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Abstract 

Background: Lean management is growing in popularity in the healthcare sector worldwide, yet healthcare organi-
zations are struggling with assessing the maturity of their Lean implementation and monitoring its change over time. 
Most existing methods for such assessments are time consuming, require site visits by external consultants, and lack 
frontline involvement. The original Lean Healthcare Implementation Self-Assessment Instrument (LHISI) was devel-
oped by the Center for Lean Engagement and Research (CLEAR), University of California, Berkeley as a Lean principles-
based survey instrument that avoids the above problems. We validated the original LHISI in the context of Finnish 
healthcare.

Methods: The original HISI survey was sent over a secure organizational email system to the over 26,000 employees 
of the Hospital District of Helsinki and Uusimaa in March 2020. The data were randomly split with one part used to 
carry out an exploratory factor analysis (EFA), and the other for testing the resulting model using confirmatory factor 
analysis (CFA).

Results: A total of 6073 employees responded to the LHISI survey, for an overall response rate of 23%. The results 
indicated that the 43 items used in the original LHISI can be reduced to 25 items, and these items measure a five-
dimensional model of the progress of Lean implementation: leadership, commitment, standard work, communica-
tion, and daily management system. In comparison with a single-factor model, the fit measures for the 5-factor model 
were better: smaller  X2, larger comparative fit index (CFI), smaller root mean square error of approximation (RMSEA), 
and smaller standardized root mean square residual (SRMR).

Conclusions: The 25 item LHISI is valid and feasible to use in the context of Finnish healthcare. The LHISI allows the 
organization to self-monitor the progress of its Lean implementation and provides the leadership with actionable 
knowledge to guide the path towards Lean maturity across the organization. Our findings encourage further studies 
on the adoption and validation of the LHISI in healthcare organizations worldwide.
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Background
Many healthcare organizations worldwide have imple-
mented Lean management practices to improve hospital 
performance and patient outcomes. Lean can be defined 
as a management system that promotes a continuous 
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improvement culture that empowers front line work-
ers (nurses, physicians, support staff) to solve problems 
and eliminate waste by standardizing work to increase 
the value of care delivered to patients [1]. It is a socio-
technical system approach emphasizing culture, lead-
ership, work design, and a set of techniques to support 
organization performance improvement [2–5]. The 
implementation of Lean philosophy, cultural values, tools 
and behaviors is a transformational journey that is influ-
enced by many characteristics of the organization includ-
ing leadership commitment, managerial and clinical 
support, and resources for staff training. Furthermore, 
Lean applications are highly variable across organiza-
tions [6, 7]. Within a given healthcare organization, Lean 
may be more easily implemented in some units than 
others resulting in considerable fragmentation [8–10]. 
Consequently, while some healthcare organizations have 
reached Lean maturity, many struggle to move beyond 
the start-up stage [1].

This heterogeneity and the multidimensionality of 
Lean suggest that hospital leaders would benefit from 
periodically conducting a Lean implementation assess-
ment to understand the extent of Lean implementation 
in their organization. This will help them in identifying 
areas in which to focus attention. Guimarães and Car-
valho, for example, noted the importance of this type of 
assessment to successful organization transformation: 
“Lean deployment assessment in healthcare is needed 
to understand the depth of Lean deployment, avoid mis-
conceptions of Lean, and guide health care organizations 
in pursuing a new management philosophy rather than 
a fad. Most Lean change attempts lack monitoring and 
continuous double-loop learning, leading to returns to 
the comfort zone and, therefore, to the absence of Lean 
sustainability” [11]. Many assessment instruments exist, 
but have a number of limitations, including: incom-
plete coverage of Lean principles; intended for use by 
an external consultant rather than hospital staff; exces-
sive length; and the requirement that the questions in 
the instrument be answered only in the context of a site 
visit by expert assessors. These limitations make regular 
use of the instrument operationally infeasible for many 
organizations.

