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An ergonomics action research demonstration: integrating human factors into assembly design
processes

J. Village*, M. Greig, F. Salustri, S. Zolfaghari and W.P. Neumann
Human Factors Engineering Lab, Department of Mechanical and Industrial Engineering, Ryerson University, Toronto, Canada

(Received 10 December 2013; accepted 19 June 2014)

In action research (AR), the researcher participates ‘in’ the actions in an organisation, while simultaneously reflecting ‘on’
the actions to promote learning for both the organisation and the researchers. This paper demonstrates a longitudinal AR
collaboration with an electronics manufacturing firm where the goal was to improve the organisation’s ability to integrate
human factors (HF) proactively into their design processes. During the three-year collaboration, all meetings, workshops,
interviews and reflections were digitally recorded and qualitatively analysed to inform new ‘actions’. By the end of the
collaboration, HF tools with targets and sign-off by the HF specialist were integrated into several stages of the design
process, and engineers were held accountable for meeting the HF targets. We conclude that the AR approach combined with
targeting multiple initiatives at different stages of the design process helped the organisation find ways to integrate HF into
their processes in a sustainable way.

Practitioner Summary: Researchers acted as a catalyst to help integrate HF into the engineering design process in a
sustainable way. This paper demonstrates how an AR approach can help achieve HF integration, the benefits of using a
reflective stance and one method for reporting an AR study.

Keywords: macro-ergonomics; action research; human factors; ergonomics; design

1. Introduction and objective

In action research (AR), researchers work with organisations to solve real-world problems by influencing solution
development from an embedded position in the organisation. The goal is not solving a problem ‘for’ others, but ‘with’
others in joint learning (Ottosson 2003). It is a non-experimental, experiential approach that, when supported with theory, or
by theory development, can provide both practical new approaches and transferable learning. The cornerstone of the AR
approach is continuous reflection on the action to inform the next set of actions.

In the first paper of this journal’s two-part ‘Ergonomics Action Research’ series, collaborative AR methodological
approaches were recommended to facilitate learning about ‘how’ to implement human factors (HF) (ergonomics) in
organisations (Neumann, Dixon, and Ekman 2012). Although common in other areas of research, such as business
management, there are few AR demonstrations in the ergonomics/HF literature. The AR approach differs from other
methodological approaches, for example, in how the researcher participates with the organisation, how scientific
literature is used throughout the intervention and how data are collected and analysed concurrently to help inform the
next stages of action. Because of these differences, reporting AR studies in traditional scientific journals is challenging
since the methods and results are difficult to disentangle. To encourage this methodological approach in ergonomics,
there is therefore a need for more examples of how to conduct and communicate AR findings for both researchers and
practitioners.

In the second ergonomics AR paper, a framework was suggested to guide practitioners or researchers who work with
organisations to develop proactive ergonomics (HF) capabilities within the manufacturing design process to improve both
work performance and worker well-being (Neumann and Village 2012). The framework essentially suggests that HF
integration is unlike a planned intervention since it must be moulded to suit the organisation, its design processes and the
political and cultural context. The framework recommends a macro-ergonomics approach with multiple concurrent
initiatives aimed at each level of the design process (i.e. strategic decision-making, product design, design of the production
assembly and operations). The empirical data to demonstrate the application of the macro-ergonomic approach discussed by
Neumann and Village (2012) have yet to be reported in the literature.

This paper attempts to fill the gaps both in lack of reporting of ergonomics AR studies and in lack of macro-ergonomic
projects aimed at integrating HF into production systems design. The goal of this paper, therefore, is to present a
longitudinal case study involving an ergonomics AR collaboration between an electronics manufacturer and researchers to
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integrate HF proactively into design processes. The purposes of this paper specifically are to:

e demonstrate one approach for conducting and communicating an AR study in ergonomics;
e illustrate how AR can lead to a deep understanding of ‘how’ to integrate HF into production systems design; and
e demonstrate the benefits for both researchers and practitioners in adopting a reflective stance in their HF work.

1.1 Background

AR has a long history of use in fields such as education and teaching (Davis 2007; Whitehead 2009), community health care
and social change (Balcazar et al. 2004; Boothroyd, Fawcett, and Foster-Fishman 2004; Suarez-Balcazar et al. 2004) and
business management (Bamford and Forrester 2003; Friedman and Rogers 2009; Lander and Liker 2007; Zink, Steimle,
and Schroder 2008). However, as Neumann, Dixon, and Ekman (2012) point out, the limited application of AR in HF and
ergonomics may in part be due to the perceived ‘unscientific’ nature of the methodology. While some suggest that AR is an
imprecise form of inquiry, it can be argued that these are exactly the qualities needed to more fully understand the realities
of working with people in complex situations such as macro-level organisational change (Davis 2007; Neumann, Dixon,
and Ekman 2012). Observing change from an ‘embedded’ position within an organisation offers unique insights, difficult to
obtain otherwise. In fact, in health care practice and policy in the UK, AR is considered a welcomed approach over
randomised control trials as it can provide a larger understanding of issues and attitudes, rather than ‘testing’ of
predetermined approaches (Meyer 2000).

Academic integrity of AR studies depends on both the capability of solving practical HF problems and at the same time
rigorously scrutinising the experiences from the field collaboration in order to communicate the research findings (Levin
2012). This is no easy task, as Levin (2012) points out, as it requires mastering relevant and significant scientific technical
knowledge, knowing how to run participative processes, commanding strategic and political skills, and being capable of
reflecting on ethical and moral challenges in the research process. Ottosson (2003) suggests that despite the extra demands,
the findings can be put into practice more quickly, resulting in better and deeper learning for those involved. The balance of
acting and reflecting as a researcher promotes ongoing and experiential ‘testing’ of various approaches in vivo in the
organisation and promotes ‘learning by interaction’ — both for researcher and practitioner — about what works and what
does not work for the organisation (Levin 2012; Neumann, Dixon, and Ekman 2012; Seim, Broberg, and Anderson 2012).
This case study will demonstrate the acting and reflecting in the AR approach and show how that led to a deep
understanding about ways to integrate HF into design processes.

