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ABSTRACT
Objective: The objective of this study was to identify lean healthcare management system (LHMS) constructs and to develop model to test the validity
(exploratory [EFA] and confirmatory factor analysis [CFA]) of LHMS constructs for Malaysian healthcare industry.
Methods: Data were obtained from 238 healthcare managements in Malaysian healthcare industry. This report presents the results of the EFA,
reliability analysis, and CFA which are empirically verified.

Results: A set of assessment measurement of LHMS constructs is expected to be suitable for characteristics and improves the competitiveness. The
result shows that eight constructs of LHMS are acceptable in this study.
Conclusion: This research specifies a study which is based on the LHMS measurement includes leadership, employee involvement, organizational
culture, customer focus, technological innovation, process innovation, managerial innovation, and healthcare performance. This study provides
fundamental knowledge and direction for researchers in further research as well as practitioners to constantly improve performance through the
implementation of LHMS.
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INTRODUCTION
Healthcare in Malaysia is mainly under the responsibility of the
government’s Ministry of Health. Malaysian healthcare system is divided
into two sectors consisting of both a government healthcare system
and private healthcare system. Healthcare is one of the 12 National
Key Economics Areas under the 10th Malaysia Plan (2011-2015).
Contribution, and investment in healthcare industry expected to help
the high-income nation of the year 2020 [1]. In addition, Malaysia has
been continuously alert about the effective healthcare system. The
increased number of medical schools showed that Malaysia is serious
about providing quality healthcare, not only to the citizens but also to
expatriates, tourists, migrants, and visitors.
Healthcare is one of the important parts that may influence Malaysian
economy. Healthcare industry was concerned with a quality and
efficiency to deliver a good service to their customers [2]. This is because
the healthcare industry needs to deal with various problems such as
increase demand for service, demographics, waiting time concern,
rising cost of service delivery, government funding constraints, quality
concerns, lack of quality personnel, and productivity [3]. According
to the National Strategic Mission Thrusts [4], one of the objectives is
productivity and innovation through K-economy. The researcher chose
the healthcare industry because to achieve one of the objectives of
the National Strategic Mission Thrusts to increase the productivity
and innovation. Therefore, this study focused on lean healthcare
management system (LHMS) in Malaysian healthcare industry.

LHMS is faced with challenges and opportunities from a rapidly
changing operating environment, including increasing expectations
on the quality of healthcare [5-8]. The lean concept originally
developed in the automotive industry to deliver high-quality product
and services while improving organizational performance and
satisfying customers [9-11]. However, some organizations have

begun adapting these concepts for the healthcare industry. Hagg
et al. [12] stated that lean is an effective tool for identifying and
eliminating waste from the process. The benefit and goal of applying
lean in healthcare are to the best approach to reduce waste, as well
as reducing wait times and unnecessary travel, while building quality,
speed, and flexibility into the organization. Therefore, Malaysia
needs to consider implements LHMS in providing better quality in
the healthcare industry.
LHMS has been chosen as one of the strategies to overcome the issues.
A service organization with global demands of service quality has paid
attention to lean philosophies, principles, tools, and technique [13].
Recently, LHMS has received substantial interest in the healthcare
industry. There has been an effort to study lean in healthcare
industry [14,15]. LHMS in healthcare industry positively benefits for the
patient, clinicians, and stakeholders [3,16], in addition detecting waste
and eliminating waste [17-19]. Waste determines as a main principle in
implementing lean. Thus, waste has been categorized into seven types,
which are mistakes, over production, over processing steps, employee
movement, transportation, waiting time, and services which do not
meet customer need.
Waste in healthcare unit occurs such as delays between the expected
time and the actual time for a visit, operation, over capacity,
preparation time needed consists of operational, visit, medical device
time, and procedures to manage referrals [20]. According to Habidin
et al. [21], healthcare industries have moved forward to focus on
efficiency especially on preparing lower cost material, cheaper price,
JIT deliveries and elimination of waste, and defects in many aspects of
the activity operation. Vlachos and Bogdanovic [19] also supported that
LHMS is not only simply to reduce waste but also can add value offered
to customers.
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LHMS has been selected in this study to see the potential in Malaysia
healthcare industry. LHMS is a tool for quality improvement which has
been used by many organizations. It is suitable for service industry
because lean improves the speed of delivery, quality, and flexibility [22].
Other than that LHMS is used by healthcare organization to reduce
waste and medical error [23-26] and give added value for the customer.
Reductions in errors can give high benefits in terms of time, cost, patient
welfare, staff motivation, and productivity. Thus, LHMS is an important
practice that can be implemented in Malaysian healthcare industry to
increase the healthcare performance. Based on that issue, healthcare
sector should be adopted LHMS for assessing an organization to achieve
the performance. Healthcare industry may concern about critical issues
such as medical error, patient safety, quality, efficiency, and medical
cost.
To increase the healthcare performance, this study focused on LHMS
implementation in Malaysian healthcare industry. Malaysian healthcare
industry can implement LHMS to achieve the success and sustain
the quality improvement of the healthcare industry. Therefore, the
objectives of this paper are to identify LHMS constructs and to develop
model to test the validity (exploratory [EFA] and confirmatory factor
analysis [CFA]) of LHMS constructs for Malaysian healthcare industry.
METHODS

