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Abstract: This study evaluates the usability and effectiveness of a newly developed special education (SPED) campus
navigation system designed for students with visual impairment (SVI) at the Federal College of Education (Special),
Oyo, Oyo State, Nigeria. The primary objective was to assess the system’s capability to facilitate self-navigation
for SVI and identify challenges encountered in a campus environment. A mixed-methods approach, combining
quantitative data from questionnaires and qualitative insights from interviews, was employed. Twenty SVI, selected
through purposive sampling, participated in the study, using the system over a five-week period. The findings indicate
significant improvements in the orientation and mobility of SVI, resulting in increased confidence in navigating the
campus. Participants reported that the navigation system effectively aided in locating key areas, detecting obstacles,
and ensuring safety. However, several critical challenges were identified, such as the system’s voice being drowned
out in noisy environments and the frequent need for battery recharging every five days. Participants suggested
enhancements, including the incorporation of volume control to accommodate various environmental conditions and
regular device charging to prevent battery depletion. These improvements are deemed essential for enhancing the
system’s reliability and usability for SVI.

Keywords: Special education navigation system; Visual impairment; Special education campus; Orientation; Blind
mobility

1 Introduction

As published by the World Health Organization (WHO), approximately 2.2 billion people in the world have some
form of visual impairment (VI) [1]. It should be noted that, out of all the tertiary institutions of higher learning
that accommodate SVI, the most populated institution in this category is the Federal College of Education (Special),
Oyo. Consequently, movement in such a typical college presents immense challenges to SVI. Large educational
campuses use traditional navigation aids, namely common white canes, human guides, tactile maps and guide dogs,
to aid SVI movement on their campuses. Nevertheless, technology improvement has brought about the imagining
of a SPED campus navigation system, which improves the mobility of SVI. All the executives and members of the
Nigeria Association of the Blind, Oyo State chapter, Nigeria, said they were interested and willing to support the
research, emphasizing the necessity of the proposed SPED campus navigation system.

Effective navigation is a fundamental aspect of daily activities, including going to work and school, shopping,
among others. There are few who would disagree that sight plays a very important role in the movement from one
place to another. Familiar terrains like a bedroom or an office may easily be navigable even by a blind person;
however, instructions on how to get from one new place to another largely pose a problem [2]. At the Federal College
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of Education (Special), Oyo, students with blindness rely on orientation and mobility skills acquired during their
first semester in the 100-level course. These skills assist them in nurturing the ideal competent knowledge needed for
the performance of safe and efficient mobility within the campus. Orientation involves understanding one’s current
location and intended destination, whether moving from one section of the college to another or locating a lecture
room. However, mobility is defined in relation to the safe and efficient movement across places. It comprises moving
around their hostel without tripping, how to safely walk across the streets within the campus, and ensuring efficiency
when using public transport [3, 4]. The Federal College of Education (Special), Oyo, was chosen for the research
field testing because it happens to be the only college of education with the largest concentration of SVI in Nigeria.
This college was established on October 5, 1977, and is the only one of its kind in Nigeria and Sub-Saharan Africa,
dedicated to training professionals to support individuals with various disabilities.

This study aims to assess a SPED campus navigation system that was designed for SVI at the Federal College of
Education (Special), Oyo. Prior to the main research, a pilot study [5] was carried out on six SVI that were available
and willingly selected. The pilot study focuses on a small portion of a larger future project. That is, it is a small-scale
project to decide whether to launch a full-scale project. The creation of a novel supportive product, namely smart
walking stick, equipped with a Global Positioning System (GPS) and voice directions, was described in this study.
The desirable and culturally sensitive talking tool uses a voice command option with the accent of an indigenous
Nigerian language. Focusing on the mobility concerns of SVI, especially those of the Federal College of Education
(Special), Oyo State, Nigeria, usability testing and field performance evaluations of the device were conducted in
this study, which demonstrated its effectiveness in assisting the SVI with navigation. The inclusion of GPS for
precise location tracking and voice directions offers users greater flexibility and comfort during navigation [6, 7].
This study evaluates the developed SPED campus navigation system for SVI based on three research questions raised
and answered through questionnaires, interviews and field experiences of users. Subsequent sections include related
work, research questions, the methodology adopted, results of the work, discussion of findings, conclusions, and
recommendations.