The way in which AR is conducted does not lend itself to typical linear scientific reporting of methods, results and
conclusions (Davis 2007; Fisher and Phelps 2006). As will be demonstrated, instead of being an observer, the researcher
participates ‘in’ and directly influences the collection, interpretation and outcomes of the research. Data are collected and
analysed concurrently since results are needed to inform the next set of actions. And as will be shown, theory and scientific
literature are interwoven as helpful throughout the study. This entangling of methods and results in AR therefore requires
somewhat unconventional communication approaches. Some communicate AR using a case study narrative or storytelling
approach (Fisher and Phelps 2006). Some authors use different voices such as the ‘third person’ to tell the facts of what
happened, the ‘reflective practitioner’ to discuss the interplay between researcher and practitioner, and the ‘critical
reflector’ which is the commentary on the reflective practitioner (Fisher and Phelps 2006). Qualitative data from AR studies
can also be further analysed for development of theory (Friedman and Rogers 2009; Raymer 2009; Whitehead 20009).
Friedman and Rogers (2009) suggest that meaningful change requires good theory and the development of good theory
requires attempts to change the world. In particular, AR with its ‘action’ and process focus seems well positioned to develop
grounded theory approaches with the data (Bamford and Forrester 2003; Dick, Stringer, and Huxham 2009; Poonamallee
2009).

In this paper, we have chosen a non-traditional reporting format to demonstrate the AR approach, and to show how
AR was helpful in this collaboration for integrating HF into design processes. Instead of ‘methods’ and ‘results’
sections, we first describe the AR approach and its application in this collaboration under subheadings that give the
context. We describe the case study organisation, the university—industry collaboration, the goal of the collaboration,
the changing role of the researchers and the industry partners, the roles of both scientific literature and theory in this
study, and how data were collected and analysed. We then describe the three phases of the collaboration that emerged,
which we called:

1. gathering information;
2. seeking the HF fit; and
3. HF specialists acclimate and strategically align to engineering.
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The description of the phases will show how both the actions taken and the researcher reflections proceeded over time in
this collaboration in three non-linear iterative cycles like an unfolding narrative, or the story of changes in practices, with
the researcher as co-participant (Fisher and Phelps 2006). Stages overlap and change is happening throughout and
embedded in the research process (Davis 2007). This shows the intertwining of research and action, theory use and theory
development, and learning and adaptation as a collaboration proceeds. Cycles are interdependent on actions and learning
from previous cycles in a process described by Fisher and Phelps (2006) as mutual change and inquiry.

2. Demonstration of how ergonomics action research was conducted in this collaboration
2.1 Doing action research

In the AR approach, it is the responsibility of researchers and practitioners together to define the plan, carry out the
initiatives and monitor what is helping or not helping achieve the goal in the organisation. When a framework for change is
not well known, Seim, Broberg, and Anderson (2012) suggest ‘learning by interaction’, or ‘situational learning’, which
means that both parties bring knowledge to the collaboration and both learn together from the interaction. It is generally
considered the responsibility of the researcher to then analyse and communicate what is learned in the context of scientific
literature and theories in ways that other organisations and researchers can benefit from.

The approach used in this study was based on the iterative AR model reported by Meyer (2000), and shown in Figure 1,
as ‘plan’, ‘act’, ‘observe’ and ‘reflect’. This model assisted researchers with ensuring that each action or initiative was part
of an overall plan. It also reminded researchers, who are part of the action, that they had to frequently disengage from the
actions sufficiently to observe the effects and reflect on what was working and not working as the AR proceeded. While
depicted as a cycle with distinct stages, in reality the stages overlap, are ongoing and are non-linear, which can be depicted
more like a spiral over time.

Questions, such as those in Table 1, were helpful for both researchers and practitioners in each of the AR stages as the
collaboration proceeded.

2.2 Description of case study organisation

The case study organisation designs, manufactures and assembles hand-held electronic devices. At initiation of the
collaboration, it employed approximately 20,000 people worldwide. The collaboration focused on the new product
realisation site in Southern Ontario since this is where the parts and assembly production process are designed, prior to
being outsourced to high-volume production sites. The site realises multiple new products yearly, offering opportunity
during the multi-year collaboration of participation in repeated design cycles.

Plan

Reflect

> |

Act
Observe

Figure 1. Action research cycle and spirals (adapted from Meyer 2000).
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Table 1. Sample questions for the researcher/practitioner to consider at each action research stage.

Stage Sample questions

Plan What is the issue or challenge at this stage?
What do ergonomics practice and the researchers’ experience suggest would work best at this stage?
What does the scientific literature contribute?
Who should be involved?
How can this be done?
What role should the researcher take?
Act What type of action would work best?
When, where and how should the action occur?
How will the action be recorded, documented or assessed?

Observe What was the response to the action?
What else is going on in the organisation that affects the action?
Reflect What would have improved the action?

What hindered the action?
How can the scientific literature or theories provide insight?
What are the next steps or strategies?

2.3 Description of the university—industry collaboration

The collaboration began with a memo of understanding between the organisation’s occupational health and safety (OH&S)
manager, the director of engineering and the University’s principal investigator in 2008. Two research students in the
Human Factors Engineering Lab of the Department of Mechanical and Industrial Engineering started in the fall of 2009
followed by two more in the fall 2010. Students had backgrounds either in industrial engineering or HF. Four Ergonomists
and an Ergonomics Manager from the organisation participated in the collaboration at various times, and over the three
years 70 engineers and managers were involved in one or more aspects of the collaboration. For confidentiality, we use
‘HFS’ (Human Factors Specialist) to describe the HF activities of company HFS, regardless of whether there were one or
more HFSs involved. We use the term ‘HFS team’ to describe the combined company HFS and researchers.

