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Abstract

Kaizen events have been widely reported to produce positive change in business results and
human resource outcomes. However, sustaining or improving upon the results of a Kaizen event
over time can be difficult for many organizations and has received limited research attention to
date. This paper identifies the factors that most strongly influence the sustainability of work area
employee attitudes and commitment to Kaizen events based on a field study of 65 events in eight

manufacturing organizations. The findings also present guidelines for organizations and areas

for future research.
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5 nd en‘t 1. Introduction
% The design of effective improvement programs continues to be a focus in the operations
management (OM) and industrial engineering communities (e.g., Warnecke and Huser, 1995;
Hales and Chakravorty, 2006; Kumar et al., 2008; Chakravorty, 2009a). As a part of the
continued academic study of improvement programs, researchers have recently explored critical
success factors (e.g., Chan et al., 2005; Stock et al., 2007; Bayazit and Karpak, 2007; Farris et
al., 2009), the social system (i.e., human resource) and technical system (i.e., business-related)
factors of improvement (e.g., Olorunniwo and Udo, 2002; Chakravorty, 2009b; Farris et al.,
2009), and the long-term success of improvement efforts (e.g., Bayazit and Karpak, 2007).
The present work addresses these areas of interest as they relate to Kaizen events, one
popular type of improvement mechanism. Often used in conjunction with lean production
(Alukal, 2006; Manos, 2007; Ting, 2004), a Kaizen event is a “focused and structured
improvement project, using a dedicated cross-functional team to improve a targeted work area,

with specific goals, in an accelerated timeframe” (Farris et al., 2008, p. 10). In addition to a

variety of technical system improvements, practitioners also report significant social system

improvements from Kaizen events (e.g., Melnyk et al., 1998; Minton, 1998; McNichgls-et al.,
/ ot~

1999). For example, the development of an increased appreciation and enthusias(i:n forf'\Kaize
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events and continuous improvement amongst employees who participate in Kaizen is

often a formal objective and a reported benefit of Kaizen events (Sheridan, 1997; Melnyk et al.,
1998; Laraia et al., 1999).

However, it can be difficult for many organizations to sustain the outcomes of a Kaizen
event after it concludes (Bateman, 2005; Friedli, 1999; Mackle, 2000). While previous research

has examined immediate Kaizen event social and technical system outcomes (e.g., Farris et al.,



2009) and the sustainability of technical system outcomes (€.g., Bateman, 2005), there is little
research or practitioner guidance regarding the sustainability of human resource outcomes.
Specifically, there is limited understanding about the factors that may promote the development
of positive longer-term attitudes and commitment toward Kaizen events among employees in the
targeted work area after the Kaizen event.

This research contributes to the current body of knowledge by increasing the
understanding of what factors most contribute to sustaining the human resource outcome work

A\

area attitude and commitment to Kaizen eventsywhi } e y

event conetuded Using data from a field study of 65 Kaizen events across eight manufacturing
organizations, multiple regression was used to test hypothesized relationships and to identify the
critical success factors, i.e., variables that are the most significant predictors of work area
attitude and commitment. Qualitative data regarding event goals were used to further interpret
the findings. The present work represents the second phase of a multi-year Kaizen event
research initiative and builds upon the first phase which identified critical success factors of
initial Kaizen event outcomes, assessed immediately after the event’s conclusion (e.g., Farris et
al., 2009). In addition to examining critical success factors for sustainability of the key human
resource outcome work area attitude and commitment, the relationship between this longer-term
outcome and the perceptions of attitude toward Kaizen events among team members
immediately after the event were also explored. The findings are used to develop
recommendations for organizations using Kaizen events.

While this study identifies factors that relate to the sustainability of work area attitude

_ resudline Y2em Kaizene wrio

and commitment, the difficulty of sustaining outcomes has also been identified as an issue for

other types of improvement mechanisms (e.g., Keating et al., 1999) and organizational change



efforts (e.g., Cummings and Worley, 1997). Therefore, the findings from this work may also
apply to other types of improvement mechanisms and may present opportunities for future
research in the study of these other types of improvement mechanisms in addition to Kaizen
events. The criteria used to define the research sample for this study strengthens this potential
generalizability. Particularly, this research studied organizations that used Kaizen events in a
“programmatic” sense. In other words, as will be discussed more later, Kaizen events were used
systematically as part of a structured improvement program and were used fairly frequently (at
least once per month). This type of Kaizen event use is similar to the programmatic nature of
other improvement mechanisms discussed in the literature.

The remainder of this paper is organized as follows. Section 2 presents the literature used
to develop the working theory of Kaizen event outcome sustainability. Section 3 describes the
research methodology, Section 4 presents the analysis and results, and Section 5 concludes the

paper with the research findings, limitations, and areas for future research.

2. Literature Review

2.1. Kaizen Event Sustainability Research Literature

Previous academic research has reported that the sustainability of technical and social
system benefits from a Kaizen event may be varied (Doolen et al., 2008). One empirical study
found that while seven of eleven (63%) Kaizen events studied were able to sustain all or most of
the changes that were implemented during the Kaizen event, three of the eleven (27%) were
unable to sustain any of the implemented changes (Burch, 2008). Some practitioners report
difficulty in sustaining even 50% of the initial improvements over time (Laraia et al., 1999) and

others anecdotally report that improvements may disappear entirely within six months of an
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event (Veech, 2004). Greater understanding of the determinants of Kaizen event outcome
sustainability could decrease this variability so that organizations could more systematically
sustain Kaizen event outcomes.

