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This research takes a first step towards a more complete understanding of the effects of lean production on both
operational and worker health and safety performance. Previous operations management literature considered only the
operational performance implications of lean while previous safety literature considered only the worker health and
safety implications of lean. This research considers both perspectives by providing empirical evidence on the impact of
lean on operational and health and safety performance. Results from 10 case studies show that the adoption of lean prac-
tices and or an overall lean philosophy has a positive impact on operational and health and safety performance. How-
ever, there are some nuances in the role of individual practices associated with lean. The plants with the worst
operational and health and safety performance in the sample were those that adopted just-in-time practices without
human resource and prevention practices. The results show how both the social and technical components of lean are
required for lean to have positive operational and health and safety impacts.


Keywords: lean manufacturing; human resources management; worker health and safety


1. Introduction


Lean production has expanded greatly from its Japanese roots in repetitive manufacturing industries (de Treville and
Antonakis 2006) and it now impacts competitiveness globally. Managers view lean as a means to improve operational
and organisational performance. This managerial perspective has strong empirical support, with lean being positively
linked to multiple dimensions of operational performance especially productivity and quality (e.g. Schonberger 1982;
White, Pearson, and Wilson 1999; Shah and Ward 2003). Lean has permeated managerial thinking and is pervasive
enough to have chapters in most operations and supply chain management textbooks (Womack, Jones, and Roos 1990;
Slack, Chambers, and Johnston 2006; Monczka et al. 2008). Managers may have trouble implementing lean practices
(e.g. Womack and Jones 1996), but in general they do not question lean’s efficacy.


This positive view of lean is not universal, with many researchers outside the operations and supply chain manage-
ment fields strongly questioning lean’s potentially negative impact on worker health and safety; a conversation which is
also ongoing in the practitioner community. Despite calls for operations management scholars to study health and safety
issues (e.g. Brown 1996), research on worker health and safety and specifically about the impact of lean production on
worker health and safety is lacking in the operations management literature. However, researchers in other fields, such as
safety and industrial relations have thoroughly examined lean’s impact on workers (Brännmark and Håkansson 2012).


These studies generally conclude that lean is ‘mean’ to employees (e.g. Babson 1993; Adler, Goldoftas, and Levine
1997; Adler, 1999). Empirical and conceptual research links lean production to increased injuries, decreased health and
possible stress (e.g., Landsbergis, Cahill, and Schnall 1999; Lewchuck, Stewart, and Yates 2001; Brenner, Fairris, and
Ruser 2004; de Treville and Antonakis 2006).


These results, while overwhelmingly negative are also questioned by many researchers because the studies may have
considered plants in which lean production was not properly implemented (Womack, Armstrong, and Liker 2009), the lean
conceptualisation varies considerably among studies in terms of the practices considered (Parker 2003; Hasle et al. 2012)
and very few studies consider both the managerial and worker perspectives (Adler, Goldoftas, and Levine 1997; Genaidy
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and Karwowski, 2003). In addition, the industrial relations literature suggests that lean’s negative impact on worker health
and safety could be mitigated by involving workers in decisions (Adler, Goldoftas, and Levine 1997) and with higher
levels of union representation (Reilly, Paci, and Holl 1995; Terry 1999; Walters 2004). Unfortunately, rigorous research
considering all of these issues has not occurred making it difficult to truly understand the relationship between lean
implementations, operational outcomes and worker health and safety outcomes (Brännmark and Håkansson 2012).


It is critical to note that this is not just an academic debate. For example, the Canadian Auto Workers’ Union (2012)
suggests that pursuing worker health and safety will be in conflict with ‘managements who are unwilling to modify their
lean demands’. And among practitioners there are numerous ongoing discussions about worker health and safety and
lean practices. For example on social networks such as LinkedIn, there are dozens of groups discussing worker health
and safety issues in a lean context (e.g. Lean six sigma Canada, Lean six sigma, Lean Business System) and groups
dedicated to the topic of worker health and safety in lean contexts (e.g. Lean Safety, EHSQ Elite).


This research takes a first step toward a more complete understanding of these complex interrelationships. The aim
of this study is to understand the impact of lean production on both operational and health and safety performance. The
research is framed using the socio-technical systems and service profit chain models. Empirical evidence is provided by
means of 10 case studies.


In the remainder of the paper, we first introduce the lean production concept and review both the operations and
safety literatures on the impact of lean practices on worker health and safety highlighting similarities and gaps. Then we
introduce the theories used to frame our analysis and the research question. This is followed by the methodology
adopted, analysis and results. The paper concludes by discussing the results that show that lean, when adopted properly
is not mean, but that adopting some lean practices, especially just-in-time, without an overall lean production system
can indeed be mean.


2. Literature review


Lean production is a manufacturing system whose objective is to streamline the flow of production while continually seek-
ing to reduce the resources (e.g. direct and indirect labour, equipment, materials, space, etc.) required to produce a given
set of items; any slack in the system is referred to as ‘waste’ (e.g. Womack, Jones, and Roos 1990). Rather than setting a
goal of a specific level of leanness, the lean production philosophy is focused on a continuous improvement process. Each
improvement in flow or reduction in waste leads to new goals (Monden 1983; Womack, Jones, and Roos 1990).


An extensive review of the lean literature shows that lean is a combination of synergistic and mutually reinforcing
practices, which have generally been grouped into four complementary subsystems or bundles; just-in-time (JIT) manu-
facturing, quality management (QM), total preventive maintenance (TPM) and human resources (HR) management prac-
tices (Snell and Dean 1992; Flynn et al. 1995; MacDuffie 1995; Sakakibara et al. 1997; Shah and Ward 2003). These
four distinct bundles of activities can be described as follows:


• JIT is a manufacturing programme with the primary goal of continuously reducing and ultimately eliminating
all forms of waste (Brown and Mitchell 1991; Sugimori et al. 1977; Ohno 1988).


• QM is a manufacturing programme aimed at continuously improving and sustaining quality products and pro-
cesses by capitalising on the involvement of management, workforce, suppliers, and customers, in order to meet
or exceed customer expectations (Dean and Bowen 1994; Hackman and Wageman 1995; Powell 1995).


• TPM is a manufacturing programme designed primarily to maximise equipment effectiveness through planned
predictive and preventive maintenance of the equipment throughout its entire life through the participation and
motivation of the entire work force (Nakajima 1988).


• HR: the adoption of the other lean principles requires a change in how workers are managed and jobs are designed.
Companies adopting lean need to shift from traditional models of mass production and Tayloristic organization
(e.g., Schonberger 1986) to new models and practices to organize their work systems, often referred to as High-
Performance Work Systems (HPWS) (e.g., Appelbaum et al. 2000; Way 2002; Shih, Chiang, and Hsu 2006;
Colombo, Delmastro, and Rabbiosi 2007; Beltrán-Martín et al. 2008). HPWS include practices such as team work,
job rotation, training, involvement and incentives. The importance of these changes is widely recognized by schol-
ars, managers, and policy makers (Ichniowski and Shaw 1999; Budhwar and Sparrow 2002; Ahmad and
Schroeder 2003). In this “new” organization, workers are encouraged to increase their expertise and to help
improve the production system. Workers also are cross-trained so that they can fill in for an absent colleague or be
reassigned as necessary to balance the line or work in teams. All these practices constitute a subsystem referred to
as ‘‘respect-for-humanity’’ (Monden 1983; Womack, Jones, and Roos 1990; Hopp and Spearman 1996).
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Proponents of lean frequently point out that lean practices should be considered together as a system or philosophy
and that benefits accrue from all of the practices (e.g. Womack and Jones 1996) sharing similar fundamental goals of
continuous improvement and waste reduction (Schonberger 1986; Nakajima 1988; Ohno 1988; Powell 1995). In this
way, lean production can be studied as an overall strategy. However, most recent empirical studies analysing the impact
of lean on operational performance have investigated QM, JIT, TPM and HR practices individually.


Regardless of operationalisation the literature unequivocally concludes that the adoption of lean improves operational
performance (e.g. Shah and Ward 2003; Shah, Chandrasekaran, and Linderman 2008; Hallgren and Olhager 2009). For
instance, Shah and Ward (2003, 145) show that the adoption of JIT, Total Quality Management, TPM and HR practices
explain ‘about 23% of the variation in operational performance in their sample after controlling for industry, plant size,
plant age, and unionisation’.


2.1 Lean and worker health and safety


The impact of lean on worker health and safety has been studied mainly in the safety literature. Both conceptual and
empirical research in this field links lean production to more worker injuries and poorer health (e.g., Lewchuck, Stewart,
and Yates 2001; Brenner, Fairris, and Ruser 2004). However, these studies tend to look at lean as the key input and worker
health and safety as the key output, implicitly assuming that all implementations of lean lead to improved productivity.


Yet many implementations of lean fail and or are not true to lean principals (Askenazy 2001; Koenigsaecker 2005).
So while it is possible that ‘proper’ implementations of lean will lead to higher productivity and worse worker health
and safety outcomes, it is also possible that improper implementations of lean are the root cause for the findings that
lean has negative impacts on employees (Adler and Landsbergis 1998; Angelis et al. 2011).


Moreover, lean has been operationalised in many different ways (Parker 2003; Tajri and Cherkaoui 2011) in the
safety literature, making comparisons difficult. And often the safety literature that concludes that lean is mean focuses
principally on JIT practices (e.g. Babson 1993; Conti and Gill 1998), when there is evidence that some of the other
practices associated with lean need not harm worker health and safety (e.g., Barling, Kelloway, and Iverson 2003;
Genaidy and Karwowski, 2003; Parker 2003; Conti et al. 2006; Hasle et al. 2012).


Lacking in the literature that examines lean’s impact on workers is a comprehensive study that concurrently exam-
ines the effects of lean, both as an overall strategy and as a collection of practices, on worker and operational outcomes
(Adler 1999). Therefore it is possible that the research that measured lean as a single construct and concluded that lean
harms workers is not nuanced enough perhaps because some lean practices such as HR may have positive effects on
health and safety while other practices such as JIT might have negative effects (Parker 2003; Hasle et al. 2012) and or
the practices could interact (e.g., Womack, Armstrong, and Liker 2009).