2 Related Work

A mobile digital map can address many of the navigation challenges faced by individuals with VI. The digital map
communicates with users through three primary methods: speech, vibration, and sound. The model features simple
visuals and primarily uses speech to explain the content. It was evaluated using usability tests, which demonstrated
its significant impact on users, who were supportive of map parts. Participants offered several suggestions to enhance
usability, such as incorporating GPS to pinpoint the user’s location [8].

Many blind people rely on technology to perform their daily activities. These technologies are made-up devices
that combine sensors, buzzers, speakers, software, etc. that can assist the blind in their daily routines [9]. A key
challenge associated with such technologies is their usability, as blind individuals may struggle to use them due to
unfamiliarity [10]. Several researchers highlighted three tools: a smart stick that notifies users of obstacles and aids
in task performance [11], and an eye device designed to detect colors (pending medical evaluation) [12]. In addition,
Griffin-Shirley et al. [13] aimed to understand how blind individuals use mobile devices to perceive the accessibility
of their environment. The results of an online survey of 259 participants revealed that most participants found these
applications useful, accessible, and satisfactory.

Individuals with VI often require guidance to travel or move into a new environment. To address this, Gintner et
al. [14] designed a system that guides individuals with VI using geographical features and a technology device that
translates text to voice. The system was evaluated using six individuals with VI, and the results indicated positive
feedback regarding its accessibility and usability. Parker et al. [15] described wayfinding devices for blind indoor and
outdoor navigation. The investigation revealed participants’ characteristics in real-world environments. The results
showed that smart technologies greatly assisted the blind during indoor and outdoor navigation. Several researchers
used mixed methods to assess the effectiveness of smart technologies for blind movement [16–19].

Shera et al. [20] used a user-centred approach to assess the designed device for blind navigation. The use of both
qualitative and quantitative data in the investigation aimed at assisting in establishing the best research approach.
The process of the user-centred approach involved elements like sampling, developing prototypes, user experience,
and general evaluation. A checklist was used to address and report substantive concerns about the study, highlighting
the experiences of blind users. Based on this paradigm, parameters concerning blind users were validated, such as
effectiveness, satisfaction, and efficiency. Totally, ten self-generated questions were posed to the blind participants
following the task, and the post-task assessments were based on a Likert scale. The assessment benchmarks included
above-average, set at 68; good, attributed to 72; and excellent, designated as 92 [21].

Messaoudi et al. [22] investigated various cellphone technologies designed for individuals with VI. After review-
ing several assistive technology (AT) options, they suggested that future efforts should aim to integrate these tools
into a cohesive system, providing comprehensive support for individuals with VI to navigate with ease like their
sighted counterparts. They recommended producing a robust device that can provide optimal assistance and support
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for the blind. Several researchers [23, 24] further suggested the concept of using the smart cane navigation system,
as shown in Figure 1, which includes a camera, microcontrollers, and accelerometers that provide audio messages.
It utilizes a cloud service to support blind navigation from one place to another. This system is primarily designed to
assist individuals with VI in finding and following the shortest path. A smartly designed cane detects obstacles and
uses a speaker to produce a sound within its intelligent system. Additionally, the cane assists in identifying whether
the environment is dark or bright [24]. However, the concept was a proposal which was neither implemented in real
life nor evaluated to determine how effective its functionalities were.