Addressing this gap in the field, The Center for Lean 
Engagement and Research in Healthcare (CLEAR) at 
the School of Public Health, University of California, 
Berkeley, used an iterative approach to develop the Lean 
Healthcare Implementation Self-Assessment Instrument 
(LHISI) with an aim to provide healthcare organiza-
tions with a feasible, principles-based tool for assessing 
their Lean maturity [12]. The data used for the devel-
opment and validation of the LHISI were derived from 
four Lean hospitals in the US: two university medical 

centers, a public hospital in an urban area, and a commu-
nity hospital in a rural region. However, Lean healthcare 
organizations around the world face similar challenges 
in measuring their Lean maturity. Context may influ-
ence the prerequisites and conditions for Lean imple-
mentation, but the applicability and validity of the LHISI 
instrument in healthcare organizations operating outside 
the US remains undefined. The aims of our study were:

1) to assess the applicability and validity of the original 
LHISI in a large academic hospital system in Hel-
sinki, Finland.

2) to evaluate whether the LHISI survey covers key 
Lean elements and offers actionable information to 
the management.

Methods
The initial development of the original LHISI was com-
pleted as part of a Lean healthcare research learning 
collaborative managed at the University of California 
Berkeley, involving data from several hospitals and health 
systems in the United States. First, a list of 101 potential 
survey items (comprising specific Lean-related actions) 
was developed based on 14 principles of Lean manage-
ment outlined in the Shingo and 4P models [2, 3]. Sev-
eral steps were taken to create an instrument that would 
fulfill the prerequisites for a high-quality maturity assess-
ment tool: validity, feasibility (manageable length, self-
assessment), relevance and reliability of the results. Lean 
implementation experts assessed the content validity 
of the items, and Lean leaders and practitioners rated 
the importance of each item in measuring the extent of 
hospital Lean implementation, reducing the number of 
potential survey items to the 48 most important items. 
There was a 9-level response scale for each item, with 
three anchors (0 = Never, 4 = Sometimes, 8 = Always). 
The 48-item instrument was pilot tested with the par-
ticipating hospitals, and preliminary test-retest and fac-
tor analyses were completed. This process identified an 
additional five items that had limited reliability or did 
not clearly contribute to a factor, producing a 43-item 
instrument that was tested in the current study (Addi-
tional  file  1). The development of the original 43 item 
LHISI instrument is depicted in Fig. 1.

The 43-item LHISI survey was sent to all 26,172 
employees of Hospital District of Helsinki and Uusimaa 
(HUS) in March 2020. HUS is the largest of five academic 
health systems in Finland. It provides secondary and ter-
tiary care for a population of 2.2 million, and quaternary 
care (care for severe and uncommon diseases) for all 
residents in Finland. All professionals who work in HUS, 
including the doctors, are HUS employees. We translated 
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the LHISI into the two official languages in Finland, 
Finnish and Swedish. The Lean experts of the HUS Lean 
development unit worked together with in-house official 
language translation services to ensure the integrity of 
the translated version. We used an internet-based survey 
platform (Vibemetrics Ltd.), and responses were anony-
mous. Background information for each respondent 
included unit, professional group (doctor, nurse, support 
staff), and years working in HUS. The survey was open 
for responses for 2 weeks and the number of responses 
was continuously monitored. After the initial email invit-
ing the employees to participate, three reminders were 
sent eight days, five days, and one day before the survey 
was closed.

The full anonymized dataset was randomly split into 
two parts: one used to carry out an exploratory factor 
analysis (EFA), and one testing the resulting model using 
confirmatory factor analysis (CFA). A comparison of 
the background characteristics (respondents’ employee 
group, years working in the organization, and depart-
ment) revealed no significant differences between the 
two samples created through random assignment. All 
analyses were completed using R version 4.0.2 [13, 14].

First, we identified potentially redundant measures by 
examining all item-pair Pearson correlations greater than 
.8, and selected one of each pair for removal from the 
final model. Next, we carried out the exploratory factor 
analysis using functions provided in the psych package 
[15]. We used principle axis factor extraction because we 
did not assume multivariate normality [16]. We assumed 
that the factors that would emerge from our analysis 
would reflect distinct dimensions of the construct of 
overall lean implementation, and that underlying char-
acteristics of hospital units and personnel would likely 
influence multiple dimensions, making the extracted 
factors likely to correlate with each other, so we used 
oblimin rotation [16, 17]. To assess the appropriateness 
of choosing the oblimin rotation based on expected item 
correlation, we tested the varimax rotation commonly 
used in EFA, which constrains the correlations to zero. 
Using the varimax rotation took 25 iterations before any 
meaningful data was produced confirming that trying to 
constrain the items to be uncorrelated was inappropriate. 
Parallel analysis suggested the initial number of factors to 
extract, and we ensured that all factors in this first extrac-
tion had at least 3 items with loadings >.3 as suggested 

