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This year marks the 35t anniversary of Hal Hendrick’s (1980) report to the US Human
Factors Society, considered by some as the origin of macroergonomics as a formal
subdiscipline of human factors/ergonomics (HFE) (Hendrick, 2002). The report itself dealt
with future trends in work and implications for HFE, but importantly it sparked a discourse
on the critical importance of considering factors beyond the human, machine, or human-
machine interface. Nowadays, the macroergonomic dicta to “think big(ger)” and “think
systems” are embraced by the global HFE community and are arguably principles shared by
all HFE professionals (Dul et al., 2012; Wilson, 2014).

In 2012, the HFE community lost a dear friend and colleague, Professor Ben-Tzion (Bentzi)
Karsh, a champion of macroergonomics and systems-thinker who “thought big(ger)” and
inspired others to do the same. This special issue is dedicated to the late Professor Karsh. It
reflects his passion and insight, echoing several of Karsh’s most significant scientific
publications. In particular, the included articles collectively examine macroergonomics as an
indispensable whole-systems perspective on human work; a source of practical tools,
methods, and approaches; and an evolving science and practice that draws on other fields
but is developing its own identity.

1. The fundamental principles of macroergonomics

Macroergonomics, also known as organizational ergonomics, shares many of the principles
of HFE at large (Dul et al., 2012):

» It takes a systems approach: performance results from interactions in a
sociotechnical system, of which the person is one component.
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» Itis design driven: performance is improved by designing and redesigning systems
to accommodate and support humans’ capabilities and activities.

e It has a dual goal of improving performance and wellbeing: outcomes to balance
include “productivity, efficiency, effectiveness, quality, innovativeness, flexibility,
(systems) safety and security, reliability, sustainability, ...health and safety,
satisfaction, pleasure, learning, [and] personal development” (Dul et al., 2012, p.
379).

The systems perspective includes the concept of interactions between components of the
system. Wilson (2000) argued that expertise in assessing and designing these interactions is
a unique competence of the HFE discipline and Hendrick (1991) noted that a strength of
macroergonomics is understanding these interactions in the context of a broader
sociotechnical system, such as an organization or a community. The definition of
sociotechnical systems varies from model to model (Carayon, 2006), yet it is noteworthy
that several models of systems include high-level community, political, regulatory, and
sociocultural factors (Carayon et al., 2014; Holden et al., 2013; Kleiner, 2006; Moray,
2000). For instance, in depicting the healthcare system, Karsh et al (Holden & Karsh, 2009;
Karsh, Holden, Alper, & Or, 2006) depicted people nested in work units, nested in
organizations, nested in an external environment of industry and workforce factors and
extra-organizational rules, standards, legislation, and enforcement (see Figure 1). Karsh and
colleagues’ (2006) model and others like it (e.g., Moray, 2000) illustrate another
fundamental principle of macroergonomics, which can be summarized as “context matters”:
lower-level systems are nested in and shaped by higher-level systems. Karsh wrote about the
cross-level effects that describe the influence of context on a system and vice versa (Holden
& Karsh, 2007, 2009; Karsh, 2006; Karsh, Waterson, & Holden, 2014). The concepts of
nesting and cross-level effects actually reveal a subtle point about the definition of
macroergonomics: it is not concerned purely with high-level factors such as organizational
safety culture but rather with multiple factors including high-level ones and the interactions
within and between these multiple layers (Karsh et al., 2014). This is illustrated in Figure 2
using the metaphor of the matryoshka Russian nesting doll.

