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A B S T R A C T

This study proposes the Lean philosophy, which integrates a firm's “hard” and “soft” processes, as a promising
way to enhance firm innovativeness. Five Lean principles that are specific to the innovation management
context, namely, coaching leadership, learning culture, employee appreciation, learning routines, and colla-
borative networks, are discussed. Based on survey data obtained from 243 Dutch firms, the impact of these five
principles on firm innovativeness is investigated. The results indicate that the Lean philosophy can be considered
an inter-related socio-technical system, where coaching leadership enables the correct functioning of the hard
and soft factors needed to achieve higher innovativeness.

1. Introduction

The business survival game is straightforward: innovate or dis-
appear (Goffin & Mitchell, 2016). Less straightforward is “how” in-
novation processes can be effectively managed. One possible solution is
to increase investment in Research and Development (R&D). However,
the results of a comparison between a survey carried out by BCG Global
Innovators (Ringel, Taylor, & Zablit, 2015) and a survey conducted by
Booz & Company (Jaruzelski, Loehr, & Holman, 2013) on innovators
and R&D spenders indicate that the size of the R&D investment is not
the only decisive factor in creating value from innovation.1 This phe-
nomenon is perhaps not surprising, as Burns and Stalker (1961) had
already suggested the need not to overestimate the impact of R&D in-
vestment on innovation capability. The management of innovation calls
for a broad range of qualities and capabilities, which go beyond R&D
spending (Cooper & Edgett, 2008). Innovation management needs a
vision and a strategy, appropriate processes to implement innovation,
and organizational conditions and culture that facilitate the emergence
of ideas and their implementation (Bel, 2010). Along with the increase
in competition, the quest for the “right” blend of process-driven and
people-oriented aspects of innovation management has become one of
the firms' highest priorities (Trott, 2008).

An essential contribution to innovation management comes from
Operations Management. In the late 1980s, a team from the
Massachusetts Institute of Technology (MIT) led by James Womack
published the results of their study on the Toyota Production System
(TPS), in which they proposed a set of best practices that, all together,

are called “Lean management” (Womack, Jones, & Roos, 1990). Lean
has been considered the greatest innovation in operations management
(Holweg, 2007), and its principles and practices have been used in
various domains, including culture (Mann, 2014), project management
(Ballard & Howell, 2003), organizational change (De Toni & Tonchia,
1996), marketing (Piercy & Rich, 2009), information management
(Hicks, 2007), accounting (Maskell, Baggaley, & Grasso, 2011), and
leadership (Mann, 2009).

At its core, Lean is concerned with the management of processes and
operations and is uniquely combined with a focus on people, culture,
and leadership (Adler, 1993; Mann, 2009; Morgan & Liker, 2006;
Wincel & Kull, 2016). Some scholars studied the link between Lean and
various sociotechnical systems (Hummels & De Leede, 2000; Niepce &
Molleman, 1998). The duality expressed by an interrelated system of
“soft” and “hard” practices (Shah & Ward, 2007) is congruent with the
conception and definition of innovation management. Therefore, the
Lean management of innovation can be considered a promising ap-
proach for managers responsible for New Product Development (NPD),
innovation funneling, R&D, and business development (Gudem,
Steinert, & Welo, 2014) “to do the right thing, do it right, and do it
better all the time” (Sehested & Sonnenberg, 2011, p. 3).

The literature on Lean and innovation is substantial but extremely
fragmented, with a prominent focus on NPD (Al-Ashaab et al., 2013;
Cooper & Edgett, 2008; Cusumano & Nobeoka, 1998; Gudem et al.,
2014; Haque & James-Moore, 2004; Hines, Francis, & Found, 2006;
Hoppmann, Rebentisch, Dombrowski, & Zahn, 2011; Morgan & Liker,
2006; Nepal, Yadav, & Solanki, 2011; Tuli & Shankar, 2015; Ward &
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Sobek II, 2014). Themes such as product launch (Bowersox, Stank, &
Daugherty, 1999), process improvement (Angelis & Fernandes, 2012;
Khan et al., 2013), radical innovation (Bicen & Johnson, 2015), and
creativity (Helander, Bergqvist, Stetler, & Magnusson, 2015; Hoerl &
Gardner, 2010) have been extensively addressed. A few studies with a
broader scope have focused on the management of innovation (Boehm,
2012; Browning & Sanders, 2012; Carleysmith, Dufton, & Altria, 2009;
Reinertsen & Shaeffer, 2005; Schuh, Lenders, & Bender, 2013; Sehested
& Sonnenberg, 2011; Solaimani, van der Veen, Gülyaz, & Venugopal,
2019). However, despite the commonalities between Lean and in-
novation management, empirical research on the conjunction of these
areas is relatively scarce.

Building upon the existing body of knowledge, this study con-
ceptualizes an integrative framework for Lean innovation management
and empirically examines its impact on firms' innovativeness. In doing
so, this study contributes to both the Lean and innovation management
fields by advancing the understanding of whether, and to what extent,
Lean practices and principles can be the drivers of firm's innovative-
ness. As discussed later, this study's insights into Lean innovation
management can help firms achieve a learning-driven culture, effective
learning routines, collaborative networks, and coaching-oriented lea-
dership.

The remainder of this study is organized as follows. Since no
broadly accepted definition of Lean innovation exists, in Section 2, a
conceptual approach to the topic is proposed, and the research hy-
potheses are formulated. Section 3 details the applied research method,
and Section 4 discusses the study's findings. In the Conclusion section,
the overall theoretical and practical impact of this study, along with its
limitations and suggestions for future research, are discussed.