2.1.1 JIT and worker health and safety


A critical desired outcome of JIT is a reduction in waste and slack which leads to a reduced cycle time (e.g., Womack,
Jones, and Roos 1990). Yet, the safety literature concludes that reducing cycle time leads to increased workloads and
work intensity, more repetitive actions and hence an increase in worker effort and stress all of which are sources of neg-
ative impacts on worker health and safety (Landsbergis, Cahill, and Schnall 1999; Askenazy 2001).


The removal of slack eventually leads to role overload, a condition that exists when workers are tasked with more
than they can accomplish in the given time (Mclain 1995; Hofmann and Stetzer 1996). Mclain (1995, 1731) notes:
‘Safety represents an additional task that can affect performance when the sum of required tasks exceeds attention or
performance capacity.’ If workers have slack it is possible to espouse both safety and productivity, but as slack disap-
pears, workers take shortcuts and put their own safety at risk. Removing, slack, at least when examined on its own has
been linked to reduced worker health and safety.


Similarly, standardised simplistic work can produce negative effects on worker health and safety due to the high rate
of the production combined with the reduced level of autonomy and freedom along the assembly line (Saurin and
Ferreira 2009; Hasle et al. 2012).


2.1.2 QM and worker health and safety


QM has been examined in the OM literature from both a worker health and safety and operational performance perspective.
More specifically, Sila (2007) found that implementing total quality management (TQM) leads to improved human resource
results, which in turn drove organisational effectiveness and customer results. Implementing this lean bundle correctly
seemingly benefits worker health and safety and operational performance. However, it should be noted that the measure of
human resource results used in this research did not include worker perceptions or worker outcomes such as safety.
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While Sila’s (2007) study is far from conclusive, it is in line with other OM and safety literature that generally links
safety and quality practices and outcomes (Dumas 1987; Rahimi 1995; Del Brio et al. 2001; Herrero et al. 2002;
Genaidy and Karwowski 2003; Brenner, Fairris, and Ruser 2004; Das et al. 2008). This literature generally suggests that
quality and safety are synergistic and that by integrating quality and safety management systems is it possible to
increase worker health and safety, assuring operational performance over the long term (Wilkinson and Dave 1999;
Brown, Willis, and Prussia 2000; Del Brio et al. 2001; Herrero et al. 2002).


However, the conclusions about quality and safety are not wholly positive. Some authors propose that by giving
greater attention to quality and productivity standards the practices associated with QM reduce attention on health and
safety issues with negative effects on worker health and safety (Askenazy 2001; Brenner, Fairris, and Ruser 2004).
Conclusions about QM need further exploration in the wider lean context.


2.1.3 TPM and worker health and safety


Both literatures imply that TPM should have positive spillover effects on worker health and safety. First, in many studies
safety improvement programmes are considered to be part of the TPM approach (e.g. Christiansen et al. 2003; Shah and
Ward 2003). Second, preventative maintenance and clean workstations should increase worker health and safety because
new technologies are often substituted for old machines hence there are fewer breakdowns with their potential for injury
(McKone et al. 2001) and more space is available for workers’ movement (Finnsgård et al. 2011). Finally, TPM requires
improvements in the skill level of employees and the development of an organisational capability to identify and resolve
production problems before they occur (e.g. Bond 1999; Brunet and New 2003). In conclusion, the literature proposes that
TPM should have positive implications for worker health and safety, but this conclusion is untested.


2.1.4 HR practices and worker health and safety


HR practices can be conceptualised as the glue that holds the other lean production practices together (Cua, McKone, and
Schroeder 2001; de Treville and Antonakis 2006). HR has been addressed at both the system and individual practice level
of analysis. Many HR practices have been linked to increased worker health and safety including: training and generally
increasing workers skills (Kaminski 2001); employee involvement which gives workers the opportunity to participate in
system improvements (Conti et al. 2006; Hasle 2012; Toralla, Falzon, and Morais 2012); job rotation which may have
positive effects by reducing repetitive activities (Womack, Armstrong, and Liker 2009); and finally working in teams
which gives workers the opportunity to share issues and to provide support for each other (Kaminski 2001; Brenner, Fair-
ris, and Ruser 2004; Conti et al. 2006).


However, some HR practices have also been linked to negative worker outcomes. Job rotation creates a continuous need
to develop new capabilities that could have a negative effect on worker health and safety because risks are created when
performing new activities (Askenazy 2001; Brenner, Fairris, and Ruser 2004). And incentives to improve productivity push
workers to enhance the speed of work increasing the risk of injuries (Rooney, Morency, and Herrick 1993; Graham 1995;
Kaminski 2001). Individually the HR practices associated with lean may enhance or harm worker health and safety.


At the system level the safety literature suggests that managers who create a high quality work environment
(HQWE) will improve the health and safety of their employees (e.g., Barling, Kelloway, and Iverson 2003). HQWE are
similar to if not identical to the human resource systems suggested for proper implementations of lean production (see
for instance Shah and Ward 2003).


In the OM literature, the conceptual work of de Treville and Antonakis (2006) also supports a linkage between the
HR bundle and worker outcomes but seems to provide a more nuanced perspective. They propose that when lean is
implanted correctly there is ‘respect for the worker’. However, these authors note that when lean is excessive workers
are pushed to work too fast to be ‘respected’, and so the HR bundle is not correctly adopted, resulting in injuries, stress
and eventually a degradation of operational outcomes (de Treville and Antonakis 2006; Angelis et al. 2011). The litera-
ture suggests, but has yet to test, the supposition that the relationship between lean and worker outcomes is related to
the manner in which lean (and all its bundles) is implemented.


2.2 Building a more complete perspective


Lean has been linked to operational outcomes and worker health and safety, but the bundles that comprise lean have not
been examined for their simultaneous impact on worker health and safety and operational performance. To fill this gap
and to guide our empirical investigation, we use stakeholder theory, the concept of socio-technical systems and the
service profit chain (SPC).
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One way to more fully understand the relationship between lean implementations, operational outcomes and worker
health and safety is through the lens of stakeholder theory (Kaminski 2001; Bruno and Jordan 2002; Genaidy and
Karwowski 2003). According to stakeholder theory (e.g. Freeman 1984), to fully understand the impact of lean on
workers, one needs to simultaneously examine the outcomes of lean from the perspective of two key stakeholder
groups; managers and employees; something the literature rarely explicitly does (Neumann and Dul 2010).


Equally important, there is a growing body of work that suggests that a complete understanding of lean will require a
deeper focus and understanding of the HR bundle and worker outcomes and behaviours. For example, Cua, McKone, and
Schroeder (2001) suggest that QM, TPM and JIT are the technical component of lean, and HR is the social component
and that both subsystems should be jointly optimised to achieve the best possible performance. Safety researchers have


Figure 1. The service profit chain in a lean environment.


Table 1. Construct definitions and operationalisations.


Construct Definition Operationalisation


Lean manufacturing
philosophy/
strategy


A streamlined, high quality system that produces finished products at
the pace of customer demand with little or no waste (Shah and Ward
2003).


The facility has a cohesive lean
manufacturing philosophy
The facility does not have a cohesive
lean manufacturing philosophy


Just in time (JIT) A manufacturing programme with the primary goal to assure a
continuous production flow, a pull production system and JIT
deliveries from suppliers (McKone et al. 2001; Shah and Ward
2003).


The facility generally engages in JIT
The facility engages in practices
associated with JIT but is not JIT
The facility generally does not engage in
JIT practices


Quality management
(QM)


A manufacturing programme aimed at continuously improving and
sustaining quality products and processes by capitalising on the
involvement of management, workforce, suppliers, and customers, in
order to meet or exceed customer expectations (Dean and Bowen
1994; Hackman and Wageman 1995; Powell 1995).


The facility generally engages in QM
The facility engages in practices
associated with QM but is not QM
The facility generally does not engage in
QM practices


Prevention A facility is preventative if they are generally proactive and try to
avoid rather than react to variance in the production system such as
defects, downtime, and accidents.


Preventative
Reactive


Human resources
(HR)


Does the facility engage in the HR practices associate with lean such
as; proper incentives, involvement, training, job rotation, team based
work and generally providing a committed setting.


The facility generally engages in the HR
practices associated with lean
The facility engages in some of the HR
practices associated with lean
The facility generally does not engage in
the HR practices associated with lean.


Safety climate The operational worker’s perceptions of how safe they are at work
(Zohar 2000; Zohar and Luria 2005).


Quantitative assessment based on worker
survey at each facility


Process focused Formal processes for all job exist and the processes are followed by
operational workers to do their jobs.


The workers at the facility are process
focused
The workers at the facility are not
process focused


Continuous
improvement


Workers at the facility make suggestions and formally work to
improve the performance of the production system for both safety
and operational outcomes.


The workers at the facility engage in
continuous improvement
The workers at the facility do not
engage in continuous improvement
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reached similar conclusions noting that the ‘hard’ or technical components of lean can be effective in the long term only if
integrated with ‘soft’ practices related to social human aspects (Brown, Willis, and Prussia 2000; Brunet and New, 2003).


Similarly, the general operations management literature concludes that well trained, empowered operational workers
are a critical component of world class performance (e.g. Voss et al. 1995; Flynn and Saladin 2001; de Menezes, Wood,
and Gelade 2010). The safety literature reaches a analogous conclusion in that HQWE are considered fundamental to
best in class safety performance (e.g., Barling, Kelloway, and Iverson 2003).


All of these conclusions are in line with the socio-technical systems theory (e.g. Niepce and Molleman 1998;
Brown, Willis, and Prussia 2000; Hallgren and Olhager 2009), which suggests that lean will produce the greatest
increases in performance when both the social and technical elements are addressed. Despite its merit the socio-technical
systems approach provides few explicit specifications of how and under what circumstances the two subsystems interact
to improve organisational performance and health and safety (Hackman and Oldham 1976).