2.4 Goal of collaboration

The goal of the collaboration was to help the organisation increase its capabilities to integrate HF early in design processes
with the underlying assumption that doing so would improve both worker health and business performance. The starting
point was the broad framework by Neumann and Village (2012) described in the introduction to guide integration of HF at
multiple levels in the design process. As the collaboration proceeded, the researchers worked interactively with the industry
team to look for opportunities or projects that would lead to improved HF integration in a way that would be sustainable for
the organisation. The approach is participatory and facilitates co-learning for both industry participants and researchers.
However, in this collaboration, we were seeking participation with HFS and manufacturing engineers because of their role
in designing the production system. Instead of physical changes to equipment or workstations, we were seeking changes to
their design processes.

2.5 The evolving role of researchers in an AR collaboration

In AR, the researcher may take on a variety of roles, depending on circumstances. Since the researcher is an active
participant ‘in’ the intervention (rather than collecting data ‘about’ the intervention), and since the bias and experience of
the researcher is relevant to qualitative interpretation of the data, researcher disclosure is important in communicating
findings (Fisher and Phelps 2006). In this study, the researcher (first author) is a certified professional ergonomist with more
than 25 years of experience practising ergonomics and conducting applied research to reduce work-related injuries. She has
extensive experience working with engineering teams and designers and strongly supports the goal of implementing HF
early in design processes. This AR case study formed part of her PhD dissertation in industrial engineering.

The researchers’ role was informed in this study by reviews of organisational change (Palmer and Dunford 2008), and
AR literature (especially Patton 2011). Palmer and Dunford (2008) suggest six potential roles, based on differing
organisational theories and ontological assumptions: directing, navigating, care-taking (when controlling the change),
coaching, interpreting and nurturing (when shaping the change). Researchers adapted their facilitation role with HFS and
engineers according to the type of change being implemented (intended, partially intended or unintended), the capabilities
of the HFS, the stage of change in the organisation and other external factors.
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As applied in this collaboration, during the first phase of gathering information, researchers helped the HFS with
navigation to understand design processes and the people involved and to create a desire for change (Palmer and Dunford
2008). When needing to get the attention of engineers and senior managers during the second and third phase, there was
some directing of initiatives (where researchers helped HFS to demonstrate HF), coaching for the HES to purposely build
their skills and interpreting to help the HFS and engineers make sense of interactions and continue to promote the HF
agenda. In the latter phase as company HFSs were becoming more integrated with engineers, the researchers’ role shifted to
one of nurturing of the HES to facilitate sustained ability to plan, act, observe and reflect without researcher participation.
Patton (2011) describes the researchers’ role in AR as being active, reactive, interactive and adaptive — thus changing as
needed. This mode of operation recognises that roles and actions are not planned and linear in AR.

2.6 The role of industry partners in an AR collaboration

The role of industry partners in AR can involve complete collaboration in all aspects of planning, acting, data collection and
analysis, and reporting of results (Huxam and Vangen 2003; Meyer 2000). In this AR study, the extent of collaboration
increased over the three years. From the beginning, the HFSs were the focal point of the collaboration since we were
encouraging new practices in proactive HF and more interaction with engineers. While always involving and consulting the
HFS, some initiatives in the first two phases were conducted by university researchers with little participation from
engineers in the organisation. However, all resulting data were presented, discussed and verified with all industry partners.
The formation of a steering committee with engineering management, and especially the appointment of an engineering
project manager increased collaboration and co-learning during the second and third phase. At the end of the third phase,
industry partners were actively planning, collecting and interpreting data. They also communicated findings to their peers at
conferences, suggesting a higher level of involvement and ownership. In the final phase, HF activities were initiated, carried
out and documented entirely by the organisation, with researchers acting as observers. Organisational participants also
incorporated a reflective stance by recording meetings and reviewing these recordings afterwards.

2.7 The role of scientific literature in action research

In traditional intervention studies the scientific literature is reviewed initially to inform methods, then later when comparing
results with other studies. In AR, scientific literature is accessed and reviewed throughout the intervention. Reflecting on the
actions in the case study within the larger context of scientific literature ensures ongoing learning and application of new
knowledge to the intended changes (Nielsen, Svensson, and Svensson 2006). In essence, research validity in AR has been
described as systematically alternating between performing ‘on-stage’ and reflecting critically with the literature ‘back-
stage’ (Nielsen, Svensson, and Svensson 2006).

In this AR study, the first phase was informed by studies of organisational change, facilitators and barriers of HF
integration, socio-technical systems theory, macro-ergonomics and complexity theory. In the second phase, researchers
reviewed literature pertaining to strategic goal setting (such as cognitive mapping), and literature discussing links between
quality, fatigue, performance and assembly design. The intent was to provide the industry partners with evidence as to how
HF benefits worker performance. In the third phase where the focus was on adapting engineering tools for HF, researchers
reviewed literature pertaining to business process improvement and engineering tools to look for relevant examples.

2.8 The role of theory in action research

As with the scientific literature, theory is used in AR throughout the study to frame actions, help interpret actions or to help
reflect on actions for the research community. The theoretical underpinning in this study lies in complexity theory (Mingers
and White 2010). In contrast to earlier theories suggesting organisations are static and that change involves unfreezing and
refreezing, complexity recognises features of instability, disequilibrium, sudden change and complex behaviour. Complex
systems have a large number of interacting and interdependent elements in which there is self-organising and emergent
behaviours that generate learning, evolution and development (Patton 2011). The complexity sciences improve
understanding of the behaviours of social and organisational systems when faced with increasing uncertainty both internally
and externally. In the partner organisation we encountered manifestations of complexity, described by Mathews, White, and
Long (1999), including major shifts in organisational policy and product development, employee turnover and management
succession. Such ‘high-velocity’ industries have short product cycles, a rapidly shifting competitive landscape and a need
for rapid and relentless continuous change as their crucial capability for survival (Brown and Eisenhardt 1997). Since they
are ‘constantly reinventing’ themselves, change is not seen as negative, but continuous, dynamic and opportunistic.
Complexity theory helped the researchers in this study frame their observations. Rather than expecting small incremental
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improvements, and ‘planned’ increases in HF application, researchers were instead aware of and anticipated uncertainties,
dynamic shifts in HF application, turning points and unpredicted adaptive behaviour (learning).

