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Abstract

Objective: To gather information on the (a) types of wearable sensors, particularly personal
activity monitors, currently used by occupational safety and health (OSH) professionals, (b)
potential benefits of using such technologies in the workplace, and (c) perceived barriers
preventing the widespread adoption of wearable sensors in industry.

Background: Wearable sensors are increasingly being promoted as a means to improve
employee health and well-being and there is mounting evidence supporting their use as exposure
assessment and personal health tools. Despite this, many workplaces have been hesitant to adopt
these technologies.

Methods: An electronic survey was emailed to 28,428 registered members of the American
Society of Safety Engineers (ASSE) and 1,302 professionals certified by the Board of Certification
in Professional Ergonomics (BCPE).

Results: A total of 952 valid responses were returned. Over half of respondents described being
in favor of using wearable sensors to track OSH-related risk factors and relevant exposure metrics
at their respective workplaces. However, barriers including concerns regarding employee privacy/
confidentiality of collected data, employee compliance, sensor durability, the cost/benefit ratio

of using wearables, and good manufacturing practice requirements were described as challenges
precluding adoption.

Conclusion: The broad adoption of wearable technologies appears to depend largely on the
scientific community’s ability to successfully address the identified barriers.
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Application: Investigators may use the information provided to develop research studies that
better address OSH practitioner concerns and that help technology developers operationalize
wearable sensors to improve employee health and well-being.

Précis:
A survey of occupational safety and health professionals was conducted to identify perceived
barriers preventing the widespread adoption of wearable sensors as tools for improving employee
health and well-being. Findings indicate that the most frequently cited concerns were associated
with employee privacy/confidentiality of collected data.

Keywords

Musculoskeletal Disorders; Physical Ergonomics; Work Measurement; Industrial/workplace
ergonomics; Tools, Consumer Products

INTRODUCTION

Wearable sensors such as smartwatches and physical fitness monitors are becoming
increasingly popular in the United States (Page, 2015; Piwek, Ellis, Andrews, & Joinson,
2016; PwC, 2017). They have been used to support wellness initiatives (Amft & Troster,
2008; Jakicic et al., 2016; Junker, Amft, Lukowicz, & Troster, 2008), improve social
interaction (Cook, Crandall, Singla, & Thomas, 2010; Eagle & Pentland, 2006; Ploderer,
Reitberger, Oinas-Kukkonen, & van Gemert-Pijnen, 2014), and monitor clinical and
rehabilitation practices (Appelboom et al., 2014; Bonato, 2010; Patel, Park, Bonato, Chan,
& Rodgers, 2012). From an occupational safety and health (OSH) perspective, wearable
sensors provide ergonomists a means to unobtrusively capture physical exposure information
in the workplace; a problem that has challenged the field for several decades (Garg &
Kapellusch, 2009; Marras, Cutlip, Burt, & Waters, 2009). Data from wearable sensors
secured to adjacent body segments, for example, can be processed to accurately measure
joint angles (Cutti, Giovanardi, Rocchi, Davalli, & Sacchetti, 2008; EI-Gohary & McNames,
2015; Kim & Nussbaum, 2013; Lebel, Boissy, Nguyen, & Duval, 2017; Morrow, Lowndes,
Fortune, Kaufman, & Hallbeck, 2016; Picerno, 2017; Robert-Lachaine, Mecheri, Larue, &
Plamondon, 2016; Seel, Raisch, & Schauer, 2014) and be subsequently used to characterize
risk for developing adverse health outcomes such as musculoskeletal disorders (MSDs).
Information regarding the intensity of occupational and leisure time physical activity
(Hallman, Birk Jargensen, & Holtermann, 2017), physical fatigue (Maman, Yazdi, Cavuoto,
& Megahed, 2017), joint kinetics (Faber, Chang, Kingma, Dennerlein, & van Dieén, 2016;
Karatsidis et al., 2016; Kim & Nussbaum, 2013), and repetition (Peppoloni, Filippeschi,
Ruffaldi, & Avizzano, 2016; Vignais et al., 2013; Wu, Chen, & Fu, 2016) can also be
estimated using wearable sensors located on different body segments. The sensors have
been applied in several field-based research studies (Arias, Caban-Martinez, Umukoro,
Okechukwu, & Dennerlein, 2015; Ohlendorf et al., 2015; Prairie & Corbeil, 2014; Schall Jr,
Fethke, Chen, Oyama, & Douphrate, 2016).

