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Abstract -
Securing the safety of highway work zones is one of the 

most pressing issues in the highway maintenance and oper-
ation community. Recent studies have indicated that high-
way workers keep suffering f rom f atal i njuries a nd death 
caused by traffic, long-night shifts, and limited space for ma-
neuvering. In the meantime, recent advances in wearable 
technology have provided promising potential in the context 
of safety in different disciplines, especially building construc-
tion. However, highway workers have been underrepresented 
and limited information is available about their perception, 
preferences and ideas toward wearable technology. With this, 
in this paper, we document our early results in investigating 
the perception of highway workers toward wearable technol-
ogy and their preferences among available devices to be used 
for safety purposes. Our results highlight a promising po-
tential for the application of wearable technology in highway 
work zones and an acceptable level of engagement from the 
body of highway workers. Therefore, we envision this study 
to energize developers for further research and investment in 
the application of wearable technology in highway work zone 
safety.
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1 Introduction
In 2018, Federal Highway Administration (FHWA) re-

ported that 124 workers lost their lives at highway con-
struction sites. With an average of 135 workers fatality, 
FHWA also documented that lethal crashes in highway 
work zones climbed by 3 percent between 2016 and 2017. 
Fatal injuries on top of death is another substantial threat to 
the safety of highway workers. A total of 158,000 crashes 
and 42,000 associated injuries were reported in 2016 alone 
[1]. Meanwhile, recent investments in highway infrastruc-
ture construction would further exacerbate this issue by 
creating more work zones. Therefore, securing the safety

of highway work zones is one of the most pressing issues
that the maintenance and operation face in the years to
come [2, 3].
The recent boom in wearable technologies has provided

significant potential in addressing some of the challenging
problems in the engineering world [4]. Latest research
trends have demonstrated that researchers and practition-
ers fromdifferent disciplines have rushed towardwearable-
enabled systems for enhancing the status-quo, especially
in building construction safety [5, 6, 7]. In the mean-
time, highway maintenance, operation, and construction
community is and has been only relying on fairly reactive
systems and have not yet departed toward more modern
technologies [8, 9]. Meanwhile, building construction re-
searchers have also attempted to increase the usefulness
and usability of the newly developed systems by investigat-
ing the perception of construction workers toward wear-
able technology [10]. However, highway workers have
been underrepresented in the body of knowledge. The
majority of previous studies have targeted vertical build-
ing construction safety, and highwaymaintenance commu-
nity’s perception has not been investigated in comparable
detail [11, 8, 12]. Limited space for maneuvering, of-
ten long and night shifts, and dealing with drivers with a
broader range of behaviors are some of the reasons that
make the needs of highway maintenance workers unique.
This makes prior information in building construction di-
rectly inapplicable to highway work zones and could po-
tentially hinder future developments for highway workers
[13, 14].
In this study, we investigated the perception and prefer-

ences of highway workers toward wearable technology to
be used in safety-related systems. In specific, the contri-
butions of this paper to the body of knowledge are:

• This article is among the first research studies inves-
tigating the perception of highway workers toward
wearable technology.

• This article specifically compares the highway
worker’s perception about some of the most common
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wearable options in the market.

• The results of this study paves the path toward future
interaction and safety system designs for highway
workers.

In the following, we will first lay the foundation by
explaining the related works of this study. Then, we will
move on to explaining ourmethodology followed by results
and discussion.

2 Related Works
2.1 User Perception and Technology Development

It is commonly believed that achieving success in infor-
mation technology projects requires careful user research.
Previous studies have demonstrated that there is usually a
gap between what developers think of the system and what
users’ actual perceptions are [15]. Therefore, investigat-
ing whether the intended users would adopt the developed
technology or not is of importance [8]. Recent investments
in wearable technology have accelerated modernizing the
concept of work [16]. However, several researchers have
already discussed that there is a potential for the end-users
to resist adopting the developed technologies, regardless of
their benefits. This fact majorly highlights the importance
of early user studies [17]. Therefore, a few researchers in
the past performed some studies investigating the reaction
of construction workers to new technologies. For exam-
ple, [18] developed an extended Technology Acceptance
Model (TAM) for including the future alterations in the
attitude of workers with respect to time [19]. We also
identified such studies in other disciplines [20, 21].