Sila’s (2007) contribution based on the SPC (Heskett et al. 1994) is used to fill in the details that are lacking in the
socio-technical systems model on how the soft (social) and hard (technical) aspects of lean could interact. The SPC as
operationalised by Sila informs our model by providing a mid-range theoretical explanation and casual model of how
worker behaviours and outcomes would influence operational and safety performance in the lean context.


Sila found that TQM predicts worker outcomes and behaviours such as engaging in continuous improvement, which
in turn predicted organisational outcomes. Accordingly, de Treville and Antonakis (2006) showed how different configu-
rations of lean production practices might impact on workers’ intrinsic motivation and outcomes leading to organisa-
tional performance. The safety literature about HQWE mirrors this discussion (e.g., Barling, Kelloway, and Iverson
2003). The untested conclusion is that of the existence of a HQWE allows the leveraging of workers and human capital
and creates a positive safety climate both of which are prerequisites for operational excellence.


The research does not test the entire SPC model. Instead we focus on the critical linkages between the work envi-
ronment, worker behaviours and operational outcomes. The initial theoretical model that guides this research is shown
in Figure 1. Table 1 provides definitions for the work environment, behavioural constructs, and operational and safety
outcomes as well as information on their operationalisation.


This research addresses the gap identified in the literature on lean by simultaneously examining the impact of lean
practices on worker and operational outcomes. Specifically, we aim to answer to the following main research question:
How are lean practices and strategies related to operational and worker health and safety outcomes?


3. Methodology


The research design was exploratory and used qualitative methods; specifically, a series of 10 case studies. A qualitative
approach was followed for numerous reasons. In general, field-based data collection allowed for the depth and breadth
necessary to truly understand how lean is being adopted and how this adoption is influencing outcomes of importance
to multiple stakeholders (Eisenhardt 1989). A qualitative approach provided more detail and better access to multiple
perspectives than a survey could have, making it possible to truly capture the perspectives of multiple stakeholders in
each facility. This qualitative approach also allowed more insight into how lean was being used at each facility, insight
that surveys asking extent of adoption could not provide. Finally, while the research starts with a theoretical base and
model, a critical goal is to address the issue of why lean is viewed so differently in different literatures. Qualitative
methods are much more suited to how and why questions (Yin 2009) than quantitative methods. Suggestions of
Eisenhardt (1989), Miles and Huberman (1994) and Yin (1994) were incorporated into the data collection and analysis
that is best viewed as a series of case studies where each case is treated as a replication.


3.1 Sample


In confirmatory research a random sample of a population is generally suggested (e.g. Cook and Campbell 1979). How-
ever, purposeful non-random samples that are based on specific theoretical underpinnings are suggested for qualitative
research (Eisenhardt 1989; Miles and Huberman 1994; Singleton and Straits 2004). Theoretical sampling was used to
provide a sample that varied along dimensions that the literature suggests were relevant (Eisenhardt 1989; Miles and
Huberman 1994; Pagell 2004; Matos and Hall 2007). For instance the sample purposefully included organisations of
various sizes because size may affect the resources available to invest in operations and safety programmes (e.g.
Zacharatos, Barling, and Iverson 2005). A range of industries was sampled since there is evidence that lean implementa-
tion success is dependent on industry (Saurin and Ferreira 2009; Hasle 2012) and that injury rates vary by industry.
Similarly, both union and non-union facilities are included in the sample because worker representation likely impacts
working conditions (e.g., Reilly, Paci, and Holl 1993; Kaminski 2001).


International Journal of Production Research 3305








Suggestions for the number of cases to use in multiple case study research vary, but Eisenhardt (1989) suggested
seven cases as the maximum that a person can mentally process. Yin (1994) and others are more circumspect in regards
to hard numbers and instead suggest that data should be collected until saturation. In operations and supply chain man-
agement research there are numerous examples of studies using from three to 11 cases (e.g. Pagell 2004; Wu and Choi
2005; Matos and Hall 2007). We stopped at 10 cases because we were near the saturation point and also reaching the
limits of the amount of data that could be processed in one study.


The level of analysis is the facility not the company, and two of the facilities come from the same company. Data
collection was limited to facilities that either transformed and or moved physical products to focus on settings where
some or all of the practices associated with lean could be engaged in. All facilities are located in Ontario, Canada. Eight
of the facilities are traditional manufacturing settings and two of the facilities are high volume distribution centres that
mainly move physical goods using labour intensive and highly repetitive processes. See Table 2 for more details.


3.2 Data collection and interview protocol


The research design explicitly captured the viewpoints of multiple stakeholders and controlled for potential biases from
a single data type or from a single researcher (Jick1979; Eisenhardt 1989; Yin 2009). Four primary sources of data were
collected at each facility. First, a minimum of four managerial interviews conducted at each facility using a semi-struc-
tured interview protocol (see Appendix A) as shown in Table 3.


These roles are suggested to be relevant by the literature. Operations, HR and safety managers are central to the
adoption of practices that define the work environment and accountable for the outcomes critical for this study. Direct
supervisors were interviewed based on the operations and safety literature that shows perceptions of elements of the
work environment (Boyer and McDermott 1999; Kathuria, Porth, and Joshi 1999) and the safety climate (e.g. Zohar
and Luria 2005) vary between managers at different levels of the hierarchy. Finally, union representatives where avail-
able provide additional insight into the workers’ motivations and behaviours. Individual interviews generally lasted
between 60 and 90 min and were done on site. Two members of the research team conducted every interview and each


Table 2. Sample.


Facility Synopsis
Facility


employment Union?


Metals Large smelter operations. Part of global organisation in metals business. 600 No
Plastic Medium-sized plant. Plastic films producer for a multi-national parent company. 145 No
Water Small-sized plant producing industrial water purification systems. Part of larger organisation but


only plant in this business.
80 No


Furniture Large plant, part of a global organisation. High quality office furniture producer. 500 No
Smelter Large smelter operations. Part of global organisation in metals business. 550 Yes
Systems Medium-sized plant that builds assembly systems for auto-manufacturers. Only production


facility in the company.
220 No


Simple
DC


Large-sized distribution centre. One of numerous Canadian facilities. 800 Yes


Complex
DC


Large-sized distribution centre. One of numerous Canadian facilities. 900 Yes


Printing Medium-sized plant. Low volume books printer. 225 No
Fireplaces Medium-sized facility. Metal fireplace assembler. 300 No


Table 3. Interviews conducted and information collected.


Construct analysed


Work
environment


Worker
behaviour


Operational
outcomes


Role interviewed in the
facility


Top operational manager Yes Yes Yes
Top human resource manager Yes Yes Yes
Top safety manager Yes Yes
Operational supervisor Yes Yes
Representative of the union (in unionised
plants)


Yes Yes
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took their own notes. Each interview was taped and transcribed. The interview protocol was updated after each site visit,
which is a foundation of qualitative theory development (Glasser and Strauss 1967).


The second source of data was safety performance data provided by the Workplace Safety and Insurance Board
(WSIB) of Ontario, Canada, who provided 10 years worth of data for each facility that covered injuries (both no-lost
time and lost time incidents), number of days on benefits, number of musculoskeletal injuries, days on benefits for mus-
culoskeletal injuries, and permanent injuries. The WSIB also provided information on insurance costs for each facility
over the 10-year period.


Third, safety climate was assessed via a survey of operational workers’ perceptions that was administered to approx-
imately 30 operational workers at each plant (see Appendix B for the previously validated instrument). The surveys
were conducted in a manner so that responses were anonymous both to the researchers and to managers.


Finally, all of the facilities were toured. As numerous authors have noted (e.g. Wu and Pagell 2011) facility tours
provide important insight into how work is done and to judge the veracity of some responses.


3.3 Coding


The coding processes required expertise in both operations and safety management. A total of nine researchers partici-
pated in various stages of the process, four with an operational background and five with a safety background. Each act
of coding involved at least two researchers, one from each background. Their work was checked by a third researcher
and coding was not considered complete until all three researchers reached consensus. The result was a process of che-
ques and balances that severely limited individual and disciplinary biases from affecting the analyses. Table 1 presents
the definitions and operationalisations of the coded constructs.


Lean has been defined in terms of individual components and of overriding philosophy (see for example Shah and
Ward, 2003). We considered both aspects relevant because companies are selective regarding which lean practices to
emphasise in their implementation based on their strategy and how they achieve operational performance (Cua,
McKone, and Schroeder 2001; Christiansen et al., 2003; Green, Lee, and Kozman 2010; Ramesh and Rambabu Kodali,
2012). Moreover, Lean has a philosophical component so studies that look only at practices are limited as are studies
that try and reduce lean to a philosophical construct.


Managers were asked about their overall ‘improvement philosophies’ with an aim to capture if the lean strategy was
really adopted in the company as well as the practices engaged in to manage the production system. This data as well
as the plant tours and any other information (such as industry awards) was used to code the plants both on their overall
philosophy (have they adopted the lean manufacturing system / philosophy) and their practices (do they use practices
associated with lean).


Coding a company’s overall philosophy was done using Shah and Wards (2003) definition of lean as ‘a streamlined,
high quality system that produces finished products at the pace of customer demand with little or no waste’. Companies
were coded as either having a cohesive lean manufacturing philosophy or not having such as philosophy. While manag-
ers were asked directly if they used lean, the coding was based on an overall assessment of the facility. This was
because practitioners can and do use the term lean in less precise ways than researchers and because lean may have be
seen as socially desirable among managers.


For instance, Printing’s plant manager described his facility as lean because they were ‘doing even more with even
less’. Like most make-to-order organisations they did produce to the pace of customer demand, but had reject rates of
over 15% and ran equipment until it broke. By our assessment they were using some lean tools but were not lean
because of the waste associated with poor quality and unpredictable machine uptime. Similarly, Metals would appear to
be a lean plant based on most practices. However, they are a continuous make-to-stock operation so they do not produce
to customer demand. Neither plant was coded as having a cohesive lean philosophy.