Questionnaire development
The questionnaire that has been constructing consists of general
information and LHMS measurement (Leadership [LP], employee
involvement [EI], organizational culture [OC], customer focus [CF],
technological innovation [TI], process innovation [PI], managerial
innovation [MI], and healthcare performance [HP]). The summary of
survey questionnaire design is shown in Table 1.

Respondent profile descriptive statistic
The profile of the respondents from the hospital in Malaysia is shown in
Table 2. There are 238 respondents who are attached to the healthcare
industry. There are five questionnaires, and the question consists of
types of ownership, number of employees, quality systems certification,
current position, and period of current position.

From the survey, the types of ownership showed that the majority of
the respondents involved are fully owned by Malaysians (64.29%),
followed by venture companies (25.63%), and the minority were
owned by foreigners (10.08%).
In addition, the survey also asked about the number of employees
for each hospital. The results showed that the percentage for the
hospital which had more than 300 employees was 49.58%. Meanwhile,
the number of employees for 151-300 was 23.11%. The number of
employees for 50-150 was 20.59% and the number of employees which
had <50 was 6.72%.

In the aspect of involvement in certified quality system standard, both
of these certifications are an important and major requirement for
the hospital which is involved in the healthcare industry. Meanwhile,
the 92.44% of the respondents were certified by ISO 9001:2008. For
others, certification was 8.40%.
The response in the aspect of current position also is very important for
this survey. The high acceptance from the top and middle management
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contributes toward the authenticity and validity of responses given and
emphasizes the importance of quality in an organization. According to
Table 2, 39.08% of the respondents held senior management posts and
the rest held middle management post (50.42%). Meanwhile, others’
current position was 10.50%.
Regarding the current position (year) among the respondents, some
of them held the position for <1 year (13.45%), a majority held the
position for 1-3 years (17.65%), and the position for 3-6 years was
26.05%. A percentage (42.86%) held the position for more than 6 years.
Population and sampling
In this study, samples were selected from the list of hospital in Malaysian
healthcare industry. To achieve the research objectives, the selection of
the Malaysian healthcare industry was done by data contained in public
and private healthcare in Malaysia. Healthcare industries are chosen
as the population of study because organizations in this industry are
exposed to the risk of defects that could endanger customers, especially
patients. Besides, the quality and safety of the services are essential for
a healthcare organization to survive [27].
The representative of respondent is very critical because the data give
the impression of statistical characteristic of the population. There are
currently 123 hospitals that are members of the Association of Private
Hospital of Malaysia represented as population in this study [28].
Researcher will send three sets of questionnaire to each hospital, and
the total will become 369 respondents. In this study, 238 respondents
from healthcare management were selected.

