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Abstract

This study explored building technology lecturers' perceptions of wearable technologies to improve safety in Nigeria's construction sector.
With safety as a pressing industry concern, the research highlights the slow adoption of wearable devices, emphasizing their importance
for accident prevention. Identifying this gap, the study aimed to assess the perceptions of these professionals to guide policy and
implementation strategies. Using a survey design, data were collected from a manageable population of 62 respondents, comprising
building technology lecturers and laboratory technologists across four universities. The primary data collection tool was a validated
questionnaire utilizing a 5-point Likert scale. The analysis employed mean and standard deviation for research questions and t-tests for
hypotheses, with findings indicating a low perception of the implementation of wearable technologies. The study recommends
collaboration among industry professionals and stricter enforcement of regulations to encourage the adoption of safety-enhancing
technologies.
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1. INTRODUCTION

Building construction is a physically demanding, risky, and unhealthy operation that constantly exposes
workers to a variety of workplace hazards and accidents. Accidents have a huge adverse impact on construction
projects, such as loss of human lives, increased medical expenses, worker’s mental illness, loss of time,
productivity loss, reduced morale, and conflict with workers (Balkhyour et al., 2019). Because of the presence of
heavy gear, high work zones, and possible exposure to different dangers such as falls, equipment accidents, toxic
chemicals, and structure collapses, construction sites are inherently hazardous settings (Abina et al., 2023). Safety
for construction workers cannot be stressed. Therefore, construction worker safety is a top priority in the
construction sector. Construction safety refers to the procedures, protocols, and practices put in place to ensure
the safety and physical well-being of construction workers (Dong et al., 2018; Zhao et al., 2024; Kim et al., 2024).
Nnaji et al., (2021) defined construction safety as the consequence of proper equipment use, worker safety,
frequent site inspections, and risk assessments. Compliance with regional safety and health requirements is a
critical component of construction safety (Abdalfatah et al., 2023).

In many nations, ensuring worker safety is not just a moral imperative, but also a legal necessity. Construction
businesses must offer a safe working environment and follow safety regulations and guidelines to avoid accidents,
injuries, and fatalities (Lee et al., 2023). Traditional safety measures, while effective to some extent, often fall
short of addressing the dynamic and unpredictable nature of construction work. This is where Abuwarda et al.,
(2022) stated that wearable technology comes into play, offering real-time monitoring, data analytics, and
proactive safety measures to mitigate risks and improve overall safety outcomes.

Wearable technology refers to devices that are worn on the body, and integrated into clothing or accessories,
to monitor various physiological and environmental parameters during construction works (Dang et al., 2022).
Sadhu et al., (2023) stated that wearable technologies are electronic devices designed to be worn on the body
and equipped with sensors, microprocessors, and connectivity features to enhance worker safety. In a nutshell,
wearable tech plays a crucial role in enhancing worker safety and well-being because it can help construction
workers do their jobs safely. Wearable devices and technologies can warn building construction managers when
workers are close to a danger zone on the job site and they can come in a variety of options. Some can even track
the workers' health while also tracking productivity (Okoye, 2018). According to Pillai et al., (2020), some top
safety wearable devices and technologies include: watches, smart boots, augmented reality (AR) glasses, and
smart gloves. Other popular examples of wearable technologies in construction projects include wearable
helmets, smart boots, and exoskeletons. The adoption and utilizing this unique device on construction sites,
especially those working in high-risk environments can enhance construction safety through: real-time monitoring
of construction activities on site, environmental awareness, better communication and training fall detection and
prevention, and improving workplace efficiency.

Wearable technologies make it easy to monitor the real-time vital signs of workers, such as heart rate, body
temperature, and fatigue level (Oke et al., 2022). Wearable heart monitoring devices, such as smart watches, can
help supervisors on construction sites avoid accidents and injuries by analyzing real-time data. The supervisors
can take immediate action after learning about the health issues of the site workers. The use of smartwatches for
construction workers improves both productivity and safety at work. Wearable technologies can also foster the
environmental awareness of construction workers.