2. Background theory and hypotheses

The simultaneous attention for hard and soft factors is an essential
feature of the Lean philosophy (Shah & Ward, 2007). Typically, hard
factors are associated with design, processes, tools, and structures,
while soft factors comprise culture, behavior, and social-relational as-
pects (Bortolotti, Boscari, & Danese, 2015; Calvo-Mora, Picón, Ruiz, &
Cauzo, 2013).

2.1. Innovation management: front-end and back-end

Similar to Lean, innovation management involves several hard and
soft processes, which Bel (2010) refers to as the “front-end” and the
“back-end” management of innovation. Front-end management is as-
sociated with the sociocultural dimension of innovation and includes all
policies, plans, and activities that firms carry out to stimulate in-
novative ideas, such as the figurative fertilization of the firm's in-
novation “soil” (sometimes labeled as the “soft” side). An example from
the innovation management toolbox is Terwiesch and Ulrich's (2009)
so-called “Darwinator,” which helps determine which ideas are most
valuable in the fuzzy front-end.

Back-end management is focused on the activities and processes
that are implemented once an idea has emerged. These activities re-
present the first steps toward market industrialization and commer-
cialization (Flynn, Dooley, O'sullivan, & Cormican, 2003). For instance,
the broadly accepted Stage Gate model (Cooper, 1990) can be con-
sidered a back-end approach to guide the innovation process toward
commercialization. Discipline and efficiency in time and resources are
prerequisites for the management of back-end processes (Bel, 2010).
Back-end activities include figurative sowing, pruning, and harvesting
of innovative initiatives (sometimes labeled as the “hard” side).

Conceptually, innovativeness is simultaneously affected by both
front-end and the back-end management processes. Moreover, the
front-end and back-end management of innovation are interdependent.
For instance, a front-end oriented leader, who does not assess the
technical feasibility of a new product, is likely to face implementation

issues, while a back-end oriented leader, who lacks strategic vision and
objectivity, is likely to incur in a market failure (Bel, 2010). Progressive
firms invest in both the soft and the hard side of innovation and in-
tegrate both aspects into a socio-technical system that helps implement
a firm's innovation strategy (Adams, Bessant, & Phelps, 2006; Ahmed,
1998). In the conceptualization proposed by this study, the front-end
and the back-end processes are inter-related.

In the Lean literature, at least two expressions of front-end man-
agement processes (employee appreciation and learning culture) and
two expressions of back-end management processes (collaborative
networks and learning routines) are argued, while coaching leadership
is seen as the adhesive force that harmonizes and empowers the front-
end and the back-end management processes. This study aims to con-
ceptualize and validate a holistic view of Lean innovation management
rather than provide an exhaustive list of all front-end and back-end
management processes. The proposed view include each concept in an
integrative model. Future research may consider additional dimensions
or aspects alongside the proposed conceptualization.

The next subsections describe how employee appreciation, the
learning culture, collaborative networks, learning routines, and
coaching leadership directly and indirectly affect firms' innovativeness.
To model an integrative view without the need to observe all the di-
mensions of all processes, a novel methodology is utilized, as shown in
Fig. 1.

2.1.1. Learning culture
A vital front-end management process is the focus on the learning

culture that helps firms boost their innovation capability (Sehested &
Sonnenberg, 2011). Employees are encouraged to develop a proactive
attitude toward continuous improvement (Kaizen in Lean terms) (e.g.,
Adler, 1993; Blank, 2013; Johnstone, Pairaudeau, & Pettersson, 2011).
As “change agents,” employees have a sense of “problem ownership”
and act autonomously (Braczyk, 1996; Ota, Hazama, & Samson, 2013;
Sewing, Winchester, Carnell, Hampton, & Keighley, 2008). Studies on
the Lean learning culture emphasize that at firms where continuous
learning is a collective norm, firm innovativeness is more actively
nurtured (Everett & Sitterding, 2013; Johnstone et al., 2011). Knowl-
edge is considered a “dynamic gain,” interwoven with employees' in-
teraction and relationships (Bicen & Johnson, 2015), which results from
knowledge sharing, collaborative problem-solving (Tyagi, Cai, Yang, &
Chambers, 2015; Ward & Sobek II, 2014), as well as sharing and pur-
suing an innovation agenda across the company and beyond (Byrne,
Lubowe, & Blitz, 2007). This line of reasoning leads to the following
hypothesis:

H1. Lean front-end processes, expressed by a greater extent of
learning culture, positively affect firm innovativeness.

2.1.2. Employee appreciation
Employees' motivation is another critical factor in Lean front-end

management (Fiume, 2004; MacDuffie, 1995), in the absence of which
dysfunctional behavior such as absenteeism, high turnover, poor at-
tention for quality, strikes, and even sabotage are to be expected (Adler,
1993, p. 98). There are several ways to distinguish between different
types of motivation, but the most basic distinction is between intrinsic

Fig. 1. Conceptualization of the Lean innovation management framework.
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(i.e., doing something because it is inherently interesting or enjoyable)
and extrinsic (i.e., doing something because it leads to a separable
outcome, Ryan & Deci, 2000, p. 55). In particular, to boost the em-
ployees' intrinsic motivation to innovate, the Lean literature emphasizes
the role of employees' appreciation (Adler, 1993; Holbeche & Mayo,
2009; Jeyaraman & Kee Teo, 2010; Netland, 2016). Employee appre-
ciation is achieved in various nonfinancial ways, such as celebrating
employees' achievements in factory “town hall” meetings (Netland,
Schloetzer, & Ferdows, 2015; Sakai, Sugano, & Maeda, 2007), con-
sciousness-raising sessions and trainings (Sakai et al., 2007), public
recognition (Boehm, 2012; Carleysmith et al., 2009), peer admiration
(Evans & Wolf, 2005), suggestion schemes (Adler, 1993; Delbridge,
Lowe, & Oliver, 2000), and celebration of day-to-day inventions and
success (Hines et al., 2006; Sewing et al., 2008). In line with this rea-
soning, the second research hypothesis is proposed:

H2. Lean front-end processes, expressed by a greater extent of em-
ployees' appreciation, positively affect firm innovativeness.