Individual practices were coded based on the responses provided by all of the managerial respondents. We coded
each facility for their use of QM, JIT, TPM and HR. Coding of QM and JIT followed the definitions in Table 1. Plants
were coded into three categories: (1) the facility generally engages in QM/JIT, (2) the facility engages in practices asso-
ciated with QM/JIT but is not QM/JIT, (3) the facility generally does not engage in QM/JIT practices.


It was difficult to separate maintenance practices from many other prevention based practices used in operations, HR
and safety so facilities were rated on their overall preventative philosophy rather than just the use of TPM. Plants were
rated as preventative if they were proactive and tried to avoid variance in the production system such as defects, down-
time, and accidents. Plants that waited for variance in the production system to occur before they responded were rated
as reactive. Two facilities, Smelter and Fireplaces were rated as mainly reactive because they were beginning to institute
preventative practices but their systems were still generally operated in a run things until a problem occurred / until a
machine broke fashion.
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HR is a fully developed field of study of its own that looks at practices and HR strategies (see for instance Arthur
1994) and has been examined by both the safety literature (Barling, Kelloway, and Iverson 2003) and the operations lit-
erature (Pagell, Handfield, and Barber 2000). Therefore we limited HR practices to those that have been previously
linked to lean and both operational and safety outcomes. Table 4 describes the HR practices that were examined. The
organisations were rated on their overall use of HR practices associated with lean from (1) the facility generally engages
in the HR practices associated with lean, (2) the facility engages in some of the HR practices associated with lean, (3)
the facility generally does not engage in the HR practices associated with lean.


The model in Figure 1 proposes that the work environment (lean) leads to worker outcomes (safety climate) and
behaviours (continuous improvement and process focused). Formally, safety climate is defined as the worker’s percep-
tions of how safe they are at work. Safety climate has been shown to be predictive of future safety outcomes (e.g. Zohar
2000; Zohar and Luria 2005) and is then is a leading indicator of outcomes that are critical to workers.


Safety climate was assessed using the worker survey. Approximately 30 workers per facility filled out the survey instru-
ment (see Appendix B for items) which has been widely used previously (see, for example, Zohar and Luria 2005). Factor
analysis confirms that safety climate is comprised of worker perceptions of top management’s commitment to creating and
maintaining a safe workplace (items 1–16) and worker perceptions of their direct supervisor’s commitment to creating and
maintaining a safe workplace (items 17–31). Each facility has two scores for safety climate, top management and direct
supervisors. Facility scores on each factor were compared to the sample means to assess statistical significance (p < 0.05).


When worker outcomes are positive the SPC predicts that the workers will then engage in practices that improve
performance. There is a critical distinction between a practice being engaged in as opposed to a practice being formal pol-
icy or an aspiration. The interest in this study is in what is actually done, not what management would like workers to be
doing. For instance the plant manager at Fireplaces had experience working for Japanese organisations that were early
adopters of lean and he was trying to move Fireplaces toward these practices. The stated practice at Fireplaces was to
have workers follow all of the processes and for them to engage in continuous improvement activities. The reality was
that many employees including line managers did not yet grasp the new system, many lean practices had not yet been
prescribed let alone adopted, and continuous improvement was at best an aspiration at the time of data collection. Fire-
places wanted to be process focused and engaged in continuous improvement, but the reality was that they had few for-
mal processes, most of which were not followed all the time and workers were not engaged in continuous improvement.


Workers at each facility were coded as either engaging in continuous improvement or not engaging in continuous
improvement. Initially, each facility was coded separately for the use of continuous improvement in safety and continu-
ous improvement in operations, but this further delineation provided no additional insight; in this sample workers were
engaged in continuous improvement for all areas of the production system or none.


Workers at the facility were coded as either being process focused or not being process focused. Process focused is
defined as having formal processes and following those formal processes. The assumption is that these formal processes
should improve performance if followed and the SPC predicts that the workers will engage in the desired actions
(follow the formal processes) when the work environment is positive. It was critical to distinguish between the existence
of formal processes and these processes being followed. So, for instance, at Metals, which is coded as process focused,


Table 4. HR practices.


Constructs Description Assessment


Incentives Are workers provided monetary and non-monetary
incentives linked to performance? (Kaminski 2001)


No incentives
Incentives to meet only operational goals
Incentives to meet operational and safety
goals


Worker
participation


Do workers meaningfully participate in the active management of
the work environment? (Cua, McKone, and Schroeder 2001; de
Treville and Antonakis 2006).


No meaningful participation
Some participation
Full/frequent participation


Training/skill
level


The amount of training required to reach proficiency
for typical operational jobs (Huselid 1995; Flynn and Saladin 2001)


Low skill work setting
Some elements of a high skill work setting
High skill work setting


Job rotation Do operational workers regularly perform more
than one job? (MacDuffie 1995; Womack, Armstrong, and Liker
2009)


No job rotation
Yes – do job rotation


Team based
work


Do operational workers perform tasks individually
or as part of formal work groups? (Huselid
1995; Shah and Ward 2003)


Teams not used,
Teams used for some work in the plant
Teams are the norm in the plant
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a manager noted ‘… it’s all follow the practices, follow the procedures. When you start freelancing, that’s where we
end up getting into problems.’ Complex DC illustrates the critical distinction between having and following processes.
When talking about being ISO 9000 certified a manager at the facility told us: ‘We are ISO certified, so our processes
are all written … We’re supposed to do what we say and say what we do. There are times, of course, when certain
things are tweaked [sic] to get results.’ This quote was one of many indicators that Complex DC might have had formal
processes, but they were not followed hence the facility was coded as not process focused.


The final constructs to be coded were performance. Operational performance was assessed both by asking absolute
questions such as profitability and growth as well as relative questions such as rating cost, quality, flexibility and deliv-
ery relative to major competitors. Facilities were coded from below average to above average relative to their major
industry competitors.


Safety performance was assessed using the WSIB data. The WSIB data covered 10 years and provided information
on both the facility and its industry, making it possible to rank a facility relative to others in the same industry on met-
rics such as injury rates, days lost to injuries and so on. For each year on each metric the facility was rated as signifi-
cantly above/below average if their score was 3 or more standard deviations from the industry average for the entire
WSIB data base on that metric for that year. Analysis focused on the three most recent years. Previous years were used
to help identify patterns.


4. Analysis


The analysis used a logic model approach (Yin 2009). Yin (2009) notes that ‘as an analytic technique, the use of logic
models consists of matching empirically observed events to theoretically predicted events’ (p. 149). Figure 1, derived
from socio-technical systems theory and the SPC, provided an initial theoretical prediction of how the work environment
would influence worker outcomes and behaviours and how these behaviours would influence performance. In essence
the analysis was a form of pattern matching where the case data was compared to Figure 1. A critical component of this
technique is exploring rival or alternative models (Yin 2009). The analysis then attempted to fit the case data to the pro-
posed model, and where that failed rival or new models were tested. The end result is the development of new theory
that builds on both the model in Figure 1 and rival explanations suggested by the data.


Case analysis generally proceeds from within case to cross case analysis. In this research an intermediate step
involved grouping the cases based on the practices used, with four sub-groupings emerging from the data. In the interest
of space the data used for the within case analysis is presented in tables: Table 5 details the level of adoption of lean
practices, Table 6 focuses on HR practices, Tables 7 and 8, respectively describe worker outcomes and behaviours, and
performance achieved.


The paper focuses on the sub-group analysis and the overall results. In Tables 5–8 the sub-groups are clearly differ-
entiated via borders and shading.


The first group, referred to as Laggards contains Simple DC, Printing, Complex DC, and Fireplaces. None of these
facilities has a cohesive lean philosophy. Nor, in general, do they engage in any of the individual practices to a great
extent. The practices they do engage in are associated with JIT and QM, not prevention or HR. They are focused on get-
ting work done today not on preventing defects or improving future system performance. They have significantly below
average safety climates, their workers are not processes focused and do not engage in continuous improvement. This
group contains all of the poor performers on safety in the sample and the group also has poor operational performance.


The second group, referred to as Middlings contains Smelter and Systems. Neither of these facilities has a cohesive
lean philosophy. They are grouped together because they do not engage in JIT practices, but they do both place some
or a great emphasis on the HR practices associated with lean. They have average safety climates, their workers are not
processes focused and do not engage in continuous improvement. This group has somewhat below average operational
performance and average at best safety performance.


The third group, referred to as Leaders contains Metals, Water and Plastics. These facilities adopt most or all of the
practices associated with lean, although only Water and Plastics are coded as having a cohesive lean philosophy. Their
safety climates are generally above average and their workers are process focused and engaged in continuous improve-
ment. Safety performance at all three facilities is above average and operational performance ranges from somewhat
above average to above average.


Finally, Furniture has its own unique pattern. This facility has a cohesive lean philosophy and engages in most of
the practices associated with lean, with one critical difference from the Leaders. This facility generally does not engage
in the HR practices associated with lean, going so far as to describe their job design philosophy as being based on
‘simple chunks’ which means jobs that anyone can do with minimal training. These jobs were basic and used multiple
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poka-yoke to make it difficult for them to be done in any way other than the prescribed fashion. The facility fills many
of these jobs with low skilled temporary workers. The organisation has an average safety climate, but the workers are
process focused and engaged in continuous improvement. Safety and operational performance are above average.


Splitting the sample into 4 groups provides some critical insight into the role of the HR practices associated with
lean. While none of the organisations in the Laggards or Middlings can be considered lean, their work environments do
differ, mainly in the adoption of the JIT and HR practices associated with lean. The Laggards emphasise JIT but not
HR while the Middlings emphasise HR but not JIT. This difference in emphasis is impacting safety climates and per-
haps safety outcomes with the Middlings performing better on both.


