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Real-time Employee Monitoring Technologies in the
Construction Sector — Effect, Readiness and Theoretical
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Abstract. Varieties of Real-time Employee monitoring Technology (REMT) are becoming
popular and have aroused significant interest in recent years from the construction sector, where
the industry explores the use of advanced monitoring technologies to reduce unsafe work
behaviours and improve productivity. However, studies identified some concerns about applying
these monitoring technologies at construction sites. Consequently, REMT devices and
applications have not been well-received for tracking frontline workers. Lack of understanding
of REMT, monitoring data protection and privacy management strategy set a barrier for the
monitoring technologies to implement in the construction industry. Privacy has become a critical
issue for the future digital construction site. This study adopts the literature review and a
questionnaire survey, examined the readiness, summarised effects of REMT applied at the New
Zealand construction sites, identified the influence factors, and discovered the theories that will
potentially explain the factors and address the potential impact. Communication Privacy
Management theory (CPM), Equity Theory (ET) and Control Theory of Privacy (CTP) are
reviewed, and a theoretical framework is built upon REMT adoption in the construction sector.
In conclusion, future studies are recommended for the international construction entities to get
ready to adopt the real-time monitoring tools.

Keywords: Communication privacy management, Effects of worker monitoring, Privacy
and data security, Readiness of construction monitoring, New Zealand

1. Introduction

In the post-Covid work environment, various technologies, including contact tracing and behaviour
monitoring, have been quickly introduced at construction sites [1, 2]. Real-time employee monitoring
technology (REMT), a basic digital infrastructure, can address critical challenges plaguing the labour-
intensive construction sector, including low productivity and health & safety issues. REMT also
provides a track record of the ongoing building work and real-time information for contractors [3].
However, technologies and applications developed to track frontline workers have not been universally
welcomed [4]. The construction sector did not broadly accept REMT, and the development of
monitoring technologies has generated pronounced privacy, ethical and behaviour concerns [5, 6]. There
is a vigorous debate that exists between employers and employees. Employers consider REMT as a new
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norm because safety outweighs privacy. But employees tend to disagree with this proposition and keep
requesting open and transparent policies on using these technologies at their worksites. Although a
previous study has a theoretical approach on employees' computer monitoring tries to establish a
potential solution-based research model, the monitoring environment, functions, and purposes are
virtually different from the construction sites. The influence factors and theoretical development of
construction frontline worker monitoring remain understudied [7]. This study examines the readiness of
REMT currently applied at the New Zealand construction sites and reviews related theoretical
perspectives to propose an innovative research framework to guide REMT adoption, balancing the
benefits and concerns in a reasonable manner for the construction sector.

2. Literature Review

2.1.REMT in construction

Construction sites have been recognised as having one of the highest accident rates across all work
environments [8, 9]. The unsafe behaviour of frontline workers is one of the vital causes of occupational
hazards [10]. Real-time employee monitoring technology (REMT) is a powerful and connected tool
used for obtaining instant onsite footprints and workers' location and physiological information to
identify the potential risks [11]. Research reported traditional integrated tracking technologies are
universally applied in worker management systems at construction sites [12]. A case study of Zigbee-
based technology was successfully used while constructing a hydroelectric power station, which
effectively achieved many functions, such as worker emergency call, safety alerting and location
tracking. The evaluation system provided analyses of workers' behaviour to the project safety
management. The study showed that onsite tracking accuracy is under 5 metres within the coverage of
the construction site [13]. Personal protective equipment (PPE) is commonly used as an effective method
to reduce personal injuries at construction sites. However, the problem is affiliated with workers'
behaviours, which inappropriately or non-use PPE to create a hazard for projects [14]. Many building
companies attempted to use REMT on their PPE in recent years. For example, A case study
demonstrated technologies for construction workers to improve safety behaviours and reduce accidents.
Figure 1 illustrates the four layers of technologies, sensor, wi-fi network, information management and
end-user application, developed for Online Tracking PPE wearable device (TPPE WD). Different
sensors are installed in the required worksites in the hardware settings to receive information on whether
to use or non-use of PPE by the frontline workers. The data is transferred to the radio transmitter then
sent in the 10T concept for central kernel processing. Next, the primary device transmits the processed
information to the phone user via a wi-fi module, which builds up a communication platform with their
management team. This study showed the frequency of non-use safety equipment decreased after the
TPPE WD was installed. The monitoring management system that automatically records the number of
non-use of PPE acts as alert or reward tools is essential for REMT adoption [15]. In some cases, even
the devices were turned off because of the presence of the equipment, the workers performed safer
behaviours and paid more attention to using PPE. This study also found no significant difference
between skilled and unskilled workers from PPE use. On the other side, another study showed that
workers' acceptance of using REMT has a close relationship with the company's safety management
policies, company culture and safety managers playing a critical role in construction health and safety
monitoring [16].