Wearable devices that are equipped with augmented reality (AR), like smart glasses and smart helmets, help
workers get information about their surroundings (Dithebe et al., 2019). It helps to overlay digital information into
the real-time world and enhance productivity. The construction site often exposes workers to hazardous
conditions like poor air quality, excessive noise, temperature, and extreme height or depth. Wearable technology
allows employees to receive alerts in real-time and take necessary action. It enhances situational alertness and
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prevents accidents and mistakes. Wearable technologies and devices can also enhance better communication of
workers on site.

By employing advanced construction technology, workers can easily communicate with fellow workers and
supervisors. Sometimes the noisy environment or unusual construction site can obstruct workers from following
the right instructions. It slows down the construction work and increases the chances of accidents. By getting
equipped with smart helmets and glasses, workers get alerts and clear instructions as per their tasks and locations
(Okpala et al., 2019). The built-in communication technologies in wearable equipment allow workers to have
hands-free communication and enable them to stay connected without distraction. Nnaji et al., (2021), stressed
that wearable technologies can help in fall detection and prevention.

Wearable technology, such as motion sensors and accelerometers, detects sudden changes in body movement
and prevents sudden falls. These advanced biometric sensors give workers an alert and save them from falling. It
is worth measuring the health conditions and vital signs of the workers, like fatigue and heat stress. These devices
have the potential to collect worker data in outdoor and indoor environments. Occupying this construction
equipment produces a secure environment for the workplace. Getting immediate alerts to do an immediate
response to save lives on construction sites which in turn promotes workplace efficiency.

Wearable technology increases a worker’s efficiency in a variety of ways. The simplest one is to help them
perform their tasks. For example, exoskeletons will increase workers’ strength and stamina, enabling them to do
more work in less time. Additionally, exoskeletons can monitor the worker’s posture and movement, notifying
them if they twist or bend in a harmful way. Another way wearable devices and technologies can improve onsite
efficiency is through streamlining data collection. For example, when supervisors perform manual headcounts or
safety checks, they are prone to making mistakes, and these tasks are often time-consuming. Not only can
wearable devices do the same activities almost instantaneously, taking up very little time, but their margin of error
is also minuscule (Ercan, & Timur, 2020). Should wearable devices be integrated with other technological solutions
within the construction industry, this could dramatically boost productivity. For instance, smartphones are already
used in tandem with construction management applications to generate reports on the spot and wearable devices
could perform a similar role.

The construction sector in Nigeria is lately considering technological innovations as an alternative means of
addressing its workplace hazards and accident challenges. The construction management and engineering
literature is rife with the need to train and educate construction workers on using digital technologies to solve
workplace hazards and challenges. One of these technologies is wearable safety devices and technologies.
Wearable devices and technologies have proven to be effective in preventing musculoskeletal disorders,
preventing falls, assessing physical workload and fatigue, assessing hazard identification skills, and monitoring
workers’ mental status. Despite the associated benefits, the technology is still new, particularly to construction
organizations in developing countries in Nigeria. Therefore, challenges to its adoption and implementation by
construction organizations are inevitable. This study aims to investigate the perception of building technology
lecturers on the adoption and implementation of wearable technologies for worker safety in Nigeria's building
construction sector.

1.1.Purpose of study

The main purpose of the study was to ascertain the perception of building technology lecturers on the adoption
of wearable technologies for worker safety in Nigeria's building construction sector. Specifically, the study
ascertained:

1. The emerging wearable technologies that can be used in building construction.
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2. The perception of building technology lecturers on the adoption and implementation of wearable
technologies for worker safety in the Nigerian building construction sector.
3. The challenges to the adoption of wearable technologies in the Nigerian building construction sector.

In line with the researchers’ objectives, the following questions were raised:
1. What are the emerging wearable technologies that can be used in building construction?

2. What are the perceptions of building technology lecturers on the adoption and implementation of
wearable technologies for worker safety in the Nigerian building construction sector?

3.  What are the challenges to the adoption of wearable technologies in the Nigerian building construction
sector?

The hypothesis for the study is;

There is no significant difference in the mean responses of building technology lecturers and building
laboratory technologists on the adoption and implementation of wearable technologies for worker safety in the
Nigerian building construction sector.