Additional evidence for the role of HR and JIT in safety climate is found when comparing the work environments
of the Leaders to Furniture. Again the critical difference between these groups is that furniture generally does not
engage in the HR practices associated with lean. Furniture also has an average safety climate score compared to the gen-
erally above average scores of the Leaders.


A focus on the HR practices associated with lean then appears to improve the safety climate which should, accord-
ing to the literature (Brown, Willis, and Prussia 2000; Griffin and Neal 2000; Huang et al. 2006) lead to improved
safety outcomes. The safety outcome linkage in this data is not clear, suggesting that the effect of HR, or for that matter
any other set of practices is related to the entire set of practices adopted by the organisation.


In the Laggards and Middlings adopting JIT practices harms safety climate and safety and operational performance.
Yet in the Leaders and Furniture JIT is prevalent, but safety climates and outcomes are generally above average. JIT
practices alone then do not determine worker outcomes. The Leaders are preventative and engaged in the HR practices
associated with lean while Furniture is only preventative. This suggests that both being preventative and adopting the
HR practices associated with lean mitigate the negative impacts of JIT.


Continuous improvement and process focus seem to be related to the overall work environment and the safety cli-
mate rather than any one practice. Those organisations which adopt most lean practices and or have a work environment
that can generally be characterised as lean are the ones that have workers that are process focused and engaged in con-
tinuous improvement. The organisations which adopt few of the practices associated with lean, regardless of the pattern
of practice adoption do not have workers who are process focused or engaged in continuous improvement. Engaging in
these worker behaviours is (as predicted) associated with higher performance on safety and operational outcomes.


Table 6. Adoption of HR practices.


Facility Incentives Participation Skill level Rotation Teams
Temps percentage of
workforce/skill level


Simple DC Operations only No Low No No Medium/low skill
Printing Operations only No Low No No Large/low skill
Complex DC Operations only No Low No No Large/low skill
Fireplaces Operations only No Most low No No Large/low skill
Systems No Frequent High No The norm Large/high skill
Smelter Both Some Medium No No Small/high skill
Metals Both Some Medium Yes The norm Small/medium skill
Water Both No Medium No Some Small/low skill
Plastics Both Frequent High Yes The norm None
Furniture Both Some Low Yes No Large/low skill


Table 5. Adoption of lean practices.


Facility Overall lean philosophy JIT Quality management (QM) Prevention HR


Simple DC Not cohesive No JIT practices QM practices Reactive No HR practices
Printing Not cohesive JIT practices QM practices Reactive No HR practices
Complex DC Not cohesive JIT practices QM practices Reactive No HR practices
Fireplaces Not cohesive JIT practices QM practices Mainly reactive No HR practices
Systems Not cohesive No JIT practices QM practices Reactive Many HR practices
Smelter Not cohesive No JIT practices QM practices Mainly reactive Some HR practices
Metals Not cohesive JIT practices QM practices Preventative Many HR practices
Water Cohesive JIT practices QM practices Preventative Some HR practices
Plastics Cohesive JIT practices Engages in QM Preventative Many HR practices
Furniture Cohesive Engages in JIT Engages in QM Preventative No HR practices
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The relationship between safety climate and worker behaviours is also critical. Workers at facilities with poor safety
climates in this sample are not process focused and do not engage in continuous improvement. The SPC would predict
such an outcome because the negative work environment harms motivation to engage in behaviours which would benefit
the organisation. So in facilities with a poor safety climate, for instance Fireplaces, where management wants workers
to be more process focused and engaged in continuous improvement, a poor safety climate could prevent the workers
from engaging in these activities even if management is actively pushing for their adoption.


5. Discussion


This research addressed the question of how lean practices and strategies relate to operational and worker health and safety
outcomes. Contrary to much of the literature that concludes that lean is mean, the results show that a work environment
that can be characterised as lean and or as one where most of the practices associated with lean are engaged in has positive
implications for worker outcomes and behaviours and critically safety and operational performance. Work environments
which could not be characterised as lean generally have the poorest performance in the sample. Moreover, this study
empirically shows the impact of the different bundles of practice that characterise lean strategies. These findings result
from carefully operationalising and measuring the lean practices and philosophy based on the literature and by identifying
mid-range outputs characterising worker outcomes and behaviour that can predict operations and safety performance.


The results offer critical insight into how the practices associated with lean drive worker outcomes and behaviours
as well as performance. In this sample an absence of the HR practices associated with lean harms the safety climate,
which is linked to performance, but this effect can be minimised if the facility is generally preventative. Lean may not
be mean, but the results suggest that a work environment where JIT type practices are engaged in without the rest of
the practices associated with lean will be.


Figure 1 was the initial theoretical model that guided the analysis. Figure 2 is an updated model that reflects the
results. The basic logic remains, but the enhanced model better reflects the results, especially the role that different com-
binations of practice may play. The model leads to the following series of propositions:


P1: The adoption of a cohesive lean manufacturing philosophy and all of the associated practices will lead to:
P1a: Above average safety climate.
P1b: Workers who are process focused.
P1c: Workers who are engaged in continuous improvement.


P2: The adoption of the JIT practices associated with lean absent the HR and prevention practices associated with lean
will harm the safety climate.


P2a: The HR and prevention practices have an additive positive effect on safety climate.
P3: As safety climate improves:


P3a: Safety performance will also improve.
P3b: The workers will become more process focused and willing to engage in continuous improvement.


Figure 2. Final proposed model.
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P4: Being processed focused and engaging in continuous improvement will improve safety performance and operational
performance.


A critical reason for using qualitative methods to address the research question was to be able to go beyond saying that
in this sample lean is not mean, and to explain why previous research has come to differing conclusions on these rela-
tionships.


Extant studies that examine lean’s impact on workers tend to assume lean is having the expected positive impacts
on operational performance, without empirically validating this assumption. Therefore, one explanation offered for previ-
ous findings is that in those studies lean was not implemented in a comprehensive way. Given the high failure rates of
lean adoptions (Bhasin and Burcher 2006) this explanation has resonance. Because this research addressed safety and
operational outcomes simultaneously, it is possible to say that in this sample when organisations adopt most or all of
the practices associated with lean, worker outcomes, safety performance and operational performance all improve.


Another possible explanation for the previous results is that some managers have an incomplete understanding of
what lean or the practices associated with lean entail. Certainly there was evidence of this in the data, with Printing
being the most egregious example. In certain research designs, especially surveys where respondents self identify their
practices facilities such as Printing could be wrongly classified. Research has to clearly delineate what lean is and care-
fully measure it before concluding if lean is/is not mean; which was done in this research, eliminating definitional and
measurement issues as an explanation for the results.


Another critical issue involves the multi-dimensional nature of lean and the assumption that there is no single model
of what a proper lean implementation should incorporate from a practice perspective. Yet the literature shows that in
general increased adoption of each of the lean practices leads to higher operational performance, providing some evi-
dence that a true lean adoption would need to consider all lean practices (e.g. Shah and Ward 2003). The results in the
study indicate something similar with critical nuance surrounding the HR and JIT practices. Adopting JIT without
addressing the HR issues is akin to trying to drive out waste and speed up the system with low skilled uninvolved
workers. In this sample this harms the safety climate and safety performance; an emphasis on JIT alone is mean.
Equally important and in line with the SPC a poor safety climate suggests that workers will not be process focused or
engage in continuous improvement, which harms operational and safety performance.


There is one final nuance to the interrelationship between JIT, HR and perhaps prevention practices which is exem-
plified by Furniture, which by many accounts is an exemplar organisation. Furniture engages in most of the practices
associated with lean, has an overall lean philosophy and based on their Shingo certification does lean correctly. As
expected their correct adoption of lean has lead to above average operational performance. And this facility was also a
recent recipient of an industry safety award and had a long record of above average safety performance based on the
WSIB data. Yet they had an average safety climate, which the analysis linked to their limited emphasis on the HR
practices associated with lean. This case and the literature that shows safety climate to be a leading indicator of future
safety performance both suggest that Furniture faces some critical decisions in the near term future if they wish to main-
tain their exemplarily performance.


Furniture’s stated goal of creating jobs that can be broken into simple chunks is partially an outcome of lean’s focus
on standardised work. As the work becomes more standardised and simpler, it is easier to learn, control and do which
reduces costs, improves quality and increases the speed of production. However, Furniture’s management notes a dark
side to this process. Initially, creating standard work processes which could only be done one (safe) way reduced acci-
dents, to the point that the facility now has very few. However, as the jobs become faster and simpler the facility started
to see increases in health problems such as repetitive stress and carpal tunnel syndrome. Job rotation and a focus on
ergonomics mitigated these problems, but the jobs have become so simple and fast that even when rotating jobs workers
tend to perform similar activities over and over and still face health risks. This is likely harming the safety climate.


But this is not the only reason for the unexpectedly low safety climate scores. Furniture has in essence withdrawn
some of their commitment to the workforce. Management is explicit that among their full time operational workers turn-
over is too low. They want to replace some of their high paid full time staff with workers doing the same low skilled
jobs for lower pay and the simple jobs they have created via their lean system make this much easier to do. The organi-
sation could previously have been considered paternalistic, in a positive sense. They took very good care of the workers,
to the point that no one wanted to leave. Today, while the facility is still considered a good place to work, the difference
between this facility and others has decreased and management has explicitly become less paternalistic and more
concerned with the bottom line. Workers’ perceive the increase in repetitive stress and the decrease in commitment as
indicative of a worsening safety climate. Safety climate has been shown to be a valid predictor of future safety
outcomes (Zohar 2010) hence this decline in workers’ perceptions suggests negative consequences in terms of future
performance.
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Theory can help explain why this is so. de Treville and Antonakis (2006) predicted that facilities that did not respect
the human component of lean, those which were in essence too lean, would have exactly the types of outcomes that
Furniture is beginning to see. From a socio-technical perspective trying to push the technical system without dealing
with the social system is an incomplete solution that is bound to eventually fail. The SPC explains why this is the case
because pushing the technical system to run faster with fewer resources while not addressing the social system effec-
tively puts workers at increased risk and reduces their inclination to perform activities such as continuous improvement.