The use of REMT in the construction sector has raised concerns from contractors, labour unions,
privacy advocates, employment lawyers [17]. REMT users argued that the monitoring benefits to
improve productivities are unprovable, but some of the technologies may invade workers' privacy, lead
to ethical issues and deteriorate work behaviours [6]. For example, research shows that building
companies used monitoring data to reduce labour costs or terminate employment agreements, which
causes frontline workers to present counterproductive or unsafe work behaviours due to stress, anxiety,
and depression.
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Figure 1. The architecture of TPPE WD

2.2. Theoretical perspectives

Privacy is the fundamental concern of employees, employers and the general public [5]. Previous
empirical studies have identified the positive and negative effects in the process of REMT adoption
(Freeman, 2003). However, significant ethical and behavioural issues related to employee monitoring
also need to be considered [18]. This study reviewed three possible theories in the fields of privacy
management, trust management, ethical standards and behaviour control that may apply to the adoption
of REMT at the construction site: Equity Theory [19], Communication Privacy Management (CPM)
Theory [20], and Control Theory of Privacy [21].

REMT may keep track of the quantity of construction work, but workers may reduce the quality to
respond to their undesired attitude to the monitored environment [22]. Equity Theory explains the work
behaviours of reducing quantity or quality to rebalance the exchange between employees and employers
[18]. Control Theory of Privacy states that online privacy can be seen as a subjective decision-making
process where individuals negotiate with the relevant parties to protect personal information [21]. The
theory assumes that people form and change attitudes, behaviours and beliefs according to their social
context, explaining how people develop and manage relationships in a digital environment [23]. Since
the construction industry is steadily moving to the digital era, building company culture and
collaboration values play a critical role in REMT adoption [24]. CPM theory describes how people feel
about revealing or concealing personal information. Petronio and followers developed an approach that
resolves the controversial tension between managing private and publicly shared information [25]. This
theory was then applied to investigate its influence on workplace monitoring acceptance [7]. For
instance, this research showed that if employers socialise with employees through an informal setting to
discuss the privacy boundary, it will help employees develop their understanding of monitoring purposes
and actively become involved in health and safety management. Based on this theory, employees will
have an improved trust relationship with employers and understand workplace monitoring [7, 26].
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3. Research Methodology
This study adopted literature review as a method and used the strategy of Design Science Research [27]

to design the research plan, as shown in figure 2.

Literature Review

{REMT in Construction, Communication Privacy Management)

Resdiness ) Necommendation . Deveopment Vet Concsion

Concerns about Propos= adoption Develop a Estzblizh trail Propose the
REMT at the plan and theoretical application and test acceptable solution
construction sites recommendstions framewaork the framework to the sector

f f Questionnaire Survey 1 |

Discover the concerns |
— from the industry —

| Understand the benefits
| / purposes by the
| industry

Identify the influence |
factors for construction |

Theoretical Perspectives f Implication
for REMT adoption

Figure 2. Research design with emphasis on the readiness of REMT adoption

The questionnaire survey has been designed and aimed to examine the readiness of the technologies
adoption, identify and validate the benefits and concerns of REMT applied at the construction sites.
However, this paper only focuses on the stage of readiness and preliminary theoretical development of
REMT adoption in the construction sector. Firstly, The demographic questions were carefully chosen to
identify the participants' views about REMT adoption regarding their location, age group, role in
construction, work experience and experience of being monitored at their workplaces. These five factors
may impact participants' perspectives of REMT adoption in the construction industry. Secondly, the
survey determines the participants' readiness to be potentially monitored at the construction sites. A 7-
point Likert scale illustrates the degree of agreeableness to assess respondents' willingness, confidence,
understanding, awareness, and attitude to REMT installed in their worksites. Thirdly, ten potential
benefits and twenty concerns were abstracted from the previous literature review for participants to rate
the degree of significance on the scale. Upon completing the survey design, a pilot study was conducted
to evaluate its quality and appropriateness, which two senior construction practitioners reviewed.
Subsequently, the survey was distributed in the New Zealand construction industry nationwide from
June 2021 to elicit responses from participants on their recent views of REMT adoption.