Wilson (2014) argues that, when context is considered, the breadth and complexity of most
systems of interest to HFE professionals cannot be replicated in the laboratory. Consistent
with this, it is fair to say that most macroergonomic endeavors take place in the field of
practice, where the complexity of systems is preserved and even embraced by researchers or
practitioners. Furthermore, macroergonomic research and practice generally follows the
principle of “multiple” (Haims & Carayon, 1998): using multiple methods including
qualitative and quantitative ones, considering multiple levels of analysis, examining multiple
actors and their multiple perspectives, designing a system for multiple users and tasks,
measuring at multiple time points, and drawing on multiple disciplines. Finally,
macroergonomics gives due concern to how HFE and other innovations are both designed
and implemented; this is observed in the subdiscipline’s development of participatory
ergonomics approach (Brown Jr., 2002; Vink, Imada, & Zink, 2008; Zink, Steimle, &
Schroder, 2008).
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2. The scope of macroergonomics

The scope of macroergonomics is large, as illustrated by the special issue articles. They span
the domains of construction (Ghosh & Dickerson, 2015), healthcare (Fray, Waterson, &
Munro, 2015), and manufacturing (Larson, Wick, Hallbeck, & Vink, 2015). Kubek, Fischer,
and Zink (2015) implicate entire international supply chains in their conceptualization of
macroergonomics for sustainable work systems. The papers also address a wide range of

topics:

Larson et al (2015) evaluate the nature of successful HFE interventions with
implications for assessing and promoting corporate ergonomic programs.

Weidman, Dickerson, and Koebel (2015) develop a conceptual model and survey
instrument for assessing the factors that influence industry adoption of a national
macroergonomic initiative.

Sznelwar and Hubault (2015) examine workers’ goal-directed activity as a guiding
principle and resource for the participatory design of work organization.

Ghosh and Dickerson (2015) adapt a measurement approach for interpersonal
interactions to describe communication in construction project meetings.

Fray et al. (2015) study the relationship between patient handling and patient safety
climate in a UK hospital.

Kubek et al. (2015) consider the concept of a sustainable work system as a potential
paradigm for HFE and macroergonomics.

This range of topics is not unusual in macroergonomic research and practice. For
comparison, a recent review of macroergonomic research in healthcare (Carayon et al.,
2013) included the following topics:

Job design (job stress and burnout, workload, interruptions).

Patient-centered care and the design of “patient work” (see Valdez, Holden, Novak,
& Veinot, in press).

Health information technology and medical devices.
Violations and patient safety.

Care coordination across the continuum of care.
Healthcare system design and redesign.

Usability in the organizational context.
Organizational learning and resilience.

Healthcare quality and patient safety.

Consistent with the above, Karsh’s work often noted the importance of addressing multiple
aspects of complex phenomena, for example, both the usability of an information system’s
interface and its implementation (Karsh, 2004, 2009; Karsh, Weinger, Abbott, & Wears,
2010), both workers’ performance and their wellbeing (Holden et al., 2011; Karsh, Beasley,
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& Hagenauer, 2004), both errors and violations as inputs into safety (Alper et al., 2012;
Koppel, Wetterneck, Telles, & Karsh, 2008), both the positive and negative side of
interruptions (Rivera & Karsh, 2010), and both social and technical aspects of technology
(Carayon & Karsh, 2000).

The level of analysis in the special issue papers ranges from individual to team to activity
system to organization to global system. In a series of papers, Karsh argued both for
examining phenomena at various levels of analysis and applying theories and multilevel
statistical methods to understand the relationships between these levels (Holden et al., 2013;
Holden & Karsh, 2009; Karsh, 2006; Karsh & Brown, 2010; Karsh, Escoto, Beasley, &
Holden, 2006; Karsh et al., 2014). He described the value of doing so for theory,
measurement, analysis, interpretation, and interventions, concluding that “more robust
macroergonomic theories may emerge ... which in turn may lead to more efficacious
solutions in the workplace” (Karsh, 2006, p.4). Following suit, Fray et al. (2015) use Karsh
etal.’s (2014) mesoergonomics paradigm to examine cross-level effects between work-
related musculoskeletal disorders (WMSDs) and organizational safety climate at the hospital
ward level.

