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Examining the macroergonomics and safety
factors among teleworkers:
Development of a conceptual model
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Abstract. With the rising number of teleworkers who are working in non-traditional work locations, health and safety issues
are even more critical. While telework offers attractive alternatives to traditional work locations, it is not without challenges
for employers and workers. A macroergonomics approach or work system design for telework programs is proposed to address
these new challenges. This approach explains the impact of organizational, psychosocial and workplace risk factors on
teleworker’s health and safety. A process for managing the health and safety of teleworkers is presented along with preventive

strategies to provide an injury-free working environment.
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1. Introduction

Telework, defined as working for an employer at
an alternative work location, such as the home with
an electronic link, is common for millions of
Americans. According to the International Telework
Association and Council (ITAC), more than 23.6
million people reported working as teleworkers in
2000. While telework offers an attractive alternative
to traditional work locations, it is not without
challenges for employers and employees [15] These
challenges include how to best manage employees
who work at home rather than at the corporate site,
implementation and support of the required
information technology, the lack of social and group
interaction, changes in job autonomy, the absence of
mentoring and career development, balancing work
and personal conflicts, extended work hours and
workload, and sound risk management that addresses
safety and health issues [15]. Designing effective
communication strategies that allow managers and
employees to define job responsibilities, set goals
and job expectations, and regularly review work and
performance are just some of the challenges that

organizations must address to implement successful
telework programs [9]. Others include establishing
policies and procedures regarding appropriate
technology and equipment, and training employees to
manage these technologies [15]. All these challenges
can have an impact on employee morale, stress and
musculoskeletal discomfort such as low back pain
and upper extremity disorders. The manner in which
these factors are addressed in telework will
significantly impact not only the safety and health of
the employee, but the organizational effectiveness.
This paper will first provide a literature back-
ground that frames the issues and challenges of tele-
work. Second, a conceptual model is given that
captures these macroergonomic issues based on the
empirical data derived from the literature and case
studies for understanding organizational outcomes in
the telework environment. This conceptual model
provides a diagnostic tool for identifying problems
and issues to improve safety and health, as well as
organizational performance in a telework environ-
ment. Further we will provide an outline for a
macroergonomic process in managing the safety and
health of teleworkers. Additionally, this approach
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explains the impact of organizational and psychoso-
cial risk factors on teleworker’s safety and health,
which is also applicable to conventional office work-
station design.

2. Literature background

It is estimated that over 17.2 million US office
workers have telecommuted at least one day a week
[16]. With new computer-based Information
Communication Technologies (ICT), coupled with
environmental and economic issues, patterns of
office and computer work will be influenced, as
teleworking is changing how these office employees
are working, commuting and communicating
[16,8,11]. Telework, a widespread practice that had
steadily increased in the United States and abroad,
allows employees and their tasks to be shared across
settings away from a central place of business or
physical organizational location [4,8,14]. Over the
last several years, both private industry and the
federal government have encouraged these
alternative workplace changes, many of which have
been observed to be beneficial to the economy, to the
environment, and to the quality of family life [1].
More recently, the federal government, encouraged
by congressional legislation and the Office Program
Management (OPM) telework directive, is further
supporting this initiative by developing telework
programs including flexible and alternative office
workspaces [17].

However, there is insufficient research to deter-
mine whether telecommuting is positive or negative
for employees, regarding the safety and health effects
[9,3]. Working at home may reduce stress and injury
risk by harmonizing work and family demands and
minimizing daily commutes. Positive factors
frequently reported include the elimination of office
stress, individual tailoring of work environments,
greater accommodation of the disabled, reduced rates
of sickness absenteeism, increased productivity,
better sense of control over the job and workplace,
and a higher level of job autonomy [10,2,1]
Conversely, negative issues often raised are social
isolation, career stagnation, family conflict, and
higher perceived workload levels [19].  These
presumed benefits need to be balanced against the
risks from loss of safety and ergonomics oversight,
introduction of occupational hazards into the home
working environment, the blurring of work and

family roles, social isolation from peers and the
constant feeling of being linked to the workplace.

This notion of balance and harmonization among
work environment, technology, job design, psychoso-
cial and organizational factors, and their interactive
effects on safety and health serves as the foundation
for this project. An increased knowledge of these
factors should provide guidance for improved tele-
work programs. More effective safety practices can
be developed, including work procedures and train-
ing programs. Additionally, the results of this study
will likely form the basis of future intervention
studies focusing on interactions between the physical
environment, technology, psychosocial and organiza-
tional factors, job design as related to telework pro-
grams and managing the safety risks of these types of
lone workers.

2.1. Knowledge gaps and methodology shortcomings

There is a large body of empirical evidence
identifying several risk factors (e.g. physical environ-
ment and job design, psychosocial and work organi-
zation) that exist in the conventional office environ-
ment) and their link to work-related musculoskeletal
disorders [18,6,22,24]. It has also been shown that a
poor psychosocial work environment (poor task
content, heavy psychological demands and poor
social support) may contribute to musculoskeletal
problems [6]. On the other hand, being less exposed
to the negative psychosocial aspects of working in a
conventional office appears to delay the onset of
symptoms [13].

Telework studies present a mixed picture of the
effects, as both negative and positive results have
been reported. Thus, it appears that the existing evi-
dence is inconclusive and contradictory [19,9].
Robertson [24] noted that few studies have examined
the longitudinal effects of telework and the impact on
teleworkers’ safety risks as well as the managing of
these risks.  Even though telecommuting and
alternative office workplace changes are growing,
little is understood about the impact on the safety and
health of teleworkers [25]. Few studies have
examined the effects of telework over time on
objective safety measures, such as accident rates, lost
work days, absenteeism, and sick leave [2]. Survey
results of the teleworker’s experience [9], revealed
that little research exists regarding safety and health
management practices.