Fig. 1 Development of the Lean Healthcare Implementation Self-assessment Instrument (LHISI)
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by Costello and Osborne [16]. We reduced the number 
of extracted factors by one at a time until this criterion 
was met. Next, we examined all factor loadings, aiming 
to produce a final model with each item loading on a sin-
gle factor > .4 (a common cutoff used in published factor 
analyses) [18]. In addition, to better approximate a sim-
ple structure (each item loading on only one factor), we 
required that items did not cross-load on multiple factors 
with a loading difference of ≤.2 from the highest loading. 
This is within the magnitude suggested by Worthington 
and Whittaker (2006) [18]. If cross-loading was present, 
we removed the item with the smallest high loading, and 
repeated the analysis.

We used the second data set to test the final model 
created in the EFA. We calculated reliability coefficients 
(Cronbach alpha) for each factor, and measured the cor-
relation between the factors. Next, we carried out a CFA 
(using the lavaan package) [19] to compare fit measures 
for the final model to those of a model with all items 
loading on a single factor [20, 21].

To summarize survey results on the unit level, the indi-
vidual survey items were grouped into subscales accord-
ing to the results of the factor analyses. The subscale 
score for each unit was assigned by calculating a weighted 
average of the ratings of the items within each subscale, 
weighted by the factor loading values. Each subscale had 
a possible range of 0 to 8. First, a subscale score for each 
respondent was calculated by taking the weighted aver-
age of available ratings across items within each subscale. 
The subscale score was only calculated if the respondent 
had answered at least 50% of the items included in that 
subscale. “I don’t know” response was considered a miss-
ing value for the purposes of subscale score calculation. 
Finally, the unit-level subscale was calculated as the arith-
metic mean of the individual subscale scores within each 
unit.

Results
Of the 26,172 employees invited to participate 6073 
responded yielding a response rate of 23%. 3036 of the 
responses made up the training dataset used for the EFA. 
The minimum number of pairwise comparisons, i.e., sub-
missions with a response to both items in the pair, in the 
training dataset (across the 43 items, a total of 903 pairs) 
was 1066 observations (mean = 1904, max = 2892). Seven 
items were selected for removal from further analysis due 
to high (>.8) item-pair correlation (see Additional file 2). 
Limited to the remaining 35 items, parallel analysis sug-
gested an 8 factor model. The initial analysis did not have 
at least three items with loadings >.3 on each factor, and 
after lowering the number of extracted factors one at a 
time until this was true, the resulting model included five 
factors. Next, we looked for cross loading and removed 

one item at a time until the factor structure included 
each item loading on a single factor > .4, with no cross-
loading within .2. Additional file 2 shows the further 11 
items removed at this stage, and Table 1 shows the final 
factor structure and eigenvalues (all are > 1), loadings 
greater than 0.4, and commonalities  (h2). All common-
alities are above 0.5, indicating that the factors do a good 
job of explaining variance within the retained items.

The first of the five factors included ten survey items 
that address leader qualities, attitudes, and activities, 
and was thus named “Leadership”. The second factor was 
named “Commitment” and it comprises five survey items 
that address issues around management and staff disci-
pline and commitment. The third factor, “Standard work” 
included four survey items addressing the existence, use, 
and monitoring of standard work. The fourth and fifth 
factors included three items each. The items in the fourth 
factor “Communication” addressed issues around col-
laboration and communication, and the fifth factor was 
named “Daily Management System” with items address-
ing the daily management system and its elements such 
as daily huddles and gemba walks. The individual items 
included in each of the five factors are presented in 
Table 1. In practical applications of the LHISI results, the 
factors are called subscales.