Figure 1. Smart cane navigation system [22]

Numerous studies have explored various navigational systems designed to assist individuals with VI. Although
most approaches are theoretically sound, they are excessively complicated or cumbersome in practice. Navigating
through different environments is challenging for individuals with VI, who need to be aware of nearby objects and
terrain. The inability to effectively navigate these situations negatively impacts their sense of freedom, limiting their
ability to discover their way in new surroundings [22].

Several researchers [25, 26] reported that AT can assist blind navigation. However, many of these technologies
face limitations regarding the human aspects of the user experience in terms of usability to evaluate their function-
alities. Additionally, there are challenges in translating research models into real world solutions. According to
Al-Ataby et al. [27], AT for blind navigation can be divided into two categories: traditional technology (such as
eyeglasses and white canes) and mobile technology (such as blind navigation devices). Since individuals with VI face
challenges with visually demanding devices, several researchers have explored alternative possibilities for AT devel-
opment. Non-visual sensory modalities, such as speech recognition [28], text-to-speech [29], haptic feedback [30],
multimodal feedback [31], and gesture identification [32], have been employed to make AT more accessible for
individuals with VI. The usage of AT developed for individuals with VI is low because it was not evaluated for
user experience. Therefore, any developed AT devices should be evaluated by the users (individuals with VI).
The literature reviewed indicates that existing research predominantly focuses on ATs, which are foreign-based and
feature foreign accents. In addition, there are no ATs with native accents. Hence, it is necessary to develop a SPED
campus navigation system with a Nigerian accent to fill the identified research gap in a real-life scenario.

3 Research Questions

Three research questions were raised to evaluate the usability and effectiveness of a SPED campus navigation
system for SVI at the Federal College of Education (Special), Oyo.

i. How does the SPED navigation system improve the daily campus mobility of SVI?
ii. What are the most common challenges faced by blind users when using the system?
iii. How can the challenges in the second research question be mitigated?

4 Methodology

A pilot study was conducted prior to the main research, aiming to evaluate the initial usability and effectiveness of
the SPED campus navigation system. The preliminary feedback helped the main research. After selecting six willing
SVI, the pilot study was carried out for one week on the SPED campus. After being given adequate orientation on the
usage of the device, the six participants were able to use the device, and their feedback and observatory issues were
recorded and used to prepare for the main research. Questionnaires and interviews were used to collect feedback
from those participants. The collected data were analysed qualitatively and quantitatively. The results significantly
contributed to improvements in the device’s voice functionality and the adjustment of the obstacle detection distance
from 30 meters to 50 meters for the main study.
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A mixed-methods approach was employed for the main research, involving quantitative surveys and qualitative
interviews with the 20 SVI selected. A purposive sampling technique was used to select participants from various
academic disciplines within the Federal College of Education (Special), Oyo. Participants were recruited through
the college’s SPED unit. Data were collected through a combination of questionnaires, field tests, and interviews.
The surveys were carried out using pre-requirements and post-use of the developed device to assess participants’
initial expectations and their experiences after using the device. For the field tests, the 20 participants were asked
to navigate to predetermined locations on campus using the developed navigation system. Their routes, time taken,
and difficulties encountered were recorded. In addition, semi-structured interviews were conducted to gather in-
depth feedback on the device’s usability and effectiveness. The navigation device used can inform SVI about their
locations. The integrated software announces this information at regular intervals as the user moves around the
campus. The navigation device, which is called an object detection white cane, was utilized because SVI were
accustomed to navigating with traditional white canes. The navigation system was developed using components
such as a microcontroller, ultrasonic sensors, label surface detection, and a buzzer. Real-time obstacle detection was
achieved through the embedded ultrasonic sensors, which identify the presence of obstacles. The collected data were
recorded and analysed using simple percentages.

Figure 2 shows the flowchart of the obstacle detection that was implemented in the real world. Figure 3 shows
the flowchart of the Federal College of Education (Special), Oyo, as implemented. Figure 4 shows the coupled
components consisting of an 8-GB memory card, a lithium-ion battery, a 5-watt speaker, an ultrasonic sensor, an
Arduino nanomicro controller, a GPS antenna, etc. Figure 5 shows the SPED campus navigation system with the
obstacle detection device during development, while Figure 6 shows the finished product of the SPED campus
navigation system, which is ready for use. The device starts by putting on the switch button on the white box attached
to the white cane (1 for ON and 0 for OFF).