Although current trends suggest that the wearable technology market will continue to grow
with further technological advancement (Page, 2015), the vast majority of workplaces
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have not broadly adopted wearable sensors for improving OSH. Concerns regarding cost,
confidentiality of collected data, lack of demonstrated utility, and information overload have
each been suggested as potential reasons for their limited adoption in the workplace (Reid
et al., 2017). However, very little information is available regarding the safety professional’s
perspective, and the authors are aware of few previous studies completed to characterize
perceptions of barriers to the adoption of wearable technology in the workplace (Choi,
Hwang, & Lee, 2017). The objective of this study was to gather information on the (a)

types of wearable sensors, particularly personal activity monitors, currently used by OSH
professionals, (b) potential benefits of using such technologies in the workplace, and (c)
perceived barriers preventing the widespread adoption of wearable sensors in industry.

Survey development

Participants

A custom, electronic survey was developed using the Qualtrics (Provo, UT, USA) survey
engine (Appendix). Questions regarding basic demographic information including age and
gender of the respondent, current occupation and industry sector, years worked in current
occupation as well as total years in any OSH-related position, highest degree, and current
OSH certifications comprised the first part of the survey. Respondents were then asked

a series of questions about the types of wearable devices they use at work and away

from work. Questions included listing any personal fitness technologies that they owned
(make[s] and model[s]), if they wear any of those technologies at work, and describing
what they use their personal fitness technologies for at work (if they reported wearing them
at work). Respondents were also asked to estimate what percentage of employees at their
workplace use wearable sensors at work (although, not necessarily for work purposes).
Finally, respondents were asked a series of questions regarding their perceptions of using
wearable devices while at work. Questions included asking if they would be in favor of
using wearable technologies at their workplace to track OSH risk factors and ranking the
types of risk factors respondents were most interested in capturing at work with a wearable
device (among six common ergonomic risk factors potentially capable of being assessed
with wearable technologies). Respondents were also asked if they would be interested in
using a “dashboard” display to track group or departmental exposures to physical risk
factors as well as to describe the single biggest concern with using wearable sensors at their
workplace. The survey concluded with a free response section for respondents to list any
additional comments they had regarding wearable devices and/or the survey.

An electronic invitation to the survey was emailed to 28,428 registered members of the
American Society of Safety Engineers (ASSE) and 1,302 professionals certified by the
Board of Certification in Professional Ergonomics (BCPE). The invitation email described
the purpose of the survey and provided a link to the survey’s website (delivered via

the Qualtrics survey engine). Potential subjects were informed that the survey should be
completed by the person to whom the email was addressed, and that their participation was
completely voluntary. Informed consent was obtained from each participant. This research
complied with the American Psychological Association Code of Ethics and tenets of the
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Declaration of Helsinki and was approved by the Institutional Review Board at Auburn
University (Protocol #17-007 EX 1702).

Analysis

Descriptive statistics were performed using the Qualtrics survey engine and were used to
characterize the frequency and percentage of valid responses from respondents. Open-ended
text responses were searched and categorized using combinations of common strings and the
logical operators AND and OR. For example, one search string for the question regarding
“the single biggest concern regarding use of wearable technology in the workplace” was
COSTor MONEY or EXPENSE. All categorizations were made following a consensus
approach which included three complete passes through all survey responses.