We applied the 5-factor structure suggested in the EFA 
to the second half of the data, comprising 3027 survey 
responses. Table 2 summarizes the factor score mean for 
each factor, Cronbach’s alpha measuring internal consist-
ency, and the factor correlation scores. The factors are 
well correlated, supporting the idea that they are related 
and measuring aspects of an underlying concept (over-
all extent of hospital lean implementation). The CFA 
fit measures are shown in Table  3, comparing the pro-
posed 5-factor model to a model loading all items onto 
a single factor. The 5-factor model had a better fit by all 
measures. Furthermore, the 5-factor model had a bet-
ter fit by all measures compared to the 6-factor model 
constructed during earlier stages of LHISI develop-
ment (Additional file 4). The distribution of factor load-
ings indicated high measurement quality (mean = 0.817, 
median = 0.827, min = 0.693, max = 0.893). In such cases, 
traditional rules of thumb for common fit statistics may 
be too conservative [18]. In comparison with the single-
factor model, the fit measures for the 5-factor model 
were better: smaller  X2, larger comparative fit index 
(CFI), smaller root mean square error of approximation 
(RMSEA), and smaller standardized root mean square 
residual (SRMR). The SRMR of the 5-factor model, 0.05, 
is below the traditional rule of thumb (<.08) [18]. The 
CFI and RMSEA values (0.921 and 0.068 respectively) 
are slightly outside of Hu and Bentler’s rules of thumb 
(>.95 and < .06), [18] but fall within the range suggested 
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Table 1 Final exploratory factor analysis loadings and factor eigenvalues

Factor loadings <.4 have been suppressed. Question numbering follows the numbering in the original survey (Additional file 1)

Item Leadership Commitment Standard work Communication Daily 
Management 
System

h2

Eigenvalue 5.59 4.05 3.06 2.48 2.44

q09. Across my hospital/clinic, leaders at all levels create a safe 
environment for exposing problems.

0.762 0.705

q10. Across my hospital/clinic, senior leaders practice humble 
inquiry when interacting with employees at all levels of the 
organization.

0.924 0.794

q11. Across my hospital/clinic, leaders at all levels engage 
employees where the work happens.

0.808 0.686

q13. Across my hospital/clinic, leaders at all levels create and 
sustain an environment of continuous improvement and 
continuous learning.

0.659 0.767

q16. In my unit/department, senior leaders have made an 
explicit commitment to patient-centered care.

0.563 0.576

q29. In my unit/department, senior leaders follow a process for 
strategy definition and deployment that provides focus at all 
levels.

0.586 0.754

q36. Across my hospital/clinic, leaders at all levels coach to 
ensure a clear connection between purpose and the work 
being performed.

0.548 0.744

q37. Across my hospital/clinic, leaders at all levels provide 
employees and staff regular feedback.

0.677 0.63

q40. In my unit/department, senior leaders make data driven 
decisions.

0.432 0.621

q43. Across my hospital/clinic, successes gained and failures are 
shared.

0.407 0.538

q02. In my unit/department, management staff use PDSA think-
ing with the operational units they lead.

0.696 0.643

q06. In my unit/department, management staff are committed 
to lean.

0.862 0.774

q07. In my unit/department, physicians are committed to lean. 0.752 0.677

q12. Lean has a sponsor/champion and clinical and manage-
ment staff who demonstrate visible, active, public commitment 
and support of lean.

0.76 0.816

q14. In my unit/department, management staff practice A3 
thinking.

0.753 0.751

q21. In my unit/department, use of standard work is monitored 
for compliance.

0.732 0.753

q22. In my unit/department, clinical staff use standard work. 0.809 0.8

q24. In my unit/department, senior leaders use standard work. 0.54 0.78

q25. In my unit/department, work processes are standardized. 0.607 0.675

q26. In my unit/department, those who provide care to 
patients/customers communicate with each other.

0.771 0.672

q27. In my unit/department, the communication that occurs 
among those who provide care to patients/customers is 
focused on problem-solving rather than blaming each other or 
others.

0.767 0.68

q28. In my unit/department, those who provide care to 
patients/customers share common goals.

0.782 0.751

q32. In my unit/department, clinical staff attend daily huddles. 0.88 0.75

q33. In my unit/department, management staff attend daily 
huddles.

0.736 0.642

q38. In my unit/department, a daily management system (e.g., 
daily huddles, gemba walks, etc) is used.

0.618 0.656
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by McNeish et al. [19]. Additional file 3 presents the 25 
items included in the final, validated LHISI (version 3.0).