While there have been some previous studies that explore Kaizen event sustainability
(Bateman and David, 2002; Bateman and Rich, 2003; Bateman, 2005; Burch, 2008; Doolen et
al., 2008; Magdum and Whitman, 2007; Marin-Garcia et al., 2009; Patil, 2003), there are

o potentially
opportunities for additional research to extend this body of knowledge an%ncrease the ﬁ?
effectiveness of Kaizen events in organizations. A majority of the current literature focuses on
the sustainability of Kaizen event technical system outcomes (Bateman and Rich, 2003;
Bateman, 2005; Patil, 2003; Marin-Garcia et al., 2009ﬂ fewer studies considering social
system outcomes (Burch, 2008; Doolen et al., 2008; Magdum and Whitman, 2007). Additional
research regarding social system outcomes is particularly important due to the current lack of
consensus regarding the influence of social system outcomes on the sustainability of lean
program improvements. For example, reported social system outcomes include the creation of
an organizational culture of longer-term continuous improvement (Laraia et al., 1999; Melnyk et
al., 1998; Sheridan, 1997; Bicheno, 2001), in part due to the achievement of short-term benefits
through Kaizen events to secure buy-in, i.e., commitment, from employees and management
(Melnyk et al., 1998). However, empirical study of Kaizen events suggest that positive attitudes
at the conclusion of a successful event do not automatically translate to sustained performance
improvement or sustained employee enthusiasm (Doolen et al., 2008). Study of the determinants
of longer-term social system outcomes and study of the relationship between immediate and

longer-term social system outcomes would provide greater understanding and potentially resolve

the current lack of consensus in the literature.
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X:j Also, several of the current Kaizen event sustainability studies are i singlg%ase studg I€3
organizatien (Patil, 2003; Magdum and Whitman, 2007; Doolen et al., 2008) and thus their
findings are limited in terms of generalizability. To date, it appears that only Burch (2008) has
~ considered the sustainability of social system-related factors across multiple organizations, but +hus study
included only
/,.ﬂSF’ studted a relatively small number of Kaizen events (n=13). Further, the research model did not
\n cor porate. _
)ﬁ eenstder several Kaizen event characteristics and post-event mechanisms that may-be-potentrat~ M/ %M‘
wh impact )
ﬁ determinants-of Kaizen event outcome sustainability. The present research addresses gaps in the
current Kaizen event sustainability literature through the study of the key social system (human
resource) outcome, work area attitude and commitment. To the authors’ knowledge, this
research represents the largest sample size to date at the Kaizejz event level (n=65) across
qger

multiple organizations. The present research also considered aﬂlumber of potentially critical
—rhc.z.n pu viousS feseavch -

success factors. These factors represenm variables related te-beth-social and-techmical systenr
factors in order to account for a greater-amount-of variability in Kaizen-event-outcome-

sustainability, including thoserelated to the Kaizen event itself, the targeted work area, and post-

event mechanisms and activities.

2.2. Related Improvement Sustainability Literature

:l: Nhor

> Because there is limited research on Kaizen event sustainability, the literature regarding the

sustainability of continuous improvement approaches (Kaye and Anderson, 1999; Upton, 1996;
Readman and Bessant, 2007; Anand et al., 2009) and other process improvement approaches

(Dale et al., 1997; Keating et al., 1999; Oxtoby, 2002; Pillet and Maire, 2008) was also reviewed
Q‘L.CJO..G.. won(.lhckr\(‘ad-c‘.&
‘x_) to inform the working theory of Kaizen event sustainability. However, there are currently
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limitations to this body of knowledge that create the need for additional research on the
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sustainability of the outcomes of improvement approaches in general. For example, most of the
continuous improvement literature tends to focus on the improvement program as a whole, rather
than individual change interventions (e.g, Kaizen events), and commonly uses a case study
research approach (Bateman, 2005). While general process improvement sustainability research
has utilized different types of methodologies, for example, multiple case studies (Oxtoby et al.,
2002) and system dynamics (e.g., Keating et al., 1999), the methods are still largely qualitative.
The use of multiple models and both qualitative and quantitative methods could provide greater
understanding of improvement sustainability (Meredith, 1998; Forza, 2002). This research
addresses these limitations by focusing on the outcome of individual improvement projects (i.e.,
Kaizen events), studying events across multiple organizations, and using quantitative, as well as

qualitative, analysis methods.

2.3. Modeling Kaizen Event Outcome Sustainability

— Previous studies have examined social and technical system factors in order to gain a holistic

perspective of production system improvement (e.g., Olorunniwo and Udo, 2002; Chakravorty,
2009b). Similarly, this research uses sociotechnical systems (STS) theory (Emery and Trist,
1960; Pasmore and King, 1978; Miner, 2006) to emphasize the need for joint optimization of the
technical environment and the human resources in the sustainability of Kaizen event outcomes.
In addition to STS theory, change institutionalization frameworks from the organizational
change literature (Goodman and Dean, 1982; Buller and McEvoy, 1989; Cummings and Worley,
1997) were used to provide structure for the model of Kaizen event outcome sustainability.
Institutionalization refers to the integration of a change into the usual activities of an

organization (Johnson et al., 2004). These frameworks illustrate that the structure of the change
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and organizational characteristics jointly influence a set of institutionalization processes that in

turn influence business and human resource-related irSRtificRalizali oo aieEse.. outcomeﬁ.

The adaptation of the change institutionalization framework to provide structure for the present
model of Kaizen event outcome sustainability was supported by the similar use of Kaizen events
in the studied organizations and the improvement efforts described in the institutionalization
research. Specifically, the improvement efforts discussed in the institutionalization research
(e.g., Goodman and Dean, 1982) literature are typically used regularly and systematically across

the organization. Sj;;:#ab;,/ﬂ; present research studied organizations using Kaizen events
systematically, as opposed to on an ad-hoc basis. By adapting the framework of change
institutionalization, this research aims to explain Kaizen event outcome sustainability within the
context of programmatic Kaizen event use.

Based on STS theory and change institutionalization frameworks, the model of Kaizen
event outcome sustainability (Figure 1) was developed and includes the following groups of
variables: Kaizen Event Characteristics, Work Area Characteristics, Post-Event Characteristics,
and Sustainability Outcomes. The model variables were identified based on a systematic
literature review of 152 academic and practitioner Kaizen event resources (Glover, 2010) with an
emphasis on the Kaizen event sustainability research literature-presemted-ianscction=2-1. The
general continuous improvement literature (Seetrorr2-2Yy and change institutionalization literature

Swremonss
were also used to support the inclusion of variables in the model. A listing-of the model
variables, their definitions and measures, and the supporting literature for each variable is pawov v o
presented in Appendix A. Thefollowmgprovides Abrief explanation of each variable group

and the model variables /0 pAO Lickodl Nt .
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)( Kaizen Event Characteristics are the group design, task design, and organizational context

factors that describe the design of the initial Kaizen event (Farris et al., 2009) or the structure
of the change (Goodman and Dean, 1982; Cummings and Worley, 1997). Four Kaizen Event
Characteristics that may impact Kaizen event outcome sustainability were identified and
measured: goal clarity, goal difficulty, team functional heterogeneity, and management
support as defined and operationalized in the first phase of the larger Kaizen event research
initiative (e.g., Farris et al., 2009).

