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Accepted: 6 December 2018 Lean has established itself as the primordial approach to obtain operational excellence. Its
simple and intuitive techniques focus on reducing lead time through continuous improve-
ment, involving all levels of employees in the organization. However, the rate of successful
implementations has remained low. This paper contributes to the understanding of continu-
ous improvement in a Lean context, by analyzing a database of almost 10.000 improvement
actions, from 85 companies, covering the time frame 2010–2018. It discusses categories of
actions, their impact and cost, as well as key characteristics of the companies. It proposes an
objective criterion to identify “success” and “failure” in Lean implementation and tries to
link these to operational results. It is probably the first time an analysis of this magnitude
on the subject has been performed.
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Introduction

Lean has without any doubt become the leading
method to pursue operational excellence in Western
companies. The “Factory of the Future” document
[1] from the European Commission states literally:
“In the present scenario of global market competi-
tion, the R&D challenges to achieve a higher compet-
itiveness of the manufacturing systems should be con-
sidered in terms of general evolution drivers, such as:

a) cost efficiency, with extensive adoption of stan-
dards in production machinery, equipment and con-
trols and massive use of the Lean approach”.

This popularity has led to a wealth of useful in-
formation about Lean implementation methods and
success stories on publicly available sources. At the
same time, almost every Western country has one or
more agencies devoted to supporting companies in
their quest towards Lean Knowledge and adoption.

Finally, uncountable numbers of commercial advisors
and consultants, both in large corporations them-
selves or as self-employed persons, offer their knowl-
edge and expertise to companies that start on the
Lean Journey. As a result, the Body of Knowledge
on Lean is well published and available, and critical
success factors (CSFs) are established.

It then remains almost a mystery why so few com-
panies succeed, with published success rates rang-
ing from a merely 2% [2] to 24% [3] and 30% [4].
A 2016 study of 85 companies involved in Lean for
at least 8 years [5] reports that only 12% obtained
complete success, and overall the level reached was
1.3 on a scale from 0 to 3.

This paper wants to contribute to understanding
the causes for this low success rate, by analyzing the
improvement behavior on the Gemba. In true Lean
spirit, objective data has been gathered to allow for
an unbiased look. From the analysis a first attempt
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is made at suggesting causes of success and failure,
as well as at proposing elements of the management
system that more effectively will support true con-
tinuous improvement.

Lean Implementation in literature

While the volume of publications devoted to Lean
is growing at a rapid pace, the segment devoted to
CSFs for implementing Lean remains only a small
part of it [6].

Most of those publications confirm the limited
success rate of Lean in companies, especially in SMEs
[7, 8]. Hu et al. [8] even conclude that “On balance,
the disadvantages appear to outweigh the advantages
for SMEs . . . when implementing Lean”. This con-
firms the validity of focusing on SMEs in this study.

In [9] a list of Lean practices and Barriers to suc-
cess for SMEs was presented, culled from 26 leading
publications. We will use this list as reference in this
paper (see Table 1). We also refer to [10] where 19
CSFs were proposed, but based on a limited set of
4 case studies from large companies. We will try to
verify which propositions are supported by our study
(see Tables 2 and 3). Other studies contributed to the
tally of Lean techniques used, such as [11].

Most CSF studies use a questionnaire approach,
with answers restricted to a 5-point Likert scale [7,
12–15]. While this approach occasionally generates
useful insights, it mostly yields middle of the road
answers in the 2-4 range and little detail. It more-
over remains unclear who in the organization fills out
the questionnaires, but supposedly management is
involved. We know from own experience that in many
companies, management have coarse (and distorted)
views of the Gemba, the workplace where waste and
problems reside. And how much of the self-reporting
is biased and polished? [5] states that in a study of 85
production companies average implementation level
was self-reported as 1.64 (on a scale of 0 to 3), while
research revealed a more moderate level of 1.3, and
that 34% of them had not introduced any Lean tools
(while only 8% had self-reported this).

As stated in [7], in most studies the sample size
is limited from a few to a dozen or so companies [10,
14, 16, 17], a noted exception being [18]. So, one can
understand why conclusive evidence regarding CSFs
for Lean has remained elusive to date.