2.2 A Survey of Wearable Devices and Their Appli-
cations

Smart wearable devices have a long and rich history
[22]. Recent boom in wearable technology has provided
industry leaders, researchers and practitioners in different
industries with a new source of power for increasing the
cognitive capabilities of humans in their daily life and de-
cision making [23, 24]. [25] categorized the state-of-the-
art wearable devices under three main categories, acces-
sories, e-textiles, and e-patches. They considered wrist-
worn (smart watches and wristbands) , head-mounted (
smart eye-wears, hard hats, and ear-buds) and others such
as vests as the main subgroups of the accessories wearable
devices. Moreover, wearable technology has already been
proven as an efficient tool in different disciplines, ranging
from healthcare to education [26]. In an interesting study,
[4] discussed the historical and current trends in wearable
technology and concluded that health related issues are
still among the most well-received applications of wear-
able technology. There have been already multiple review

articles that investigated the application of wearable de-
vices in different disciplines [27]. Recent trends show that
interest in applying wearables in safety-related contexts
are exponentially growing. For example, [28] investigated
the application of wearable devices in securing the safety
of miners. Another recent trends in wearable technology
is using technologies such as Artificial Intelligence (AI) or
Internet of Things (IoT) as the backend and wearable tech-
nology as the frontend and the means of interaction with
users. For instance, the authors in [29] studied how wear-
able technology can be leveraged in securing the safety
of women by sending an emergency notifications to their
relatives and adjacent police stations using IoT.

2.3 Wearable Devices and Their Application in Con-
struction

The application of wearable devices in construction in-
dustry has been continuously and exponentially growing
in recent years for mitigating safety issues. Researchers
and practitioners have used wearable technology for moni-
toring and collecting different information, including kine-
matic movement, cardiac activity, skin response, and mus-
cle engagement [30, 11]. For this purpose, they have de-
ployed different devices, ranging from smart wristbands,
Electroencephalogram (EEG) headsets, and Augmented
Reality glasses [31, 32]. These devices were used in or-
der to study safety risks such as falling, engagement to
hazardous behaviors, preventing extreme fatigue or other
within-site accidents [33, 34]. Some studies also sug-
gested the use of wearable technology for designing active
safety systems in construction sites. For instance, [35]
proposed a novel system architecture for a safety system
that warns construction workers and prevents them from
accidents using wearable technology and IoT.

3 Methodology
Given the limited information available about highway

workers and wearable technology, our main goal in this
study is to investigate the perception of highway workers
toward wearable technology to be used in safety-related
systems. In specific, we want to investigate:

1. Perception of highway workers toward the practically
of wearable technology in highway work zones.

2. Likelihood of highway workers using wearable de-
vices in highway work zones.

3. Preferences of highway workers among the currently
available wearable options.

4. Major concerns of highway workers toward using
wearable technology.
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For this purpose, we designed a two-step methodology,
including a semi-structured interview followed by an ex-
tensive survey of the body of highway operation and main-
tenance community. Below, we will explain our method-
ology in detail.

3.1 Semi-structured Interview

Before designing our questionnaire, we first conducted
an in-depth interview with an experienced highway main-
tenance crewmember. The reason behind thiswas twofold.
Firstly, given the unique needs of highway maintenance
workers, we wanted to gain an initial impression of their
thoughts and beliefs to be reflected in the design of the
questionnaire. Secondly, we wanted to run the survey
questions by him and ensure the language and general
structure of the survey is suitable for highway workers.
Our interviewee was a senior and former member of the
highway maintenance and operation division of a state
Department of Transportation (DOT) with more than 20
years of experience.
Our interview was semi-structured. We first started off

with basic demographic questions, including age, expe-
rience, and familiarity with this field. Then, we moved
on to open discussions about the wearable technology and
its application in highway work zones. Our interviewee
mentioned that he had no prior experience with wearable
technology as a safety mean in highway work zones. Our
interviewee believed that wearable technology could be
useful in highway work zones. Ultimately, in this step,
we selected smart glasses, smart wristbands, smart hard
hats, and smart clothes such as smart vests among different
available wearable options in the market. We chose these
devices after consultation with our interviewee, availabil-
ity in the market, our literature review, competitive cost,
and compatibility with outdoor environment. However,
our interviewee at first was concerned about the use of
smart glasses for the users who wear prescribed glasses.
While this concern is completely valid, some of the cur-
rently available options in the market are compatible with
prescribed glasses and offer a solution for this problem
(see Vuzix Blade [36] ).