Furthermore, the papers address phenomena that are physical, social, organizational, and
often some combination of these. The distinction of above-the-neck (cognitive) and below-
the-neck (physical) ergonomics (Hollnagel, 1997) is not as clear in macroergonomics
because cognitive and physical factors should be considered when using a whole-systems
perspective (Figure 1), and are inter-related and influence each other (Carayon, Smith, &
Haims, 1999). Indeed, Larson et al. (2015) describe a variety of successful physical
ergonomics programs that address system usability, automation, task and process redesign,
quality control, supply chain, and more, casting doubt on a clear distinction between
physical, cognitive, and organizational. Ghosh and Dickerson (2015) situate an ostensibly
cognitive phenomenon of team communication in the broader social context governed by
politics, status, and relationships. Sznelwar and Hubault (2015) provides another excellent
example, noting that the work of a bus driver is not all about driving a vehicle: s/he must
also ensure the safety of passengers and others on the road, remain on schedule, answer
questions, assist others, deal with violence, and cope with unique events. Therefore,
macroergonomics provides the conceptual frameworks and approaches for understanding the
whole system to be designed, not just its individual components.

These broad-spanning, multiple-level combinations and connections of the social, technical,
cognitive, physical, organizational, and super-organizational add to an ongoing debate about
whether it is appropriate to divide HFE into physical, cognitive, social, micro-, meso-,
macro-, cultural, community, sustainable or any other type of ergonomics, (Holden, 2012;
Hollnagel, 1997; Smith-Jackson, Resnick, & Johnson, 2014; Smith et al., 2002; Wilson,
Jackson, & Nichols, 2003). As an alternative, we could embrace all of these areas as the
primary colors of HFE that blend in different proportions in each HFE endeavor. In general,
we use the term macroergonomics as a reminder to “think big(ger)” and “think systems”; at
the same time, we look forward to a day when this distinction is obsolete and HFE
professionals worldwide “think big(ger)” and “think systems” by default.
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3. The value of (macro)ergonomics

Hal Hendrick (1996) famously stated, “good ergonomics is good economics.” Others have
urged evaluations of the value of HFE in general and macroergonomics in particular, on
economic and other dimensions (Dul et al., 2012; Dul & Neumann, 2009; Tompa, Dolinschi,
& Natale, 2013). There are many complexities to measuring the value of macroergonomics
and specific challenges for evaluating the financial cost-benefit (Kerr, Knott, Moss, Clegg,
& Horton, 2008; Neumann & Dul, 2009). Among them are defining value, linking value to
macroergonomic interventions and specific intervention components, and measuring value
—especially across settings. Moreover, when macroergonomics is incorporated early in the
design process to eliminate future hazards or difficulties, it can be hard to estimate what
could have gone wrong (Bias & Mayhew, 2005). An additional challenge is identifying for
whom macroergonomics has value (Hancock & Drury, 2011). Fischer et al (2015) address
this topic and ask, for example, are employee, organizational, and environmental
stakeholders equal recipients of value and at whose expense is value created? In an
ambitious evaluation of the 3M Corporation’s HFE intervention programs submitted for an
internal ergonomics innovation award, Larson et al (2015) attempt to assess the nature of
successful ergonomic interventions. They conclude that ergonomic interventions appear
associated with both operational efficiency and WMSD reduction. This is a promising
evaluation that bears repeating.

It is important to demonstrate and document value to key stakeholders, especially for a
discipline that may not be a household name. Weidman et al.’s (2015) rigorous survey
development paper gives one reason why: even for a well-publicized and large-scale
national macroergonomic program, adoption and acceptance are not guaranteed and depend
on stakeholder perceptions of the programs usefulness, and cost — i.e., value.

4. Macroergonomic methods and approaches

Methods and measures should be at least as diverse and complex as the phenomena they
attempt to address (cf. Ashby, 1956). Having described the broad scope of macroergonomic
and the complex sociotechnical systems where marcroergonomic phenomena occur, it is no
surprise that macroergonomic methods are diverse, evolving, draw on many other fields of
science and practice, and are often combined in a given project. Macroergonomic methods
also range from broad approaches such as participatory ergonomics (Brown Jr., 2002) to
step-by-step procedures for analyzing the structures and processes of work systems
(Hendrick & Kleiner, 2001; Karsh & Alper, 2005; Robertson, Kleiner, & O'Neill, 2002).
Several papers in the special issue have a methods focus. Some adapt approaches from other
fields, such as Ghosh and Dickerson’s (2015) demonstration of the Interaction Process
Analysis for analyzing communication during construction projects. Fray et al. (2015) use
the Safety Culture Survey, developed by safety scientists. Weidman et al. (2015) leverage
multiple useful theories and a standard scale development process to produce a measurement
tool of large potential value for macroergonomics. Other papers describe the use of methods
and approaches originating in macroergonomics, such as the Ergonomic Work Analysis in
Sznelwar and Hubault (2015), the mesoergonomic paradigm and the Tool for Risks
Outstanding in Patient Handling Interventions (TROPHI) in Fray et al. (2015) or the
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Ergonomics Job Analysis (EJA) and Engineering Design Criteria (EDC) tools used in the
3M Corporation’s risk reduction program in Larson et al. (2015).