2. METHOD AND MATERIALS
2.1.Participants

The study adopted the survey research design. The study was carried out in four universities in South East
Nigeria. They include the University of Nigeria, Nsukka (UNN), Michael Okpara University Umudike, Nnamdi
Azikiwe University (NAU), and Enugu State University of Technology (ESUT). The population for this study is 62
respondents, which comprised 24 building technology lecturers and 38 building laboratory technologists from the
four universities. The entire population was used as a sample for the study due to the manageable size of the
population.

2.2.Data collection instrument

A structured questionnaire was the instrument for data collection. The items used a 5-point Likert scale of
strongly agreed, agreed, undecided, disagreed, and highly disagreed, which were assigned numerical values of 5,
4,3, 2, and 1 respectively. The instrument was subjected to face and content validation by one lecturer from the
Department of Industrial Technical Education, UNN, and one lecturer from the Department of Building
Technology, in ESUT and NAU respectively. This was done to attest to the appropriateness of the instrument in
measuring what it is intended to measure. The instrument was trial tested on 10 building technology lecturers
and 10 building laboratory technologists from the Department of Vocational and Technical Education at Benue
State University. This yielded a reliability coefficient of 0.73 using the Cronbach Alpha formula. Sixty-two (62)
copies of the questionnaires were distributed to the respondents from the four tertiary institutions in the study.
However, only 60 copies of the questionnaires were filled and returned yielding a 98% return rate. The data were
collected by administering the questionnaire directly to the respondents by the researchers with the aid of two
research assistants.

2.3.Data analysis

The data collected from this study were analyzed using mean and standard deviation in answering the research
guestions. Any item with a mean value of 3.50 and above was regarded as agreed while any item with a mean
below 3.50 was regarded as not agreed. The t-test was used to test the hypotheses at a probability level of 0.05
level of significance.

3. RESULTS
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Table 1 showed all 10 items had their mean values ranging from 3.58 to 4.57 which were above the cutoff point
of 3.50. This is an indication that the respondents accepted the items as emerging wearable technologies that can
be used in building construction.

Table 1

Mean and Standard Deviation of Respondents on the emerging wearable technologies that can be used in building

construction N=60
S/N  Item Description X SD Remark
1 Smart helmet 3.58 1.09 Agreed
2 Smart vests, Safety Vests, and Jackets 3.54 0.74 Agreed
3 Smartwatch 4.20 0.79 Agreed
4 Exoskeletons 4.07 0.87 Agreed
5 Smart Glasses 3.57 0.55 Agreed
6 Hearing Protection Devices 4.51 0.55 Agreed
7 Smart Shoes, Smart Boots and Insoles 3.57 0.55 Agreed
8 Smart Hard Hats 3.55 0.66 Agreed
9 Smart Wristband 4.14 0.51 Agreed
10 Biometric Monitoring Devices: 4.44 0.65 Agreed

Grand Total 4.34 0.17 Agreed

Table 1 also showed that the standard deviations (SD) of the items ranged between 0.55 - 1.09 which indicated
that the responses of the respondents were close to each other and the mean.

Table 2

Mean and Standard Deviation of Respondents on the perceptions of building technology lecturers on the adoption and

implementation of wearable technologies for worker safety in the Nigerian building construction Sector

N=60

S/N Item Description X SD Remark

1 Building construction managers often do not ensure the usage of Smart 3.96 0.60 Agreed
helmets by construction workers onsite.

2 Building construction managers often do not ensure the usage of smart 3.56 0.74 Agreed
vests, safety vests, and jackets by construction workers onsite.

3 Building construction managers often do not ensure the usage of Smart- 3.63 0.67 Agreed
watch by construction workers onsite.

4 Building construction managers often do not ensure the usage of 3.68 0.51 Agreed
exoskeletons by construction workers onsite.

5 Building construction managers often do not ensure the usage of smart 3.55 0.67 Agreed
glasses by construction workers onsite.

6 Building construction managers often do not ensure the usage of hearing 3.69 0.66 Agreed
protection devices by construction workers onsite.

7 Building construction managers often do not ensure the usage of smart 3.63 0.67 Agreed
shoes, smart boots, and insoles by construction workers onsite.

8 Building construction managers often do not ensure the usage of smart hard 3.68 0.51 Agreed
hats by construction workers onsite.

