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Abstract: The extreme global competition among the manufacturing organizations has created challenges of 
intense pressure from their competitors and customers in manufacturing sector. The rapid changes due to turbulent 
manufacturing environments necessitate consistent melioration in organization’s performance dimensions like 
improved productivity, good quality, ensured delivery, termination of wastage and cost optimizations for realizing 
customer satisfaction and trust towards their products. Various LM initiatives adopted by manufacturing 
organizations include kaizen, 5S, quality circles, Poka-Yoke, visual controls, cellular design, total quality 
management, total productive maintenance, quick changeover, pull scheduling and value stream mapping. The 
purpose of this paper is to deploy structural equation modelling (SEM) technique to empirically validate the 
interrelationships amongst significant variables of 5S implementation and business excellence performance 
parameters (BEPP) in SEM_5S model.
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and to eliminate non-value adding processes [9]. 
The origination of lean production in the Chinese 
companies considered that 5S, TPM, Error-proofing 
and SMED were the effective tools initially adopted 
by the companies[4]. 5S has been considered to be 
a major component facilitating lean manufacturing 
initiatives, while any organization envisioning to 
implement. The 5S philosophy has been enacted 
as a base foundation for the lean culture in the 
organization and becomes facilitator for successful 
implementation of the other lean management tools 
and technique in manufacturing organizations [18]. 
A considerable number of authors have proclaimed 
that 5S is the significant tool required for the 
successful implementation of other quality programs. 
5S methodology has become a baseline prerequisite 
and relevant tool for the implementation of various 
other quality programs like Lean Manufacturing, 
TQM, Kaizen, Kanban, SMED, Poke Yoke ISO 9000, 
ISO 14001, and OHSAS18001, Total Productive 
Maintenance (TPM), Just in Time (JIT), Toyota 
Production System (TPS) and Six Sigma.[2] [9]

introduction: 5S, a tool for lEan 1. 
manufacturing

The ever increasing competition in the marketplace 
has been putting enormous pressures on organizations 
because of more refined markets, changing client 
decision and worldwide rivalry [7] [23]. This led 
to continuously improve the quality of products 
and services for sustained organizational growth 
in order to enhance their position and reputation. 
The organizations, are confronting rivalry both 
from imports and multinational organizations in 
the local markets [7] [22] [19]. The manufacturing 
organizations who are not focusing holistically on 
these business excellence performance parameters 
have failed to attain profitability and survival in the 
competitive world [10] [17]. It has become imperative 
for organizations to continuously meliorate at 
quicker rate in order to sustain better position 
amongst the competitors in global manufacturing 
market in 20th century.

A systematic methodology and specific Lean 
thinking tools like 5S are suggested to identify value 
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Structural Equation modElling 2. 
for validating impact of 5S 
implEmEntation on BuSinESS 
ExcEllEncE

The study involves structural equation modeling 
analysis conducted through AMOS software. SEM 
analysis covers various statistical analysis like 
path analysis, CFA, causal modeling with latent 
variables, and analysis of variance and multiple 
linear regressions. SEM analysis specifies, estimates 
and evaluates models of linear correlations among 
a set of predictor attributes estimated related to 
few outcome attributes [13]. Figure 1 depicts the 
systematic nomenclature of SEM_5S model deployed 
in present research work indicating various predictor 
and outcome variables. Based on the literature review 
and the analysis of multiple regression analysis, 
four independent constructs (Top management 
Involvement Initiatives; Employee Involvement 
Initiatives; Basic 5S Initiatives and 5th S - Shitsuke 
Initiatives) and one dependent construct namely 
‘Business Excellence Performance Parameters’ 
have been deployed to construct the SEM_5S model. 
Figure 1 illustrates the conceptual model constructed 
in this study to examine the relationships between 
Top management Involvement Initiatives; Employee 
Involvement Initiatives; Basic 5S Initiatives; 5th 
S - Shitsuke Initiatives and Business Excellence 
Performance Parameter by conducting an empirical 
analysis of Indian manufacturing enterprises. 
Furthermore, the following four hypotheses are also 
proposed to examine the level of association between 
various inputs constructs and Business Excellence 
Performance Parameters in manufacturing 
companies.

h1: There is a strong positive association between 
‘Top management Involvement Initiatives’ and 
‘Business Excellence Performance Parameters’.

h2: There is a strong positive association between 
‘ Employee Involvement Initiatives’ and ‘Business 
Excellence Performance Parameters’.