As Liker stated in [3], the key to obtaining sus-
tainability in Lean is to allow improvement actions to
permeate the daily work in an almost routine man-
ner. This behavior is not well measured through pe-
riodic questionnaires, interviews or even site visits,
which are the main research methods in literature

[8, 10, 16, 17, 27]. Yet almost no studies register in
detail what companies are doing in their Lean imple-
mentation, as opposed to what they tell they are do-
ing. Day to day registration of actions was reported
as a key success factor in [19–20] and [21], confirming
our approach in this study.
The current paper reports on a study that set out

to do just that: observe and register – daily and in de-
tail – what improvement actions companies are tak-
ing, over a suitable long time horizon, and then try
to learn from this why they are successful or not. A
first version of this study, on a more limited data set
covering 2009–2011, and reported in [22], showed the
validity of this approach. It confirmed the low success
rate among SMEs for one thing. It also proposed an
Improvement Management system to improve sus-
tainability of Lean (an effective measure proposed
by [19]).

Registering daily improvement actions

Data registration

The aim was to gather detailed data regarding
improvement actions on the Gemba, over a suitable
long period in each company, from an as large as pos-
sible group of companies that up to that moment had
not engaged in Lean. To organize this massive data
collection effort, a tool was built (www.pdca.be) in
the cloud, to support companies in registering and
tracking problems and their solution. This was in-
spired by [21], where a formal recording method was
found key to employee buy-in as well as attain sus-
tainability of the improvement process. The Plan-
Do-Check-Act method is a basic Lean technique to
guide people in structurally solving problems [23].
The target group were SMEs from Flanders, Bel-

gium, as the tool was in Dutch. This was a prereq-
uisite to allow direct participation of the operators
and supervisors on the shop floor. There were two
mechanisms by which companies were recruited to
participate in the study:
a) companies that engaged the support from Veltion,
a consulting spin-off from Ghent University, to
coach them towards Lean (74% of the sample).

b) companies that unsolicitedly chose to use the
PDCA.be tool to support their Lean endeavor.
Companies could enlist throughout the complete

reference period. Registration started in 2010, and
data up to medio 2018 was gathered. In that time
span 143 companies registered at least one activity
record. In total 10.337 activities were recorded. Al-
most all companies had less than 400 employees, so
they can be considered Small to Medium Enterprises
(SME) according to EU classification rules.
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A record was created for each problem that was
registered. This record was then expanded with the
solution (if any), and metadata, such as effort for
solving, impact, as well as circumstantial informa-
tion such as time stamps, category of the problem. . .
Registration was mainly through a web interface.
However, some companies also used smartphones and
tablets as capturing devices, and a suitable upload
app was developed to load registrations in the PDCA
database. Once created, a problem/solution record
was tracked throughout its PDCA phases, with
timestamps for each transition. Calendar functions
to remind supervisors through email were added, and
also management reports showing progress and sta-
tistics. These functions improved the usability and
therefore reduced instances of incomplete or inaccu-
rate registration.

Data cleaning

Following activity data records were removed
from the database:

• all records from bogus companies, identified by
odd names or random letter combinations,

• records that served as test activities to explore the
PDCA tool without any trace of real improvement
intent.

Fig. 1. Active quarters (2010–2018) by company.

This led to a data set deemed valid for analy-
sis with the following characteristics (see also appen-
dix):

• # companies: 85
• Average/median employee count: 153 / 60

• Avg/median sales revenue (mme): 29,8/19,2
• Time span: 34 quarters (2010–2018)
• # activity records: 9356
• # activities “rejected” by company: 441 (5%)
• # completed activities: 5919 (63%)
• First activity start 1/01/10
• Last activity start 6/04/18
• First activity end 3/01/11
• Last activity end 25/04/18

The companies from the dataset counted between
10 and 300 employees, with a yearly revenue between
4 and 180 million euros.

Figure 1 shows the active quarters of each com-
pany, i.e. in which at least one action was start-
ed, ranked according to increasing number of active
quarters. The patterns are contiguous, suggesting a
true effort to engage in Lean (as opposed to merely
testing the tool).

