually. At this stage were
recorded the number of correct words recalled regardless of the order. Finally. A five-minute
pause was taken before continuing with the second run-through.

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

3.1. Concentration and Working memory

The working memory test is performed after the concentration test. Which presented the
following variations (See fig.4).
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Figure. 3 Working memory

3.2. To find a Way Through the Maze

Success in completing the course and the time taken to navigate the maze were evaluated (See
figure 5).

The dependence of success with each configuration was evaluated with the Friedman test. After
verifying the assumptions for this type of test. The result was not statistically significant (Chi-sq=1.
DF=1. P-value=0.3173). A higher success rate (21.43%) was observed when interface 2 was used.

The dependence of running time was evaluated with Friedman test. The time spent during the
direct path was much less, than, in the opposite path, so each path was evaluated separately. The
direct path was evaluated, and the result was statistically significant (Chi-sq=3.85, DF=1, p-
value=0.043). The opposite trajectory was also evaluated, whose result was not statistically significant
(Chi-sq=0.2, DF=1, p-value=0.654), which made us think that the opposite trajectory had a much
higher degree of complexity, which had an impact on the measurement of this variable. So, another
study implementing a new orientation method could measure the efficiency of the system to reach
the target point, in any new space. A 17.8% reduction in the time taken to traverse the maze in the
direct trajectory and an 11% reduction in the time taken to traverse the maze in the opposite trajectory
was observed when using interface 2.

Find a way through the maze

N . ? ’ . .

0 9\‘ ] ' interface 1
08, . . t e interface 2

L L] .

SUCCESS
-

participants

Figure. 4 Success to find a way through the maze and running time.

3.3. Deferred Memory

The deferred memory test is performed after the participant’ traverse the maze, the results are
shown in figure 6.
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Figure. 5 Deferred memory.

The dependence of deferred memory on each interface was evaluated with the Friedman test,
which was statistically non-significant (Chi-sq=0.1, DF=1, p-value=0.751). A higher percentage of
correctly recalled words (7.8%) was observed when interface 2 was used.

3.4. Cognitive Load

Deviations from the point of lowest cognitive load are calculated as the Mahalanobis distance of
two vectors of four dimensions: working memory, running time. Success in to find a way through
the maze and deferred memory. The smallest distance with respect to the origin vector corresponds
to the lowest cognitive load (See fig.9).

cognitive load

357 o interface 1
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Figure. 6 Cognitive load.

The dependence of cognitive load on configuration was evaluated with a Friedman test that was
statistically non-significant (Chi-sq=0.34, DF=1, p-value=0.558). A slight reduction in cognitive load
(4.3%) was observed in users who used interface 2.

4. Discussion

Traversing unfamiliar places can be exhausting for blind people, given their limited ability to
recognize and avoid obstacles. Finding points of interest in an unfamiliar environment requires a
great deal of mental effort, which can be reduced using virtual reality tools. Assistive systems for the
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blind use physical interfaces to convey information to users and provide guidance for obstacle
avoidance. In this study. Two mobile applications were used by 14 blind individuals to navigate an
obstacle-based maze. It was observed during testing that those participants who were slightly
nervous at the beginning of their participation felt more comfortable and confident using the app
built with cognitive interface 2; we presume that reaching the first safe zone without difficulty with
the app increased their confidence to advance through the maze. Both apps helped users reach the
goal through a test maze. Blind users using cognitive interface 2 achieved a 4.3% reduction in
cognitive load. Relative to interface 1. The 93.75% of participants reached the target point using
interface 2 and 71% arrived using interface 1. The running time was reduced by 53.07% using
interface 2. With an appropriate effect size and significance level. Interface 1 took an additional 69
seconds on average to complete the maze. Success in reaching the goal was evident when participants
used interface 2. With a 22.75% improvement over interface 1 and although there was no statistical
significance. This study requires further analysis with larger numbers of users. Therefore. We argue
that the application built with interface 2. Which presented more favorable results. Could be use by
blind people. For navigation through unfamiliar places.

Others research [11, 31]demonstrated the efficiency of using virtual reality applications for
navigation, using smaller test mazes for training, with slightly lower times than those obtained in
this study, however, it worked with sighted people, thus justifying the longer time taken to running
the maze. Armougum et al. [11] used three mazes to measure alternation and cognitive load in people
with normal vision during dual tasks. The study found no statistically significant differences; as the
results indicate, the hearing task was not difficult enough to sufficiently affect participants’ attention.

In another study [31] a significant difference in performance was found between two training
sessions with different proportions of completed mazes, the study indicated that this result was likely
due to the additional time and more difficult starting orientations of each session, which could
possibly make completing the mazes more difficult. In this study, it was observed that the opposite
path causes greater difficulty that the direct path. Most likely because of the initial orientation and
turning they had to do to progress through the maze.

Given that the two applications guided to users through the navigation process and help them
complete the tour. We presume that the chosen task is very simple and neither of the two evidenced
a significant reduction in the value of the cognitive load used by the participants< however., the
reduction in time was significant when interface 2 was used., so this effect could be studied in greater
detail and with a larger number of users in the future. Using a more demanding task.

In another research that analyzed dual-task interference during navigation and cognitive
performance in a space with and without obstacles [31] they found significant differences in cognitive
domains such as executive function. Habitual response inhibition and processing speed. In this
research. Adding an auditory task during the walk increased participants’ cognitive processing and
thus there was a reduction in walking speed. Especially near obstacles. However. We did not find
significant differences in cognitive load. Which was the focus of this study.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Videol: blind.
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