Reliability analysis
Reliability test is the most frequently used in empirical studies for
assessing the internal consistency, and it is verified using Cronbach’s
Alpha Coefficient [29]. In this study, Cronbach’s Alpha was used to
assess reliability for each construct (LP, EI, OC, CF, TI, PI, MI, and HP)
to measure the internal consistency and indicate how different items
can reliably measure the construct. This alpha value ranges from 0
to 1, which means higher value indicates higher levels of internal
consistency.
Validity analysis
Validity is defined as steps for measuring the instrument in the study.
James [30] argues that validity of a measurement instrument is the
extent to which the instrument measures what it is supposed to
measure.

To meet the requirement of specifying the measurement model
and identifying the indicator measuring each construct, factor
analysis was conducted. First, the EFA was used to identify tentative
items, as well as to suggest items for deletion and places where
item should be added. Conducting EFA on a single summated scale
indicated whether all items within the summated scale load on the
same construct or whether the summated scale actually measures
more than one construct. At this stage, convergent validity was
tested in which for each construct, item loading higher than 0.4 was
accepted [31].
Second, factor analysis was the confirmation on developed factors or
constructs. In this study, the CFA was conducted based on a step which is
multiple factor first order confirmatory. CFA is the most comprehensive
method to test and examine how well the data set fits the measurement

Table 1: Summary of survey questionnaire design

Section

Topic

Number of question, constructs, and items

Question/Likert scale

1

General information

5 questions

Types of ownership, number of employees, quality systems
certification, current position, and period of current position
7 Likert scale:[7] Very High to[1] very low

2

LHMS

8 constructs and 49 measurement items

LHMS: Lean healthcare management system
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structure. The next stage in the analysis was to test the measurement
model, in which the LP, EI, OC, CF, TI, PI, MI, and HP were tested.

Statistical analysis
In this study, the survey instrument was analyzed using two packages
statistical software. First, the Statistical Package for Social Sciences
(SPSS) for window Version 21.0 was used to perform the required
statistical analysis of the data from surveys. Second, the SEM Version
21.0 was used. In general, analysis of moment structures (AMOS)
21.0 has been selected to perform the SEM analysis. AMOS uses the
basic overall goodness-of-fit measures to assess the compatibility of
the proposed model with the observable data. The general model of
goodness-of-fit is assess using the following six criteria: Chi-square
over degrees of freedom (X2/df), goodness of fit index (GFI), Adjusted
Table 2: The profile of the respondent (n=238)

Constructs/measures

Frequency (%)

Types of ownership
100% local
100% foreign
Joint venture
Number of employees
<50
Between 50 and 150
Between 151 and 300
More than 300
Company certified to quality system standard1
ISO 9001:2008
None
Others
Current position
Senior management
Middle management
Others
Current position (years)
<1 year
1‑3 years
3‑6 years
More than 6 years
Some companies have more than one certification

153 (64.29)
24 (10.08)
61 (25.63)
16 (6.72)
49 (20.59)
55 (23.11)
118 (49.58)
220 (92.44)
0 (0.00)
20 (8.40)
93 (39.08)
120 (50.42)
25 (10.50)
32 (13.45)
42 (17.65)
62 (26.05)
102 (42.86)

Table 3: KMO and Bartlett’s test for LHMS constructs

KMO and Bartlett’s test
KMO measure of sampling adequacy
Bartlett’s test of sphericity
Approx Chi‑square
df
Significant

0.940

1.211E4
1176
0.000

LHMS: Lean healthcare management system, KMO: Kaiser‑Meyer‑Olkin
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GFI (AGFI), comparative fit indexes (CFI), tucker Lewis index (TLI), and
root mean square error approximation (RMSEA).
RESULTS

EFA
This section consists of the interpretation about EFA for the LHMS
constructs. For this study, EFA was conducted in the EFA of LHMS
constructs.