2.9 How data were collected and analysed

In AR, data collection is conducted concurrently with data analysis since actions, observations and reflections inform the
next cycle of planning in the study. Generally, qualitative data are sought in AR studies, but occasionally there may be a
combination of qualitative and quantitative data.

In this collaboration, qualitative data were collected from mid-2010 to mid-2013. To substantiate findings, data were
triangulated from three sources: tracking of actions/interactions, review of organisational documentation and collection of
participant and researcher reflections. In-person interactions were planned approximately weekly with electronic
interactions (web-ex and teleconference) between site visits. For each meeting or focus group, researchers helped prepare
the HFS beforehand, participated during the event and reflected with them afterwards to promote co-learning and plan the
next actions. Actions/interactions were collected with a tracking log and through note-taking. The log was used to
document, for example, meetings, interviews and workshops. The log included people involved, type of interaction, topic
and time. Notes taken during and after every interaction documented items discussed, observations and actions taken.

Documentation from within the organisation was used to plan and track action and to support observations. It included,
for example, meeting minutes, product designs, tooling procurement, assembly layouts, work instructions, manufacturing
process documents and organisational charts. The HFS sought advice from researchers when preparing documentation
pertaining to the collaboration.

Reflections were captured through informal discussions, group interactions and by formal interviews as follows:

e by documenting researcher ‘impressions’ as notes with each action/interaction entry;

e by asking participants (HFS, engineers and managers) to reflect after meeting or workshop interactions and taking
notes or collecting email correspondence;

e with regular meetings with the HF manager and HF group to strategise;

e with semi-structured interviews with all participants annually in the fall of 2010, 2011 and 2012; and

e by researchers regularly reviewing transcriptions of events and discussing data at university research team meetings.

During all reflections, participants were asked in an open-ended way what is ‘helping’ with HF integration, and what is
‘hindering’. They were asked to reflect on what could be done differently, and the next steps to forward the HF agenda.
Reflections during interviews at the three points in time informed and facilitated the next phase of planning and action in the
larger collaboration. All formal meetings, interviews and workshops were digitally recorded, transcribed and entered into
NVivo software for qualitative analysis.

All data were qualitatively coded using a grounded theory approach (Strauss and Corbin 1990). An initial set of codes
was developed to investigate facilitators and barriers to HF integration in design, based on specific literature: macro-
ergonomics, organisational change, participatory ergonomics and developmental evaluation. As open coding proceeded,
codes were added to the initial list as needed, and those not pertinent were discarded.

Using the set of coded data, several types of drawings and visualisation approaches were employed to assist with
analysis and interpretation of the data, for example, memo-writing, developing timelines, developing a matrix for
comparison of initiatives, drawing organisational influence diagrams and describing sequential stages of each initiative.
While each of these informed the analysis of the data, in this paper we have chosen to report the findings using the AR
model of Meyer (2000).

3. The three phases and HF changes in the AR collaboration

3.1 Overview

The collaboration will be described chronologically in three phases coinciding with the yearly reflective interviews with
participants. Phases were named according to the dominant action in the phase as:

1. gathering information;
2. seeking the HF fit;and
3. HFSs acclimate and strategically align to engineering.

Table 2 provides an overview of the three-year-long phases, organised for discussion purposes using the AR model of
plan, act, observe and reflect (shown in Figure 1). Describing the case study in this way helps communicate how the
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methodology of observing and reflecting in turn influences the next phase of planning and action, and how the scientific
literature and theory are woven throughout the study and inform the process.

3.2 Phase 1: gathering information

The initial plan was to get ‘into’ the organisation at as many organisational levels as possible, gather information and look
for initiatives that would help integrate HF into multiple levels of the design processes. The main participants early in the
collaboration were the manufacturing HFS, an industrial engineer and a manufacturing manager. The OH&S manager who
helped initiate the collaboration left the organisation during the first year.

Activities to gather information focused on understanding the role and tasks performed by the HFS, identifying typical
workstation and assembly concerns, reviewing worker injury data, gathering information about metrics driving business
performance and potential HF metrics, and determining links to engineering groups or design processes. One student,
through a series of interviews and workshops, developed a process map of the assembly design process to help the group
understand the stages and decision gates. The map was then used in collaborative workshops with engineers and HFS to
identify potential initiatives for integration of HF (see Lim et al. 2014, for details). In this way, the action (of producing the
map and discussing HF initiatives) could lead to planning the next HF actions for integration in design processes. The map
helped the HFS team and others realise the role of various departments in the design process, and potential overlap with HF
considerations.

The observations from this phase illustrated that most of the HF work in production was reactive (after an injury or
incident). With the HFS situated within the OH&S department and reporting through facilities, there were very few links to
engineering groups. The HFSs not only were physically separated from engineering, but also had few other connections to
engineering personnel and none of the engineering design processes involved HF. The HFS expressed frustration at not
knowing when a new product was coming, what the steps were and what meetings they could attend to bring the HF agenda
forward. The following quote and researcher notes from early 2010 exemplify these points:

HFES: ‘how do I find out when things (design activities) are happening? — there must be a schedule — I'd like to put this on my
calendar — a whole lot of work would come.’

Researcher notes: ‘HFS is not sure how to get in.’

The main reflection documented from this stage was that HF needed repositioning in the organisation. Senior management
and engineering lacked knowledge of the HFS and what value they could provide to the assembly design process. The HFSs
were rarely on the shop floor, and did not otherwise have much contact with engineers. HFS performed a narrow range of
reactive assessments, and their reports and recommendations were not provided to engineering to inform future assembly
builds. It was evident that HFS needed to become better informed about the design process and the business processes used
in the organisation. To help improve the positioning and networking of HF in the organisation, we recommended the need
for a steering committee with Senior Directors from various departments. A steering committee would also help ensure
stability of the collaboration during organisational changes and management departures.