2.1.3. Learning routines
Lean's widespread popularity is largely due to its easy-to-understand

and easy-to-use tools and techniques, such as the back-end processes
(Standard & Davis, 2000). As discussed below, in the context of in-
novation management, the Lean focus is typically on processes that
enable efficient and effective creation and appropriation of knowledge,
also referred to as learning routines. While efficiency is about learning
with the least possible resources, effectiveness refers to value-adding
insights that fill specific knowledge gaps.

A key enabler of efficient learning processes is standardization
(Morgan & Liker, 2006). Standardization helps minimize wasteful or
non-value-adding (repetitive) processes, such as unnecessary reports
and documentation and lengthy meetings, throughout innovation pro-
cesses (Hines et al., 2006; Schuh et al., 2013). A “pull” approach
complements standardization by prioritizing and acknowledging cus-
tomer needs (instead of being overwhelmed by processes). As a result,
more attention is devoted to value-adding activities that are vital for
customers and end-users (Nepal et al., 2011; Reinertsen & Shaeffer,
2005).

Regarding the effectiveness of the learning process, in the Stage
Gate model, which addresses various phases, from the ideation to the
experimentation and evaluation (Cooper, 1990), a fact-based, hypoth-
esis-driven, and problem-solving approach is advocated (Bicen &
Johnson, 2015; Bieraugel, 2015; Nepal et al., 2011; Sewing et al.,
2008). Typical tools are the Plan-Do-Check-Act, A3, Five-Whys, Fish-
bone diagrams, and trade-off curves (Carleysmith et al., 2009; Cooper &
Edgett, 2008; Helander et al., 2015; Hoppmann et al., 2011; Khan et al.,
2013; Nepal et al., 2011; Sewing et al., 2008). Careful management of
the generated knowledge and insights (i.e., capturing, storing, struc-
turing, and disseminating knowledge) is another key element of
learning routines (Cusumano & Nobeoka, 1998; Hoppmann et al., 2011;
Khan et al., 2013; Morgan & Liker, 2006). Accordingly, the following
hypothesis is formulated:

H3. Lean back-end processes, expressed by a greater extent of
learning routines, positively affect firm innovativeness.

2.1.4. Collaborative networks
Lean's aspiration for collaboration spans across organizational

boundaries (Aoki & Lennerfors, 2013; Bidault, Despres, & Butler, 1998;
Liker & Choi, 2004), but it is an often overlooked factor in the success of
the TPS. Lean collaborative orientation involves customer centricity
and supplier development. Schuh et al. (2013) posit that invention
becomes innovation when it creates value for (or fulfills a need or desire
of) customers. Case in point is that the TPS considered customers an
integral part of its innovation process (Cooper & Edgett, 2008) and
engaged them in carefully planned experiments with fast and frequent
assumption-testing and feedback-loops (Bieraugel, 2015; Reinertsen &
Shaeffer, 2005; Ries, 2011).

At the upstream, the TPS's early involvement and close relationship
with suppliers in co-creation and collaborative innovation are ex-
emplary (Aoki & Lennerfors, 2013; Bidault et al., 1998; Smith &
Tranfield, 2005). Initiatives such as loyalty plans, educational pro-
grams, and traineeships involving supply chain partners, cross-com-
pany teams, consulting and problem-solving for suppliers, collaborative
R&D activities, and multilateral agreements to centralize and exchange
information and knowledge help stimulate supplier relationships
(Bidault et al., 1998; Harkonen, Belt, Mottonen, Kess, & Haapasalo,
2009; Nepal et al., 2011; Smith & Tranfield, 2005; Tam, Chessum, &
Leopold, 2012; Tan & Perrons, 2009; Tuli & Shankar, 2015; Wagner,
2006). In line with this argument, the following hypothesis is proposed:

H4. Lean back-end processes, expressed by a greater extent of col-
laborative networks, positively affect firm innovativeness.

2.1.5. Coaching leadership
The front-end and back-end management of innovation rely on in-

novation leadership, which enables, recognizes, and develops oppor-
tunities (Bel, 2010). In the Lean literature, the role of leadership is
emphasized as a necessary link between the Lean tools and practices
and higher-level Lean values and principles (Mann, 2009). Dombrowski
and Mielke (2013, p. 570) define Lean leadership as: “A methodical
system for the sustainable implementation and continuous improvement of
Lean Production Systems (LPS). It describes the cooperation of employees
and leaders in their mutual striving for perfection. This includes the customer
focus of all processes as well as the long-term development of employees and
leaders.” Besides continuous learning, customer focus, and process or-
ientation (as previously discussed), this definition emphasizes people
management, where employees are not just viewed as a “pair of hands”
but as accumulators of knowledge (Takeuchi, Osono, & Shimizu, 2008).