9 Building construction managers often do not ensure the usage of smart 3.55 0.67 Agreed
wristbands by construction workers onsite.

10 Building construction managers often do not ensure the usage of biometric 3.59 0.66 Agreed
monitoring devices by construction workers onsite.
Grand Total 3.88 0.71 Agreed
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Table 2 showed that all the 10 items had their mean values ranging from 3.55 to 3.96 which were above the
cutoff point of 3.50. This is an indication that respondents accepted the items as the perceptions of building
technology lecturers on the adoption and implementation of wearable technologies for worker safety in the
Nigerian building construction sector. The table also showed that the standard deviations (SD) of the items ranged
between 0.51 — 0.74 which indicated that the responses of the respondents were close to each other and the
mean.

Table 3
Mean and Standard Deviation of Respondents on challenges to the adoption of wearable technologies in the Nigerian building
construction sector N=60

S/N  Item Description X SD Remark

1 Workers’ resistance to the use of wearable devices and technologies during 3.96 0.63 Agreed
construction

2 Workers’ negative attitude/ignorance of the benefits of using wearable 4.06 0.71 Agreed
devices and technologies during construction

3 The high initial cost of procurement of wearable devices and technologies 4.63 0.67 Agreed
by construction workers

4 High training, maintenance, and operational costs of wearable devices and 4.70 0.55 Agreed
technologies

5 Lack of well-trained personnel that will train construction workers on the 3.55 0.67 Agreed

appropriate and effective use of wearable devices and technologies during
construction

6 Bureaucratic changes in management and complications at construction 3.69 0.66 Agreed
sites can affect the acceptance of wearable devices and technology

7 Lack of reliable data and critical information needed to integrate wearable 3.66 0.60 Agreed
devices into work processes, especially in developing nations like Nigeria

8 The challenge of power supply 3.67 0.65 Agreed

9 Lack of proper information technology (IT) infrastructure 3.68 0.64 Agreed

10 Legal or ethical concerns 3.66 0.67 Agreed
Grand Total 3.34 0.77 Agreed

Table 3 showed that all the 10 items had their mean values ranging from 3.55 to 4.70 which were above the
cutoff point of 3.50. This shows that the respondents accepted the items as the challenges to the adoption of
wearable technologies in the Nigerian building construction sector. The table also showed that the standard
deviations (SD) of the items ranged between 0.55 — 0.70 which indicated that the responses of the respondents
were close to each other and the mean.

3.1.Hypotheses

Table 4
A t-test analysis of building technology lecturers and building laboratory technologists on the adoption and implementation
of wearable technologies for worker safety in the Nigerian building construction sector.

S/N Respondents N X SD df t-cal t-tab Remark
1. Building technology Lecturers 24 3.81 0.3

50 0.21 2.11 Not Significant
2. Building technology lab-technologists 38 3.52 0.86

Note: N= No of respondents, X = mean, SD= standard deviation, df = degree of freedom, t-cal = calculated
value, t-tab = tabulated value, ns = not significant.

84


https://doi.org/10.18844/gjit.v14i2.9591

Okereke, G.K.O., Okanya, A., Okereke, J., Umar, L., Yakubu, A., Ezugwu, C. & Kontei, E. (2024). Perception of building technology lecturers
on the adoption of wearable technologies for worker safety in Nigeria's building construction sector. Global Journal of Information
Technology: Emerging Technologies, 14(2), 79-88 https://doi.org/10.18844/gjit.v14i2.9591

Table 4 revealed that the t-calculated value is 0.21 which is lower than the table value 2.11. This shows that
there is no significant difference between the mean responses of building technology lecturers and building
technology lab technologists. Therefore, the hypothesis that there is no significant difference in the mean
responses of building technology lecturers and building laboratory technologists on the adoption and
implementation of wearable technologies for worker safety in the Nigerian building construction sector was not
rejected.