The nature of improvement actions

Action categories

The categories, indicating the theme or topic the
action was addressing, were self-reported by the com-
panies. We then homogenized the list (Table 1) Fig. 2
shows the number of actions per category, as well as
the % completed (i.e. # completed / # started).

Fig. 2. # actions and completion rate per category
(solid grey = Practices, solid black = Barriers, acc. [23]).

5S is clearly the most popular category (20%),
since it is the one, most companies start with. That
Cost is the second largest one (14%) may seem pecu-
liar, since in itself cost reduction is not a primary goal
of Lean. It indicates that the pressure for cost-down
remains prevalent in SMEs, in line with [24]. Safety,
Quality and Maintenance seem logical, as problems
in those areas interfere with stable operations. Sta-
ble operations are a prerequisite for success in Lean
according to the Toyota House of Lean [23]. Most
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categories have a completion rate of 50 to 80%, with
a notable dip for Maintenance (28%), Communica-
tion (42%) and Ergonomy (48%).
It is worrying to note the low share of actions

which address Barriers to success (as defined by [9]
and listed in Table 1). Practices to support Lean
from the same reference are better represented, with
Visual Management and Waste as exceptions. For
definitions of the Lean tools mentioned we refer to
[23] and [25].
Figure 3 shows the final status of all actions ac-

cording to the PDCA model. The final solution rate
of 63% is another indication of the backlog problem.
We also remark that “Check” is an underused sta-
tus, often skipped by the problem – solving teams.
This phenomenon illustrates a certain lack of under-
standing about PDCA as problem – solving method
(confirming [11]), and its Check phase as a key step
to insure the solutions are effective, and therefore
sustainable.

Fig. 3. Final status of all actions.

In [6] we proposed an implementation plan for
SMEs, derived from a European research project,
that starts from 3 phases that interlock:
• Phase 1: PDCA, in which employees are trained
in problem solving and engage in continuous im-
provement. This starts the cultural switch.

• Phase 2: FLOW/PULL, that pursues lead time re-
duction by introducing Flow and afterwards Pull.

• Phase 3: MANAGEMENT System, to be intro-
duced alongside phase 1 and 2, that visualizes the
achieved improvement rate, and progress in lead
time reduction. This Lean Management System
(LEMAS) [6] should involve management early on
in the Lean implementation process.
We indicate the phase of each category in Table 1.
We finally mapped the action categories unto the

4 elements of the Toyota Production System (also
called the Toyota House [23]), as shown in Table 1,
leading to Fig. 4.

Table 1

Action categories versus Toyota House.

Fig. 4. Toyota House classification.

We see in Fig. 4 that Operational Stability rep-
resents the majority of improvement actions. Among
the three pillars, Jidoka confirms the importance of
quality (24%), while People and JIT remain limit-
ed to 9%. This suggests that the companies may fail
to make the transition to these more complex chal-
lenges. Especially the People pillar is a CSF for sus-
tainability in Lean implementation, while JIT has
the largest impact on lead time and productivity.
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Action lead time

The timestamps in each record allow us to inves-
tigate the time between first registration and final
disposition of the problem/action record, which we
denote the (solution) lead time of the action.

Fig. 5. Cumulative lead time of actions.

Fig. 6. Distribution of estimated effort to solve.

Fig. 7. Distribution of estimated impact of solutions.

We noted that a large part of the registrations
followed calendar time buckets (week, end of month,
end of year). However, given the large number of reg-
istrations we feel this bias does not invalidate the
conclusions.

The first thing one notes from Fig. 5 is that lead
times are relatively large. Only 20% of the problems
is solved within 10 days and 40% takes more than
6 months. This is in stark contrast with the obser-
vation that up to 50% of the actions were deemed
to require limited effort to solve, and that 50% were
seen to have a moderate to large impact (Figs. 6
and 7).
The duration of the problem-solving cycle is

a key performance indicator for Lean implementa-
tion. Simple problems should be solved fast (i.e. with-
in one day to one week), while more complex ones
within 3 months. When lead times are (too) long,
there is a high probability that newly registered ac-
tions overwhelm the workforce, which degrades mo-
tivation. At the same time, management will see the
growing backlog and could then decide the imple-
mentation approach is not working, leading to pre-
mature ending of the Lean implementation [24]. Fur-
ther analysis showed no significant differences in lead
time distribution between the categories, with the ex-
ception of 5S (25% of the actions solved in less than
10 days).