X Work Area Characteristics are the contextual factors related to the targeted work area of the

Kaizen event. This research identified and measured three perceptual Work Area
Characteristics: work area routineness (e.g., Farris et al., 2009), learning and stewardship,
and experimentation and continuous improvement, which were adapted from previous
measures of group learning behaviors, stewardship, and knowledge of continuous
improvement (Doolen et al., 2003; Groesbeck, 2001). Four objective work area
characteristics were also measured: management Kaizen event participation, management
changes, employee changes, and production system changes (including changes to work area
equipment, product volume and product mix). These variabies are similar to the
organizational characteristics included in the change institutionalization frameworks

&77 (Goodman and Dean, 1982; Cummings and Worley, 1997Xbut relate to the targeted work
area of the Kaizen event.

)n( Post-Event Characteristics are the institutionalization processes (Goodman and Dean, 1982;

Cummings and Worley, 1997) or activities conducted after the conclusion of a Kaizen event
in order to fully integrate, monitor, and support the changes in the targeted work area. The

present research identified and measured five Post-Event Characteristics: institutionalizing



change, avoiding blame, improvement culture, performance review, and accepting changes.
These variables had not been defined prior to this research and were operationalized based on
frequently cited post-event activities found in the literature review.
X Sustainability Outcomes are the social and technical system outcomes of the Kaizen event
over time. However, due to space constraints, this paper focuses only on the determinants of
the social system outcome, work area attitude and commitment. Work area attitude and
commitment relates to work area employees’ liking for Kaizen events, as the change
meéhanism under study (Goodman and Dean, 1982), as well as work area employees’ belief
in the value and need for the Kaizen event (Buller and McEvoy, 1989). This variable was
adapted from previous measures of Kaizen event team member attitudes and commitment
(Doolen et al. 2003; Farris, 2006; Farris et al., 2009).

(Insert Figure 1)
Based on these groups of variables, the following research hypotheses were tested:
:0\‘\ Hypothesis H1. Kaizen Event Characteristics have a direct relationship to work area

;\. attitude and commitment.

° | Hypothesis H2. Work Area Characteristics have a direct relationship to work area
attitude and commitment.

1_
[
|
|
e | Hypothesis H3. Post-Event Characteristics have a direct relationship to work area
l .
!

| attitude and commitment.

|

d Hypothesis H4. Post-Event Characteristics mediate the relationship of Kaizen Event

Characteristics and Work Area Characteristics to work area attitude and commitment.
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\i? As discussed irSeettorr2-1, there are conflicting findings in the literature regarding the
influence of immediate social system outcomes on the sustainability of those outcomes. Based
on these conflicting findings, this research also explored the relationship between the attitude of
team members toward Kaizen events immediately after the event and work area attitude and
commitment (which was assessed nine to 18 months following the event). Atfitude was studied
in the first phase of the larger Kaizen event research initiative (Farris et al., 2009). This

in o cortertof
relationship was examined -based-en the following hypothesis:
e ) Hypothesis HS. The attitude of team members immediately after the Kaizen event and

']

work area attitude and commitment approximately nine to 18 months after the Kaizen

3. Methodology

3.1 Sample Selection

This research used a multi-site field study design of eight manufacturing organizations W -
vottia deda co tlected) tn
(Table ly"?@ two time periods. The term “T0 data” is used in this research to refer to the data
collection phase that occurred during and immediately after a Kaizen event. The term “T1 data”
is used in this research to refer to the data collection phase that occurred approximately nine to
18 months after a Kaizen event. Organizations were selected for this study based on researcher-
to-company relationships due to the need for access to data from multiple events, the need to
collect data at two time periods, and the need to access certain organization-level data.
However, several boundary conditions and event sampling selection criteria were applied

to increase the reliability and validity of study results (Yin, 1994; Eisenhardt, 1989). The

boundary conditions used to select organizations were: the organizations manufacture products
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of some type, had been conducting Kaizen events for at least one year prior to the start of the
study, had been using Kaizen events in a systematic vs. an ad-hoc way, and had been conducting
Kaizen events relatively frequently (i.e., at least one per month). At TO, Kaizen events were
sampled randomly within each organization. Four organizations agreed to provide data for all
events conducted during the study period; therefore, a census sampling approach was used in
those organizations. The other organizations requested a lower data collection frequency. In
these organizations, a systematic sampling prdcedure was used (Scheaffer et al., 1996). For
instance, if the average number of events per month in the organization was », a number k was
selected between one and n, such that every K™ event was targeted for study.

TO data were collected from 102 Kaizen events across 16 organizations (October 2005 to
July 2008). However, 19 individual events were ultimately removed from the analysis due to
incomplete data. Therefore, the complete TO dataset included 83 Kaizen events from nine
organizations. The research team successfully collected T1 data from 68 of the 83 Kaizen events
across eight organizations (October 2006 to April 2009). Two of the 68 cases were removed
from the analysis due to incomplete dat:band one of the 68 cases was considered inappropriate
for inclusion because it was still in implementation phase at T1. For data analysis, a complete
dataset (T0 and T1 data) was needed for a given event. Thus, the total sample size (T0 and T1
data) for this research is 65 Kaizen events across eight organizations. Table 1 describes each
organization Steee and the number of events studied per organization.

(Insert Table 1)

3.2 Data Collection Instruments

In total, three instruments were used to collect the data that were analyzed in this

research. Table 2 summarizes the administration sequence, the content of the data collection

12



instruments, and the variables assessed in each instrument. Additional instruments, including a
Kaizen event program interview and a team activities log, were used as a part of the larger
research initiative to provide a better understanding of the organizational context of the events
studied, as well as the context of each event (Farris et al., 2009), but these were not used directly
in the study of Kaizen event sustainability described in this paper.