4. Findings and Discussions

4.1. Readiness of REMT adoption

Up to October 2021, 236 valid responses were collected from the New Zealand construction industry.
As shown in Figure 3, forty-four per cent of the participants is the frontline trade workers who are the
most REMT potential users.
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Participants by roles in the construction sector

B Architect, designer and planner

B Construction employer and
recruitment agency
Frontline trade worker

B Others please specify

B Professional Engineer and other
consultants

Project Manager

B Quantity Surveyor

B Site Manager

Figure 3. Participants by role in the construction

The age of participants and work experience in the construction industry are the factors that need to
be considered. Previous research showed that individuals with different age groups might have different
privacy attitudes [28]. For example, the impact of privacy attitudes on protective behaviours among
mature workers was more substantial than younger employees. While older age groups consider privacy
a right or concern about privacy, they had no impact on their protective behaviour [29]. Figure 4
illustrates the age group and work experience of the participants. This preliminary result shows that
middle-aged adults (25 — 45 age group) are the majority, and most participants worked in the industry
for more than one year.

Age Groups Work Experience in the Construction
Industry

20-30years W 8

10-20years N 39
5-9years NN 74
1-4years I 92
E m Less than 1year M 23

18-24 25-34 35-44 45-54 55-64

Figure 4. Participants' age group and work experience

The experience of being monitored also will influence participants' views about REMT adoption. A
study described that frontline workers with previous experience being monitored at the construction
sites showed a higher acceptable level of REMT [30]. However, participants with no similar experience
or who do not know much about employee monitoring may not understand REMT fully. As shown in
Figure 5, about one-third of the participants do not experience being monitored in their workplaces. In
contrast, thirty-seven per cent do not have any knowledge about REMT.
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Experience of Being Monitored

H | do not know
H No

Yes

Figure 5. Experience of being monitored

The participants provided numerical scoring expressing the degree of readiness through five
statements. Figure 6 shows the mean scores of their rating, (1) means strongly disagrees (not ready),
while (7) means strongly agree (ready). The results showed that over half of the participants had rated
more than four on the R1, which means they hold a relatively positive attitude on REMT installed at
their construction sites and are generally ready to be monitored if employers or authorities require it.
Notably, R4, 'l believe employee monitoring increases work efficiency at the construction sites',
achieves the highest mean score among the five readiness questions. Most participants consider that
REMT can assist them in work efficiency and productivity. Also, R2, 'l accept to trade-off some of my
privacy for the company's collective interest', shows positively on the willingness to be monitored for
business purposes. Interestingly, the participants expect employers to over control the project budget
through REMT (R5 — thirty-five per cent of them were rated less than 4).

a 1 2 3 4 5 B 7

R1:iam ready to be monitored during the
493 warking hours.

R2: | accept to trode-off some of my privacy for

5.09 the company's collective interest.

R3: | understand the functions of employee
4.8 monitaring.

R4: | believe emplayes monitoring increases

5.18 wark efficiency ond productivities of the

construction sites.

R5: | believe that employes menitoring will not
enable the construction company to exercise
tight control of the project.

Figure 6. Mean score of REMT readiness

4.2. Effects of REMT and Influence factors for the construction sector

Several empirical studies have identified the positive and negative effects of employee monitoring
implementation, which showed a clear relationship with the influence factors and acceptance of REMT
[7, 18, 31]. According to the construction industry survey, ten benefits and 20 concerns were available
to participants to rate. Relative importance indices (RIIs) are adopted to prioritise the benefits and
concerns of REMT, which is widely used in previous studies and was calculated using the following
formula [32]:

>w

RIl =——,(0<RII <1
AxN( )
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In this formula, “w” is the weighting given to each benefit or concern statement by respondents and
ranges from 1 — 7 (1 being strongly disagreed or not significant and 7 being strongly agreed or most
significant), “A” is the highest weight and “N” is the total number of the sample. The preliminary results
showed the top 5 RII ranking of positive and negative effects and summarised in table 1.