6. Conclusions


Lean and its associated practices are generally considered best practices in the operations management field. However,
researchers from other disciplines have noted the potential for lean to harm workers, an outcome which is not in evi-
dence in this study. In fact this research provides critical insight into why different research traditions have reached dif-
ferent conclusions about the effects of lean and provides significant insights for practitioners to better understand the
impact of different lean strategies on both worker and operational outcomes.


Specifically, this research shows that when lean is done right it need not be mean, rather lean should continue to be
considered a best practice, not just for its potential to improve operational outcomes but also because of its potential to
improve the health and safety of the workers who run the system. But what is important to be noticed by practitioners
is that the adoption of lean without the human component is not only mean, it is bad for operational outcomes as well.


While this research provides some critical insight into the relationship between lean and worker outcomes it, like all
research, also suffers from limitations which should be addressed in future research. First is the small sample, which is
a limitation of all qualitative studies. Future research will need to test the propositions using a larger sample size.


Second, this research is limited because the data collected in this project can only look backwards. The predictions
about Furniture’s future require a longitudinal study. And future longitudinal studies could also follow lean adoptions to
see if the order/manner in which practices are adopted matter.


Moreover, recent studies suggest that activity based management is also a critical practice that is associated with
lean (Boyd, Kronk, and Boyd 2006; Silvi, Bartolini, Hines 2008) so future research could further the understanding of
the impact of lean on workers by considering these practices. Future research should examine the impact of lean on
workers across the entire supply chain rather than in just one facility within the chain as was done in this research.


One of the novel aspects of the research was that we, like Sila 2007 apply part of the SPC theory in non-service set-
tings. Hence, beyond contributing to an enhanced understanding of lean, the research also shows how service operations
theories, especially those that are explicit about the role of the operational workers, could help inform manufacturing
practice.


Future research should build upon this because operations management research would be well served by developing
a better understanding of operational workers’ role in the system, perhaps by building on the safety climate construct.
Workers’ perceptions and understanding of their work environment appears to influence their subsequent behaviour.
Yet almost all research in operations management ignores the workers. Future research needs to better understand the
workers’ role in the operational system, from the worker’s perspective. For instance the field would be well served by
research to develop operational climate measures that went beyond the safety climate to capture components such as
psychological safety (e.g. Edmondson 1999) which might then help to explain where, when and how certain practices
will influence operational outcomes.


Acknowledgements
This project was funded by a research grant provided by the Workplace Safety and Insurance Board (Ontario). We also acknowledge
Benjamin C. Amick III, Sheilah Hogg-Johnson, Robert Klassen, Sara Mcdonald, Lynda Robson, Anna Sarnochinska-Hart, Sharvani
Sharma, Anton Shevchenko & Emile Tompa, all of whom provided valuable contributions to the overall project and this paper.


References


Adler, P., and P. Landsbergis. 1998. “Lean Production and Worker Health: A Discussion.” New Solutions 8 (4): 499–523.
Adler, P. S. 1999. “Human Resource Management at Two Toyota Transplants.” In Transplanting and Transforming Japanese Man-


agement Systems, edited by J. K. Liker, W. M. Fruin, and P. S. Adler, 75–116. New York: Oxford University press.
Adler, P. S., B. Goldoftas, and D. I. Levine. 1997. “Ergonomics, Employee Involvement, and the Toyota Production System: A Case


Study of NUMMI's 1993 Model Introduction.” Industrial and Labor Relations Review 50 (3): 416–437.
Ahmad, S., and R. Schroeder. 2003. “The Impact of Human Resource Management Practices on Operational Performance. Recogniz-


ing Country and Industry Differences.” Journal of Operations Management 21: 19–43.


3314 A. Longoni et al.








Angelis, J., R. Conti, C. Cooper, and C. Gill. 2011. “Building a High Commitment Lean Culture.” Journal of Manufacturing Technol-
ogy Management 22 (5): 569–586.


Appelbaum, E., T. Bailey, P. Berg, and A. Kalleberg. 2000. Manufacturing Advantage: Why High-Performance Work Systems Pay off.
Ithaca, NY: ILR Press.


Arthur, J. B. 1994. “Effects of Human Resource Systems on Manufacturing Performance and Turnover.” Academy of Management
Journal 37 (3): 670–687.


Askenazy, P. 2001. “Innovative Workplace Practices and Occupational Injuries and Illnesses in the United States.” Economic and
Industrial Democracy 22 (1): 485–516.


Babson, S. 1993. “Lean or Mean: The MIT Model and Lean Production at Mazda.” Labor Studies Journal 18 (1): 3–24.
Barling, J., E. K. Kelloway, and R. D. Iverson. 2003. “High-Quality Work, Job Satisfaction and Occupational Injuries.” Journal of


Applied Psychology 88 (2): 276–283.
Beltrán-Martín, I., V. Roca Puig, A. Escrig Tena, and J.C. Bou Llusar. 2008. “Human Resource Flexibility as a Mediating Variable


between High Performance Work System and Performance.” Journal of Management 34 (5): 1009–1044.
Bhasin, S., and P. Burcher. 2006. “Lean Viewed as a Philosophy.” Journal of Manufacturing Technology Management 17 (1): 56–72.
Bond, T. C. 1999. “The Role of Performance Measurement in Continuous Improvement.” International Journal of Operations & Pro-


duction Management 19 (12): 1318–1334.
Boyd, D. T., L. Kronk, and S. C. Boyd. 2006. “Measuring the Effects of Lean Manufacturing Systems on Financial Accounting Met-


rics Using Data Development Analysis.” Investment Management and Financial Innovations 3 (4): 40–54.
Boyer, K. K., and C. McDermott. 1999. “Strategic Consensus in Operations Strategy.” Journal of OperationsManagement 17 (3):


289–305.
BräNnmark, M., and M. Håkansson. 2012. “Lean Production and Work-Related Musculoskeletal Disorders: Overviews of Interna-


tional and Swedish Studies.” Work: A Journal of Prevention, Assessment and Rehabilitation 41 (1/2012): 2321–2328.
Brenner, M., D. Fairris, and J. Ruser. 2004. “Flexible Work Practices and Occupational Safety and Health: Exploring the Relationship


between Cumulative Trauma Disorders and Workplace Transformation.” Industrial Relations 43 (1): 242–266.
Brown, K. A., P. G. Willis, and G. E. Prussia. 2000. “Predicting Safe Employee Behavior in the Steel Industry: Development and Test


of a Sociotechnical Model.” Journal of Operations Management 18 (4): 445–465.
Brown, K. A., and T. R. Mitchell. 1991. “A Comparison of Just-in-Time and Batch Manufacturing: The Role of Performance Obsta-


cles.” The Academy of Management Journal 34 (4): 906–917.
Brown, K. A. 1996. “Workplace Safety. a Call for Research.” Journal of Operations Management 14 (1): 157–171.
Brunet, A. P., and S. New. 2003. “Kaizen in Japan: An Empirical Study.” International Journal of Operations & Production Manage-


ment 23 (12): 1426–1446.
Bruno, R., and L. Jordan. 2002. “Lean Production and the Discourse of Dissent.” Working USA 6 (1): 108–134.
Budhwar, P. R., and P. S. Sparrow. 2002. “An Integrative Framework for Understanding Cross-National Human Resource Manage-


ment Practices.” Human Resource Management Review 12 (1): 377–403.
Canadian Auto Workers’ Union 2012. Work Reorganization: Responding to Lean Production [online]. Available from: http://www.


caw.ca/en/services-departments-health-safety-environment-work-reorganization-responding-to-lean-production.htm. [Accessed
March 5th 2012].


Christiansen, T., W. L. Berry, P. Bruun, and P. Ward. 2003. “A Mapping of Competitive Priorities, Manufacturing Practices, and
Operational Performance in Groups of Danish Manufacturing Companies.” International Journal of Operations & Production
Management 23 (10): 1163–1183.


Colombo, M. G., M. Delmastro, and L. Rabbiosi. 2007. ““High performance” Work Practices, Decentralization and Profitability: Evi-
dence from Panel Data.” Industrial and Corporate Change 16 (6): 1037–1067.


Conti, R., and C. Gill. 1998. “Hypothesis Creation and Modelling in Job Stress Studies: The Effect of Just-in-Time and Lean Produc-
tion.” International Journal of Employment Studies 6 (1): 149–173.


Conti, R., J. Angelis, C. Cooper, B. Faragher, and C. Gill. 2006. “The Effects of Lean Production on Worker Stress.” International
Journal of Operations and Production Management 26 (9): 1013–1038.


Cook, T. D., and D. T. Campbell. 1979. Quasi-Experimentation: Design and Analysis for Field Settings. Boston: Houghton Mifflin
Co.


Cua, K. O., K. E. McKone, and R. G. Schroeder. 2001. “Relationships between Implementation of TQM, JIT, and TPM and Manu-
facturing Performance.” Journal of Operations Management 19 (6): 675–694.


Das, A., M. Pagell, M. Behm, and A. Veltri. 2008. “Towards a Theory of the Linkages between Safety and Quality.” Journal of
Operations Management 26 (4): 521–535.


de Menezes, L. M., S. Wood, and G. Gelade. 2010. “The Integration of Human Resource and Operation Management Practices and
Its Link with Performance. a Longitudinal Latent Class Study.” Journal of Operations Management 28 (1): 455–471.


de Treville, S., and J. Antonakis. 2006. “Could Lean Production Job Design Be Intrinsically Motivating? Contextual, Configurational,
and Levels-of-Analysis Issues.” Journal of Operations Management 24 (2): 99–123.


Dean, J. W., Jr., and D. E. Bowen. 1994. “Management Theory and Total Quality: Improving Research and Practice through Theory
Development.” Academy of Management Review 19 (3): 392–418.