3.3 Phase 2: seeking the HF fit

In the second phase of the collaboration, called ‘seeking the HF fit’, the plan was to engage more senior management in HF
integration, get access to relevant design initiatives to integrate HF and learn about the company’s strategic goals and how
HF could help. Through increased involvement of the Senior Director of Engineering, a steering committee was formed
with seven senior managers and directors. Organisational changes within the company were occurring at the same time as
the steering committee was formed, which resulted in challenges scheduling meetings, planning and committing to
initiatives in the collaboration.

We noted that a new Senior Director had been appointed who was bringing a background in the Toyota management
system and continuous improvement and we observed visible postings on the shop floor of hoshins, kaizens and gemba
walks related to this new direction. The senior management group were entering a phase of new strategic planning for the
organisation with a focus on ‘new product realization’.

While organisational change hindered meetings and commitment to initiatives, it also offered an opportunity to the HES
team to improve their understanding of the strategic goals of the organisation and how HF may align with them.
We conducted a cognitive mapping exercise and workshop with the steering committee to understand their perceptions of
the link between HF and the organisations’ strategic goals (for details, see Village et al. 2012b; Village, Salustri, and
Neumann, forthcoming). The workshop revealed that musculoskeletal injuries (an OH&S perspective) were rarely
discussed. Instead, directors were concerned about reducing worker fatigue, which they saw as an outcome of poor
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assembly systems design. They believed if workers were less fatigued, then their ability to notice defects would improve
and this would enhance product quality. This information would be critical for helping the HFS team realise how best to
‘position’ or frame HF within the engineering process.

In the ‘seeking the HF fit’ phase, a number of initiatives began, including having HFS participate in failure mode effects
analysis (FMEA) meetings to understand the connections with HF (an initiative discussed during the process mapping in the
first phase). Another initiative involved HF assessment of a newly proposed ‘lean’ pallet line from CAD drawings, and later
in early mock-ups of workstations. One student developed a discrete event simulation of the assembly steps to assist with
predictions of bottlenecks and worker fatigue. Another student was developing a digital tool to evaluate workstation layout.
These initiatives proceeded, although few engineers from the organisation were involved at this point. Despite assistance
from the Senior Engineering Director, the HFS team felt that they were trying to ‘push’ initiatives into engineering, but
getting little traction in the way of participation or interest.

As part of ‘seeking the HF fit’, we conducted an evaluation and needs assessment of previous HF training provided to
engineers from outside consultants. Through a survey and focus group, HFS learned that engineers rarely used the generic
HF education, and information provided in the training about risk factors and injuries were not considered useful to their
design tasks. Engineers reported that due to tight time constraints, 80—90% of their design elements are reused from past
work. HFS learned that a better ‘fit” for HF information would be the creation of ‘benchmark’ or ‘best in class’ HF designs
(e.g. of tools or fixtures) in the form of easily applied drawings or rules. This information on ‘fit” would also prove valuable
for planning actions in the next phase.

Unfortunately, another organisational change resulted in the Senior Engineering Director leaving the organisation and
no immediate replacement in the collaboration. In the fall of 2011, reflective interviews were conducted with each member
of the steering committee to ascertain what was working and what else could help with the goals of the collaboration.
A main finding was that HF lacked visibility. One member stated that HFS needs to:

show that you want to get in there and roll up your sleeves.
Another stated:
when you have something to change or want to drive ergo improvement — do a demonstration and show what physically changes.

It was emphasised that HF needs to be tangible and engineering-like to be accepted. One initiative was considered
successful because:

it is very concrete and practical — a traditional engineering view.

Managers said HF has to look like engineering initiatives with a project charter that includes timelines, deliverables, return
on investment and a sponsor. This would require a dramatic change in how the HFS plan and carry out their activities in
order to ‘fit” with the engineers’ work style.

Reflections on the HF challenges and successes during this phase reinforced that HF needs to be aligned with the
organisations’ strategic goals, especially the goal of improving assembly quality. One manager stated that ‘we need HF
incorporated with our deliverables’. The language and metrics of quality were foreign to HFS, therefore efforts increased to
interview those responsible for measuring and improving quality, to review and understand the quality data within the
organisation and the scientific literature and to attempt to find the ‘fit’ between quality data and HF concerns.

Our reflections at this stage also reinforced that HFS need to learn more about engineering processes, their language,
tools and their goals. We further reflected on the concept of HF as continuous improvement, rather than problem
identification and control and realised we needed tools to quantify and demonstrate HF as continuous improvement.
We realised that the integration of HF into design processes within the organisation, at that point in time, might collapse
without visible demonstration of its value to engineering or senior management.

3.4 Phase 3: HFS acclimate and strategically align with engineering

In the third phase, the plan was to make HF more engineering-like and visible on the shop floor by drafting engineering
charters for HF activities, demonstrating HF initiatives and showing HF as a means to improve quality and reduce operator
fatigue. We looked for ways to engage more engineers, and to develop useful tools and metrics that would include HF. With
the departure of the Senior Director, a new Senior Director and project leader were appointed to the collaboration. Another
large organisational change and extensive downsizing forced a more streamlined alignment of personnel and a tighter focus
on strategic goals in the organisation. It was emphasised that HF initiatives would only survive if they could help deliver on
the business goals.

As planned, the HFSs increased their activity and visibility on the manufacturing floor, participating in the new,
continuous improvement initiatives such as kaizens and gemba walks, and discussing the connection between worker
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postures and assembly forces to worker fatigue and therefore assembly quality. Under a new engineering charter, HFS
participated in FMEA meetings, using a newly devised HF-FMEA score to indicate risks of injury to a worker (Village et al.
2011). During meetings, the HFS helped engineers see that defects occurring in assembly were at times due to challenges in
seeing, detecting or sensing from tactile feedback, a good quality assembly task. Solutions to improve HF were discussed
during these meetings, prior to any parts or equipment yet being manufactured. HF input and changes were being
demonstrated to an increasing number of engineers.