Figure 2. Flowchart of obstacle detection Figure 3. Flowchart of campus location
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Figure 4. Coupled components

Figure 5. Development of the SPED campus navigation
system

Figure 6. The finished SPED campus navigation system

Immediately after turning on the device, the written code in the Arduino microcontroller initializes and activates
the GPS module, which is used to receive data from satellites. The GPS module provides location information and
helps with real-time tracking. The GPS module is connected to the Arduino microcontroller through a Universal
Asynchronous Receiver-Transmitter (UART) interface. The UART is a serial communication protocol that can
be used to send data between an Arduino microcontroller and the GPS. The GPS receiver receives signals from
satellites. These signals are in the National Marine Electronics Association (NMEA) format, and they contain
location information in an American Standard Code for Information Interchange (ASCII) format. The Arduino
microcontroller calculates the latitude and longitude obtained from the satellite and compares them to the threshold
value stored in the database. If the calculated distance is less than or equal to the threshold value, the master
controller gives a command to the slave controller, PIC18F4525, to activate the speaker to call out the location on
campus. In addition, the device has the capacity to detect any obstacle within a range of 50 meters through the
attached sensors [6, 7].

5 Results

Table 1 shows the results of SVI’s experience with the developed SPED campus navigation system. The results
show that 100% of the participants agreed the following: the navigation system is effective in identifying important
places on campus; the device can easily identify obstacles while navigating on campus; they feel safe while using
the navigation system on campus; the device has increased their independence on campus activities; and they are
satisfied with the navigation system compared to other navigation aids they have used.

During the interviews with the 20 SVI, three challenges were mentioned.
i. When SVI used the system in a crowded environment, it was difficult for them to hear the system’s voice

clearly.
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ii. The battery was weak after five days.
iii. SVI wanted to know what could be done in case of any problems with the device.
To mitigate the challenges of the navigation system, several strategies can be implemented as follows:
i. A volume control function should be added to adjust the volume level, thereby meeting the users’ needs.
ii. The device should be charged regularly to ensure its proper functionality.
iii. Support services should be offered to the SVI in a known centre to address maintenance issues promptly.

Table 1. SVI’s experience of the SPED campus navigation system

SN Item Yes (Quantity and Percentage) No (Quantity and Percentage)
1 Is the SPED campus navigation

system effective in identifying
important places on campus?

20 (100%) 0 (0%)

2 Can the device easily identify
obstacles while navigating on

campus?

20 (100%) 0 (0%)

3 Do you feel safe using the SPED
campus navigation system on

campus?

20 (100%) 0 (0%)

4 Has the SPED campus navigation
system increased your

independence in daily campus
activities?

20 (100%) 0 (0%)

5 Are you satisfied with the SPED
campus navigation system

compared to other navigation aids
you have used?

20 (100%) 0 (0%)

6 Discussion

The SPED campus navigation system shows great potential for enhancing the campus experience for SVI.
Although the system effectively improves navigational independence and reduces anxiety, technical refinements and
infrastructural improvements are necessary. The 20 SVI were trained for one day, which is sufficient for them
to effectively use the system. Consistent feedback from users in terms of their experience enhanced the device’s
reliability and functionality. For instance, during the field testing, there was no voice output from any of the devices.
After checking, it was found that the speaker had stopped working. There was voice output after the speaker was
replaced. In addition, two GPS modules did not output location information to SVI, but the sensors were working
and could detect obstacles. After checking, it was found that the GPS modules were not properly fixed. During field
testing, one of the devices fell down and the box was removed from the white cane. This issue was addressed by
using adhesive to securely attach the device to the white cane.