Lean leaders express respect, recognition, and appreciation to
workers for their effort (De Treville & Antonakis, 2006), respond in an
emotionally positive manner, inject positive energy into the process,
attempts to become part of the employees' work situation (Alpenberg &
Scarbrough, 2016), empower workers to challenge the status quo
(Takeuchi et al., 2008), facilitate them by providing the resources they
need, and guide them in their problem-solving endeavors. For these
reasons, in the Lean terminology, leaders are referred to as coaches (or
sensei) and not as managers (Aoki & Lennerfors, 2013; Nahmens &
Ikuma, 2011). Lean coaches' technical expertise typically helps them
guide employees in effectively applying the learning routines while
gaining employees' trust and confidence (Belt, Haapasalo, Harkonen,
Mottonen, & Kess, 2009; Harkonen et al., 2009; Hoppmann et al., 2011;
Nepal et al., 2011; Schuh, Lenders, & Hieber, 2011; Tyagi et al., 2015).
These practices, in turn, break the vicious circle of managerial coercion
and employee recalcitrance (Adler, 1993). Hence, the supportive role of
coaching leadership is hypothesized as follows:

H5. The extent of a coaching leadership positively affects front-end
and back-end innovation management processes.

2.2. Interrelationships between Lean innovation dimensions

As discussed earlier, Lean innovation is a systemic approach that is
steered by and helps implement firms' innovation strategies.

First, a culture of continuous learning is typically associated with
behaviors and routines based on which an organization learns from and
supports innovation processes (Bessant & Caffyn, 1997) and behaviors
such as collaborative learning and cross-functional teamwork (Bhuiyan
& Baghel, 2005; Morgan & Liker, 2006) or systematic problem-solving
routines inherent to Plan-Do-Check-Act (Ries, 2011). In turn, the
learning routines depend on an open, collaborative, risk-taking orga-
nizational culture, without finger-pointing, and with minimum bu-
reaucracy (Boyle, Scherrer-Rathje, & Stuart, 2011).

Second, the Lean philosophy emphasizes the appreciation of em-
ployees' efforts, which stimulates employees to more freely share in-
formation and insights and collaborate at various levels of the
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organizational hierarchy, thus leading them to be more comfortable in
the contacts beyond the organizational boundaries, for instance, with
suppliers, customers, and other network partners (Takeuchi et al.,
2008). In addition, external exposure in terms of attending conferences,
tour plants from other companies, and hosting external experts, is part
of Lean organization responsibilities (Boyle et al., 2011). In turn,
learning routines are essential elements of firms' outward orientation.
As such, an in-depth understanding of customers' needs and desires calls
for frequent iterative interaction, co-creation, and co-learning (Ries,
2011). Therefore, the following hypothesis is proposed:

H6. Front-end and back-end processes are positively correlated.

2.3. Environmental dynamism

As part of environmental uncertainty (Dess & Beard, 1984), dyna-
mism seems to affect both Lean implementation and firms' innova-
tiveness (Azadegan, Patel, Zangoueinezhad, & Linderman, 2013; Freel,
2005). Dynamism can be defined as the “rate and volume of change in
the environment” (Azadegan et al., 2013; p. 194). On the one hand,
greater variability in the external environment is likely to compel firms
to introduce process and/or product innovation to maintain and boost
their market position (Freel, 2005). On the other hand, in dynamic
environments, assessing the changes, forecasting the effects, and de-
veloping operational responses is relatively more challenging
(Azadegan et al., 2013). Firms performing in each of the various levels
of environmental dynamism are likely affected by similar forces and
adopt similar strategies. Thus, the relationship between firms' innova-
tiveness and Lean implementation is contingent upon the level of en-
vironmental dynamism.

The effect of environmental dynamism needs to be accounted for in
examining the impact of internal factors on firms' innovativeness.
Without such refinement, the analysis is essentially limited to firms
performing in a specific extent of environment dynamism, namely, the
environment dynamism category with the largest number of observa-
tions. Hence, in this context, the generalizability of the findings is
significantly hampered. Rather than measuring the impact of environ-
mental dynamism on innovativeness, this study aims to refine the
theoretical approach by accounting for the influence of the environ-
ment. Environmental dynamism is external to the firm. Hence, in-
cluding it as a mediator (or an influencing factor) in a model of internal
factors to the firm is not methodologically feasible. In the following
sections, different levels of environmental dynamism are used to split
the dataset and address innovativeness in each context.

3. Materials and methods

The Lean principles discussed so far are not independent of each
other. To understand the Lean innovation system, the inter-relation-
ships between its drivers need to be taken into account. In addition,
Lean principles exert their influences simultaneously. The variation in
the dependent variable is a result of the simultaneous impact of all the
drivers. To attest the conceptualization of this inter-dependency and
simultaneity, a sound methodological approach is necessary.

Ordinary-Least-Squares (OLS) estimation models are not suitable for
examining inter-related explanatory variables as they require an or-
thogonal set of explanatory variables, while departing from this pre-
requisite introduces multicollinearity. Step-wise OLS models are also
not appropriate for addressing simultaneous equations.

Structural Equation Modeling (SEM) is suitable for estimating the
inter-relationships among non-orthogonal explanatory variables. The
SEM approach consists of a series of simultaneous regression equations
that simultaneously measure the individual and joint impacts of the
explanatory constructs on the dependent variable (for instance, firms'
innovativeness). Two types of SEM exist: Covariance-Based (CB) and
Partial Least Squares (PLS) modeling. CB-SEM minimizes the difference
between the observed and estimated covariance matrices, while PLS-

SEM maximizes the explained variance of the endogenous constructs.
Hence, CB-SEM can be applied to Confirmatory Factor Analysis (CFA),
while PLS-SEM is more suitable for exploratory work (Hair, Ringle, &
Sarstedt, 2011, 2013).