Table 1. REMT effects by ranking

RII Ranking | Positive Effects Negative effects
. . Undefined monitoring purposes lead to
Improve  building site resource | ;. . . . :
1 - L dissatisfaction with the monitored work
allocation and productivities .
environment
2 Improve construction site security Employee_s legal and privacy rights
damaged in the employment relation
Reduce unsafe work behaviours and | Inaccurate, inconsistent and incomplete
3 avoid construction site accidents (e.g., | data collection may cause unfair decision
fire) making
4 Enable quick emergency responses (Ijr;lgproprlate or abusive use of employee's
5 Create a healthier and safer work | Distrust work environment, mental health
environment issues and low job performance

Although most studies of REMT share a focus on the effects of employee monitoring, they take
various approaches on the influence factors or causal relationships between REMT and the effects.
Based on the literature review and the preliminary results of the construction industry questionnaire
survey, this study has identified five influence factors illustrated in Figure 7. Age, monitoring experience
and understanding of REMT are tangible factors influencing users' perspectives on the adoption. The
younger age group and people with monitored experience showed higher acceptance levels. Also, they
have presented a better understanding of monitoring technologies, purposes and benefits of REMT.
Some intangible factors affect the technologies adopted in the construction sector, including building
company culture and industry ethical standards, trust between contractors and workers, work
commitment, and behaviour patterns.

Influence factors

W Tangible M Intangible

Age

Privacy & ethical standard Experience being monitored

Benefit sharing & technology

Buildi It )
uilding company culture understanding

Figure 7. Influence factors on REMT adoption
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4.3. Theoretical Framework

Considering the influence factors in the construction industry, the study on theoretical perspectives offer
a comprehensive framework for understanding private information management, communication
strategy, industry ethical standards and designing a prototype to address or balance concerns in the
construction sector. As a result, a preliminary theoretical framework is presented in Figure 8.

- Tailor—mal:leinfnrmatinntn—+——_p REMT Adoption

Industry Ethical i
Standard .

|

|

|

|

|

|

|

!

! Reward system and ;

! communication

| *

| Control-oriented -
: Employee Privacy
! company culture Management (EPM)
|

|

|

|

|

|

|

|

|

Technological

Promoting better Flexibility-oriented

Company Privacy
company culture

Management [CPM)

Building companies
culture formation

Preventing the concern DF,,//

Figure 8. Preliminary theoretical framework

5. Conclusions and Future Research Area

The development of REMT with an increasingly sophisticated system gathers multitudes of data across
different industries and work environments. The global construction sector intends to receive more
support from monitoring technologies, which can help with critical challenges, such as low productivity
and health & safety issues. This study reviewed a REMT application used at the construction sites,
demonstrated the effectiveness of technologies in improving productivity and safety management, and
sought to find the positive and negative effects. The theoretical approach explains and addresses the
concerns and negative impacts. The industry survey has been adopted to validate the readiness and
challenges of REMT for the New Zealand construction sector. However, this study is limited to
measuring indicators of effective use of the monitoring technologies. In-depth data analysis, including
cost and benefit analysis, factor analysis, and investigating the relationship between benefits and
concerns (Structure Equation Model), is expected in future studies. Five effects and influence factors
have been identified to establish a baseline for the technology users. A trail monitoring equipment will
be installed at a New Zealand based construction site, and further data will be collected in the following
phase of this study. Based on this study's findings, a preliminary theoretical framework has been
established, including building company culture, privacy management, risk control, REMT benefit-
sharing, and trust management, which are the elements to cross-testing in the process of trial. This paper
proposes future research on detailed validation to verify the theoretical framework. It is hoped that the
theoretical approach will provide research direction for researchers developing REMT adoption best
practice guidelines for the global construction sector.



World Building Congress 2022 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1101 (2022) 082010 doi:10.1088/1755-1315/1101/8/082010

6. Acknowledgement
This work was supported by the Building Research Levy of the Building Research Association New
Zealand (BRANZ) [LR12095].

7. Reference

[1] Keall C 2020 Fletcher Building turns to NZ developer for contact-tracing and Covid-19 safety APP
New Zealand Herald

[2] Juha H, Johanna K, Satu M and Janne S 2020 loT-based safety monitoring from the perspective of
construction site workers. International Journal of Occupational and Environmental Safety
4(1):1-14

[3] Tuttas S, Braun A, Borrman A and Stilla U 2016 Evaluation of acquisition strategies for image-
based construction site monitoring International Archives of the Photogrammetry, Remote
Sensing and Spatial Information Sciences Prague Czech Republic: XXIII ISPRS Congress 12

[4] Hagen S, Bighash L, Hollingshead B, Shaikh J and Alexander S 2018 Why are you watching?
Video surveillance in organizations. Corporate Communications 23(2):274-91

[5] Yerby J 2013 Legal and ethical issues of employee monitoring Online journal of Applied
Knowledge Management 1(2):44-55