According to the responses to the first research question, all the participants (SVI) supported the use of the
SPED campus navigation system because it effectively identified important places and obstacles on campus. The
participants further reported that they felt safe while using the navigation system and that the system increased
their independence during campus activities. In addition, they were satisfied with the voice output during navigation
compared to other navigation aids they had used. These results are consistent with several earlier studies [8, 9, 11, 14–
16, 20–23, 25, 26], which reported that individuals with VI needed a smart stick to notify them of obstacles, aid
in their navigation and provide instant feedback in real time. According to several studies [25, 32], usage of AT
developed for individuals with VI was low because it was not evaluated by them for user experience. Hence, the AT
should be evaluated by individuals with VI because they are the users. In view of this study, the developed SPED
campus navigation system is an advancement in the field of AT, which enhances SVI navigation in Nigeria. The
device is capable of assisting the SVI in identifying major places on campus as well as obstacles on their path.

As for the second research question, the 20 participants interviewed identified three primary challenges: diffi-
culties in using the system in noisy environments, using the device’s battery after five days of regular use, and a
concern about device maintenance in case of malfunctions. The participants also suggested ways to mitigate these
challenges. To address the noise issue, they recommended allowing users to adjust the volume to suit different noise
levels. To handle the battery life problem, it was recommended to charge the device regularly. For maintenance
issues, it was recommended to provide prompt support services to SVI to address any problems that arise. This
method of evaluation was supported by the studies of several researchers [13, 20, 21], which enabled blind users to
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rate ATs to be used by them. The work of Griffin-Shirley et al. [13] was assessed using a survey that targeted 259
blind people online, while several researchers [20, 21] dealt with issues of assessing selected parameters concerning
users with VI, posing ten questions to the participants.

The SPED campus navigation system cannot be used to identify locations outside the Federal College of Education
(Special), Oyo, because it was specifically designed for SVI who are given admission to study at the college. However,
the obstacle detection functionality of the device, which can successfully detect obstacles at a distance of 50 meters, is
operational outside the college. In addition, to enable the device to identify locations outside its range, the longitude
and latitude of the areas stored in the device’s database are needed.

7 Conclusions

This study analyzed the effectiveness and ease of use of the SPED campus navigation system for SVI so as to
determine the effectiveness of the AT. The findings confirm that the system enhances the freedom and maneuverability
of SVI and subsequently helps them to navigate and function freely and optimistically in the Federal College of
Education (Special), Oyo, Oyo State, Nigeria. Nevertheless, some specific restrictions were identified that should be
addressed in future work for the tool to become more efficient. The limitations are as follows: The noisy environment
on campus in one way or another limited the volume of the sounds produced by the speech output of the system.
Another challenge is battery life because the system requires recharging after five days, based on average usage.
Consequently, the implementation of the SPED campus navigation system greatly assisted the independent movement
of SVI at the Federal College of Education (Special), Oyo, Oyo State, Nigeria.

8 Recommendations

Therefore, in line with the assessment of the usability and effectiveness of the developed SPED campus navigation
system for SVI, the following recommendations were made:

i. There should be comprehensive training sessions for SVI to familiarize themselves with the device’s features
and functionalities.

ii. There is a need to allow a robust feedback mechanism from SVI to continuously gather user input and make
iterative improvements.

iii. There is a need to offer support services to the SVI in order to address maintenance issues promptly.
iv. The device works on a lithium battery and needs to be charged regularly.
v. The device is not water-proof; hence, it should not be used in the rain. Future work may look to see how the

device can be made water-proof.
vi. There is a need to use a text-to-speech engine with options for different accents to ensure user preferences.
vii. There is a need to ensure that users are able to adjust the volume of voice.
viii. There is a need to incorporate future landmark-based navigation cues such as “turn right after school of

science.”
ix. Future development should incorporate robust error handling mechanisms to be able to manage situations

where SVI deviate significantly from the known paths.
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