One qualitative cross-sectional study noted that
60% of teleworkers reported that they were left to
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themselves to set up their home-based workstation
with no ergonomics or technical advice [20]. Home-
based telework was generally reported by workers as
having a positive effect on their health, although
potential problems arising from work station design,
long hours and isolation were also identified [20].
Given that home-based telework is usually performed
with a computer as the principal working tool, these
risk factors of computer work are recognized for
contributing to the development of musculoskeletal
problems in the neck, shoulders, wrists, hand and
lumbar regions [18]. In their sample of 33
teleworkers, Montreuill & Lippel [20] found that
54.5% complained of pain in their upper limbs, back
or neck, which they attributed to inadequate
furnishings, static posture and computer use, and
lifting heavy objects [20].

Concerns have been raised that teleworkers are so
committed to working at home that this may lead to
less than optimal practices regarding health and
safety. Teleworkers may expect to work long hours
in order to ensure that their productivity meets or
even surpasses expectations [21] Moreover, having to
respond to clients within a time constraint context
and using computer equipment that is poorly adapted
to the clients’ needs may result in a situation that is
conducive to the onset of musculoskeletal disorders
as shown by Sznelwar et al. (1999).

The managers’ perception regarding how telework
influences their managerial role is also essential to
understand, especially in managing the safety and
health of remote, off-site workers. However, many
telework studies focus on only the employees and not
the managers who are in a supervisory role. As re-
ported in Ilozor et al. [4] and Belanger and Collins
[15], the majority of telework research focuses on
work management processes, such as job satisfaction
and family and life balance issues, and these
perceptions are typically gathered by cross-sectional
surveys. For example, in a recent meta-analysis of 46
cross-sectional survey studies [9], it was found that
there were minimal detrimental effects on the quality
of workplace relationships. However, if the duration
of telework was more than 2.5 days a week, it had
negative effects on coworkers’ relationships.
Conversely, the longer the telework duration, the
more beneficial effects on work-family conflict were
shown, along with job satisfaction, performance,
turnover, and role stress. Telework has the potential
for modulating these risk factors either positively or
negatively. Thus, we will examine the effects of
telework on psychosocial and organizational

perceptions, workspace design satisfaction, job and
work organization factors and musculoskeletal health.

These aforementioned studies were limited in their
examination of the inter-relationships among the
proposed hypothesized factors, as relatively little is
known about the safety ergonomics risks and their
impact on teleworkers. Further, these existing studies
were limited by focusing on only one element of
telework, not encompassing a systems viewpoint or
recognizing the multi-factorial nature of telework
(e.g., workplace, psychosocial and organizational
factors). Thus, given that telework is one of the
fastest growing fields in the service sector, the need
is apparent for interdisciplinary research aimed at the
management of occupational safety and health of
telecommuting office workers [5].

Empirical research in this area has been largely
unsuccessful in explaining what happens after firms
and employees adopt a telework arrangement, espe-
cially concerning managers’ perceptions of the
effects of teleworking. Moreover, many of the tele-
work studies have weak study designs and
methodological issues, such as cross-sectional sur-
veys, no reference or control group. Little research
has been conducted to understand how safety guide-
lines are designed and implemented to prevent inju-
ries, minimize ergonomic risk factors and other
personnel losses.

3. Macroergonomic model of telework
3.1. Macroergonomic framework and model

To conceptualize these macroergonomic issues
related to home-based telework as noted in the litera-
ture, we conceived a model that structures the perti-
nent factors related to telework into three levels:
organizational, group and individual. Within each of
these levels, the sociotechnical elements (technologi-
cal and personnel subsystem) and the physical work
environment factors are identified as well as potential
outcomes that could measure the success of the tele-
work program. This micro-macroergonomics model
captures various hypothesized workplace and job
design, technological, psychosocial and organiza-
tional factors, related to telework, as reported in the
literature and derived from exemplary industry case
studies [See Figure 1] [23]. Incorporated into this
model are the socio-technical system factors [12] as
well as the balance model proposed by Carayon and
Smith [7]. Our micro-macroergonomics model
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organizes and structures the identified risks and
issues of teleworking into three levels (individual,
group and organizational), as shown on top of Figure
1. Within each of these levels, the technological and
personnel subsystems, psychosocial, and the physical
work environment factors are identified along with
the organizational design factors. Together, these
subsystems, factors and the external environment
comprise the overall work system design for
teleworkers.

Potential effectiveness ratings and outcomes that
could measure the success and impact of a telework
program are given at the bottom of each level.
Several reported business case studies [1,2]
concluded that to have a successful telework program,
these factors noted in the model should be addressed
systematically at each of the levels and with the
appropriatestakeholders.

3.2. Macroergonomics process: managing the health
and safety of teleworkers.

Optimizing and managing the telework work
environment is critical and it involves incorporating a
macroergonomics safety process that is not only well
designed, but sustainable. This process includes
identifying key stakeholders, conducting a surveil-
lance or worksite analysis, employee surveys, and
measuring leading and lagging indicators in the tele-
work environment. Detailed injury and hazard infor-
mation obtained through surveillance efforts is also
essential to design an evaluation system to monitor
the telework program [23].

Figure 1. Telework — A Macroergonomics Work System Design Perspective
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4. Conclusions

Teleworkers are faced with unique challenges and
opportunities regarding their work and safety. To
have a successful telework program, organizations
need to design, implement and evaluate them with a
systems oriented, macroergonomic approach such as
that proposed in this paper. Based on the proposed
model, we are implementing a telework field
intervention to empirically explore the effects on
teleworker’s safety and organizational performance.
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