We encourage both approaches: adapting what exists and developing and testing new
methods, tools, and theories. Cognitive work analysis (Vicente, 1999) and many forms of
cognitive task analysis (Hoffman & Militello, 2009) are already well suited to
macroergonomic pursuits. Other useful approaches are being newly developed, such as the
Prevention by Design approach described by Weidman et al. (2015) and the Intervention
Design and Analysis Scorecard (IDEAS) (Robertson et al., 2013). Future macroergonomic
methods could focus on product design and evaluation, teamwork, virtual environments, and
adaptive human activity (see also Sznelwar & Hubault, 2015).

Implementing macroergonomic methods, whatever their origin, can be its own challenge.
There are many way of doing it, as Larson et al.’s (2015) paper clearly shows. In the field,
even basic techniques such as audio or videorecording can be difficult or impossible (Ghosh
& Dickerson, 2015). A decade ago, Karsh reflected on the challenges of conducting
macroergonomic research in the field, the politics and social issues related to these studies,
and the potential disruptiveness. He likened a macroergonomic project to any other change
process, even when no intervention is introduced. Karsh concluded that if macroergonomic
research is an organizational change, it can be managed as an organizational change.
Thereafter, Karsh and colleagues described the principles of sociotechnical change
management and practical considerations for ensuring the success of a macroergonomic
research project (Holden, Alper, Rivera, Or, & Karsh, 2008; Holden, Or, Alper, Rivera, &
Karsh, 2008). The ‘change management framework for macroergonomic field research’ has
since been used to describe the challenges of conducting macroergonomic research in
people’s homes and communities, as opposed to institutional settings (Holden, McDougald
Scott, Carayon, Hoonakker, & Hundt, 2014; Holden, McDougald Scott, Hoonakker, Hundlt,
& Carayon, in press). Other models can be helpful to think about how macroergonomics and
macroergonomic projects are innovations that must be diffused, accepted, and sustained
(Carayon, 2010; Weidman et al., 2015).

5. Concluding remarks

Despite the challenges of “doing” macroergonomics, we have no doubt that
macroergonomics can and should be “done.” We have noted that its fundamental principles
overlap with those of HFE generally and urge for the uptake of additional principles such as
the “multiple” approach and the importance of field research. There appears to be value
added by the use of macroergonomic approaches, theories, tools, and methods, for local and
global change (Scott, 2008). There is also much opportunity to clearly and rigorously
determine and document this value (Hendrick, 1996) in a variety of domains, e.g., healthcare
(Xie & Carayon, 2015). We see much promise in the ongoing adaptation and new
development of theories and methods for conducting macroergonomic projects.

All in all, as we reflect on the past, present, and future of macroergonomics, we are
reminded of Professor Bentzi Karsh’s profound contributions to HFE and macroergonomics.
We aspire to continue what he started with an equal level of passion, intelligence, and pride.
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The Sociotechnical Work System

Worker: Individual, Team %
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< Time and sequence demands
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2 Level of automation
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Figure 1.
Depiction of the multiple-level sociotechnical work system. Adapted from (Holden & Karsh,

2009; Karsh, Holden, et al., 2006)
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Macroergonomics
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Figure 2.
Macroergonomics as a subdiscipline concerned with both systems and phenomena across

levels (left) not at lower levels (middle) or higher levels (right) alone.
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