A comparative study of CB-SEM and PLS-SEM is carried out by
Astrachan, Patel, and Wanzenried (2014). The study uses CB-SEM to
determine whether an a priori model is valid (Gefen, Straub, &
Boudreau, 2000). The characteristics of the SEM methodology match
the objective of the present study, that is, the examination of the Lean
principles and their impact on firms' innovativeness as an integrative
system.

SEM allows addressing a set of latent constructs, which represent
the conceptual model's building blocks, without the need for them to be
directly observed. In SEM, two approaches exist for measuring latent
constructs: the formative and the reflective methods. In the formative
approach, the measurement items are described as an exhaustive list of
attributes, which altogether constitute (form) a latent construct. In re-
flective measurement, the latent construct manifests (reflects) itself in
several variables that are observed. Since these variables have a shared
cause (i.e., the latent reflective construct), the reflective measurement
items co-vary (see Fig. 2). Adding/discarding measurement items of a
formative latent construct will change its essence since the formative
construction is sensitive to the number and essence of its building
blocks. In contrast, adding/discarding measurement items of a re-
flective latent construct will not change its essence, which is not sen-
sitive to the choice of the number and the essence of the manifestation
measurement items.

Since this study aims to examine the Lean principles as a system
rather than (re)define those principles, a reflective measurement of the
latent constructs is adopted. Hence, the proposed approach does not
need to list and observe all attributes of each construct, and only some
manifestations are observed to measure each latent construct.

SEM inter-relationships are solved numerically and simultaneously
as one system. In SEM, the combined effect is measured without setting
(or ignoring) the interplays of the explanatory constructs. As such, SEM
utilizes the variance (in PLS)/covariance (in CB) matrix to account for
the relationships between exogenous, endogenous, observed, and latent
variables. Furthermore, SEM isolates the error term to neutralize the
negative consequences of potential heteroscedasticity, autocorrelation,
and endogeneity. Thus, CB-SEM with reflective measurement is used in
this study.

3.1. Data

A total of 1250 questionnaires were sent to employees at various
levels, companies, and industries in the Netherlands. A small portion of
the respondents were (part-time) executive program students of
Business Administration with a diverse professional background at
Nyenrode Business University. These respondents filled out the ques-
tionnaire, disseminated it among their professional network, and re-
quested their colleagues to fill out the questionnaire and spread it
among their peers (snowball sampling).

Respondents were instructed to respond at the company level.
Therefore, the survey reflects how Lean initiatives are implemented in

Fig. 2. Reflective vs. Formative measurement.
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their companies. In this study, an online survey platform (Qualtrics)
was used to collect responses to 61 items (55 for the five Lean concepts
and six for firm innovativeness), five demographic questions, and six
questions related to the competitiveness of the industry. In total, 358
surveys were received, corresponding to a response rate of 29%, which
exceeds the common response rate in survey-based research in opera-
tions management and Lean, in particular. For instance, Shah and Ward
(2007) used a sample of 280 surveys with a response rate of 13.5%,
Nordin, Deros, and Wahab (2010) utilized 61 surveys, with a response
rate of 24.4%, Kumar and Kumar (2014) used 47 surveys (28.8% re-
sponse rate), and Hoppmann (2009) utilized 113 surveys, equal to a
response rate of 14%. In this study, 100 surveys contained missing data,
and additional 26 questionnaires were discarded as they were answered
in less than seven minutes (a reasonable time needed to fill out the
survey as appeared from pilot surveys that the authors conducted).
Therefore, the final sample comprises 232 usable surveys.

On average, the respondents have almost six years of work experi-
ence, and most (14%) come from the Information and Communication
Technologies industry, followed by Wholesale and Retail (11%), Banks
(9%), Insurance and Health (9%), Education (8%), Construction and
Real estate (5%), and 27% are listed as “Other.” Gas, Water and
Electricity, Chemicals and Materials, Machinery, Publishing Food,
Beverage and Tobacco, Publishing, Transportation, Hotels and
Restaurant, and Government altogether accounted for 17%. Most
companies report annual sales over one billion Euros (30%), and
companies spread out over the range (e.g., 10% with less than half a
million, 15% between two and 10 million, and so on). These observa-
tions are matched by the number of employees, with a third of the
respondents working in companies with more than five thousand em-
ployees, and the remainder spread out over the range (e.g., 10% with
fewer than ten employees, and 14% with 250 to one thousand em-
ployees). Finally, the questions related to the industry's dynamism (e.g.,
“In our industry we are faced by a high rate of innovation”) are rated on
a five-point Likert scale (1=never, 5= always) and indicate an
average of 3.18, with a standard deviation of 0.71. A complete over-
view of the demographics is available upon request.

Regarding the Lean items, some were slightly modified in terms of
terminology or description for the sake of clarity. Furthermore, the
order of the items was randomized to minimize respondent cognitive
bias. However, several cross-loadings items were present in the factor
analysis (as discussed in detail in Section 3.2). A total of 18 items were
used for the analyses: three items for each of the five Lean constructs
and firm innovativeness.

3.2. Operationalization

Reflective latent constructs were measured by questionnaire items
for each Lean principle and the dependent construct, firm innovative-
ness. The items and their source in the literature are presented in
Table 1.