(Insert Table 2)

In this study, TO data were collected from Kaizen event team members (via the Kickoff
and Report-out Questionnaires) and from facilitators (via the Event Information Questionnaire
(Farris et al., 2009)). The Kickoff Questionnaire was completed by team members at the start of
the event and the Report-out Questionnaire was completed by team members at the end of the
event. The Kaizen event facilitator completed the Event Information Questionnaire usually by
witkin four weeks after the event. T1 data were collected nine to 18 months after the Kaizen
event through the Post-event Information Questionnaire. This questionnaire was administered
either to the facilitator of the Kaizen event or to the work area manager. Both the Event
Information Questionnaire and Post-event Information Questionnaire were either self-
administered or a member of the research team gathered the guestronmratre data via a telephone
interview. The collection method was based on the preference and availability of the respondent.
Using this mixed collection method could introduce some bias in the data. However, because a
majority of the measures were either objective measures or related to the extent to which
objectively observable activities were conducted, the benefits of being able to collect more data

were preferred over this potential bias.
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3.3. Instrument Validation and Descriptive Statistics

“Lindeas

———7 Before assessing the validity of the survey scales, all data were screened to assess their
- dlfﬁs‘\\wbol‘ﬁ(_}&g p ooV
79 adherence to% basic seasistieal assum;utnons,\o perform ﬁ% analysis using standard
parametric methods (Neter et al., 1996; Johnson, 1998; Field, 2009). Overall, the data were
non-normal but examination of the histograms of the distributions and the skewness values
Tk voerD

\éj suggest this dewatlon 18 not severe enough to exclude the use of parametric analysis methods,

i.e., no skewness values were greater than 2.0 (DeCarlo, 1997). i
pe

Exploratory factor analysis (EFA) was used to examine the construct validity:ﬁf all of

the multi-item survey scales. All factor analyses were conducted with principal components

B? extraction)and an oblique rotation method was used because theory suggested that the survey
scales may be correlated (Jennrich, 2002; Johnson and Wilchern, 2007). Following Kaiser’s
rule, components with an eigenvalue greater than 1.0 were extracted (Johnson, 1998). In cases
where the eigenvalue was close to 1.0, a solution that considered the additional component(s)
was explored. The results of the exploratory factor analysis for the TO measures are presented in
Farris et al. (2009), and results of the exploratory factor analysis for the T1 measures are
presented in Glover (2009) and Glover (2010). Items with high primary loadings (>.500) and
low secondary loadings (<.300) were accepted as items of a given factor (Kline, 1994).

After the factors were extracted to form revised survey scales, the reliability of each scale
was assessed using Cronbach’s @, a common measure of internal consistency for interval, multi-
item scales (Cronbach, 1951). The Cronbach’s a values for all scales were higher than the

Sumnmmoni2zes
\‘7 commonly-recommended threshold of 0.70 for survey scales (Nunnally, 1978). Table 3 inehdes

the following information for each survey scale, organized by variable group: the timing of the

data collection, the number of items that comprised each scale, an example item for each survey
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W scale (all variables in Table 3 were measured as multi-item survey scales), and the Cronbach’s o o

(Insert Table 3)

Following the reliability analysis, scale averages for each team in the dataset were
calculated using the revised scales. The resultant survey scales and continuous variables were
assessed to determine their statistical moments, distributional properties, and the collinearity of
the independent variables. In general, the variables appeared to be relatively normally
distributed. While formal tests of normality were rejected for several variables, they appeared to
only demonstrate mild departures from normality. Finally, the collinearity of the resultant
independent variables was assessed using the variance inflation factor (VIF) to measure the
extent to which each predictor covaries with all of the other predictors considered in the
regression model for work area attitude and commitment. An individual VIF greater than 10.0
(Neter et al., 1996) or an average VIF greater than 3.0 generally indicates a problem with
multicollinearity. In this research, tht_e maximum observed VIF was 3.09, and the average VIF

was 2.24. Thus, multicollinearity did not appear to be problematic in the dataset.

4. Results

Exploratory multiple regression models using generalized estimating equations (GEE)
were used to build the model of work area attitude and commitment. Introduced by Liang and
Zeger (1986), GEE provides a method of analyzing correlated data in which measures are taken
on subjects who share a common characteristic and can be grouped into common clusters (Hox,
2002), e.g., teams within organizations. Other multilevel methods were considered, including

hierarchical linear modeling (HLM) and structural equations modeling (SEM). However, HLM
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experts suggest that at least 10 observations per predictor per level are needed for analysis
(Raudenbush and Byrk, 2002), and SEM requires balanced “time-structured” data within
subpopulations (Raudenbush and Byrk, 2002). Further, a large sample size of five to ten cases
per estimated model parameter is historically recommended for SEM (e.g., Bentler and Chou,
1987). Based on the sample size concerns and the fact that there were not balanced time
ﬁ’ intervals in the data, HLM and SEM were determmedstebe no}&ppropriate for this research
analysis. Qd@avﬂ(’-él ) !
The following GEE modeling decisions and specifications were used to analyze the
dataset. Because the dependent variables exhibited relatively continuous distributions, all
% dependent variables were initially modeled as normal,and an identity link function was used
(Garson, 2009). Of the several types of working correlation matrices that can be used to account
for%clustered data, an exchangeable correlation matrix was chosen, which assumes equal
correlation between all observations within a given cluster, i.e., teams within a given
organization. The exchangeable correlation matrix is the most appropriate for this research
because of the lack of natural ordering of the observations and the expected presence of the
correlations of teams within organizations (Hardin and Hilbe, 2003; Garson, 2009). Finally,
y either%empirical ort ‘ “model-based” standard error estimates can be used to assess the
| regression findings. The model-based standard error estimates were chosen because these
estimates are based on the estimated exchangeable correlation matrix (Hanley et al., 2003) and
tend to give more consistent estimates of covariance even when the working correlation matrix is
misspecified (Garson, 2009) or even when the cluster-level sample size is relatively small

(Hanley et al., 2003).
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4.1. Identification of Direct Predictors of Work Area Attitude and Commitment

There was no established hierarchy of variable importance. Therefore, for the model
building process, an exploratory manual backward selection procedure was used. At each step in
the selection procedure, if the p-value for one or more variables was greater than a=0.10/k,
where k is the number of parameters in the model (i.e., the number of predictor variables plus
one), the variable with the largest p-value was removed. This procedure was repeated until all
remaining variables were significant at the 0=0.10/k level. OLS regression procedures using
PROC REG in SAS 9.2, including examination of the automated backward, stepwise, R?
MAXR, and Cp selection procedures, were used to support the GEE results.

Upon testing the operational research model variables, all of the selection procedures
A

1

“\(OLS and GEE) converged upon a three predictor model (Table 4) that included the following

i predictors:

| e performance review (= 0.161, p=0.012)
e experimentation and continuous improvement (= 0.288, p=0.007), and
e accepting change (B= 0.202, p=0.005).