International Journal of Production Research 3315




http://www.caw.ca/en/services-departments-health-safety-environment-work-reorganization-responding-to-lean-production.htm



http://www.caw.ca/en/services-departments-health-safety-environment-work-reorganization-responding-to-lean-production.htm







Del Brio, J. A., E. Ferna´ndez, B. Junquera, and C. J. Va´zquez. 2001. “Joint Adoption of ISO 14000- ISO 9000 Occupational Risk
Prevention Practices in Spanish Industrial Companies: A Descriptive Study.” Total Quality Management 12 (6): 669–686.


Dumas, R. 1987. “Safety and Quality: The Human Dimension.” Professional Safety 32 (12): 11–14.
Edmondson, A. 1999. “Psychological Safety and Learning Behavior in Work Teams.” Administrative Science Quarterly 44 (2):


350–383.
Eisenhardt, K. M. 1989. “Building Theories from Case Study Research.” Academy of Management Review 14 (4): 532–550.
Finnsgård, C., C. Wänström, L. Medbo, and W. P. Neumann. 2011. “Impact of Materials Exposure on Assembly Workstation Perfor-


mance.” International Journal of Production Research 49 (24): 7253–7274.
Flynn, B. B., and B. Saladin. 2001. “Further Evidence on the Validity of Theoretical Models Underlying the Baldridge Criteria.”


Journal of Operations Management 19 (6): 617–652.
Flynn, B. B., S. Sakakibara, and R. G. Schroeder. 1995. “Relationship between JIT and TQM: Practices and Performance.” Academy


of Management Journal 38 (5): 1325–1360.
Freeman, R. E. 1984. Strategic Management: A Stakeholder Approach. Boston: Pitman Publishing.
Genaidy, A. M., and W. Karwowski. 2003. “Human Performance in Lean Production Environment: Critical Assessment and Research


Framework.” Human Factors and Ergonomics in Manufacturing 13 (4): 317–330.
Glasser, B. G., and A. L. Strauss. 1967. The Discovery of Grounded Theory: Strategies for Qualitative Research. Chicago: Aldine.
Graham, L. 1995. On the Line at Subaru-Isuzu: The Japanese Model and the American Worker. Ithaca, NY: ILR/Cornell University


Press.
Green, J. C., J. Lee, and T. A. Kozman. 2010. “Managing Lean Manufacturing in Material Handling Operations.” International Jour-


nal of Production Research 48 (10): 2975–2993.
Griffin, M.A. and Neal, A., 2000. “Perceptions of Safety at Work: A Framework for Linking Safety Climate to Safety Performance,


Knowledge, and Motivation.” Journal of Occupational Health and, Psychology 5 (3): 347–358.
Hackman, J. R., and G. R. Oldham. 1976. “Motivation through the Design of Work: Test of a Theory.” Organizational Behavior and


Human Performance 16 (1): 250–279.
Hackman, J. R., and R. Wageman. 1995. “Total Quality Management: Empirical, Conceptual, and Practical Issues.” Administrative


Science Quarterly 40 (2): 309–342.
Hallgren, M., and J. Olhager. 2009. “Lean and Agile Manufacturing: External and Internal Drivers and Performance Outcomes.”


International Journal of Operations & Production Management 29 (10): 976–999.
Hasle, P., 2012. “Lean Production – an Evaluation of the Possibilities for an Employee Supportive Lean Practice”. Human Factors


and Ergonomics in Manufacturing & Service Industries, DOI: 10.1002/hfm.20350.
Hasle, P., A. Bojesen, P.L. Jensen, and P. Bramming. 2012. “Lean and the Working Environment: A Review of the Literature.” Inter-


national Journal of Operations & Production Management 32 (7): 829–849.
Herrero, S. G., M. A. Saldan, M. A. Manzanedo del Campoa, and D. O. Ritzle. 2002. “From the Traditional Concept of Safety Man-


agement to Safety Integrated with Quality.” Journal of Safety Research 33 (1): 1–20.
Heskett, J. L., T. O. Jones, G. W. Loverman, E. W. Sasser Jr. and L. A. Schlesinger. 1994. “Putting the Service-Profit Chain to


Work.” Harvard Business Review, March/April, 164–170.
Hofmann, D. A., and A. Stetzer. 1996. “A Cross-Level Investigation of Factors Influencing Unsafe Behaviors and Accidents.”


Personnel Psychology 49 (2): 307–339.
Hopp, W. J., and M. L. Spearman. 1996. Factory Physics. Chicago: Irwin.
Huang, Y.-H., M. Ho, G. S. Smith, and P. Y. Chen. 2006. “Safety Climate and Self-Reported Injury: Assessing the Mediating Role of


Employee Safety Control.” Accident Analysis and Prevention 38 (1): 425–433.
Huselid, M. A. 1995. “The Impact of Human Resource Management Practices on Turnover, Productivity, and Corporate Financial


Performance.” The Academy of Management Journal 38 (3): 635–672.
Ichniowski, C., and K. Shaw. 1999. “The Effects of Human Resource Management Systems on Economic Performance. an Interna-


tional Comparison of US and Japanese Plants.” Management Science Archive 45 (5): 704–721.
Jick, T. D. 1979. “Mixing Qualitative and Quantitative Methods: Triangulation in Action.” Administrative Science Quarterly 24 (4):


602–611.
Kaminski, M. 2001. “Unintended Consequences: Organizational Practices and Their Impact on Workplace Safety and Productivity.”


Journal of Occupational Health Psychology 6 (2): 127–138.
Kathuria, R., S. J. Porth, and M. P. Joshi. 1999. “Manufacturing Priorities: Do General Managers and Manufacturing Managers


Agree?” International Journal of Production Research 37 (9): 2077–2092.
Koenigsaecker, G. 2005. “Leadership and Lean Transformation.” Manufacturing Engineering 135 (5): 7–11.
Landsbergis, P. A., J. Cahill, and P. Schnall. 1999. “The Impact of Lean Production and Related Systems of Work Organization on


Worker Health.” Journal of Occupational Health Psychology 4 (2): 108–130.
Lewchuck, W., P. Stewart, and C. Yates. 2001. “Quality of Working Life in the Automobile Industry: A Canada-UK Comparative


Study.” New Technology Work and Employment 16 (2): 72–87.
MacDuffie, J. P. 1995. “Human Resource Bundles and Manufacturing Performance. Organizational Logic and Flexible Production


Systems in the World Auto Industry.” Industrial and Labor Relations Review 48 (2): 197–221.


3316 A. Longoni et al.








Matos, S., and J. Hall. 2007. “Integrating Sustainable Development in the Supply Chain: The Case of Life Cycle Assessment in Oil
and Gas and Agricultural Biotechnology.” Journal of Operations Management 25: 1083–1102.


McKone, K. E., R. G. Schroeder, and K. O. Cua. 2001. “The Impact of Total Productive Maintenance Practices on Manufacturing
Performance.” Journal of Operations Management 19 (1): 39–58.


McLain, D. L. 1995. “Responses to Health and Safety Risk in the Work Environment.” Academy of Management Journal 38 (6):
1726–1743.


Miles, M. B., and M. A. Huberman. 1994. Qualitative Data Analysis: An Expanded Sourcebook. Oaks, CA: Sage, Thousand.
Monczka, R. M., R. M. Handfield, L. C. Giunipero, and J. L. Patterson. 2008. Purchasing and Supply Chain Management. New


York: South-Western College/Wes.
Monden, Y. 1983. Toyota Production System, Norcross. GA: Industrial Engineering and Management Press, Institute of Industrial


Engineers.
Nakajima, S. 1988. Introduction to TPM. Cambridge, MA: Productivity Press.
Neumann, W. P., and J. Dul. 2010. “Human Factors: Spanning the Gap between OM and HRM.” International Journal of Operations


and Production Management 30 (9): 923–950.
Niepce, W., and E. Molleman. 1998. “Work Design Issue in Lean Production from a Sociotechnical Systems Perspective: Neo-Taylo-


rism or the Next Step in Sociotechnical Design?” Human Relations 51 (3): 259–287.
Ohno, K., 1988. “Export Pricing Behavior of Manufacturing: A U.S.-Japan Comparison.” IMF Working Paper, 88/78, 1–4, Available


at SSRN: http://ssrn.com/abstract=884989.
Pagell, M. 2004. “Understanding the Factors That Enable and Inhibit the Integration of Operations”, Purchasing and Logistics.” Jour-


nal of Operations Management 22 (5): 459–487.
Pagell, M., R. Handfield, and A. E. Barber. 2000. “Effects of Operational Employee Skills on Advanced Manufacturing Technology


Adoption.” Production and Operations Management 9 (3): 222–238.
Parker, S. K. 2003. “Longitudinal Effects of Lean Production on Employee Outcomes and the Mediating Role of Work Characteris-


tics.” Journal of Applied Psycology 88 (4): 620–634.
Powell, T. C. 1995. “Total Quality Management as Competitive Advantage: A Review and Empirical Study.” Strategic Management


Journal 16 (1): 15–27.
Rahimi, M. 1995. “Merging Strategic Safety, Health and Environment into Total Quality Management.” International Journal of


Industrial Ergonomics 16 (1): 83–94.
Ramesh, V., and R. Kodali. 2012. “A Decision Framework for Maximising Lean Manufacturing Performance.” International Journal


of Production Research 50 (8): 2234–2251.
Reilly, B., P. Paci, and P. Holl. 1995. “Unions, Safety Committees and Workplace Injuries.” British Journal of Industrial Relations 33


(2): 275–288.
Rooney, E. F., R. R. Morency, and D. R. Herrick. 1993. “Macroergonomics and Total Quality Management at L. L. Bean: A Case


Study.” In Advances in Industrial Ergonomics and Safety (Vol. V), edited by R. Nielson and K. Jorgensen, 493–498. London:
Taylor & Francis.