h3: There is a strong positive association between 
‘Basic 5S Initiatives’ and ‘Business Excellence 
Performance Parameters’.

h4: There is a strong positive association between 
‘5th S - Shitsuke Initiatives’ and ‘Business Excellence 
Performance Parameters’.

figure 1: Systematic nomenclature of SEm_5S model

prEdictor attriButES utiliZEd in 3. 
SEm modEl

Table 1 present the four independent variables 
derived from the multiple regression analysis which 
play a significant role in contribution of output/ 
dependent variables during the research study which 
effectively contributed towards business excellence 
of manufacturing organizations. The items chosen 
are not intended to be comprehensive measures, but 
sufficiently representative to capture the essence of 
the relationships identified above.

table 1 
description of independent variables

Symbol Independent Variables

X1 Top management Involvement Initiatives (TMI)

X2 Employee Involvement Initiatives (EII)

X4 Basic 5S Initiatives (BFSI)

X9 5th S Initiatives (Shitsuke) (FSIS)

output/dEpEndEnt variaBlES 4. 
utiliZEd in SEm StudY

Table 2 describes the dependent variables deployed 
in the study which holistically lead to accruing 
of business excellence in companies through 5S 
implementation. In all seven dependent variables 
have been formulated through extensive review of 
literature and consultation with Industrial resource 
persons and academicians [22]. These 12 variables 
are combined together and related by the term 
‘Business Excellence Performance Parameters’ 
(BEPP) in the SEM model.
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table 2 
dependent variables with their abbreviations

Symbol Dependent Variables

Y1 Overall Organization Achievements (OOA)

Y2 Production Related Achievements (PRA)

Y3 Quality & Continuous Improvements (QCI)

Y4 Cost Optimization Achievements (COA)

Y5 Empolyee Related Achievements (ERA)

Y6 Effective Workplace Utilization (EWU)

Y7 Safety Enhancments Achievements (SEA)

analYSiS and formulation of 5. 
SEm_5S modEl

The data obtained from various manufacturing 
organizations through a well-designed 5S 
questionnaire has been subjected to certain 
necessary examinations techniques for testing such 
as ‘Skewness and Kurtosis’ to evaluate the normality 
of collected data, ‘Confirmatory Factor Analysis’ 
(CFA) to check the regression weights, ‘Cronbach 
Alpha’ to evaluate data reliability, in order to 
obtained confidence level and to determine accuracy 
in the collected data [6]. The data processing has 
been done through SPSS-AMOS 20.0 software to 
evaluate correlations between various attributes 
utilized in 5S research in order to construct SEM_5S 
model through SEM model.

The analysis of SEM results permit to comprehend 
which variables predicted the constructs better 
and also figure out the behaviour of relationship 
among constructs [20]. The SEM analysis requires 
multivariate normally distributed data sample. The 
multivariate test calls upon screening of variables 
for normality [24]. The present study tests the 
univariate normality, since AMOS or SPSS software 
do not support testing the multivariate normality 
of the sample data. The Skewness is related to 
the symmetry of the distribution. The skewed 
variable does not have mean in the centre of the 
distribution [1]. While Kurtosis being recognized as 
the peakedness of a distribution, it determines the 
spread of data with respect to normal distribution 
[6]. The descriptive statistics of all attributes for 
independent variables and dependent variables of 
SEM_5S model, in which the acceptable values of 
Skewness (< ± 2) and Kurtosis (< ± 7) are within the 
range [5] Thus the distribution of data used for SEM 
model does not depart from normality.

confirmatorY factor analYSiS 6. 
(cfa)

The Bartlett’s test of sphericity has been applied to 
check the strength of inter-correlations among the 
items, while Kaiser Meyer Olkin (KMO) test has 
been applied to check the adequacy of the sample 
size through exploratory factor analysis (EFA) to 
determine the findings of data which mean if it is 
suited for CFA [11]. The significance level at p < 0.05 
for CFA is considered suitable the Bartletts test of 
sphericity, while KMO index must lie between 0 
to 1, with lowest acceptable CFA value of 0.5 [24]. 
Table 3 presents the results of KMO test (> 0.793) 
and Bartlett’s sphericity test (significant p values 
0.000) for the independent and dependent variables, 
which indicate that data is suited to continue the 
procedure of CFA.