EFA on LHMS constructs
EFA with varimax rotation of 49 items of LHMS was done on a random
sample (n=238) of Malaysian healthcare industry to determine the
basic details of each LHMS constructs, namely: LP, EI, OC, CF, TI, PI, MI,
and HP. The Kaiser-Meyer-Olkin (KMO) and Bartlett’s Test for LHMS is
shown in Table 3. The KMO analysis showed the sampling adequacy
as 0.940, which was more than 0.7, indicating that it was suitable for
principal component analysis. Similarly, Bartlett’s test of sphericity was
significant at p<0.001, indicating that there was sufficient correlation
among the items to proceed with the analysis.
Total variance explained
Eight factors in the initial solution which had larger Eigenvalues from
unity are shown in Table 4. These eight factors contributed 79.367%
from the total variance and were sufficient for further analysis which
required at least 50% [32]. This indicates that eight latent influences
were associated. Meanwhile, the last column of cumulative percentage
showed that the variance explained by extraction solution was also
79.367%, similar to the initial solution.
Rotated component matrix results
The function of rotated component matrix assists the researcher to
determine what represents the component and identify items which
correlate the highest to one factor and on the lowest remaining factor.
In EFA, the discriminant validity is shown when the item loading is
high toward the related factor when compared to other factors. Thus,
the minimum load for each item of at least 0.5 to various factors is
considered sufficient [33].

For this study, there were eight factors for LHMS constructs. The first factor
was made up of the six items from LP building, including LP1, LP2, LP3,
LP4, LP5, and LP6. The second factor was classified as EI with six items
(EI1, EI2, EI3, EI4, EI5, and EI6). The third item was classified as OC with
five items (OC1, OC2, OC3, OC4, and OC5). One item was suggested to be
removed (OC6). Fourth, CF was categorized with six items (CF1, CF2, CF3,
CF4, CF5, and CF6). Fifth, TI with five items (TI1, TI2, TI3, TI4, and TI5).
Next, PI with five items (PI1, PI2, PI3, PI4, and PI5). For MI, MI with five
items (MI1, MI2, MI3, MI4, and MI5). Finally, HP with 11 items (HP1, HP2,
HP3, HP4, HP5, HP7, HP8, HP9, HP10, HP11, and HP12). Two items were
suggested to be removed (HP6 and HP13). After the analysis of items, the
result of EFA showed that 49 items of LHMS constructs were not removed.

Table 4: Results of total variance explained for LHMS

Total variance explained
Component
1
2
3
4
5
6
7
8

Initial Eigen values

Extraction sums of squared loadings

Rotation sums of squared loadings

Total

% of variance

Cumulative %

Total

% of variance

Cumulative %

Total

% of variance

Cumulative %

18.752
5.270
3.178
3.064
2.613
2.395
1.996
1.621

38.269
10.755
6.486
6.254
5.332
4.889
4.074
3.308

38.269
49.024
55.510
61.764
67.096
71.985
76.059
79.367

18.752
5.270
3.178
3.064
2.613
2.395
1.996
1.621

38.269
10.755
6.486
6.254
5.332
4.889
4.074
3.308

38.269
49.024
55.510
61.764
67.096
71.985
76.059
79.367

8.296
5.051
4.880
4.279
4.223
4.183
4.071
3.906

16.930
10.308
9.959
8.732
8.619
8.537
8.309
7.972

16.930
27.239
37.198
45.930
54.549
63.086
71.395
79.367

LHMS: Lean healthcare management system
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Fig. 1: The output path diagram for eight factors of lean healthcare management system model
Reliability analysis
For this study, the reliability was analyzed using SPSS reliability
analysis for all items of LHMS. The latter method was implemented, and
the internal consistency was conducted on 49 items for LP, EI, OC, CF,

TI, PI, MI, and HP. The value of alpha must be at least >0.6, indicating
that the reliability values of the each construct and measure were
received [30]. Table 5 presented the summary of the analysis result of
reliability analysis.
100
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Table 5: Results of reliability analysis for LHMS constructs
Constructs/
measures
LHMS
Leadership
Employee
involvement
Organizational
culture
Customer focus
Technological
innovation
Process
innovation
Managerial
innovation
Healthcare
performance
Total