3.2 The Structure of the Questionnaire

After our initial interview and with the suggestion of
our interviewee, we decided to separate our participants
into two personas: highway maintenance crew and affili-
ated participants. The former only includes workers while
the latter consists of state DOT members, private con-
sultants, managers, researchers, and other individual who
are acquainted with maintenance and operation commu-
nity and are not a worker. The main reason behind this
personification was twofold. Firstly, our target population

is all individuals that are physically present in highway
work zones and will interact with wearable technology as
a safety measurement. However, maintenance crew are
more frequently present in work zones than other mem-
bers. This could lead to these groups having developed a
different set of ideas and beliefs about wearable technol-
ogy to be used as a safety measure. Secondly, we believed
that crew members might have different expectations from
wearable technology than managers given the differences
in the nature of their jobs. For instance, it is logical to
assume that workers should not care about the cost of the
technology when it could be an important contributor to
what managers and supervisors think of the technologies.
It should be noted that hereinafter, we will be calling the
highway maintenance crew “maintenance crew” and the
affiliated participants with highway maintenance and op-
eration community “affiliated members”.
In the next step and based on our feedback from the

interview, we designed our questionnaire to survey the
body of highway work zone maintenance and operation
community. We started off the survey with demographic
questions, where we asked participants their age, role, and
the frequency of their presence in the highway work zones
in general. Next, we asked them about their previous
experience with wearable devices, if any. Then, we asked
them our major questions, which were:

1. Practicality of the provided wearable devices (Ques-
tion 1).

2. Likelihood of users utilizing the provided devices
(Question 2).

Finally, we asked participants to share with us their con-
cerns in specific about the application of wearable technol-
ogy in highway work zones (Question 3). We asked them
to select from "impractical for operation in highway work
zones, unpleasant experience with devices", "influence on
the performance such as vision obstruction", "slow and
painful adaptation to the technology as a routine", "the un-
reliability of the devices in identifying potential dangers",
"repetitive false alarms and loss of your trust in devices",
"none” and "other". They could also have selected mul-
tiple options from the provided list. We then reached out
to the body of highway maintenance and operation com-
munity and asked for their participation. We used Google
Form for hosting and conducting this survey.

3.3 Statistical Analysis

After receiving responses from our participants, we sta-
tistically analyzed the data to investigate our research ob-
jectives. For this purpose, we used chi-square test, both
goodness-of-fit and independence versions to investigate
whether affiliated members and maintenance crew show
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Figure 1. The practicality of the selected wearable options in (a) maintenance crew and (b) affiliated members

Figure 2. The likelihood of (a) maintenance crew and (b) affiliated members to use the selected wearable options

Table 1. Chi-square goodness-of-fit test on the collected data and the corresponding p-values
Question Group Wristband Clothes Watch Glasses Hats
1 Maintenance Crew 1.2 ∗ 10−16 4.4 ∗ 10−13 2.2 ∗ 10−17 5.8 ∗ 10−13 2.9 ∗ 10−10
1 Affiliated Members 5.6 ∗ 10−6 2.8 ∗ 10−4 9.7 ∗ 10−5 1.5 ∗ 10−3 2 ∗ 10−2
2 Maintenance Crew 1.4 ∗ 10−3 1 ∗ 10−4 3.2 ∗ 10−5 1.8 ∗ 10−3 7.8 ∗ 10−5
2 Affiliated Members 1.9 ∗ 10−5 3.3 ∗ 10−5 1.4 ∗ 10−3 6.2 ∗ 10−4 2 ∗ 10−2

different behavior toward wearable devices in general and
the selected devices in particular.

4 Results

In this section, we will provide the results obtained from
our survey and analysis.

4.1 Community Engagement

148 individuals responded to our survey, 76 of which
identified themselves as maintenance crew and 52 as af-
filiated participants with the body of highway work zone
community. The rest were general participants. Since the
general participants did not belong to our target groups,
the corresponding results were excluded from our study.
The majority of our participants were from the state of
North Carolina (62 from the maintenance crew and the
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Table 2. Our participants’ major concerns about wearable technology in highway work zones
Concern Maintenance Affiliated

Crew Members
Impractical for operation in highway work zones 13 12

Unpleasant experience with devices 4 5
Influence on the performance such as vision obstruction 16 21
Slow and painful adaptation to the technology as a routine 4 8
Unreliability of the devices in identifying potential dangers 19 24
Repetitive false alarms and loss of your trust in devices 17 29

None 23 7
Other 11 12

Table 3. Chi-square independence test on the collected data and the corresponding p-values
Question Wristband Clothes Watch Glasses Hats
1 0.25 0.013 0.07 0.309 0.09
2 0.26 0.15 0.63 0.39 0.64

34 from affiliated participants). This was followed by the
state of Virginia with 6 participants from the maintenance
crew and 8 from affiliated ones. The states of Florida,
Georgia, Indiana, Pennsylvania, and Texas also had some
representatives in this survey. Finally, we received one
response from a crew member who mentioned to be based
in Canada.