RESULTS

Of the 28,428 email invitations sent to registered ASSE members, 7,867 (27.7%) of the
emails were opened and 996 responses were recorded (12.7% of opened emails, 3.5% of
emails sent). Of the 1,302 emails sent to BCPE members, 155 responses were recorded
(11.9% of emails sent). It is unknown how many emails distributed to BCPE members
were opened. Of the 1,151 survey responses, 952 responses were considered sufficiently
complete (i.e., valid) for subsequent analyses. Assuming that all BCPE emails were opened,
the overall survey yield rate was 10.4% of emails opened and 3.2% of emails sent.

The mean age of the respondents was 48.7 years (SD = 12.2) and 70.4% were male.
Characteristics of the respondents are reported in Table 1, including certifications, job titles,
industry of employment, highest degree type, and field of study of degree. Respondents
tended to be experienced OSH professionals, reporting an average of 19.1 years (SD = 11.6)
of experience in an OSH related position and an average of 7.7 years (SD = 7.9) in their
current position.

Over half of the respondents (50.5%; 481 of 952) who answered the question “do you own
any personal fitness technologies (e.g., Fitbit, Garmin, Polar, etc.)?” reported owning at least
one device. Of those that responded yes, 75.1% (361 of 481) reported wearing at least one
of their devices while at work. The most common reason for wearing the device at work
was to monitor personal activity (e.g., “count steps™) and remind them to be more active at
work (90.4%; 319 of 353 respondents to this question). Overall, respondents estimated that
27.9% (SD = 21.4) of employees at their facility used wearable technologies while at work;
however, not necessarily for work purposes. Over half of the respondents (53.5%; 509 of
952) indicated that they would be in favor of using wearable technologies at their workplace
to track relevant metrics for several common OSH risk factors. An additional 27.3% of
respondents expressed that they might be interested in using wearable technologies at their
workplace to track relevant metrics for OSH risk factors. Respondents estimated that their
organization would be willing to spend an average of $72.21 (SD = $67.78) per person for a
wearable device.

Table 2 describes the results for select survey items characterized by industry sectors with
at least 20 respondents. Industry specific responses were generally consistent with those of
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the entire sample. Respondents working in the food processing industry reported owning
fewer personal fitness technologies than any other industry and were second least in favor
(just behind the healthcare industry) of using wearable technologies at work to track OSH
relevant risk factors. Respondents in the food processing industry also estimated that their
organization would be willing to spend less per person for a wearable device ($52.68) than
any other industry. Conversely, respondents in the transportation ($83.18) and oil, energy, or
gas ($86.9) industries estimated that their organization would be willing to spend more per
person for wearable devices than the other industries.

Tables 3 describes the risk factors respondents selected as those they would be the most
interested in capturing with wearable sensors in the workplace. Capturing exposure to
awkward postures and forceful exertions had the lowest average ranks (i.e., were of greatest
interest to respondents), followed by repetition and physical fatigue. Mental fatigue and
vibration were the risk factors of least interest in being captured. An industry specific
breakdown of the average ranks is presented in Table 4. Not surprisingly, the lowest average
rank (i.e., greatest interest to respondents) of all industry sector risk factors was repetition
in the food processing industry. The highest average rank (i.e., least interest to respondents)
was observed for vibration among respondents in the healthcare industry. Interestingly,
despite the documented association between whole-body vibration and MSDs common to
transportation, respondents in the transportation sector listed vibration last among all risk
factors they would be interested in capturing with a wearable sensor at their place of work.
Physical and mental fatigue were the two risk factors of greatest interest in that sector.

When asked to describe their single greatest concern with using wearable sensors at

their workplace, respondents indicated that employee privacy/confidentiality was the most
frequently cited obstacle (Figure 1). Issues related to employee compliance with wearing the
devices as trained, sensor durability, the cost/benefit of the devices, and good manufacturing
practice (GMP) standards were also described. Respondents in the food processing, general
manufacturing, transportation, and construction sectors cited common concerns with sensor
durability while government, academia/research, and insurance cited employee privacy
concerns most frequently (Figure 2). Respondents in the oil, energy, or gas industry
frequently cited concerns regarding the safety of the devices for their work environments.