/_—These variables were found to be significant at the adjusted o level (0.10/4=0.025).
N

A .~

(Insert Table 4)
Next, the Rz, adjusted Rz, and the intraclass correlation coefficient values were assessed.
y The R? and adjusted R* values are automatically generated using the OLS procedurcs)and the
GEE R” and adjusted R? values were manually calculated (Hardin and Hilbe, 2003). As shown in
Table 4, the direct predictors of work area attitude and commitment toward Kaizen events
explained approximately 50% of the variance (GEE R?=0.5026). The observed intraclass

correlation reported by the GEE procedure was 0.1750, which suggests that there is more

17



variation that occurs within clusters versus between clusters (organizations), providing additional
support for the use of the exchangeable matrix for the GEE analysis to study this outcome.
Finally, residual analysis was performed to assess potential departures from linearity and
normality. The residual plots and partial regression plots did not indicate departures from
iinearity. All standardized residual values were less than 2.0, thus presenting no strong égd?fugu s
of influential cases. However, the Wald-Wolfowitz run test (Chang, 2000) M indicate that Ck \:Cl )
there was a random pattern in the residuals (p = 0.003). Graphical observation of the residuals by
organization suggested that the lack of randomness may be caused by heteroscedasticity at the
% organizational level; i.e., the residual variance is not similar in each organization )and additional
organizational-level variables may improve the overall model fit. To explore this possibility, the
additional organizational variables, year of first Kaizen event, Kaizen event rate, and total
number of employees, were tested but were not found to be significant. While the
,\7\( heteroscedasticity potentially presents limitations, conclusions about the sample can still be mad?j
and the variables identified in the model are likely to be among the most influential in explaining
work area attitude and commitment. Additional research is needed to assess the generalizability
7‘( of these findingse
In summary, the null hypothesis for H1 failed to be rejected in that no Kaizen Event
Characteristics were found to be significantly related to work area attitude and commitment.
There was partial support for H2 and H3 in that work area attitude and commitment was

significantly predicted by one Work Area Characteristic (experimentation and continuous

improvement) and two Post-Event Characteristics (performance review and accepting changes).
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4.2. Mediation Analysis to Identify Indirect Predictors of Work Area Attitude and Commitment

Mediation analysis was used to determine whether any input factors, i.e., the Kaizen

Event Characteristics or Work Area Characteristics, had indirect effects on work area attitude

and commitment through the mediating Post-Event Characteristics, performance review and

accepting changes. A mediator is a variable that is in a causal sequence between two variables
f%(Macannon et al., 2007band mediation occurs when an input variable acts indirectly upon an

outcome variable through a third, mediating, process variable (Baron and Kenny, 1986). GEE

was also used to analyze the mediation relationships. A four step process was used to perform

the mediation analysis (Judd and Kenny, 1981; Baron and Kenny, 1986; MacKinnon et al., 2000;

%Kenny, 2009); the first two steps are the primary mediation analysis testing}and the last two steps
test the robustness of the solution found in the primary mediation analysis testing. The first two
steps tested the three paths to evaluate each mediation hypothesis. Therefore, an a level of

0.05/3 = 0.0167 was adopted as the significance level for each path to preserve an overall 0.05

confidence level for the test (Kenny, 2009). The following describes the first two steps that were

performed:

1. The mediating process variable (z) was separately regressed on each input variable

j( individually (x),and the resulting coefficient (a) was tested for significance.

2. 1f a significant relationship was demonstrated in step one, the outcome variable (y) was
regressed on both the input variable (x) and the mediating process variable (z), and the
resulting regression coefficients were tested for significance. A significant regression
coefficient (b) for the mediating process variable (z) is necessary for the demonstration of a
mediation effect. The regression coefficient (¢”) for input variable (x) can be either

significant (partial mediation) or non-significant (full mediation).
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The following describes the last two steps that were used to test the robustness of each
mediation solution:

3. After the two preceding steps were accomplished for all nine input variables, the mediating
process variable (z) was simultaneously regressed on all the input variables (x;) significant in
step one. This step was performed to confirm whether each input variable (x;) was a
significant unique predictor of the mediator (z), after controlling for the other input variables.

4. In addition, the direct relationship between each input variable (x) and the outcome (y) was

tested for significance. A significant direct relationship further supports the mediation

% hypothesixbut is not strictly necessary farde

(MacKinnon et al., 2000).
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% Table 5 prescntNediation results. In summary, performance review was a significant
mediator of the effect of work area routineness and learning and stewardship on work area )
reqression Coetficees
attitude and commitment. It should be noted that in step 2 of the mediation analysis, retationship—
b siqnificant
% JP-was only marginally suppested for learning and stewardship (p=0.0295). However, the
marginally-supported full mediation of learning and stewardship is retained in the model to
emphasize the potential influence that learning and stewardship may have on work area attitude
/_)14_ and commitment thatmay-be-explored-infurtherresearch. Also, for step 4, the p-value for work
| area routineness was very high (0.680). This finding may indicate a suppression effect
(MacKinnon et al., 2000), as the direct effect of work area routineness is negative (-0.030) and
its indirect effect is positive (0.095), which may be cancelling out the direct effect. However,
because a significant direct relationship is not required to be significant for mediation to hold
7%’\ (MacKinnon et al., 2000), the si gm'ﬁcansindirect relationship is retained in the final model.
_ %\// E@,A‘ccept:‘ng changes was a significant mediator of the effect of production system
changes and experimentation and continuous improvement on work area attitude and
commitment. Again, it should be noted that at step 4, production system changes (p= 0.095,
p=0.3461) was not significant. In this case, the direct effect and indirect effect of production
system changes were both positive. Conceptually, the finding may relate to a confounding effect
(MacKinnon et al., 2000), i.e., the increase in the magnitude of the effect of production system
changes on work area attitude and commitment may have occurred because accepting changes
explained variability in production system changes. But as with work area routineness, because

the direct relationship is not required to be significant for mediation to hold (MacKinnon et al.,

2000), the relationship is retained in the final model.
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K}U In summary, H4 was partially supported with two significant mediation effects for work

< Py Tobole 5o

4.3. Correlation Analysis of T0 and T1 Social System QOutcomes HeiS Sonberg

area attitude and commitment.