The HFS team also worked together with product-focused engineers to prioritise tasks for improvement that had both
engineering concerns (e.g. slow assembly times) and HF concerns for operators (e.g. difficult assembly motions). Realising
that traditional HF tools are ill-suited to communicating assembly difficulties, rather than injury risk, the HFS team adapted
engineering design tools (e.g. design-for-assembly) and used these to score and compare assembly tasks and monitor their
improvement (see Village 2014; Village et al. 2012a for more information). Reflections from the previous phase about
making HF visible led to demonstrations in this phase to show how HF-adapted tools can improve assembly steps. The
demonstrations resulted in the Senior Director of Engineering becoming directly involved in HF for the first time. The
Director said ‘if you have something that can help us improve assembly quality, we can implement it fast’. Workshops with
engineers were conducted to test and refine the tools, and within four months, HF would be incorporated into a controlled
engineering document with required HF targets enforced by senior management.

This phase represented a ‘tipping point” for integration of HF into design processes. The HES physically moved to the
engineering department which provided improved access to people, meetings, documents, software, schedules and to the
shop floor where new products and processes were being tested. Physical proximity, combined with a focus on helping
engineers meet their goals, resulted in HF being positioned as a means to help improve assembly quality. This strategic
alignment led to increasing requests for HF assistance from engineers. Instead of attempting to ‘push’ their way into
engineering, acclimation and strategic alignment led to a ‘pull’ for HF from engineers and management. With subsequent
products, the HFS was given key sign-off status at various stages of assembly design process. Appropriate HF tools led to
adoption of HF in the design process and ensured sustainability of HF for subsequent builds regardless of changes in HFS or
engineering personnel. By becoming a resource to help improve the goals of engineers, HF became a sustainable part of the
design process.

3.5 HF changes resulting from the action research collaboration

Although our AR study did not set out to ‘measure’ changes or outcomes in a pre-post fashion, we suggest that there are
signs that indicate improved integration of HF into production design processes in the organisation — our collaboration goal.
There were also signs that both HFS and engineers had changed their work practices to include proactive HF, and that their
knowledge of HF integration in design had increased. With no HF considerations in any design stages initially and most HF
assessments being reactive (after an injury or incident), by the third phase of the collaboration there were HF targets
incorporated into tools at several design stages. Senior Directors were holding their engineers responsible for meeting the
HF targets in the design process, and the HFS had key sign-off. As shown in Figure 2, the self-reported percentage of time
the HES performed proactive HF work has increased from 3.5% in 2010 to 72% in 2013. The number of engineers the HFS
worked directly with increased from 15 in the first phase to 70 in the third phase. This illustrates that HFS acquired new
knowledge of the engineering design process, learned to identify appropriate engineers to work with, adapted engineering
design tools to include HF and acquired new work practices of HF sign-off during the collaboration. From documentation
and observation of subsequent assembly design cycles, the HFS participated with engineers in all assessments and solution
development for the new product lines. Changes were documented to parts, processes, materials and fixtures arising from
the inclusion of HF in these early design stages. When the HES was asked at phase three to reflect on the collaboration and
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Figure 2. The number of engineers participating in HF, and the percentage of time the HFS spent in proactive HF work in each of three
phases of the collaboration.
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what has helped with HF integration, the response was ‘being involved in meetings where you can have a say and be part of
a process’. When asked what has gotten you involved in meetings, the HFS stated:

Certainly having the (collaboration) project — and (the project manager), someone consistent — getting involved in the engineering
group to do a needs analysis and learning from those meetings — learning the engineering process, their tools and techniques. As
the project has gone on, I'm always thinking now how to integrate — it’s always in my head.

Results of the collaboration effort were presented to engineers and Senior Directors for verification and confirmation. We
asked after the presentation: ‘to what extent has this collaboration changed the way you, as engineers, think about HF?’
One engineering manager said, referring to working with an internal HFS:

I used to come to you (for occasional HF advice), but now we both get called when something happens — it’s like: welcome to the
party.
This change in attitude and openness from engineers to HF inclusion is very different from the 2010 quote from the HFS
who did not know how to get ‘in’ to the design process. The framework-inspired macro-ergonomic approach led the
industry-research team to undertake numerous initiatives over the three years of collaboration. Not all were successful, but
as one Senior Director who had participated in the collaboration from the beginning stated:

the way product and fixture designs are going are definitely in the right direction — from when I joined (the collaboration) to where
we’re at is night and day and you can say the same thing with the assembly line — we’ve certainly made it easier on the operator in
what they’re doing — not every single initiative we worked on was successful but that’s the nature of the beast — you can’t expect
that — some things are going to stick and some things won’t but you’ve got to keep trying — even the ones that didn’t stick, or failed,
gave you the opportunity to learn things and get to know people and show them what you have.

4. Discussion

The first purpose of this paper was to demonstrate one way to conduct and communicate AR in a macro-ergonomics
intervention. The first part of the paper has highlighted unique features of an AR approach and how it worked in the
collaboration, including the evolving role of the researcher as participant ‘in’ the research, the concurrent collection and
analysis of data to inform next steps, the ongoing use of literature and theory to inform action and the importance of
continual reflection on actions for planning the next actions (Levin 2012; Neumann, Dixon, and Ekman 2012; Ottosson
2003). This paper has also demonstrated that reporting of AR findings tends to be unconventional compared with other
scientific studies because the methods and results are difficult to disentangle (Davis 2007; Fisher and Phelps 2006).

The second section then provided details of the AR collaboration, using the model of the AR spiral with three non-linear
cycles of plan, act, observe and reflect (Meyer 2000). This helped illustrate how actions taken were informed by the
observations and reflections, which influenced subsequent actions. Actions to integrate HF were not planned in advance, but
were ongoing and embedded in the research process. As Commissaris et al. (2006) and others discuss, this is in contrast to
most participatory ergonomics interventions, or change-management approaches, where a discrete intervention is ‘planned’
and then ‘tested’” (van Eerd et al. 2010). AR has been called ‘emergent’ change, as opposed to ‘planned’ change since the
process of change unfolds through the interplay of multiple variables in the organisation (Bamford and Forrester 2003). In
this way, AR is more closely aligned with soft systems methodologies (Checkland 1985), and organisational learning
(Commissaris et al. 2006; Docherty, Forslin, and Shani 2002) where there is more emphasis on learning from the process
and less on the outcome evaluation.