table 3 
Kmo and Bartlett’s test for predictor and 

dependent attributes of Sem_5s model

Variables
Kaiser-

Meyer-Olkin 
Measure

Bartlett’s Test of 
Sphericity

Chi-
Square 
value

P-value

Top Management 
Involvement Issues (TMI)

0.793 242.977 0.000

Employee Involvement 
Issues (EII)

0.820 266.077 0.000

Basic 5S Issues (BFSI) 0.874 396.431 0.000

Fifth S Initiatives 
(Shitsuke) (FSIS)

0.881 268.929 0.000

Business Excellence 
Performance Parameters 
(BEPP)

0.911 830.849 0.000

The analysis of path diagrams of CFA for all 
predictor and dependent attributes of SEM_5S 
model highlights few items in variables need 
to be removed from the CFA diagrams whose 
standardized regression weights are less than 0.6, 
since these predictor attributes might contribute 
towards the SEM_5S MODEL to unfit [16]. The 
items X16 and X17 from the independent variable 
of Top Management Involvement Initiatives (TMI) 
are removed because their standardized regression 
weights values are less than (0.6). These items have 
not been included in the SEM_5S model, while the 
rest of items from remaining independent variables 
and dependant attributes with standardized 
regression weights greater than 0.6, have been 



20  Jugraj Singh Randhawa, Inderpreet Singh Ahuja and Kanwarpreet Singh

included in the SEM_5S model. After the deletion 
of insignificant terms (X16 and X17) from their 
respective variables (TMI), it is necessary to test 
data reliability by deploying Cronbach’s Alpha test 
in SPSS software [11]. The data with Cronbach’s 
Alpha reliability value higher than 0.7 is considered 
appropriate to proceed for SEM analysis. Table 4 
depicts the Cronbach alpha values above 0.823 for 
various attributes, thereby increasing confidence 
level in data.

table 4 
cronbach alpha values of all variables after the 

deduction of items

Factors Items Cronbach’s Alpha

Top Management Involvement 
Issues (TMI)

5 0.823

Employee Involvement Issues 
(EII)

6 0.877

Basic 5S Issues (BFSI) 6 0.924

Fifth S Initiatives (Shitsuke) 
(FSIS)

6 0.888

Business Excellence Performance 
Parameters (BEPP)

12 0.964

original SEm_5S modEl and 7. 
rESult analYSiS

Figure 2 exhibits the complete model of SEM_5S 
that has been developed by utilizing the software 
AMOS 20.0 for to evaluating the relationships 
amongst various attributes involved in the 
research. The research study exhibits the linkage 
of independent construct with regression coefficients 
in an unstandardised SEM_5S model. The output 
of AMOS for an unstandardized model furnish 
number of relationships such as covariance between 
predictor attributes, ordinary regression coefficients, 
error measurement of each predictor attributes and 
significance level (p-value) for each relationship. The 
path analysis diagram for the constructs and refined 
variables with regression coefficients in the model 
have been depicted in Figure 2.

In the CFA we confirm the factor structure we 
extracted in the EFA through applying constraints 
on the relationship between the observed variables 
and the latent factor. In the confirmatory approach, 
the observed variables are allowed to load on to the 
constructs they belong to and cross loadings are not 
allowed.

The outputs received from the original model 
have been compared with cut-off criteria for Several 
Fit Indexes described by various researchers [25]. It 
is observed that RMR (root mean square residual) 
assessment for unstandardized model is (0.023), 
which is very much close to 0, thus indicating near 
perfect fit of the model. RMR depicts absolute 
value of covariance residuals and is computed as 
square root of average squared amount by which 
variances of sample and covariance’s vary from their 
approximations. Thus low values of RMS is always 
preferred (< 0.08 for acceptable model).

The value of GFI (Goodness of Fit Index) is 0.857 
which should approach 0.95. It is an alternate to chi-
square test and computes the proportion of variances 
that is accounted by approximating population 
covariance [24]. AGFI (Adjusted the Goodness Fit 
Index) value for SEM model has been observed to 
be 0.796 that depends upon the degrees of freedom 
with more saturated models reducing fit. The model 
is considered to be perfect fit with GFI and AGFI 
indices approaching 0.95.

figure 2: SEm_5S modEl original (Standardized 
Estimates)
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table 5 
path analysis for the constructs of the Study