Trdert
—> Finally, analysis of the non-parametric bivariate correlations, Kendall’s tau and Spearman’s rho,

between the attitude of Kaizen event team members immediately after the event (Farris et al.,
2009) and work area attitude and commitment was conducted (Table 6). In summary, the

correlation findings found that there was no support for H5 abewtthe relationship between work
inAc a,"t(nc\ thed thene wocw

no Siguaficart

area attitude and commitment and attitude (p-value > 0.90).

(Insert Table 6)

5. Discussion and Conclusions
5.1 Predictors of Work Area Attitude and Commitment

Accepting changes was the strongest predictor of work area attitude and commitment (3=
0.202, p=0.005). Previous research has suggf:sted- that accepting changes activities, such as
management’s reinforcement of continuous improvement by regularly checking and raising}é\
continuous improvement awareneés a;rt;\tnderstanding of employees (Kaye and Anderson,
1999), may support the sustainability of change.

Acting indirectly through accepting changes, experimentation and continuous

improvement was positively related to work area attitude and commitment. This result is aligned

q‘!{witﬁh previous research wi¥ch has found that %workforce. participation in continuous
Lo haeA~
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improvement activities support employees’ acceptance and understanding of changes (Keating et

al., 1999). Experimentation and continuous improvement was also directly related to work area

J
that direct employee participation in designing changes (Bradley and Willett, 2004; Melnyk et

% attitude and commitment. This finding is also aligned with previous studies which have found

al., 1998; Tanner and Roncarti, 1994), employee understanding of continuous improvement
(Kaye and Anderson, 1999), and employee understanding of the benefits of improvement via
participation in continuous improvement activities (e.g., Keating et al., 1999) may support the
continued success of an improvement program.

The mediation analysis als_o found that production system changes was positively,
indirectly related to work area attitude and commitment through accepting changes. The
inclusion of production system changes as an indirect predictor of work area attitude and
commitment may be explained from two perspectives. First, previous research has found that
experimentation and continuous improvement learning styles are more prevalent in organizations
that effectively use a flexible product differentiation strategy (Yeung et al., 1999). Thus,
organizations with more flexible production capabilities, i.e., organizations that can easily adapt
to changes in product mix, etc., may be more likely to use learning strategies that encourage
change and may also be more accepting of other changes, including those resulting from a
Kaizen event.

Secondly, performance review was also found to be a positive predictor of work area

J

work area performance measures, conducting audits, and meeting with higher-level management
posi e
regarding the Kaizen event progress may encourage wEk-acea employeef attitudes and
- . - - - . %w'g‘
commitment toward Kaizen events. This finding aligns with previous research sasieh has

%am'rude and commitment,which suggests that the establishment of activities such as reviewing
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reported that the use of measurement systems and related activities may increase visibility and
employee awareness of change (Bradley and Willett, 2004; Melnyk et al., 1998; Tanner and
Roncarti, 1994) and may prevent the deterioration of process-related improvements over time
(Bateman and Rich, 2003; Kaye and Anderson, 1999; Dale et al., 1997).

Acting indirectly th;ough performance review, learning and stewardship was positively
related to work area attitude and commitment. A relationship between performance review and
organizational learning and stewardship has been reported in the performance review literature
(e.g. Kloot, 1997; Mausloff and Spence, 2008). Furthermore, the continuous improvement
li_terature notes that performance review activities may serve as group learning experiences
because they provide a platform to share experiences and progress on improvement projects
(Kaye and Anderson, 1999).

The mediation analysis also found that work area routineness was positively, indirectly
related to work area attitude and commitment through performance review, which suggests that
performance review activities may be more easily performed in less complex work areas. The
literature recognizes that performance measurement may be more difficult to perform in complex
work systems, due to difficulties in defining performance measures (e.g., Beamon, 1999) or due
to greater variability in performance (e.g., Martin and Smith, 2005).

Finally, several model variables were not found to be significant predictors of work area
attitude and commitment, including goal clarity, goal difficulty, management support, team
functional heterogeneity, management change, employee change, institutionalizing change, and
improvement culrure_. However, some of these variables were found to be significantly related to

other sustainability outcomes (Glover, 2010).
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5.2. Qualitative Assessment of the Event Primary Goals

Trdent-

-~—> A qualitative assessment of the primary goals of the events with the five highest and five lowest
work area attitude and commitment values yia an extreme case sampling approach (Yin, 1994)
provided additional insight into the regression findings. These interpretations are not intended to
be conclusive because they only consider a subset of the total sample; rather, they are intended to
provide additional detail that may support the study findings. The primary goals of four of the
five Kaizen event teams with the highest work area attitude and commitment values were related
to standardizing work. Standard work techniques often include the integration of best practices,
updating documentation, and implementing visual cues; these techniques have been suggested to

j'( assist employees with sustaining}éimprovements (Martin, 2007; Veech, 2004). The targeted
activities of these events included the implementation of standard work documentation that
appear to support accepting changes as well as the adoption of an auditing or inspection process,
a performance review activity.

Four of the five teams with the lowest work area attitude and commitment values had
primary goals that were related to addressing quality issues, including the reduction of errors and
testing failures. It is possible that because these events addressed quality issues, work area
employees may relate Kaizen events to the identification of errors, i.e., mistakes. The
continuous improvement literature emphasizes the importance of avoiding blame when
addressing quality issues (Kaye and Anderson, 1999). Therefore, if additional supportive
structures were not present during these quality-focused Kaizen events, work area employees

may tend to develop negative attitudes toward the improvement mechanism.
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5.3. Relationship Between Immediate and Long-Term Social System Outcomes

Based on the correlation analysis, there is no support for the relationship between the
X (@IEIBE attitude of Kaizen event team members toward Kaizen events immediately after the

event (Farris et al., 2009) and work area attitude and commitment. The fact that attitude and
work area attitude and commitment appear to be uncorrelated may be explained based on
differences in the respondent, i.e., the respondents for atfifude were the team members while the
respondents for work area attitude and commitment was the facilitator or work area manager.
However, this finding does at least partially align with previous research that suggests that
positive attitudes at the conclusion of a successful event do not necessarily translate to sustained
employee enthusiasm (Doolen et al., 2008) and that work area employees may be more
influential to the long-term sustainability of Kaizen event outcomes than the original Kaizen
event team members (Burch, 2008).