Sustainable continuous improvement

We then turned our attention to the 85 compa-
nies. We decided to develop an objective measure to
identify success and failure with regard of sustain-
able continuous improvement. From literature and
own observations, we propose to include the follow-
ing conditions:

1. ActPer8: Active Period at least 8 consec-
utive quarters. Several publications suggest that
this is required to obtain the needed culture shift
towards “improving the job is part of the job” [12].

2. ActPer3: At least 3 consecutive quarters.

3. %Done: Completion rate of at least 40%.
This measures whether the company continues to
work on solving problems. The cutoff rate is chosen
judiciously.

4. Avg/Qrt: At least 5 completions on aver-
age per active quarter, provided the company
has at least 3 or more active quarters. This
criterion was constrained to exclude short bursts of
a large amount of registrations (i.e. to distinguish
a short term KAIZEN action from sustained CI).
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Fig. 8. Criteria for success for each company.

We then define the success level as the num-
ber of conditions that were met. This results in the
following overall success rate in Fig. 9, with details
reported in Table 2.

Fig. 9. Success rate of sustainable Lean implementation.

Table 2
Completion rates and lead times per success level.

We see that 35% of the companies can be con-
sidered successful, which is in line with literature. It
is clear that only 14 companies (16%) have shown
resilience beyond 2 years, which suggests that the
required culture shift has occurred and that sustain-
ability is achieved. The authors had access to each of

these companies, allowing us to state here that they
did have Lean installed as part of their management
culture.
Unfortunately, we see also another statistic con-

firmed: 51% of the companies remained at level 0
or 1, indicating a failure to get Lean started or a
quick abandonment (despite sometimes high comple-
tion rates). We refer to Fig. 1 for the detailed timings
of active quarters.
From this we conclude that the Success Level

metric as defined seems valid. We then tried to iden-
tify any significant differences in Lean practices be-
tween successful companies (level 4 or 3) and unsuc-
cessful ones (levels 0, 1, 2).
The action completion rate has a clear correlation

with the success level (Fig. 10). Success companies
(levels 3 & 4) have a significant higher completion
rate than the lower levels (p < 0.05), as determined
by the Mann-Whitney U-test. Moreover, successful
companies have a significant higher completion rate
of High Impact actions (Mann-Whitney U, p < 0.02)
(Fig. 11).

Fig. 10. Completion rate for each success level.

Fig. 11. Completion rate of High Impact actions.

Lead times however show a different pattern (Ta-
ble 2): higher success levels have a higher average
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lead time, as well as median. This can be explained
partly by the fact that they tackle also the more dif-
ficult problems, and possibly also by the higher num-
ber of problems to deal with.
We also looked at the adoption rate (% compa-

nies using a given category) of key success factors,
as reported by [10]. We found positive evidence on 6
of 19 propositions linking a high(er) adoption rate to
successful companies (level 4), as compared to levels
1 to 3 (Table 3).

Table 3
Role of key success factors according to [10].

Longitudinal analysis

Next we show the timing of action starts for all
companies, relatively from the kickoff quarter. If we
focus on successful companies only (Level = 4 –
Fig. 12) and mediocre ones (Level = 2 – Fig. 13)
we see a marked difference. After a roaring start,
successful companies have either sustained action
starts in consecutive quarters, or they exhibit regular
restarts after short periods of inactivity. Of course,
the backlog of problems will keep the overall im-
provement effort going.

Fig. 12. Timeline of action starts for Level 4 companies.

For less successful companies, the pattern looks
totally different. The start is equally promising (al-
beit with less activities than level 4), but then the
implementation peters out after about 5 quarters, in
most cases despite some indications of restarts. This
confirms what was found earlier in [22] and [26] that
two years are needed to achieve sustainability.

Fig. 13. Timeline of actions starts for Level 2 companies.