The majority of respondents (58.3%, 550 of 944) expressed an interest in using a
“dashboard” display to track group or department exposures to physical risk factors at their
workplace. An additional 28.4% of respondents expressed that they might be interested in
using a “dashboard” display in the work environment. The remaining 13.3% of respondents
were against the use of a “dashboard” in the work environment for reasons largely
consistent with those described for not using wearables in the workplace in general (e.g.,
confidentiality, compliance, maintaining devices, safety, etc.).

DISCUSSION

The majority of OSH professionals surveyed in this study indicated that they were in
favor of using wearable technologies to objectively measure aspects of employee health
risk while at work. Not surprisingly, exposure to awkward postures, forceful exertions,
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and repetition, three common physical risk factors associated with the development of work-
related musculoskeletal health outcomes (da Costa & Vieira, 2010; van Rijn, Huisstede,
Koes, & Burdorf, 2010), were identified as the risk factors the OSH professionals were most
interested in capturing. Recent research has indicated that wearable sensors may be used to
accurately and reliably quantify kinematics necessary to estimate exposure to non-neutral
working postures (Cutti et al., 2008; EI-Gohary & McNames, 2015; Kim & Nussbaum,
2013; Lebel et al., 2017; Morrow et al., 2016; Picerno, 2017; Robert-Lachaine et al., 2016;
Seel et al., 2014) and assist in the assessment of repetitive motions (Peppoloni et al., 2016;
Vignais et al., 2013; Wu et al., 2016). Robust, repeatable calibration procedures have been
identified and continue to undergo evaluation to assist in the accurate ascertainment of

such measures (Ligorio, Zanotto, Sabatini, & Agrawal, 2017; Robert-Lachaine, Mecheri,
Larue, & Plamondon, 2017). While force has been more difficult to assess, wearable sensors
have been successfully applied to estimate joint forces and moments during occupationally-
relevant activities such as manual material handling (Faber et al., 2016; Kim & Nussbaum,
2013, 2014), gait (Chen, Lach, Lo, & Yang, 2016; Karatsidis et al., 2016; Tao, Liu,

Zheng, & Feng, 2012), and extravehicular activity (McFarland & Nguyen, 2017; Reid &
McFarland, 2015). Smart textiles (Stoppa & Chiolerio, 2014) and other promising wearables
that combine accelerometer and gyroscope measurements with surface electrophysiological
sensors (e.g., the BioStampRC, MC10 Inc., Cambridge, MA; Jang et al., 2016; Patel et al.,
2016), may provide practitioners methods for unobtrusively estimating force using methods
that have been largely limited to research and laboratory settings.

Despite the growing body of evidence suggesting that wearable technologies are both
accurate and reliable for assessing exposure to physical risk factors of interest, a large
contingent of respondents still acknowledged concerns regarding the validity and overall
efficacy of wearable technologies. One explanation for the lack of confidence in the
technologies may be related to a lack of experience using wearable devices to assess
kinematics beyond common physical activity metrics such as step counts. The overwhelming
majority of respondents described that their primary motivation for using their personal
activity monitor at work was to track their physical activity. Fitbit devices were the most
common personal activity monitor owned (58.1% of 339 responses). While variations of
the Fitbit have been observed to be valid and reliable for measuring step counts (Evenson,
Goto, & Furberg, 2015) and have also been observed to be well accepted and associated
with increased physical activity (Cadmus-Bertram, Marcus, Patterson, Parker, & Morey,
2015), the focus of such devices has not been on measuring physical risk factors such as
exposure to non-neutral postures. Additional research establishing the efficacy of the most
common wearable devices may be beneficial. Development of more practitioner-friendly
sensor protocols and broader dissemination of the knowledge regarding the capabilities of
“research-grade” wearable technologies is also needed to improve adoption.