Across all clinical and support services in HUS, sub-
scale scores were reported for 47 departments with at 
least 5 responses to maintain anonymity. Subscale scores 
varied from 2.01 to 3.48 for Leadership, from 3.16 to 
5.89 for Commitment, from 3.77 to 6.73 for Standard 
work, from 3.67 to 7.67 for Communication, and from 
2.67 to 6.36 for Daily Management System. Figure  2 
demonstrates how the validated LHISI subscale score 
results can be illustrated with a spider web chart, using 
HUS Hyvinkää Hospital Area clinical departments as an 
example.

Discussion
The EFA and CFA results indicate that the 25 item LHISI 
instrument is valid in the Finnish healthcare context. The 
five factors identified through the factor analyses – Lead-
ership, Commitment, Standard work, Communication, 
and Daily Management System – are all key components 
of Lean management indicating that the principles-based 
approach in developing the LHISI is reflected in the sur-
vey results. Using the factors as subscales and calculat-
ing subscale scores separately enables a more detailed 
understanding of the progress of Lean transformation 
in a healthcare organization or a specific unit and inter-
relationships of Lean domains. Our findings encour-
age more studies in healthcare organizations around the 

world to translate and validate the LHISI instrument in 
other countries. Worldwide use of the LHISI would facili-
tate benchmarking the maturity of Lean in general and its 
individual components both locally and internationally.

Several instruments measuring the progress or the 
extent of Lean implementation exist, but they have been 
developed in and designed for the manufacturing indus-
try [11]. Some of these instruments are survey-based and 
structurally similar to the LHISI: the survey is conducted 
among employees, and the aim is to measure different 
dimensions of Lean using typically between 20 and 40 
survey items [22–24]. The instrument developed by Loyd 
and coworkers, for example, in the manufacturing indus-
try is validated for a strictly TPS-based model, [22] which 
is rarely used in the healthcare sector, as some adapta-
tion to fit the unique characteristics and circumstances of 
healthcare is necessary.

The definition of Lean presented in the Background 
section highlights a continuous improvement culture, 
empowering people, problem solving, eliminating waste, 
and standardizing work. While none of these are directly 
reflected in the names of the factors described above, a 
closer examination of the 25 items included in the five 
factors reveals that all these key elements of Lean are 
represented (Additional file  3). For example, “across my 
hospital/clinic, leaders at all levels create and sustain an 
environment of continuous improvement and continuous 
learning” directly addresses continuous improvement 
culture, and standard work is captured in a total of four 
survey items addressing both the front line and senior 
leadership.

The 5-factor model based on data from HUS showed 
superior fit by all fit indices compared to the 6-factor 
model constructed in the earlier stages of LHISI devel-
opment. Some of these differences may be explained 
by context –the 6-factor model was based on a dataset 
from two large academic US hospitals. However, the HUS 
dataset was also considerably larger (6073 responses vs. 

Table 2 Confirmatory factor analysis: summary statistics

Factor Factor 
Score Mean 
(SD)

Cronbach alpha Factor correlations

Leadership Commitment Standard work Communication Daily 
Management 
System

Leadership (10 items) 2.43 (1.01) 0.948 1

Commitment (5 items) 4.2 (2.08) 0.932 0.822 1

Standard Work (4 items) 5.38 (1.88) 0.922 0.732 0.732 1

Communication (3 items) 6.28 (1.47) 0.87 0.613 0.54 0.695 1

Daily Management System (3 
items)

5.02 (2.22) 0.825 0.617 0.685 0.629 0.503 1

Table 3 Confirmatory factor analysis: Fit index comparison

CFI comparative fit index, RMSEA root mean square error of approximation, SRMR 
standardized root mean square residual

Fit index 5-factor model Single-factor model

X2 (df ), p-value 4013.756 (265), 0 28,154.846 (860), 0

CFI 0.921 0.705

RMSEA 0.068 0.102

SRMR 0.05 0.073
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914 responses) making the new factor analyses more 
robust.

In addition to applicability and validity, the 25 item 
validated LHISI offers many benefits compared to 
other existing methods for assessing the progress of 
Lean implementation in healthcare organizations. The 
validated LHISI can be launched at any time inter-
val according to the organization’s needs, and it can be 
directed to all employees or focused on selected depart-
ments or units. The original LHISI took short approxi-
mately 15 min to complete. Decreasing the number of 
survey items from 43 to 25 shortens the time required 
to respond to the survey and may thus help with reach-
ing higher response rates and avoiding survey fatigue 
among staff members in the future. Furthermore, no site 
visits or external consultants are required, and survey-
ing all employees gives a 360 degree view into the Lean 

implementation status rather than relying on interviews 
with leaders or other representatives only.