Sakakibara, S., B. B. Flynn, W. T. Morris, and R. G. Schroeder. 1997. “The Impact of Just-in-Time Manufacturing and Its Infrastruc-
ture on Manufacturing Performance.” Management Science 43 (9): 1246–1259.


Saurin, T. A., and C. B. Ferreira. 2009. “The Impacts of Lean Production on Working Conditions: A Case Study of a Harvester
Assembly Line in Brazil.” International Journal of Industrial Ergonomics 39 (2): 403–412.


Schonberger, R. J. 1982. Japanese Manufacturing Techniques: Nine Hidden Lessons in Simplicity. New York: The Free Press.
Schonberger, R. J. 1986. World Class Manufacturing Techniques, The Lessons of Simplicity Applied. New York, NY: The Free Press,


Macmillan.
Shah, R., A. Chandrasekaran, and K. Linderman. 2008. “In Pursuit of Implementation Patterns: The Context of Lean and Six Sigma.”


International Journal of Production Research 4 (23): 6679–6699.
Shah, R., and P. T. Ward. 2003. “Lean Manufacturing: Context, Practices Bundles, and Performance.” Journal of Operations Manage-


ment 21 (2): 129–149.
Shih, H. A., Y. H. Chiang, and C. C. Hsu. 2006. “Can High Performance Work Systems Really Lead to Better Performance?” Inter-


national Journal of Manpower 27 (8): 741–763.
Sila, I. 2007. “Examining the Effects of Contextual Factors on TQM and Performance through the Lens of Organizational Theories:


An Empirical Study.” Journal of Operations Management 25 (1): 83–109.
Silvi, R., M. Bartolini, and P. Hines. 2008. “SCM and Lean Thinking: A Framework for Management Accounting.” Cost Manage-


ment 22 (1): 11–20.
Singleton, R. A., Jr., and B. C. Straits. 2004. Approaches to Social Research. USA: Oxford University Press.
Slack, N., S. Chambers, and R. Johnston. 2006. Operations Management. Harlow: Financial Times Prentice Hall.
Snell, S. A., and J. W. J. Dean. 1992. “Integrated Manufacturing and Human Resource Management: A Human Capital Perspective.”


Academy Management Journal 35 (3): 467–504.
Sugimori, Y., F. Kusunoki, F. Cho, and S. Uchikawa. 1977. “Toyota Production System and Kanban System: Materialization of Just-


in-Time and Respect for Human Systems.” International Journal of Production Research 15 (6): 553–564.


International Journal of Production Research 3317




http://ssrn.com/abstract=884989







Tajri, I., and A. Cherkaoui. 2011. “Role of Cognitive Ergonomics in the Design and Successful Implementation of a Total Lean Envi-
ronment.” International Journal of Research and Reviews in Mechatronic Design and Simulation 1 (4): 79–85.


Terry, M. 1999. “Systems of Collective Employee Representation in Non-Union Firms in the UK.” Industrial Relations Journal 30
(1): 16–30.


Toralla, M. S. P., P. Falzon, and A. Morais. 2012. “Participatory Design in Lean Production: Which Contribution from Employees?
for What End?” Work: A Journal of Prevention, Assessment and Rehabilitation 41 (1/2012): 2706–2712.


Voss, C., K. Blackmon, P. Hanson, and B. Oak. 1995. “The Competitiveness of European Manufacturing—a Four Country Study.”
Business Strategy Review 6 (1): 1–25.


Walters, D. 2004. “Worker Representation and Health and Safety in Small Enterprises in Europe.” Industrial Relations Journal 35
(2): 169–186.


Way, S. A. 2002. “High Performance Work Systems and Intermediate Indicators of Firm Performance within the US Small Business
Sector.” Journal of Management 28 (6): 765–785.


White, R. E., J. N. Pearson, and J. R. Wilson. 1999. “JIT Manufacturing: A Survey of Implementations in Small and Large U.S.
Manufacturers.” Management Science 45 (1): 1–15.


Wilkinson, G., and B. G. Dave. 1999. “Integrated Management and Loyalty, Organisations Must Consider the Systems: An Examina-
tion of the Concept and Theory.” The TQM Magazine 11 (2): 95–104.


Womack, J. P., and D. T. Jones. 1996. Lean Thinking. New York: Free Press, Simon & Schuster.
Womack, J. P., D. T. Jones, and D. Roos. 1990. The Machine That Changed the World. New York: Harper Collins Publishers.
Womack, S. K., T. J. Armstrong, and J. K. Liker. 2009. “Lean Job Design and Musculoskeletal Disorder Risk: A Two Plant Compari-


son.” Human Factors and Ergonomics in Manufacturing 19 (4): 279–293.
Wu, Z. and Choi, T.Y., 2005. “Supplier–Supplier Relationships in the Buyer–Supplier Triad: Building Theories from Eight Case Stud-


ies.” Journal of Operations Management 24: 27–52.
Wu, Z., and M. Pagell. 2011. “Balancing Priorities: Decision Making in Sustainable Supply Chain Management.” Journal of Opera-


tions Management 29 (1): 577–590.
Yin, R. K. 1994. Case Study Research: Design and Methods. Thousand Oaks, CA: Sage.
Yin, R. K. 2009. Case Study Research: Design and Methods. 4th ed. Thousand Oaks, CA: Sage.
Zacharatos, A., J. Barling, and R. D. Iverson. 2005. “High Performance Work Systems and Occupational Safety.” Journal of Applied


Psychology 90 (1): 77–93.
Zohar, D., and G. Luria. 2005. “A Multilevel Model of Safety Climate. Cross-Level Relationships between Organization and Group-


Level Climates.” Journal of Applied Psychology 90 (4): 616–629.
Zohar, D. 2000. “A Group Level Model of Safety Climate: Testing the Effects of Group Climate on Micro-Accidents in Manufactur-


ing Jobs.” Journal of Applied Psychology 85 (4): 587–596.
Zohar, D. 2010. “Thirty Years Od Safety Climate Research: Reflections and Future Directions.” Accident Analysis and Prevention 42


(5): 1517–1522.


Appendix A: Interview protocol


Note: due to the number of respondents and length of the instrument only a sub-set of the questions addressed to the operational man-
ager are provided. For a complete protocol please contact the authors.


(1) Demographics individual – broad question on their background:


• Job description.
• Education and previous employment.
• Years with organisation.
• Years in position.
• Place in hierarchy.


(2) Description of plant:


• What does the plant make?
• How profitable is this plant?
• Have sales volumes and profits been growing?
• What kind of processes are used to manage production (JIT, QM, and so on)
• What is the rate of product innovation?
• How old is the equipment in the plant on average?
• What is the capacity Utilisation of the plant?
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(3) Plant priorities:


• How well is this plant performing relative to similar plants?
• What are the top priorities for top management in the company?
• What operating philosophies are driving the improvement in this facility?


(4) Supervisory and employee performance measurement


• When evaluating supervisors what do you track on a daily basis, weekly basis, monthly basis, and only when there is an
exception.


• How would a 10% increase in ________ effect the supervisor’s evaluation?
• How would a 10% decrease in ________ effect the supervisor’s evaluation?
• When promoting supervisors what do you for/evaluate.


(5) Human resources – Control vs. Commitment human resources/high quality work


• On the job training in general – existing employees
• On the job training for health and safety – existing employ
• How much training does a new operational employee receive
• How much SHE specific training does a new hire receive
• Range of responsibilities – span of task.
• Do operational employees rotate jobs?
• Autonomy of shop floor employees how much latitude do they have?
• when designing an operational job what is the goal (simplicity, low chance of variance, interesting, whatever)


Appendix B: Worker safety climate survey (items from Zohar and Loria 2005)


All items rated on a 5 point scale from 1 (completely disagree) to 5 (completely agree)


(1) Top management in this company reacts quickly to solve the problem when told about safety hazards.
(2) Top management in this company insists on thorough and regular safety audits and inspections.
(3) Top management in this company tries to continually improve safety levels in each department.
(4) Top management in this company provides all the equipment needed to do the job safely.
(5) Top management in this company is strict about working safely when work falls behind schedule.
(6) Top management in this company quickly corrects any safety hazard even if it is costly.
(7) Top management in this company provides detailed safety reports to workers.
(8) Top management in this company considers a person’s safety behaviour when moving-promoting people.
(9) Top management in this company requires each manager to improve safety in their department.
(10) Top management in this company invests a lot of time and money in safety training for workers.
(11) Top management in this company uses any available information to improve existing safety rules.
(12) Top management in this company listens carefully to workers’ ideas about improving safety.
(13) Top management in this company considers safety when setting production speed and schedules.
(14) Top management in this company provides workers with a lot of information on safety issues.
(15) Top management in this company regularly holds safety-awareness events such as presentations and ceremonies.
(16) Top management in this company gives safety personnel the power they need to do their jobs.
(17) My direct supervisor makes sure we receive all the equipment needed to do the job safely.
(18) My direct supervisor frequently cheques to see if we are obeying all the safety rules.
(19) My direct supervisor discusses how to improve safety with us.
(20) My direct supervisor uses explanations (not just compliance) to get us to act safely.
(21) My direct supervisor emphasises safety procedures when we are working under pressure.
(22) My direct supervisor frequently tells us about the hazards in our work.
(23) My direct supervisor refuses to ignore safety rules when work falls behind schedule.
(24) My direct supervisor is strict about working safely when we are tired or stressed.
(25) My direct supervisor reminds workers who need reminders to work safely.
(26) My direct supervisor makes sure we follow all the safety rules (not just the most important ones).
(27) My direct supervisor insists that we obey safety rules when fixing equipment or machines.
(28) My direct supervisor says a ‘good word’ to workers who pay special attention to safety.
(29) My direct supervisor is strict about safety at the end of the shift when we want to go home.
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(30) My direct supervisor spends time helping us to learn to see the problems before they arise.
(31) My direct supervisor frequently talks about safety issues through the work week.
(32) My direct supervisor insists we wear our protective equipment even if it is uncomfortable.
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