Although sensor efficacy and validity were common concerns, the most frequently cited
concern of the survey respondents was that employees may react negatively to a perception
of being monitored. Twenty-three responses explicitly used the term big brotherwhen
describing their apprehension. The second most frequently cited concern was that employees
may not comply with organizational guidelines of how and when to wear the devices,
potentially in an act of retaliation for having their privacy disrupted. Interestingly, these
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two issues appear to conflict with recent research indicating that employees welcome
greater employer engagement in their personal health, particularly personalized guidance

in workplace health promotion programs (McCleary et al., 2017). Along these lines, 49% of
respondents in a recent survey conducted by PricewaterhouseCoopers believed that wearable
technology would increase workplace efficiency (PwC, 2017). These conflicting results
contribute to a growing body of evidence suggesting a paradoxical relationship between
information privacy and behavior (Norberg, Horne, & Horne, 2007; Piwek et al., 2016;
Smith, Dinev, & Xu, 2011). Further research is needed to gain a greater understanding

of user privacy concerns associated with the use of wearable devices in the workplace.
Muitigation strategies must also be developed as further insights into privacy concerns are
realized.

Current wearables may be more effectively applied in a supportive role in which employees
do not share their collected data with their employer (Lidynia, Brauner, & Ziefle, 2017).
Workplace health promotion programs that uses wearable devices to promote physical
activity, but allow employee participation and data sharing to be optional may be one
approach. Interestingly, only nine respondents (0.3%) in this study explicitly reported using
wearable technology as a component of a workplace wellness program designed to improve
employee health. The relative infancy of non-invasive, cost effective wearable sensors

may partially explain the limited number of comments related to using wearables as a
component of a workplace health promotion program. Another potential reason may be

that many organizations execute their wellness programs through their Human Resources
department rather than an OSH department. The surveyed OSH professionals may have
been less aware of potential programs offered by their Human Resources department.

A “Total Worker Health” approach that integrates employee health protection and health
promotion through the application of wearable technologies may be more effective (Schill
& Chosewood, 2013). Additional research is needed, however, to evaluate the efficacy of
workplace wellness programs that use wearable technologies as well as the efficacy of
“Total Worker Health” approaches in general (Anger et al., 2015). Studies examining user
perceptions pre- and post-introduction of wearable technologies in the workplace would also
be valuable to better understand the apparent paradox that surrounds using wearable devices
to improve OSH.

Several limitations of this study should be considered when interpreting the results. The

use of self-reported responses may have introduced bias. Specifically, it is plausible

that the respondents were more interested in wearable technologies and, therefore, more
likely to respond than those uninterested in wearable technologies. The relatively low
response rate (3.2% of emails sent, 10.4% of emails read) limits the generalizability of

the results. In particular, industry specific results may be affected by a relatively small
number of respondents from that industry. Furthermore, the targeted respondents were OSH
professionals whose acceptance of programs that use wearable sensors would likely be
necessary for successful implementation. In addition to OSH professionals, senior managers
as well as the employees that would wear the devices themselves should be surveyed. It may
also be difficult for safety professionals to estimate the percentage of workers who may use
wearable technologies in the workplace as many are not worn in visible locations. However,
even crude estimates of the current use of wearable technologies may be suggestive
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of the overall willingness of employees to use wearable technologies for safety-related
purposes. Finally, the term wearable technology is rather broad and refers to many forms

of technology. Although we did not provide a specific definition of wearable technology
and/or personal activity monitors to respondents, some questions and the list of possible
responses provided context to the respondents that we were generally defining wearable
technologies in this study as devices similar to personal activity monitors. Additional
research is needed to evaluate perceptions of using other forms of wearable technology such
as augmented reality headsets (Kim, Nussbaum, & Gabbard, 2016; Wiedenmaier, Oehme,
Schmidt, & Luczak, 2003), exoskeletons (Bosch, van Eck, Knitel, & de Looze, 2016; De
Looze, Bosch, Krause, Stadler, & O’Sullivan, 2016; de Looze, Krause, & O’Sullivan, 2017),
and smartphones (Amick, Chaparro, Patterson, & Jorgensen, 2015; Boissy et al., 2017; Nath,
Akhavian, & Behzadan, 2017; Yang, Grooten, & Forsman, 2017) in the workplace as their
functionality and practicality continues to increase.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PRACTICAL IMPLICATIONS