The above list is a result of four steps. First, a pooled-sample CFA
was performed on all the questionnaire items for the six articles men-
tioned above. The CFA model initially did not converge. This can be
attributed to the fact that these constructs may lack the necessary
compatibility. The overlap between the constructs can also contribute
to the non-convergence. Since a reflective measurement was chosen,
the next step aimed at extracting a compatible set of distinct constructs.
Second, a Principal Component Analysis (PCA) was performed to ex-
amine the factor loadings of all questionnaire items. The items with a
low factor loading were identified and eliminated in the next step (a
total of 40 items). Third, in line with the results of the PCA, a CFA
measurement model was hypothesized using the items with the highest
factor loadings. Fourth, the CFA measurement model was tested re-
garding reliability, convergent validity, and discriminant validity.
Moreover, model-to-data fit indices were examined to assure the
plausibility of the hypothesized CFA measurement model.

3.3. Measurement model

The hypothesized CFA measurement model consists of 18 mea-
surement items and six latent constructs. Each set of three measurement
items (in the rectangles) is set to be a manifestation of the variation in
each latent construct (in the ellipses). All latent constructs are set to co-
vary. The error terms of all observed endogenous variables (i.e., ques-
tionnaire items) are isolated (in the circles). The complete measurement
model is sketched in Fig. 3. The factor loadings are reported on the uni-
directional straight causal paths from the latent constructs to each
measurement item.

The covariance of the latent constructs is shown next to the bi-di-
rectional curved covariance arrows. Error terms are also reported. The
mean of each measurement item is shown on the lower right corner of
the rectangles. The variance of each latent construct is normalized to
one and is reported in each ellipse.

Apart from the pre-requisite model convergence, the quality of the
CFA model can be assessed using the model-to-data fit indices. CFA's
goodness-of-fit complies with the widely accepted consensus-based cut-
off points (based on Kenny, 2019). However, χ2(the lower, the better) is
sensitive to the sample size. To standardize the approach, this value is
divided by the degrees of freedom. For the proposed CFA, χ2/df is 1.98,
which is smaller than the usual cutoff of 3. The root mean squared error
of approximation (RMSEA), a measure of model-to-data error, is 0.064.
A cut-off point of 0.050 (the lower, the better) is considered for ex-
cellent models, and RMSEA below 0.080 is considered acceptable. To
statistically examine the magnitude of RMSEA, a one-sided one-sample
t-test is performed (Pclose: 0.032, Probability RMSEA ≤ 0.05).

The Comparative Fit Index (CFI) is 0.945, which suggests an ac-
ceptable fit. The standardized root mean squared residual (SRMR) is
0.061, which is< 0.080, generally considered the cut-off for a good fit
(Hu & Bentler, 1999). The assessment suggests that the CFA model
provides a good fit for the data.

To investigate the quality of the survey, a test for Common Method
Bias (CMB) was performed. All observed variables (i.e., questionnaire
items) in CFA were set to be affected by a latent variable, CMB, the bias
which may arise from a single-informant questionnaire. This model did
not converge. Alternatively, all the paths from the latent CMB variable
to the measurement items were constrained to an arbitrary value of “a.”
This model did not converge either. These results suggest that common
method bias is not likely to hamper the upcoming analyses.

The latent constructs were predicted using the measurement items
in a CFA model. The predicted variables were subjected to three more
quality tests, as reported in Table 2. Reliability of the constructs, tested
by Cronbach's alpha and Composite Reliability measures, is confirmed
as all values are> 0.70. Convergent validity, measured by Average
Variance Extracted (AVE), is also confirmed as all values are above 0.50
(it should be noted that the learning routine and learning culture
constructs marginally passed this test). Discriminant validity was not
found. All inter-construct correlations need to be smaller than the
square root of AVE (bolded on the diagonal axis) to assure that the
constructs share more variance within rather than between the other
constructs. Two of the constructs, employee appreciation and learning
culture, share more variance with the other construct than with
themselves (Table 2). Matching the theory and hypothesis develop-
ment, the constructs are not genuinely distinct concepts, but they act as
proxies for a higher-level set of processes, that is, the front-end and
back-end processes. The front-end and back-end latent constructs act as
second-order latent variables that affect both the first order latent
constructs (presented as examples or manifestations) and the firm's
innovativeness.

3.4. Structural model

Based on the literature, a structural model is proposed: collaborative
networks and learning routines are considered as proxies of the back-
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end processes; employee appreciation and learning culture as proxies of
the front-end processes; coaching leadership is expected to affect the
front-end and back-end processes, and, in turn, both have a significant
impact on the outcome variable: firm's innovativeness. The front-end
and back-end processes are expected to covary. The next section in-
vestigates the plausibility of the proposed structural model with respect
to the data.

4. Results and discussion

Firm innovativeness, front-end processes, back-end processes, and
coaching leadership are examined by taking into account the level of
the environmental dynamism. Firms that operate in environments
characterized by higher rates of innovation are likely to be more in-
novative (Li & Liu, 2014; Schindehutte & Morris, 2001), as shown in
Fig. 4. To refine the calculation method and address the peculiarities of
the different environments, the error terms are clustered around five
levels of environmental dynamism (i.e., the rate of innovation). Ac-
counting for the external effect of the environment, Lean front-end and
back-end processes are shown to significantly affect the extent of firms'
innovativeness, independently from the environment dynamism.