Number
of items

Alpha (α)
values

Item for
deletion

Alpha (α)
if item is
deleted

6
6

0.958
0.956

None
None

0.958
0.956

6
5

0.890
0.945

None
None

0.890
0.945

5

5
5

11
49

0.953

0.953
0.958
0.960

None

None
None
None

0.953

0.953
0.958
0.960

LHMS: Lean healthcare management system

The analysis result showed that all the constructs and measures for this
study were accepted because the value of alpha was >0.6. This means
that all the items were reliable and accepted for further analysis.

CFA
CFA is to measure as specified by a multiple-indicator measurement
model for LHMS. The model was tested which after the measurement
model was analyzed and accepted, indicating that the construct can
be used to proceed with the structural model testing. This section is
known as the measurement model test for LP, EI, OC, CF, TI, PI, MI, and
HP which were tested by using the confirmatory model and confirmed
for evaluating construct validity using the maximum likelihood method
with multiple factors.

LHMS constructs with eight factors
The first tested model demonstrated for the LHMS constructs consisted
of LP, EI, OC, CF, TI, PI, MI, and HP. LHMS model with eight factors
manifested an adequate fit outcome as shown in Fig. 1. χ2 statistics was
1960.294 (degree of freedom = 1099, p<0.001), with a ratio of χ2/df
value being 1.784 <2.0, thus exhibiting a good fit. The GFI was 0.764
and AGFI was 0.737 which was moderate fit. The CFI was 0.948; the TLI
was 0.944. The score, which was greater than 0.9, indicated an excellent
fit. The value of (RMSEA) was 0.058 <0.08, thus displaying a good fit.
All canonical correlation (rc) showed values of <1.0, signaling that the
discriminant validity was tested and acceptable.
At factor loading, the standard coefficient estimated at 0.837 (MI2) and
0.950 (HP5) was good as it surpassed the accepted level of 0.3 with
p<0.001. With that it is suggested that these eight constructs were
applicable for measuring the LHMS.
DISCUSSION

The measurement model was evaluated in this study to ensure the
validity of latent variables in LP, EI, OC, CF, TI, PI, MI, and HP. By using
the AMOS 21.0 software to test this model, it was found that there were
a few valuable findings which can be mentioned.
Through the measurement model of LHMS, eight factors of model
analysis as measurement model for LHMS constructs demonstrated
a good fit and proved that this model is valid and reliable for the
Malaysian healthcare industry. The results of the study indicated that
the latent variables of LHMS were valid and reliable. The result of the
study proved that LHMS for LP, EI, OC, CF, TI, PI, MI, an HP was valid and
reliable. For LP, the result had 6 items, EI with 6 items, OC with 5 items,
CF with 6 items, TI with 5 items, PI with 5 items, MI with 5 items, and HP
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with 11 items. All the factors were acceptable in this study. Therefore,
the results will be beneficial for Malaysian healthcare industry to
improve the performance.
CONCLUSION

This research specifies a study which is based on the LHMS measurement
including LP, EI, OC, CF, TI, PI, MI, and HP. The key contributions of this
research are listed as follows: For LP, the result had 6 items, EI with
6 items, OC with 5 items, CF with 6 items, TI with 5 items, PI with 5
items, MI with 5 items, and HP with 11 items were developed and
verified. Empirical test results prove that the presence of LHMS can
improve the HP. Finally, the final result of this research is reliable in
terms of the decision-making process in healthcare evaluation through
the implementation of LP, EI, OC, CF, TI, PI, MI, and HP for Malaysian
healthcare industry. Thus, the impact of LP, EI, OC, CF, TI, PI, MI, and HP
will help the practitioners, researcher, and academicians in improving
the performance, especially in Malaysian healthcare industry.
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