Best in Class Company

We deemed it useful to finalize this company re-
view by focusing on the one company that was truly
outstanding among all 85 companies. It was active
during 26 consecutive quarters (7.5 years), totaling
1507 actions. Its accomplishments are impressive:
• completion rate: 96% (highest of them all),
• average actions/quarter: 58,
• lead time: average = 177 days, median=79 days.
This qualifies the company as Best in Class with-

in this sample. If we compare the share of categories
that BIC employs with the share all other compa-
nies (BIC excluded), we see some marked differences
(Fig. 14). BIC identified 14% more actions in the 5S
category, and 12% more in the People category. Visu-
al Management was also more important, while Cost
and Communications were less. This pattern was not
really different when we compared BIC with its fel-
low Level 4 companies (success). This suggests the
BIC does break away from the pack in some of the
key categories from [9] (see Table 1).

Fig. 14. Best in Class categories versus rest of sample.
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Key Lessons Learned

In this final section we try to formulate some key
Lessons Learned about reasons of success or failure of
Lean implementation in SMEs, based on the findings
of previous sections.

1. To ascertain success in implementing Lean a com-
pany needs to remain active in continuous im-
provement for at least 8 consecutive quarters
(2 years). This rule of thumb [26] follows from the
time needed to establish a change in corporate cul-
ture towards Lean. When we used this criterion to
identify successful companies, we arrived at mean-
ingful differences.

2. Most companies seem to take too much time
to solve problems and implement the related
corrective action (only 30% within 30 days and
40% 6+ months). A short problem-solving cycle
is crucial to maintain motivation among employ-
ees, as well as to avoid being overwhelmed by the
backlog of open actions. Fig. 15 clearly shows this
backlog of open actions accruing for Level 4 com-
panies. This backlog can give the wrong signal to
employees that Lean is an uphill battle, and to
management that Lean is not for their compa-
ny. Causes can be insufficient resources devoted
to continuous improvement, or defining too large
problems that cannot be solved by one team or
without considerable investment or outside sup-
port.

3. Many companies seem to remain stuck in phase
1 topics [6], which reduce waste, but mostly have
little effect on the bottom line. Phase 2 actions
towards Flow/Pull are key to achieving shorter
production and delivery lead times, and hence to
increasing productivity and customer satisfaction.
It could be that SMEs lack knowledge to tackle
the more complex Phase 2 problems. Also there
seems a clear lack in management involve-
ment (Phase 3).

4. On top of that, Level 4 companies seem to be able
to solve a larger share of problems, including
the high impact types.

5. Companies do not use the PDCA method as
it is intended. The Check/Act steps are often
skipped or signed off as a routine matter. This
reduces the completion rate of actions, because
solutions tend to be ineffective, and problems
resurface, adding to the backlog.

6. Six propositions, put forward in [10], seem to be
confirmed by this study. We cite:
Successful companies . . .

1. utilize consultants . . . as sensei to guide their
initial learning and Lean improvement
2. implement Lean in both manufacturing and
non-manufacturing areas
3.provide regular communications on Lean
throughout the organization
4.see value in developing internal leaders
5. utilize standard work as the basis for continuous
improvement
6.utilize appropriate metrics and visual manage-
ment to drive Lean improvements

Fig. 15. Evolution of backlog of open actions (Level 4).

Conclusions

This study is presumably the first in its kind
when one considers the unique combination of length
of the reference period (2011–2018), large size of the
company sample (N = 85), and the detail and size
(n = 9356) of measurements, performed directly on
the Gemba (work-floor). The size compensates for
the fact that all registrations are self-reported, and
that some time stamps are wrong because of lack
of timely registrations, or input errors. However, the
key findings on an aggregate level are well in line with
previous published research. Given that the latter
has been performed differently (interviews and case
studies), this provides a kind of triangulation that,
in our view, validates the dataset and the approach
in this paper.
Future research will focus on the content of the

actions and will try to quantify the impact of con-
tinuous improvement on operational excellence and
finance. However, the key findings should already
prove useful for SMEs wanting to either embark on
a Lean journey, or to improve their rate of improve-
ment.

The authors thank the company Veltion for mak-
ing available the data repository of their PDCA tool.
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Appendix: Key characteristics of the 85 companies in the sample
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