4.2 Questionnaire Results

Among our participants, 28 mentioned that they are at
least 55 years old. 78 participants also mentioned that
their age is between 36 and 55 years (37 in 36-45 and 41
in 45-55). Moreover, only 10 participants mentioned to
be less than 25 years old. Therefore, it is safe to conclude
that while we have a fairly acceptable diversity from differ-
ent age groups, the majority of our participants are either
middle-aged or seniors. Additionally, 92 out of 128 partic-
ipants mentioned that they had been working in the field of
highway operation and maintenance for at least 10 years.
Only 13 participants mentioned that they were novice with
having 0-2 years of experience. 13 people also mentioned
that they had been actively involved in this field for at
least 3 to 5 years. Therefore, we can also conclude that
the majority of our participants were experienced-enough
with the hazards of highway work zones. Finally, only 22
participants (roughly 17 percent) mentioned that the had
previous experience with wearable technology while they
were present in a highway work zones.
Figure 1 illustrates the responses from our participants

to Question 1. Figure 1 (a) represents the responses from
the maintenance crew and Figure 1 (b) demonstrates the
responses from affiliated members. Moreover, Figure 2
visualizes the responses that we received from (a) mainte-
nance crew and (b) affiliated members to Question 2. Fur-
thermore, Table 2 summarizes the major concerns of our
participants toward using wearable technology in highway
work zones as a safety measure.

4.3 Statistical Analysis

In this section, we statistically analyzed the collected
data to further investigate our research questions. We first
used goodness-of-fit version of chi-square test on all of
the collected samples to investigate whether the difference
among the number of votes in each category of collected
data for both Question 1 and Question 2 in all provided
wearable options are statistically significant. That resulted
in 20 tests and the results are summarized in Table 1. The
obtained p-values are all less than the traditional 0.05 sig-
nificance cut-off, and therefore mean that the differences
among the collected samples in different categories are
statistically significant.
Finally, we used the independence version of the chi-

square test to statistically compare the responses from both
groups and investigate whether groups show a statistically
different behavior toward wearable technology. We used
this test 5 times in each question (10 times in total), and
the results are summarized in Table 3. This table illus-
trates that with the exception of practicality of clothes, all
obtained p-values are larger than the traditional 0.05 level
of significance. This denotes that the collected samples
are independent from each other, and the null hypotheses
of Chi-squared test, which is the samples are independent,
is kept.

5 Discussion
In this section, we are discussing our results. Figure

1 shows that while the majority of the maintenance crew
seems to feel neutral about the practicality of the selected
wearable devices, affiliated members viewed the practi-
cality of wearable technology more positively. In spe-
cific, they think that smart clothes and glasses would be
a suitable option in highway work zones. This could be
attributed to the potential experience with lighting vests
and safety glasses, two common "wearable" safety items
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in the highway construction industry. Similarly, we can
identify a similar pattern in Figure 2 that illustrates the
likelihood of using wearable technology in the future. As
observed, maintenance crew participants feel more neu-
tral toward using wearable technology in the future and
affiliated members are more likely to use werables, espe-
cially smart clothes and glasses. Lack of prior experience,
age, job description, and technology resistance all could
possibly contribute toward this neutral feeling of the main-
tenance crew.
Moreover, Table 2 summarizes the responses of our

participants to Question 3. This table indicates that most
affiliated members and maintenance crew feel that wear-
able technology is not reliable and trustworthy enough
to be used in highway work zones. Both personas cited
repetitive false alarms and the unreliability of devices as
their major concerns. Participants also recognized the
lack of prior experience, the additional burden of wear-
able technology on top of the already existing PPE items,
and being a potential source of distractions as their ma-
jor concerns. The cost was another factor that affiliated
members raised. Finally, Table 3 indicates that the main-
tenance crew and affiliated members showed a different
behavior toward both the practicality and the likelihood
of using wearable technology in the future across almost
all of the provided wearable options. This further corrob-
orates our initial assumption that affiliated members and
maintenance crew might have different opinions and be-
liefs toward wearable technology due to the differences in
their job descriptions and other possible contributors, and
our personification was on point. As we discussed, this
difference was also reflected in their perception toward
the practicality and the likelihood of using wearable tech-
nology illustrated in Figures 1 and 2. Deep investigation
of this difference, identifying major contributors to these
persona creation, and studying the unique needs of each
persona could be interesting future research directions.

6 Conclusion
In this article, we reported our early efforts in investi-

gating the perception and preferences of highway workers
toward wearable technology for safety-related purposes.
We involved the community of highway maintenance and
operation in the research through a survey and actively pur-
sued their perception, thoughts and ideas toward wearable
technology. Our results indicate a notable potential for fu-
ture development and investment in wearable-enabled for
highway work zones. Future studies can analyze the per-
ception of highway workers by developing more intensive
TechnologyAcceptationModels (TAMs), early prototypes
and other tools to further investigate what highway work-
ers think of wearable technology,and how such devices can
be assimilated into the work zones.
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