Endogenous 
construct

Exogenous 
construct Hypothesis Path 

Coefficients (b)
Standard 

Error C.R. Significance 
p

Support/
Non Support

Accepted 
Rejected

TMI(X1) BEPP H1 0.527 0.36 1.883 0.05 Support Accepted

EII(X2) BEPP H2 –0.658 0.315 –2.362 0.018 Support Accepted

BFSI(X4) BEPP H3 0.243 0.191 1.078 0.281 Non Support Rejected

FSIS(9) BEPP H4 0.817 0.156 5.337 <0.001 Support Accepted

strong inclination to return to old and poor ways of 
managing the workplace in the absence of long term 
commitment from top management and employees. 
The studies have revealed that many organizations 
have shown poor organizational performance due 
to non-long term commitment of top management 
towards 5S initiatives. Thus in this context the 
significance of H2 ‘Employee Involvement Initiatives’ 
and H4 ‘Fifth S Shitsuke Initiatives’ of sustainable 
5S initiatives have been observed to be strongly 
associated with ‘Business Excellence Performance 
Parameters’. Thus in the present context Hypothesis 
H3 is not significant.

modification indicES of SEm_5S 8. 
modEl

Table 6 presents the modification indices (MI) 
obtained from AMOS 20.0 which are utilized to 
modify the original unstandardized SEM_5S model. 
MI depict changes in structure of SEM model and 
demonstrate the improvement in fit emanating by 
incorporating specific additional relationships in 
SEM_5S model. The selection of MI should be made 
based on threshold values to reduce the display of 
MI to a smaller set. MI for a parameter helps to

table 6 
modification indices for Sem_5s model

Covariance’s of items M.I. Par Change

e30 <--> e29 34.805 0.048

e30 <--> e24 19.071 –0.035

e27 <--> e24 14.942 0.03

e4 <--> e2 14.457 0.081

e16 <--> e12 12.227 0.056

e11 <--> e6 10.338 –0.068

e30 <--> e28 10.298 0.028

e30 <--> e27 8.66 –0.035

e23 <--> e19 6.424 –0.052

e16 <--> e14 5.987 –0.045

Statistics for the structural model are presented 
in Figure 2 and Table 5. Table 5 depicts the 
Hypotheses testing results for the causal effects of 
TMI, EII, BFSI and FSIS on BEPP [6] [25].

All paths on BEPP are significant, except 
for BFSI (X4). The relationship between ‘Top 
Management Involvement Issues’ and ‘Business 
Excellence Performance Parameters’ is relevant 
and significant (b coefficient = 0.527, p value 0.05), 
thereby validating the hypothesis H1. Similarly 
‘Fifth S Shitsuke Initiatives’ have been observed 
to be strongly associated with ‘Business Excellence 
Performance Parameters’ with b coefficient = 
0.817 and p value <0.001, thereby validating 
the relevant and significance of hypothesis H4. 
Furthermore ‘Employee Involvement Initiatives’ 
have also exhibited strong association with 
‘Business Excellence Performance Parameters’, 
thereby validating the relevant and significant 
(b coefficient = -0.658, p value 0.018) of hypothesis 
H2. However the negative sign reflects the need 
for the manufacturing organizations to further 
strengthen the employee involvement in Indian 
manufacturing organizations. The results are in line 
with the findings of other researchers who have also 
emphasized on effectively harnessing human factors 
like employee commitment, training, competencies 
for successful strategic 5S implementation; Jaca et. 
al., 2016).

However Hypothesis H3 cannot be validated 
in the present context, since the study reports 
poor association between ‘Basic 5S initiatives’ and 
‘Business Excellence Performance Parameters’ with 
low b value of 0.243 and p value 0.281. This can be 
attributed to the fact that 5S is not just a one-time 
short term activity for managing and improving 
the workplace. Thus mere adoption of ‘Basic 5S 
initiatives’ does not guarantee long term business 
performance gains, since organizations have shown 
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‘Top Management Involvement Issues’; ‘Employee 
Involvement Initiatives’; ‘Fifth S Shitsuke Initiatives’ 
and ‘Business Excellence Performance Parameters’ 
is relevant and significant (high b coefficients, 
p values <0.05), thereby validating the hypothesis 
H1, H2 and H4. However Hypothesis H3 could 
not be validated in the present context, since the 
study reports poor association between ‘Basic 5S 
initiatives’ and ‘Business Excellence Performance 
Parameters’ with low b value of 0.071 and p value 
0.768. The results reveal that the revised SEM-5S 
model after modification indices have provided 
better results compared to the original SEM_5S 
Model.

figure 3: SEm_5S modEl after incorporating 
modification indices (Standardized Estimates)

determine the extent by which discrepancy function 
would decrease, if analysis were repeated with 
removed constraints on that parameter. The actual 
decrease that would occur may be much more. The 
modified SEM_5S model and its output has been 
depicted in Figure 3.