The second goal of this paper was to demonstrate how AR can lead to a deep understanding of ‘how’ to integrate HF into
production systems design. It is about meaning of action rather than testing a predetermined hypothesis (Carter 2007).
We started with only a broad framework suggesting that we needed to create opportunities to integrate HF proactively into
as many levels of the design process as possible (Neumann and Village 2012). The constant reflecting and questioning
within the AR approach helped the team learn from their many initiatives what was working and not working, and to adapt
accordingly. Others have also reported on this strength of AR and longitudinal case studies for inferring causal relationships
based on long-term observations of multiple actions, providing a broad holistic picture (Bamford and Forrester 2003).

At the end of the first phase, we recommended a steering committee to improve the positioning, networking and stability
of the HF work in the collaboration. Organisational strategies were shifting and it was apparent that HFSs were removed
from main-line strategic and business goals, much like a ‘side-car’ status (Neumann, Ekman, and Winkel 2009; Dixon,
Therberge, and Cole 2009). Other researchers have noted that if HF is positioned in line with company goals, it is more
likely to be effective (Berlin 2011; Drury 2000; Dul and Neumann 2009; Eklund 1997). We capitalised on the strategic
changes in the organisation to link perceptions of HF to the new strategic goals.

By constantly questioning our assumptions, carefully listening to recordings from meetings, reflecting with the research
team and consulting literature and theory, we began to discover ‘how’ HF needed to be framed to ‘fit’ within the engineering
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team in this organisation. We learned from the cognitive mapping exercise with senior management that their goal of good
production systems design is to minimise operator fatigue (not injuries) to improve performance, and therefore their main
business goal of good quality assembly. This understanding stretched the HES to think and act outside of their comfort zone.
As others have found, the HFS needed to learn the engineering language, design processes, tools and metrics in order to
become more ‘engineering-like’ and visible (Broberg 2007; Falck and Rosenqvist 2012; Strasser and Zink 2007; Waterson
and Kolose 2010; Wells et al. 2007; Wulff, Westgaard, and Rasmussen 1999). The acclimation and strategic alignment of
HF with engineering coincided with a tipping point in the collaboration. The perception and interest of engineers in HF
changed when it became a means to help improve their goals and business performance. Patton (2011) suggests that when
researchers infuse team discussions with questions and data, this facilitates systematic reflection that results in effective
process sustainability.

The third goal of the paper was to demonstrate the benefits to researchers and practitioners of adopting a reflective
stance in their HF work. Reflection occurs when practitioners think about what they are doing and question the framing of
the problem they are trying to solve, their tacit understandings of practice, their strategies and theories implicit in behaviour
and their feelings for a situation that has led to action (Schon 1991). A practitioner can become a ‘reflective researcher’ and
improve their ability to deal with situations of uncertainty, instability, uniqueness and value conflict (Schon 1991).
The result of reflective practice is that the practitioner may criticise his/her initial understanding of a phenomenon, construct
anew one and test it, and set a new frame or role for himself or herself. In this study, reflection allowed us to realise that the
lack of HF in engineering design in this organisation was not because engineers lacked interest in designing for humans, but
rather that relevant HF information had not been provided to engineers in a way they could readily use it in their design
process. By gaining an inside view of the experience of practice, and re-framing the problem, we were able to gain insights
from the implementation as we were participating in it.

At an individual level, active reflection and developing reflective conversation can improve understanding of issues,
open greater possibilities and improve personal performance or mastery (Ellegard et al. 1992; Senge 2006). Broberg and
Hermund (2004) describe ergonomists as ‘political reflective navigators’ who work politically towards an HF agenda
attempting to gain social support, and reflectively by changing to different rolls in different contexts mobilising different
kinds of knowledge and tools as they navigate complex change processes. Hignett and Wilson (2004) suggest that since HF
is socially situated, practitioners need a paradigm shift from solely quantitative to more qualitative methods through
improved education and reflective practice.

At a group or organisational level, the reflexive loops, iterative action for change and shared observations with users can
lead to a new collective practice, which Docherty, Forslin, and Shani (2002) suggest is organisational learning. Instead of
expert-driven or expert-facilitated interventions, Docherty, Forslin, and Shani (2002) refer to organisational learning as the
‘third paradigm’ of interventions where reflexivity or thoughtfulness is systematically performed to integrate system
perspectives and subjects’ perspectives with continuous questioning of group tasks, operative rules, etc. Gustavsen (2003)
suggests that two forms of knowledge diffusion are operating in parallel in AR. Knowledge is transferred to the research
community and to the participants in the organisation. Balcazar et al. (2004) suggest that when researchers and practitioners
work together they are both outside their initial frames of reference, but communicate at a level where old frames can be
changed and new ones generated — called ‘cogenerative learning’. We encourage researchers and practitioners to use
reflexivity when working with organisations to improve their HF efforts, and learning for both parties.

4.1 Methodological challenges in conducting ergonomics action research

While effective in making sustainable changes, there are challenges in conducting AR. Ottosson (2003) suggests that AR is
more demanding and complex than classical research in terms of time, resources and skills and experience of the researcher.
There is continual balancing regarding roles and actions (Rosecrance and Cook 2000), especially whether the researcher
should navigate and direct the action, or facilitate and coach those in the organisation to take the action. While situated
learning, and reflection with researchers has been suggested (Seim, Broberg, and Anderson 2012), more research is needed
regarding which roles work best for researchers in different contexts. Ultimately, the organisation must ‘own’ the actions in
ways that work for them. The continual reflection and ongoing analysis of the actions requires the researcher to be a
‘participant-observer’ always questioning what the researchers or practitioners could do better. Levin (2012) suggests that
creating the necessary distance between the involvement in the change process and the accompanying reflexive process that
aims at explaining the phenomenon is the essence of building integrity in AR.