Examination of the most significant predictors of attitude compared to those of work area
attitude and commitment provides additional insight into the research findings. As described in
Farris et al. (2009), attitude toward events was positively related to management support and
internal processes (a measure of team harmony) and negatively related to team functional
heterogeneity (an index measuring the cross-functional diversity of the team). There are
differences between the most significant predictors of attitude compared to those of work area
attitude and commitment. For example, team functional heterogeneity was important to the
immediate achievement of positive team member attitude (T0), but it was not a predictor of work
area attitude and commitment, measured at T1. This difference may not be particularly
surprising as, has already been indicated, the characteristics of the work area appear to have

more influence over sustainability outcomes, particularly the human resource outcomes, than the
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characteristics of the Kaizen event team, which is a temporary improvement team. Also,
performance review of the Kaizen event outcomes was a significant predictor of work area
attitude and commitment, but was not a predictor of attitude at TO.

There are also similarities to note between the predictors of attitude versus work area
attitude and commitment. Although these two outcome variables were not significantly
correlated, the models of attitude and work area attitude and commitment similarly emphasize
the role of employee internal processes and group norms during the Kaizen event (i.e., having’

- Processes
harmonious team) and after the Kaizen event (i.e., accepting and following changes, learning and
stewardship of the work area, and experimenting and understanding the role of continuous
improvement). In addition, some of the predictors of attitude and work area attitude and
commitment relate to the role of management. This similarity suggests that management can

influence attitudes both during the Kaizen event (i.e., providing resources) and after the Kaizen

)A\/\event (i.e., accepting changes and holding employees accountable for following changes).

\ 5
A narons 10 .
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In summary, the findings of this research can be used to develop theffollowing

5.4. Practitioner Guidelines

practitioner guidelines:
e The direct or indirect significance of learning and stewardship, experimentation and
continuous improvement, accepting changes, and performance review to work area
: cleohn
7‘}/\ attitude and commitment emphasizes the importance of haséag a learning organization
and the importance of the development of a continuous improvement culture. In practice,

management can cultivate learning behaviors by encouraging shared peer learning

activities, developing “good stewards” in the workforce, encouraging experimentation,
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and explaining the importance of continuous improvement. Moreover, management can
foster sustained improvement through the use of performance review activities and by
%— supporting activities that ?ﬂf ensure changes are accepted, followed, and reinforced.

e This research found that work area routineness was positively associated with
performance review activities and thereby work area attitude and commitment, i.e.,
complex work areas were associated with lower work areas attitude and commitment.
Therefore, management should consider focusing on other variables that positively
influence work area attitude and commitment that may offset this potential disadvantage
in complex work areas.

e Work areas that experience production system changes, including changes in product

% mix, volume, etc., may be more iSEhe. accepting of other changes. This finding
suggests that management should not be hesitant to make production system changes
when necessary, noting that, as work area employees experience such production system
changes, it may increase their acceptance of change over time, such as changes resulting
from a Kaizen event.

o Based on the comparison of attitudinal outcomes from TO and T1 and their predictors, the
findings suggest that an event that is considered exemplary immediately after the Kaizen
event may not necessarily remain a benchmark Kaizen event over the longer-term.
Additional consideration should be placed on the role of internal processes, group norms,
and management over time. Management may wish to place additional consideration on
the development of these factors among work area employees, as the characteristics of

the work area and the activities that occur after the Kaizen event may have a greater
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7JL influence on the long-term social system outcomes thz.r&he immediatefoutcomes or

characteristics of the Kaizen event.
é’ Qualitative observations of the Kaizen events with the highest and lowest work area
attitude and commitment values suggest that managers may find it beneficial to
periodically hold standard work events, e.g., using a standard work event to implement _
Moy EnCoerace_etplogees
echniques that may enhance the acceptance of change andffollowsssg new work methods,
as they may help & support the critical factors of work area attitude and commitment. In

addition, managers may wish to place additional emphasis on those critical factors when

using Kaizen events to address quality issues.

5.5. Limitations and Future Research

The research design is an observational field study that sampled Kaizen events and their )
A Looriu ng mrodlal
targeted work areas across multiple manufacturing organizations in order to test the-werking
ko

+heery of Kaizen event outcome sustainability. “Fhe study limitations include:
T
= "Fhis-researchr’s sample $##® was limited in terms of the type, number, and geographic
location of organizations, i.e., eight manufacturing organizations located in states on the East
Coast or West Coast of the United States of America. Further research could consider a
o W idar. \;’G_WC’"

larger number of participating organizations from vasiess industries and additional
geographic locations in order to increase the generalizability and robustness of the findings.

% The residual analysis suggests that additional organizational-level variables or alternative
modeling approaches may increase the predictive capabilities of the model. The continuous

improvement literature hypothesizes that several organizational factors and external

environmental factors may influence improvement sustainability, including organizational
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structure and policies (Dale et al., 1997) and competitors (Dale et al., 1997; Keating et al.,
1999). Future research, including the testing of additional organizational variables and the
consideration of other multilevel modeling approaches, e.g., HLM, is needed to further

){L ’_ Full efficacy o Hus

' explore -;t:‘ﬁﬁfgﬁi@ﬁmw #58 model.

4 @Due to limitations in collecting data (e.g., delayed data collection from respondents), data
were collected at TO (at the beginning and within four weeks of the Kaizen event) and at T1
(approximately nine to 18 months after the Kaizen event). A more precise time difference
between TO and T1 (e.g., collecting all T1 data at exactly twelve months after the Kaizen
event) could have strengthened the internal validity of the study (Davis and Cosenza, 1985).
In addition, future study of Kaizen events using a research design that considers the
collection of data at additional points in time would be beneficial.

7 T1 survey data, e.g., Work Area Characteristics and Sustainability Outcomes, were collected
: direckly
/.-‘Lfrom facilitators or work area management as opposed to collecting the dataffrom the
workforce. While data regarding the perceptions of the workforce throughout the research
would have been beneficial, the approach in this research of using a facilitator or manager to
assess the perceptions of the workforce is supported as it has been used in previous studies
(e.g., Cohen and Bailey, 1997). Furthermore, it is possible that the data collected from the
facilitator or manager may be more accurate than collecting data from the work area
employees, because employees responding may not have been in the work area at the time of
the Kaizen event, while the facilitator or manager responding to the questionnaire was

present at the time of the Kaizen event. In addition, the research team made initial pilot

attempts to survey work area employees, but this survey approach was discontinued due to
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low response rates. However, future research that collects T1 perceptual data from work area
P / Cu\CE ‘FCL cuictedovrs {’u_)() WL @i um\cw_
J'Fvarnployees asswell should be considered.