SEm_5S modEl aftEr modification9. 

Figure 3 is the CFA model after addressing the 
misspecifications in the model. Modification 
indices offer suggested remedies to discrepancies 
between the proposed and estimated model. The 
error terms were allowed to covary after which the 
model fit improved to some extent. The CMIN/df 
improved 1.834 to 1.530 but at the cost of reduced 
degree of freedom. The goodness of fit indices 
improved marginally approaching the recommended 
levels. Figure 3 describes Modified SEM_5S 
model upon inclusion of various relationships as 
described by modification indices in Table 7. It 
has been established that the significant variables 
Top management Involvement Initiatives (TII), 
Employee Involvement Initiatives (EII), Basic 5S 
Initiatives (BFSI) and 5th S Initiatives (Shitsuke) 
(FSIS) have direct effect on overall melioration of all 
the Business Excellence Performance Parameters 
namely: Overall Organization Achievements 
(OOA); Production Related Achievements (PRA); 
Quality and Continuous Improvements (QCI); 
Cost Optimization Achievements (COA); Empolyee 
Related Achievements (ERA); Effective Workplace 
Utilization (EWU) and Safety Enhancements 
Achievements (SEA). Statistics for the structural 
model after application modification indices are 
presented in Figure 3 and Table 7. Table 7 depicts 
the Hypotheses testing results for the causal 
effects of TMI, EII, BFSI and FSIS on BEPP[6]. 
All paths on BEPP are significant, except for BFSI 
(X4). The relationship between input constructs 

table 7 
path analysis for constructs of the Study for revised SEm_5S model

Endogenous 
construct

Exogenous 
construct Hypothesis Path 

Coefficients (b)
Standard 

Error C.R. Significance 
p

Support/
Non Support

Accepted 
Rejected

TMI(X1) BEPP H1 0.777 0.443 1.755 0.049 Support Accepted

EII(X2) BEPP H2 –0.601 0.248 –2.421 0.015 Support Accepted

BFSI(X4) BEPP H3 0.071 0.242 0.294 0.768 Non Support Rejected

FSIS(9) BEPP H4 0.77 0.151 5.102 0.000 Support Accepted
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Table 8 shows the model fit summary of SEM_5S 
model before and after the modification indices 
[11] [21][27][28]. After accomplishment of required 
modification in the original model, it has been 
observed that there is an improvement in the fitness 
values of modification model. CMIN/Df value has 
shown improvement from 1.834 to 1.530, RMR index 
has been improved from 0.023 to 0.022 and Root-
Mean-Square Error of Approximation (RMSEA) 
has been improved from 0.096 to 0.076 according 
to recommended values for perfect fit of model. 
Similarly GFI and AGFI indices have been also 
improved from their pervious values according to 
the recommended values for perfect fit of model. The 
SEM_5S Model Statics consist of other seven values 
which confirm perfect model fit such Comparative 
Fit Index (CFI), Normed Fit Index (NFI), Relative 
Fit Index (RFI), Incremental Fit Index (IFI) etc. All 
these values have also shown improvement from 
previous unstandardized SEM model, to get closer 
to the recommended values for perfect fit of the 
SEM model.

table 8 
SEm_5S model Statics 

(Before and after modification indices)

Model Fit 
Summary

Before 
Modification 

Indices

After 
Modification 
Indices Model

Recommended 
value for Model 

Fit*

CMIN/Df 1.834 1.530 x2/df < 3.0

Degrees of 
Freedom

395 385 Smaller is better

Probability 0.00 0.00

RMR 0.023 0.022 Smaller is better;
0 indicates perfect

fit

RMSEA 0.096 0.076 < 0.08

Baseline 
Comparisons

GFI Index 0.857 0.958 > 0.95

AGFI Index 0.796 0.951 > 0.95

CFI Index 0.866 0.950 > 0.95

IFI Index 0.868 0.960 > 0.95

Tucker-Lewis 
index (TLI)

0.852 0.946 > 0.95

The empirical investigation of data collected 
through 5S Questionnaire by using SEM model is 
aimed at evaluating the effects various Endogenous 
constructs like TMI, EII, BFSI and FSIS on 
Exogenous construct BEPP. Moreover the statics 
data before and after modification indices have 

been compared and the final SEM_5S model was 
observed closer to near fit values, which indicates the 
improvement in model effectiveness and brings out 
the refined model of SEM_5S which will be helpful 
for the organizations managers, HR executives 
and practisers of 5S program in manufacturing 
organizations to achieve the business excellence.