4. DISCUSSION

The data generated to answer research question one as presented in Table 1 showed the emerging wearable
technologies that can be used in building construction. This finding is in agreement with Choi et al., (2017), who
stated that smart vests containing lots of sensors are used to locate trackers, gyroscopes, and accelerometers.
While this data includes the positioning of workers, it further includes details of posture, movements, and
surroundings. Most of the time, these smart vests can be integrated with project management systems so that
they can be more effective in their respective industry. This enables real-time data to be integrated into wider
project analytics and allows resource usage, efficiency, and safety performance to be assessed in more detail.
Nnaji and Awolusi, (2021) also supported the findings by stating that the use of smart helmets with sensors allows
critical vital signs to be monitored in real-time, which makes the necessary action for accident situations or health
problems reliable and speedy. Smart helmets are fitted with accelerometers that can detect sudden movements
that could be associated with a crash, for example, a fall. Didehvar et al., (2018), stated that wristbands offer a
practical solution for continuous Heart Rate (HR) monitoring without interference, making them better suited to
continuous HR monitoring in situations where physical exertion is required. The reading of blood flow rates is
obtained through Photoplethysmography (PPG) sensors used with automatic wristband-based heart-rate
monitors. The performance of ECG sensors proves their ability the monitor HR wristbandbased using construction
environments with accurate HR data.

The finding for research question two as presented in Table 2 revealed the perceptions of building technology
lecturers on the adoption and implementation of wearable technologies for worker safety in the Nigerian building
construction sector. The findings are in line with that of Nnaji et al., (2019), who stated that the major challenge
is that wearable devices are relatively new and rarely used in the Nigerian construction industry. The second
challenge is the low accuracy of data collected by wearable devices. The third challenge is the issue of data privacy.
The other two challenges are the selectivity of physiological indicators characterizing attention changes and the
limitations of the construction safety evaluation method, respectively. The finding is also supported by Brandt et
al., (2018) who reveal a significant gap in research and experimental work on using wearable devices to monitor
distraction in Nigerian construction workers. At present, there lack of reliable and comprehensive indicators for
monitoring worker distraction on construction sites. Furthermore, while neurophysiological monitoring
techniques such as electroencephalography (EEG) and electrocardiogram (ECG) have been developed to provide
an objective real-time detection of mental fatigue, their dependence on recording the electrical activity of the
human body, especially in Nigeria can be very invasive for workers. Moreover, the electrical signals can be easily
affected by the harsh environment of the construction site, which raises concerns about the accuracy of the
measurements.

The data generated to answer research question three as presented in Table 3 showed the challenges to the
adoption of wearable technologies in the Nigerian building construction sector. This aligns with the findings of
Moshood et al., (2020) who stated that most of the challenges preventing the adoption of wearable devices in
Nigeria were cost-related. Some construction organizations are helpless due to the concern for the initial cost,
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cost of training and employing professionals, and maintenance cost. Some organizations consider technology the
roadblock to using safety technologies due to the need for adequate IT infrastructure and the immaturity of
wearable technologies. Aghimien et al., (2019) also supported the findings by stating that the lack of competent
staff to manage wearable technologies for construction companies and organizations was the last barrier
preventing construction organizations from using the technology. Construction professionals in public sectors,
consultancy, and contracting firms are the participants of this study. Every construction practitioner, including
lower management staff such as foremen and laborers, is expected to use wearable technologies. However,
Mahmud et al., (2022) suggest that this category of construction workers may hold perceptions different from the
opinions of construction professionals concerning benefits derivable from using wearable safety technologies and
factors affecting their adoption.

5. CONCLUSION

The study examined the perception of building technology lecturers on the adoption of wearable technologies
for worker safety in Nigeria's building construction sector. The study found that building technology lecturers had
a low perception of poor implementation of wearable devices and technologies by builders in Nigeria. The study
concludes by stating that adopting the newest wearable technologies can make a construction site safer and more
secure by preventing unexpected accidents and injuries. Therefore, efforts should be made by builders to
incorporate wearable construction technologies that enhance worker safety while simultaneously streamlining
tasks and increasing productivity.

The following recommendations are made based on the findings of the study:

1. There should be regular public awareness, through advocacy programs, of the benefits of the adoption
and implementation of wearable devices among building construction workers in Nigeria.

2. There should be synergy-building among relevant professionals in the building industry building regulation
in Nigeria to ensure the enforcement of proper penalties against erring builders who fail to implement the use of
wearable technologies for their workers.
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