In summary, the present research has contributed to the body of Kaizen event knowledge and
practice in a number of ways. To the authors’ knowledge, this research uses the largest sample
size at the Kaizen event level to date (n=65), including both studies of Kaizen event initial
outcomes and Kaizen event outcome sustainability. This research also identiﬁé’and

%eperationaliz&new pEapmsed Post-Event Characteristic survey scales. These scales can be used

on .
to inform future research)s(Kaizen events and other process improvement approaches. The (S € <cech

4o Arounclea0™C Yo ¢ axtenclions] te retheadls fo shucly
extensioTrut-ficreseareh-fndings-to- the sustainability of other improvement activities enuiiesise
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Appendix A 3§

. See Table A1 for summary of study variables and measures. WOWy 1O . d .
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Figure 1. Kaizen Event Outcome Sustainability Research Model
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Table 2. Data Collection Instruments and Variables Used in This Research

Instrument Measures Used in This Timing Description Data Source
Research

Kickoff e Goal clarity, goal Immediately following 19 item survey Team
questionnaire difficulty the kickoff meeting at questionnaire with

the beginning of the cover page and

Kaizen event (TO0) instructions
Report out e Management support Immediately following | 39 item survey Team
questionnaire the report-out of team questionnaire with

results at the end of the | cover page and

Kaizen event (T0) instructions
Event e Work area routineness, Following the report-out | 15 item Facilitator
Information team functional meeting — target was one | questionnaire with
Questionnaire heterogeneity to two weeks after the cover page and

event (T0) instructions
Post Event e Work area attitude and Nine to eighteen months | 67 item Facilitator or
Information area commitment , after the Kaizen event questionnaire with | Work Area
Questionnaire improvement culture, (T1) cover page and Manager

institutionalizing change,
performance review,
accepting changes,
learning and stewardship,
experimentation and
continuous improvement,
management Kaizen
event participation,
management changes,
employee changes, and
production system
changes

instructions
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Table 4. Regression Model of Attitude and Commitment

GEEB |SE aGEE |OLSB |SEOLS | aOLS
GEE
Intercept 1.653 0.467 0.000 1.380 0.437 0.003
Performance Review 0.161 0.064 0.012 0.168 0.063 0.010
Experimentation and
Continuous Improvement 0.288. 0.107 0.007 0.301 B0 0.009
Accepting Changes 0.202 0.072 0.005 0.247 0.076 0.002
OLS R?= 0.504, OLS R ;%= 0.479(F3, 59=20.001%%* )
GEE R?=0.503, GEE R ,2=0.477, p=0.175
7
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Table 5. Mediation Analysis Results for Work Area Attitude and Commitment

| Performance Review | Accepting Changes
Step 1: y'= Mediator, separate regression g;;ef. S.E. p-value ((;())ef. S.E. p-value
Goal Clarity 0.19 0311 0.5407 -0.194 0.27 04733
Goal Difficulty 0.193 0.220 0.3809 -0.160  0.205 0.4348
Team Functional Heterogeneity 0.184 0.866 0.8322 0.771 0.769 0.3158
Management Support 0.108 0.290 0.7094 0.250  0.257 0.3295
Work Area Routineness 0.353 0.138 0.0108*  0.255 0.13  0.0509
Management Change 0.052 0262 0.8429 -0.34 0.243 0.1624
Production System Changes 0.049 0.199 0.805 0.408 0.173 0.0186 *
Management Kaizen Event Participation at T1 -0.283 0388 04249 0.195 0345 0.5732
Management Kaizen Event Participation at T0O -0.415 1.069 0.6981 0.820 0.957 0.3914
Employee Change Ratio -0.698  0.837 0.4045 0.631 0.567 0.2651
Leamning and Stewardship 0.636 0.187 0.0007*  0.884 0.155 <.0001*
Experimentation and Continuous Improvement 0.324 0.194 0.095 0.553 0.171 0.0012*
Step 2: y'= Work Area Attitude and Coef. SE p-value Coef. SE p-value
Commitment, separate regression (b) (c”)
Performance Review 0.270 0.068 <.0001*
Work Area Routineness -0.13 0.082 0.1137
Performance Review 0.145 0.067 0.0295-
Learning and Stewardship 0.408  0.109 0.0002*
Accepting Changes 0.299 0.071 <0.0001%
Production System Changes -0.028 0.11  0.8017
Accepting Changes 0.226 0.071 0.0014*
Experimentation and Continuous Improvement 0.332 0.106 0.0018%*
Accepting Changes 0.165 0.079 0.0375
Learning and Stewardship 0.354 0.121 0.0035%*
| Performance Review | Accepting Changes
- 5 . . Coef. Coef.
Step 3: y'= Mediator, simultaneous regression @) SE p-value @) SE p-value
Work Area Routineness 0.383  0.132 0.0039*
Learning and Stewardship 0.672 0.178 0.0002%*
Production System Changes 0.362 0.176 0.0403*
Experimentation and Continuous Improvement 0.514 0.169 0.0023*
Step 4:. y'= Work Area Attitud.e and Coef. SE psvakiig
Commitment, separate regression
Work Area Routineness -0.030 0.073 0.680
Learning and Stewardship 0.500  0.096 <.0001*
Production System Changes 0.095 0.101 0.3461
Experimentation and Continuous Improvement 0.449 0.100 <0.0001%*

Total mediated effect (a*b)

Mediation Analysis Results for Work Area Attitude and Performance Accepting
Commitment Review Changes
Work Area Routineness 0.095 Full

Learning and Stewardship 0.092 Full

Production System Changes 0.122 Full
Experimentation and Continuous Improvement 0.125 Partial
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Table 6. Bivariate Correlations of Work Area Attitude and Commitment and Attitude

Kendall's tau Spearman's tho

Correlation | Sig. (2- | Correlation | Sig. (2-
== Coefficient | tailed) | Coefficient | tailed)

Work area attitude >, 0.005 0954 | 0.013 0.919
and commitment and )
attipude /
\ o
wo v
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