From the organisation’s point of view, AR may also be considered time-consuming and resource-intensive. Since HF
integration was not a goal shared by everyone in the organisation, there was considerable navigation needed by the HFS
team to pay attention to the interests of different engineering groups and persuade others of our intended goal. The HFS, and
later the engineer who became our project manager, dedicated time with researchers, especially to help prepare for meetings
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or other events and afterwards to help interpret and make sense of organisational events or actions. Because researchers
acted with HFS in meetings and other activities, at times there were problems with role clarity, and misunderstandings
regarding responsibility for tasks.

Another methodological challenge is that findings are based on a single case study, not randomly selected. However,
Patton (2011) suggests that purposeful and intentional sampling is a strength because it provides important information
about field-based processes in an information-rich case that would otherwise be unavailable. The case study method is a
preferred approach when ‘how’ and ‘why’ questions are posed, when the investigator has little control over events and when
the focus is on studying phenomenon within a real life context (Yin 1994). The exploratory nature of the case study allows
flexibility and lends itself to qualitative data collection and analysis to understand why people make choices or carry out
tasks in a particular way (Hignett and Wilson 2004).

Although the series of events leading to organisational change and learning in our collaboration would naturally unfold
differently in other organisations and with different people involved, the lessons learned may be valuable for others
attempting to conduct ergonomics AR studies, or to integrate HF in their design processes.

Instead of generalisability, in qualitative studies where each case is unique to a context (i.e. when, where and who), the
concept of transferability is more relevant. Moray (1994, 1995) has stated that the value of qualitative studies in ergonomics
is to generalise findings from ‘situations’ to other and different systems, rather than generalising based on statistical
analysis. Instead of repeatability, the careful documentation of the data collection and analysis provides a credible link
between the data and the results. Qualitative studies are considered dependable (rather than repeatable) when there is a
consistency in patterns of thought and behaviour of subjects. Since we conducted multiple initiatives with different groups
of engineers within the large case study organisation, our study design was strengthened with such multiple embedded
cases. This allowed us to contrast the strengths and weaknesses of each initiative. It also minimises bias from any single
‘success’ case. The generalisability of these findings is consistent with contingency theory which suggests that for a
proposition to hold, assumptions must be made about the starting premise, boundaries and system states (Donaldson 2001).
Contingency theory also suggests that concepts in any theory of organisational change must ‘fit’ the environment, rather
than be generalised or adopted outright (Miller 1978).

During the three years, the collaborating organisation underwent a major shift in organisational strategy, multiple
personnel changes, downsizing and layoffs and realignment of various departments. Such organisational changes may make
our findings open to criticism. Other intervention studies have been known to suffer, or even collapse with such disturbances
(Dixon, Therberge, and Cole 2009; Neumann, Ekman, and Winkel 2009). However, the reflexive nature of the AR approach
allowed adaptation and continuation of HF efforts despite the upheaval. In fact, making progress under these difficult
circumstances further highlights our success at helping engineers understand how HF can help them achieve their goals.
Viewing the organisation with reference to complexity theory reminded us that industries with short product cycles view
rapid and relentless continual change as necessary for survival. Likewise, for HF to be implemented in such a volatile
environment, we needed to shift from viewing change as a barrier to viewing change as a potential facilitator of HF as it
provided new opportunities to work with stakeholders in new ways.

For researchers and practitioners interested in macro-ergonomic AR interventions, we recommend setting up a structure
that allows flexibility for goals and plans to change and develop over time. Since HF may not be a priority for all
participants, setting common goals for the collaboration is critical to prevent misunderstandings. Preferably a steering group
of senior participants representing all affected groups would be involved early, and a working group including both
engineers and HF specialists would collaborate on initiatives. An industry project manager who has the collaboration as a
top priority facilitates ownership of the project. There should be both the willingness and resources to experiment and
conduct trials. The collaboration may require considerable organisational navigation and ongoing recruitment for support.
Participants should expect setbacks and have the perseverance to re-engage on new fronts. Failing at some initiatives can be
as much of an opportunity for learning as succeeding. To facilitate learning, plan on reflective one-on-one interviews with
participants to actively involve them in replanning. Finally, both industry participants and researchers need the resources
and ability to respond to tight timelines sometimes needed by the engineering design process.

5. Conclusions

This longitudinal AR collaboration with an electronics manufacturing firm demonstrated how over a three-year period, HFS
went from being completely outside the engineering design process doing reactive HF work to being embedded at numerous
stages in the engineering design process doing mostly proactive HF work. We conclude that the AR approach, especially the
active reflection, combined with targeting multiple initiatives at different stages of the design process helped the
organisation find ways to integrate HF into their processes in a sustainable way. This macro-ergonomics change would not
be amenable to a planned step-wise intervention approach, as the steps were not apparent beforehand. The close proximity
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and involvement of the researcher in the change, the ongoing interaction with stakeholders, the ability to observe and reflect
in real time in vivo and the concurrent data collection and analysis led to a deep understanding in this organisation about
‘how’ to integrate HF into design processes. With the researchers both involved in the process and removed to reflect and
theorise, they acted as a catalyst to the change. Researchers helped HFS to navigate the people and processes, and
demonstrate HF tools. They coached the HFS, helped interpret actions and meanings, and increasingly nurtured the HFS to
continue the HF integration independently. The strength and flexibility of the AR approach demonstrated that change
occurred despite downsizing and management turnover in the organisation. This paper provides insight to researchers about
how to conduct AR studies where the research question is about ‘how’ something can occur. It also demonstrates the
benefits for practitioners of using a reflective stance to question and improve success of HF goals. Finally, this paper has
also demonstrated one method for reporting an AR study when methods and results are not linear as in traditional
intervention studies.
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