Wearable sensors will continue to evolve as technology advances and computing

power increases. The potential benefits of using wearable sensors in the workplace
include reduced risk of injury and illness and increased employee satisfaction, wellness,
and productivity. The broad adoption of wearable technologies, however, largely
depends on the scientific community’s ability to successfully address barriers regarding
privacy/confidentiality of collected data, employee compliance, sensor durability, GMP
standards, and ensuring a positive cost/benefit outcome for organizations considering
their use. Opportunities for additional research include developing less obtrusive,
practitioner-friendly sensors with easy-to-use calibration protocols and associated
algorithms. The OSH community must gain a greater understanding of user privacy
concerns to develop strategies to meaningfully address them. A better understanding of
implementation barriers will contribute to better workplace policies and programs that
simultaneously promote injury and illness prevention and worker well-being.
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KEY POINTS

Eighty-one percent of respondents would consider using wearables to help
track risk factors at work.

Fifty-one percent of respondents reported owning at least one wearable
device.

Seventy-five percent of those who owned a device reported wearing the
device while at work.

Concerns regarding privacy were the most frequently cited barrier preventing
adoption.

Respondents estimated that their organization would spend an average of $72
per person per wearable.
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Single greatest concern regarding use of wearable technology in the workplace.

Hum Factors. Author manuscript; available in PMC 2022 July 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Schall et al. Page 15

OTHER

NONE

“INTRINSICALLY SAFE” ELECTRONICS

SAFETY / HEALTH RISK TO EMPLOYEES
SENSOR ACCURACY / VALIDITY / EFFICACY
GOOD MANUFACTURING PRACTICE
OBTRUSIVENESS / DISTRACTION FROM WORK
COST / BENEFIT RATIO

SENSOR DURABILITY

EMPLOYEE COMPLIANCE

EMPLOYEE PRIVACY CONCERNS

NUMBER OF RESPONSES

B Manufacturing O Construction B Oil, Energy, or Gas M Insurance O Academia / Research @ Government [ Healthcare B Transportation @ Food Processing

Figure 2.
Single greatest concern regarding use of wearable technology in the workplace by industry

sector.
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Table 1.

Characteristics of the survey respondents.

Response Frequency n (%)

Current Job Title

Safety Professional 554 (58.2)
Ergonomist 91 (9.6)
Consultant 74 (7.8)
Manager 69 (7.3)
Industrial Hygienist 48 (5.0)
Other 116 (12.2)
Industry Currently Working
Manufacturing 244 (25.7)
Construction 117 (12.3)
Qil, Energy, or Gas 84 (8.8)
Insurance 81 (8.5)
Academia/Research 80 (8.4)
Government 67 (7.0)
Healthcare 36 (3.8)
Transportation 20 (2.1)
Food Processing 20 (2.1)
Other 202 (21.2)
Highest Degree Recelived
Doctorate 88 (9.3)
Master’s 374 (39.5)
Bachelor’s 368 (38.9)
Associate’s 39 (4.1)
Some College 78(8.2)
Field of Stuady for Highest Degree
Public/Occupational/Environmental Health 294 (37.2)
Science/Technology/Engineering 242 (30.6)
Business/Management 128 (16.2)
Psychology 33 (4.2)
Other 93 (11.8)
Certifications ®
Certified Safety Professional 348 (36.6)
Certified Professional Ergonomist 118 (12.4)
Associate Safety Professional 106 (11.1)
Certified Industrial Hygienist 51 (5.4)
Construction Health and Safety Technician 41 (4.3)
Associates in Risk Management 23 (2.4)
Certified Hazardous Materials Manager 23(2.4)
Occupational Health and Safety Technologist 23(2.4)
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Response Frequency n (%)
Associate Ergonomics Professional 22 (2.49)
Other 186 (19.5)
None 130 (13.7)
Did not respond to question 47 (4.9)

a . A . I
Represents percentage of respondents with certification. Does not sum to 100% as some respondents reported multiple certifications.
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