All hypothesized causal paths and covariance paths are significant
at the 1% level. The results suggest that all five research hypotheses are
supported by the data (the results are reported in the Appendix A).
However, these results are not seen as a basis for prediction of output or
allocation of resources as inputs. In contrast, the model as a whole is
seen as a system of intertwined processes that altogether simulta-
neously enhance a firm's innovativeness. The reflective form of the
proposed measurement leaves the model open for additions, and other
examples of front-end and back-end processes can easily be integrated
into the model. Other aspects of each process currently addressed can
be integrated into the model. This integrative approach suggests that
Lean innovation management drives firms' innovativeness through
front-end and back-end processes, boosted by coaching leadership. This
model explains a sizable amount of variation in each of its components
as, overall, > 89% of the variation is explained. Finally, the equation-
level extent of explanatory power is reported in Table 3, and the esti-
mated structural model is shown in Fig. 5.

Before dealing with the estimated coefficients, the fit indices are
discussed. These indices are shown in Table 4 and correspond to the
basic model (without clustering). After clustering the error term, only
the statistics regarding the residuals are available. SRMR is below 0.08;
χ2/df is below 3; RMSEA is close to 0.05 and below 0.08; CFI is close to

0.95 and above 0.90, which all suggest an acceptable model-to-data fit
(based on Kenny, 2019).

Furthermore, Lean innovation processes are shown to have a sig-
nificant impact on firms' innovativeness as a system. Specifically, back-
end processes affect firm innovativeness with a standardized coefficient
of 0.46. This impact is more than twice as large as the standardized
impact of the front-end processes and might be due to the Dutch soci-
etal and organizational culture (as elaborated through comparison with
other cultures by Hofstede, 2011). Dutch firms exhibit a common and
homogeneous set of Lean front-end practices. Hence, less variation can
be observed, thus resulting in a smaller standardized coefficients. The
larger R2, as presented in Table 3, for the front-end processes also hints
at a lesser intra-firm variation of front-end compared to the back-end
processes. These results imply that although synergistic, back-end
processes are a more effective lever for Lean to increase firms' in-
novativeness. Without eliminating or undermining front-end processes,
more attention to and investment in back-end processes can enhance
firm's innovativeness.

Coaching leadership affects front-end and back-end processes by a
coefficient of 0.85 and 0.52, respectively. The larger impact of coaching
leadership on the soft processes is in line with Al-Najem, Dhakal, and
Bennett (2012), who emphasize the interdependence of culture and
leadership in the implementation of Lean systems. These results imply
that coaching leadership, acting as a support to Lean front-end and
back-end processes, plays a determining role in integrating the front-
end and back-end processes, and enhancing both ends of Lean pro-
cesses. Latent back-end processes load collaborative networks and
learning routines with standardized coefficients of 0.81 and 0.66, re-
spectively. Latent front-end processes load employee appreciation and
learning culture with relatively sizable standardized coefficients of 0.88
and 0.98, respectively. These results support the conceptualization and
model specification of Lean as a second-order integrative system. The
coefficient on the covariance between front-end and back-end processes
is 0.74 (all coefficients were significant at the 1% level). This significant
and sizable covariance implies a synergistic interplay of front-end and
back-end processes and directs firms to look at and plan for their Lean
system as an integrated whole rather than a sum of isolated processes.

5. Conclusion

Previous studies evidenced that the Lean philosophy pursues a
holistic approach in product development, with both culture/people
and tools/techniques at its core (Hoppmann et al., 2011; Khan et al.,

Table 1
Operationalization of the constructs.

Construct Items Sources in literature

Firm innovativeness (FI) FI1 Our company is creative in its methods of operation
FI2 Our company seeks out new ways to do things
FI3 Our company frequently tries out new ideas

Calantone, Cavusgil, and Zhao (2002)

Collaborative networks (CN) CN1 Our customers are directly involved in current and future product/service
CN2 Our customers are actively involved in current and future product/service
CN3 We have corporate level communication on important issues with key suppliers

Shah and Ward (2007)

Learning routines (LR) LR1 We use signals or other technique(s) for control production or service processes
LR2 We conduct product or service capability studies before launch
LR3 We use statistical process control techniques or other advanced techniques to
reduce process variance or deviations

Pakdil and Leonard (2014)

Employee appreciation (EA) EA1 We place great value on recognizing and rewarding employees' accomplishments
EA2 Taking time to celebrate employees' work achievements is valued in our company
EA3 We place great value on showing our appreciation for the efforts of each
employee

Hogan and Coote (2014)

Learning culture (LC) LC1 A culture of continuous improvement is encouraged
LC2 Our company can be considered as a learning community
LC3 The management department is trained in teamwork and problem-solving skills

Oropesa Vento, Garcia Alcaraz, Maldonado Macias, and
Martinez Loya (2016)

Coaching leadership (CL) CL1 My manager suggests ways to improve employees' performance
CL2 My manager helps employees focus on their goals
CL3 My manager supports employees' efforts

Arnold, Arad, Rhoades, and Drasgow (2000)
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Fig. 3. CFA measurement model.
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2013; Möldner, Garza-Reyes, & Kumar, 2018; Morgan, 2002). In the
same vein, this study argues that firms' innovativeness can be fostered
by an integrative Lean approach, which calls for a harmonious interplay
between front-end and back-end management, that is, the management
of the “soft” and “hard” processes (Bel, 2010). Although this study is
preliminary, both hard and soft process management seems to reinforce
the effect of one another in achieving the overall business objectives.
Moreover, the Lean coaching leadership, marked by goal-orientation
and supportive attitude toward employees, appears to boost the back-
end processes and, even more, the front-end processes. It can be argued
that coaching leadership serves as the adhesive force or source of
alignment among all the soft and hard activities.