The validated LHISI is a practical tool that can help 
healthcare organizations monitor the progress of their 
Lean implementation overall and in individual depart-
ments or units separately. Organization-wide survey 
results give an overview on Lean maturity, and changes 
over time can be used to trace the impact and effective-
ness of the organization’s Lean implementation strategy. 
Benchmarking the LHISI results between individual 
units may reveal which units are struggling and need sup-
port or coaching. This is illustrated in Fig. 2 revealing a 
difference of 3.2 points in the Daily Management Sys-
temsubscale between the highest performing department 
(Obstetrics & Gynecology and Pediatrics) and the lowest 
performing department (surgery) indicating a potential 
need for an intervention in the latter. Furthermore, the 

Fig. 2 LHISI survey results in HUS Hyvinkää Hospital Area clinical departments
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results may help leaders identify model cells and, using 
the detailed information on different components of Lean 
implementation by examining the subscale scores and 
conducting focused gemba visits, best practices that can 
be spread throughout the organization. Figure 2 indicates 
that the department of Obstetrics & Gynecology and 
Pediatrics has reached the highest scores on all subscales 
and may be a model cell for other clinical departments on 
the site. Hospital leadership at the HUS Hyvinkää Hos-
pital Area supported two Kaizen events that focused on 
processes in the Obstetrics & Gynecology and Pediatrics 
Department with highly successful results that the teams 
have been able to maintain long-term. The Nurse Direc-
tor of the department, a trained Lean coach, has played 
a key role in the department’s successful Lean transfor-
mation. The high score in the Daily Management System 
subscale reflects the disciplined approach to continu-
ous improvement in the department, potentially further 
enhancing the sustainability of the Kaizen results.

As highlighted by these examples LHISI is a valuable 
tool for leaders and managers in monitoring the progress 
of Lean implementation in their organization and making 
data-based decisions on the implementation strategy.

Strengths and limitations
One of the major strengths of this study is that data used 
to establish the validity of the LHISI in the context of 
Finnish healthcare was collected through a survey sent 
to all employees of the largest academic hospital system 
in Finland. Furthermore, careful attention was given to 
translating the original LHISI into Finnish and Swed-
ish, and experts in Lean management contributed to 
the translation process to ensure accuracy and integrity 
of terminology and concepts. Furthermore, the analyses 
were conducted according to the commonly accepted 
steps involved in conducting EFA and CFA. The response 
rate of 23% may be considered a limitation. Due to the 
large size of HUS, however, the absolute number of 
responses was adequate for randomly splitting the data-
set and conducting both EFA and CFA. The Harman sin-
gle factor test result was 55% indicating that potential 
common method bias cannot be ruled out. However, the 
Harman single factor test has been criticized for its limi-
tations, foremost for being an exploratory method and 
not a statistical test [25]. The CFA has been suggested a 
better method as it provides a chi-square test making it 
possible to judge whether the model fits the data or not. 
Our CFA revealed that the 5-factor model had a better 
fit by all measures, including the Chi-square test, than 
the single-factor model as shown in Table  3. Addition-
ally, since the data used in the analyses were collected in 
Finland, the results may not be directly generalizable to 

healthcare organizations operating in other countries and 
careful attention should be paid to context.

Conclusions
This study shows that the LHISI is relevant, feasible, 
applicable, and valid in the context of Finnish health-
care. The main practical implications of our study are 
that the validated LHISI allows the organization to self-
monitor the progress of its Lean implementation and 
provides detailed actionable information on key Lean ele-
ments that can be used to guide decisions on the Lean 
implementation strategy and development. The most 
important theoretical implications are that our findings 
encourage healthcare organizations worldwide to design 
more studies to use the LHISI in their context and con-
tribute further information to assess its ongoing valid-
ity. Cross-national adoption of the LHISI would not only 
provide a tool for assessing Lean maturity in different 
healthcare organizations, but also facilitate benchmark-
ing both locally and globally.
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