For GFI, AGFI and CFI, a commonly recommended 
minimum value for a very good fit is 0.95; the 
ratio of X2/df is recommended to be less than 3.0. 
Furthermore, the model meets the other goodness 
of fit indices of CMIN/Df < 3, p << 0.0001, RMSEA 
< 0.08, CFI, IFI and TLI indices greater than 0.95, 
therefore in the present context, this SEM model 
meets the goodness to fit requirements. Theoretically 
the model seemed sound and applicable.

concluSionS10. 

5S has emerged as the foundation for several 
improvements program of lean and 5S program 
plays significant role towards accruing of business 
excellence in the manufacturing organizations. 
The research has validated through SEM_5S 
model that the significant variables such as Top 
management Involvement Initiatives (TII), Employee 
Involvement Initiatives (EII) and 5th S Initiatives 
(Shitsuke) (FSIS) of 5S implementation program 
have performed extremely significantly towards 
accruing the business excellence performance 
parameters in manufacturing organizations. The 
empirical investigation of data collected through 
5S Questionnaire by using SEM model is aimed 
at evaluating the effects various Endogenous 
constructs like TMI, EII, BFSI and FSIS on 
Exogenous construct BEPP.

Moreover the statics data before and after 
modification indices have been compared and the 
final SEM_5S model was observed closer to near fit 
values, which indicates the improvement in model 
effectiveness and brings out the refined model of 
SEM_5S which will be helpful for the organizations 
managers, HR executives and practisers of 5S 
program in manufacturing organizations to achieve 
the business excellence.

The study provides significant implications 
for the industrial mangers by evaluating the 
contributions of various input constructs on BEPP. 
The study empirically validates the role of top 
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management commitment, employee’s involvement, 
training, communication, promotional campaign 
and education about 5S, evaluation and keeping 
records about 5S program are the essential factors 
for successful 5S implementation.

rEfErEncES
Agus, A. and Hajinoor, M.S. (2012). Lean production [1] 
supply chain management as driver towards enhancing 
product quality and business performance: Case study 
of manufacturing companies in Malaysia, International 
Journal of Quality & Reliability Management, 29(1): 
92-121.

Ahuja, I.P.S. and Khamba, J.S. (2008). Total productive [2] 
maintenance – literature review and directions, 
International Journal of Quality and Reliability 
Management, 25(7): 709-756.

Ahuja, I.S. (2012). Exploring the impact of effectiveness of [3] 
total productive maintenance strategies in manufacturing 
enterprise, International Journal of Productivity and 
Quality Management, 9(4): 486-501.

Chen, L. and Meng, B. (2010). The lean way of Chinese [4] 
enterprises from the experiences of Japan and USA, 
China-USA Business Review, 9(3): 24-28.

Currie, D.J., A.P. Francis, and Kerr, J.T. (1999). Some [5] 
general propositions about the study of spatial patterns 
of species richness, Ecoscience, 6(3): 392–399.

Dandagi, S., Bhushi, U., Bagodi, V. and Sinha, D. (2016). [6] 
Strategic management of technical university: structural 
equation modelling approach, Journal of Modelling in 
Management, 11(1): 75–90.

Dangayach, G.S. and Deshmukh, S.G. (2001). [7] 
Manufacturing strategy perspective on flexibility: a case 
of select Indian companies, Global Journal of Flexible 
Systems Management, 2(2): 21–30.

Dangayach, G.S. and Deshmukh, S.G. (2003). Evidence [8] 
of manufacturing strategies in Indian industry: a survey. 
International Journal of Production Economics, 83(3): 
279–298.

Filho, M.G., Boschi, A., Rentes, A.F., Thurer, M. and [9] 
Bertani, T.M. (2015). Improving Hospital Performance by 
Use of Lean Techniques: An Action Research Project in 
Brazil, Quality Engineering, 27(2): 196–211.

Golroudbary, S.R. and Zahraee, S.M. (2015). System [10] 
dynamics model for optimizing the recycling and collection 
of waste material in a closed-loop supply chain, Simulation 
Modelling Practice and Theory, 53(April, 2015): 88-102.