[6] Ariss SS 2002 Computer monitoring: benefits and pitfalls facing management. Information &
Management 39:553-8

[71 Chang SE, Liu AY and Lin S 2015 Exploring privacy and trust for employee monitoring Industrial
Management & Data Systems 115(1):88-106

[8] Wu W, Yang H, Chew DAS, Yang S-h, Gibb AGF and Li Q 2010 Towards an autonomous real-
time tracking system of near-miss accidents on construction sites. Automation in Construction
19(2):134-41

[91 Guo W, Zou Y, Fang Y, Goh M and Zou W 2021 Computer vision technologies for safety science
and management in construction: A critical review and future research directions. Safety
Science 135

[10] Liu W, Meng Q, Li Z and Hu X 2021 Applications of computer vision in monitoring the unsafe
behavior of construction workers: current status and challenges Buildings 11(9)

[11] Fang D, Wu C, Wu H 2015 Impact of the supervisor on worker safety behavior in construction
projects Journal of Management in Engineering 31(6)

[12] Abraham M et al 2019 Electronic monitoring at work: The role of attitudes, functions, and
perceived control for the acceptance of tracking technologies Human Resource Management
Journal 29(4):657-75

[13] Lin P, Li Q, Fan Q and Gao X 2013 Real-Time Monitoring System for Workers' Behaviour
Analysis on a Large-Dam Construction Site International Journal of Distributed Sensor
Networks 9(10)

[14] Chethana K, Hameed S, Sunu Z and Kiran KG 2021 Awareness and usage of personal protective
equipment among construction workers and their hearing assessment by pure tone audiometry:
A cross-sectional study in South India Journal of Family Medicine and Primary Care 10(11)

[15] Abbasianjahromi H, Sohrab G 2021 Developing a wearable device based on 10T to monitor the
use of personal protective equipment in construction projects lIranian Journal of Science and
Technology

[16] Backhaus N 2019 Context-sensitive technologies and electronic employee monitoring: a meta-
analytic review International Symposium on System Integration Paris France

[17] Freeman K 2003 Some problems with employee monitoring Journal of Business Ethics 43:353-
61

[18] Vorvoreanu M and Botan C 2001 Examining electronic surveillance in the workplace: A review
of theoretical perspectives and research findings West Lafayette Purdue University

[19] Adams C 1965 Inequity in social exchange San Diego CA: Academic Press



World Building Congress 2022 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1101 (2022) 082010 doi:10.1088/1755-1315/1101/8/082010

[20] Petronio S 1991 Communication boundary management: A Theoretical model of managing
disclosure of private information between marital couples Communication Theory 1(4):311-
35

[21] Bannister M 2009 A Privacy control theory for online environments International Conference on
System Sciences Hawaii

[22] Martin AJ, Wellen JM and Grimmer M 2016 An eye on your work: How empowerment affects
the relationship between electronic surveillance and counterproductive work behaviours The
International Journal of Human Resource Management 27(21):2635-51

[23] Stanton J and Julian A 2002 Impact of electronic monitoring on quality and quantity of
performance Computers in Human Behaviour 18

[24] Hwang B-G, Ngo J and Teo K 2022 Challenges and strategies for the adoption of smart
technologies in the construction industry: The case of singapore Journal of Management in
Engineering 38(1)

[25] Petronio S 2004 Road to developing communication privacy management theory: Narrative in
progress Journal of family communication 4(3-4):193-207

[26] Smith S and Brunner S 2017 To reveal or conceal: Using communication privacy management
theory to understand disclosures in the workplace Management Communication Quarterly
31(3):429-46

[27] Aken V 2005 Management research as a design science: Articulating the research products of
mode 2 knowledge production in management British journal of management 16(1):19-36

[28] Hoofnagle C 2010 How Different are Young Adults from Older Adults When it Comes to
Information ~ Privacy  Attitudes and  Policies?  [online]  avaiable  from:
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1589864

[29] Kezer M 2016 Age differences in privacy attitudes, literacy and privacy management on Facebook
Journal of Psychosocial research on cyberspace 10

[30] Niessen M 2019 Electronic monitoring at work: The role of attitudes, functions, and perceived
control for the acceptance of tracking technologies Human Resource Management Journal

[31] Jesse V et al 2019 Employee acceptance of wearable technology in the workplace Applied

[32]

Ergonomics 78:148-56
Kometa S, Olomolaiye P and Harris F 1994 Attributes of UK Construction Clients Influencing
Project Consultants's Performance Construction Management and Economics 12:433

10