From a practical viewpoint and to the best of our knowledge, this
research is the first integrative approach to understanding how Lean
helps firms manage the innovation process and boost their innova-
tiveness. Methodologically, SEM shows high efficacy in modeling the
complex inter-relationships of Lean processes and firm innovativeness.
The results of this study call for a holistic view of Lean implementation,
which avoids an exclusive focus on the technical perspective of Lean
(Jørgensen, Matthiesen, Nielsen, & Johansen, 2007), thus encouraging
a shift of culture toward learning, employee appreciation, collabora-
tion, and investing in coaching leadership without which culture, col-
laboration, and practices cannot effectively be enabled.

In practical terms, the Lean innovation management system pro-
posed in this study provides guidelines on how an efficient and effective
learning process at individual and collaborative levels can be achieved

and describes how coaching leadership inspires, guides, and facilitates
employees toward (and throughout) continuous and iterative cycles of
learning. Lean innovation management is a socio-technical system that
aims to promote an analytical mindset to stimulate continuous im-
provement, pursuing a systemic problem-solving approach to reach an
efficient and effective learning process, ideally within a collaborative
setting. The system altogether is encouraged and supported by a
coaching leader.

This study suffered some limitations that can be overcome in future
research. First, the dependent variable, firm innovativeness, is sub-
jectively measured, which means that respondents are asked to score
generalizable statements instead of measuring the “actual” firm

Table 2
Reliability, and convergent and discriminant validity of constructs.

Component αa CRb AVE FI CN LR EA LC CL

FI 0.84 0.84 0.64 0.80c 0.61⁎⁎⁎ 0.41⁎⁎⁎ 0.48⁎⁎⁎ 0.68⁎⁎⁎ 0.47⁎⁎⁎

CN 0.74 0.78 0.55 0.74 0.63⁎⁎⁎ 0.55⁎⁎⁎ 0.71⁎⁎⁎ 0.49⁎⁎⁎

LR 0.73 0.74 0.50 0.71 0.52⁎⁎⁎ 0.63⁎⁎⁎ 0.42⁎⁎⁎

EA 0.84 0.84 0.64 0.80 0.92⁎⁎⁎ 0.87⁎⁎⁎

LC 0.78 0.79 0.51 0.71 0.87⁎⁎⁎

CL 0.84 0.83 0.64 0.80

⁎⁎⁎ p≤ 0.01.
a Cronbach's alpha.
b Composite Reliability.
c Diagonal cells in bold report the square root of AVE.

Fig. 4. Firms' innovativeness at various levels of environmental dynamism.

Table 3
Equation-level goodness-of-fit.

Depvars Fitted Predicted Residual R-squared mc mc2

Front end 0.064 0.046 0.018 0.717 0.847 0.717
Back end 0.972 0.260 0.713 0.267 0.517 0.267
FI 1.394 0.564 0.831 0.404 0.636 0.404
LC 1.007 0.965 0.042 0.959 0.979 0.959
EA 1.282 0.983 0.299 0.767 0.876 0.767
CN 1.492 0.973 0.519 0.652 0.807 0.652
LR 1.135 0.488 0.647 0.430 0.656 0.430
Overall 0.895

mc= correlation between depvar and its prediction.
mc2=mc^2 is the Bentler-Raykov squared multiple correlation coefficient.
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innovativeness based on quantitative proxies, thus leading to the so-
called “single informant bias” (Campbell & Fiske, 1959). All re-
spondents are from the Netherlands; hence, plausible differences across
geographies and cultures are not evaluated, which are proven to help
understand Lean deployment (Netland, 2016), for instance, in health-
care settings (Guimarães & Crespo de Carvalho, 2012). Future research
can incorporate and evaluate the relevance of other Lean front-end and
back-end principles and practices to either enhance the explanatory
power of the presented model or to refute it by showing that an omitted
Lean principle and/or practice can singularly explain more variation in
firm's innovativeness than the presented integrative model does.
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Fig. 5. Results of simultaneous equation estimation.

Table 4
Results of integrative SEM.

Model Model1 2nd order

Test variable β (S.E.)

Back-End→ FI 0.46⁎⁎⁎ (0.11)
Back-End→ CN 0.81⁎⁎⁎ (0.08)
Back-End→ LR 0.66⁎⁎⁎ (0.05)
Front-End→ FI 0.21⁎⁎⁎ (0.07)
Front-End→ EA 0.88⁎⁎⁎ (0.06)
Front-End→ LC 0.98⁎⁎⁎ (0.02)
CL→ Front-End 0.85⁎⁎⁎ (0.04)
CL→ Back-End 0.52⁎⁎⁎ (0.07)
Cov (FronEnd~BackEnd) 0.74⁎⁎⁎ (0.19)
N 243
SRMR 0.06
Log pseudolikelihood −6637.52

Model-to-data fit statistics (without clustering)

χ2/df 2.00
Root mean squared error of approximation RMSEA 0.06
Comparative fit index CFI 0.94

Dependent variable: Firm Innovativeness (FI).
βs are standardized coefficients. (S.E.) is standard error.
Standard errors are clustered around five Environmental Dynamism categories
based on the rate of innovation.

⁎⁎⁎ p≤ 0.01.
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Appendix A

Fig. A1. Visualization of the results.
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