Ikediashi, D.I., Ogunlana, S.O. and Udo, G. (2013). [11] 
Structural equation model for analyzing critical risks 
associated with facilities management outsourcing and 
its impact on firm performance, Journal of Facilities 
Management, 11(4): 323-338.

Jaca, C., Paipa-Galeano, L., Viles, E. and Mateo, R. (2016). [12] 
The impact of a readiness program for implementing and 

sustaining continuous improvement processes, The TQM 
Journal, 28(6): 869-886.

Kaur, M., Singh, K., Ahuja, I.S. and Singh, P. (2015). [13] 
Justification of synergistic implementation of TQM-
TPM paradigms using analytical hierarchy process, 
The International Journal of Process Management and 
Benchmarking, 5(1): 1-18.

Kobayashi, K., Fisher, R., and Gapp, R. (2008). Business [14] 
improvement strategy or useful tool? Analysis of the 
application of the 5S concept in Japan, the UK and the 
US, Total Quality Management & Business Excellence, 
19(3): 245-262.

Mendes-de-Toledo, R.L.A. and de Farias Filho, J.R. [15] 
(2001). Are the housekeeping programs out-of-date, A 
Conference at Production and Operation Management 
Society, pp. 1–8 [online] http://www.pomsmeetings.org/
confproceedings/001/papers/qm–03.2.pdf (accessed 15 
December 2014).

Rakowski, W., Andersen, M.R. and Stoddard, A.M. (1997). [16] 
Confirmatory analysis of opinions regarding the pros 
and cons of mammography, Health Psychology, 16(2): 
433–444.

Randhawa, J.S and Ahuja, I.P.S, (2017c). Examining the [17] 
role of 5S practices as a facilitator of business excellence 
in manufacturing organizations, Measuring Business 
Excellence, 21 (2). https://doi.org/10.1108/MBE-09-2016-
0047.

Randhawa, J.S. and Ahuja, I.S. (2017b). 5S implementation [18] 
methodologies: literature review and directions 
International Journal of Productivity and Quality 
Management, 20(1): 48–74.

Randhawa, J.S. and Ahuja, I.S. (2017a). 5S - a quality [19] 
improvement tool for sustainable performance: literature 
review and directions, International Journal of Quality & 
Reliability Management, 34(3): 334–361.

Singh, A. and Ahuja, I.S. (2015). Review of 5S methodology [20] 
and its contributions towards manufacturing performance, 
International Journal of Process Management and 
Benchmarking, 5(4): 408-424.

Singh, C.D. and Khamba, J.S. (2015). Structural Equation [21] 
Modelling for manufacturing Competency and Strategic 
Success Factors, International Journal of Engineering 
Research in Africa, 19, 138-155.

Singh, K. and Ahuja, I.P.S. (2012). Transfusion of Total [22] 
Quality Management and Total Productive Maintenance: 
A Literature Review, International Journal of Technology, 
Policy and Management, 12(4): 275–311.

Stevenson, W.J. (2009). Operations Management. 10th ed. [23] 
Boston, MA: McGraw-Hill.

Tabachnick, B.G. and Fidell, L.S. (2007). Computer-[24] 
Assisted Research Design and Analysis, Allyn and Bacon, 
Boston.

Tripathy, S., Aich, S., Chakraborty, A. and Lee, G.M. [25] 
(2016). Information technology is an enabling factor 
affecting supply chain performance in Indian SMEs: 



Evaluation the Impact of 5S Implementation on Business Excellence Performance Parameters through Structural Equation...  25

a structural equation modelling approach, Journal of 
Modelling in Management, 11(1): 269-287.

Womack, J., Jones, D. and Roos, D. (1990). The Machine [26] 
That Changed the World, Rawson Associates, New York.

N. Singh, D. Hui, R. Singh, I.P.S. Ahuja, L. Feo, &amp; [27] 
F. Fraternali, “Recycling of plastic solid waste: A state of 

art review and future applications” Composites Part B: 
Engineering, Vol. 115, 2017, pp. 409-422.

Kumar, R., Singh, R., Hui, D., Feo, L., &amp; Fraternali, [28] 
F. (2017). Graphene as biomedical sensing element: State 
of art review and potential engineering applications. 
Composites Part B: Engineering, Vol. 134, 2018, pp. 
193-206.




