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Abstract
In this globalized scenario, the overall performance of the manufacturing industries is the backbone of the development of the 
countries’ economies. In this research, the authors’ main objective of the study is to segment the manufacturing industries by 
using the triangular interval-valued fuzzy TOPSIS Method and find out the factors determining its performance. The research-
ers have collected the data from 350 manufacturing industries located in Puducherry, India. They applied a Simple Random 
sampling method by using a structured questionnaire from manufacturing industries. To analyze the data, the researchers 
used software packages like Excel, SPSS and LISREL 8.72. The researchers applied Confirmatory Factor Analysis, Trian-
gular Interval-Valued Fuzzy TOPSIS Method, Chi square and Correspondent Analysis to conclude the result. Based on the 
factors loadings of the items, the contribution made by the items in respect of Performance may be ranked as Sales growth, 
Market share, Profit margin and Return on investment. With the help of Triangular Interval-Valued Fuzzy TOPSIS Method 
researchers segmented the manufacturing industries into three groups and by using the Chi square analysis the researchers 
found that the five demographics characteristics like Number of years in Business (Company), Scale of industry, Kind of 
manufacturing, Number of employees and location of the production plant of the respondents and these are significantly 
associated with segmenting the manufacturing industries and determine the performance of manufacturing industries.

Keywords Triangular interval-valued fuzzy TOPSIS method · Chi square · Performance · Segmenting · Manufacturing 
industries

Introduction

Performance measurement helps the manufacturing indus-
tries to evaluate the trend in success and failure of the organ-
ization. Performance measurement refers to the assessment 
of the activities of an enterprise during a particular period. It 
is an appraisal of the success or failure of the activities of an 
enterprise during a given period [25, 26]. To continue to be 
competitive in these days’ difficult environment, manufactur-
ing organizations have to attain safe and most system per-
formance with minimal downtime. Powerful upkeep strate-
gies can make considerable contributions to manufacturing 
performance, plant availability, reliability and organizational 
profitability [19]. It seems at the activity effect of generation, 
in which manufacturing technologies are considered as one 
of the important in today’s situation. They discover no proof 
of era destroying jobs, rather their proof is suggestive of it 
transferring jobs from intermediary skill to high ability jobs. 
While generation has caused a growth in capital intensity, it 
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has now not reduced mixture employment in Indian manu-
facturing [4]. Frequent modifications passed off within the 
economy round the sector with the marketplace becoming 
touchy to the price has led increasingly more the agencies to 
attain better consequences, requiring to look of differentia-
tors inside the tactics of manufacturing that better the overall 
performance continuously [2, 22].

An enterprise that is managing to accomplish a higher 
return on assets and investment shall automatically man-
age to have a high-profit margin. Similarly, an operationally 
efficient firm will be able to increase the level of turnover, 
which will enable it to penetrate more markets and thereby 
result in an increase in market share [8, 15]. Market percent-
age loved with the aid of an organization and its financial 
performance and status is vital for the survival of any enter-
prise [1, 28]. Literature shows that all enterprises placing 
good emphasis on competitive items related to the process 
of manufacturing shall be performing financially well [10]. 
Past studies have concentrated on assessing the performance 
of undertakings through various profitability ratios such as 
return on sales, operating income to sales, operating income 
to an asset, return on assets, etc. [3, 23, 29, 31]. Pagell and 
Krause [24] have expressed a very interesting observation 
that enterprises may not react to a turbulent environment 
with enhanced flexibility, which shall enhance their business 
performance.

Some researchers have included a perceived performance 
method to assess the performance of firms. In this method, 
data can be obtained from the Chief Executives, Managing 
Directors, General Managers and Senior Level Managers of 
the manufacturing firms by asking them to rate the perfor-
mance of their respective firms over a given period by mak-
ing an intra-firm or inter-firm comparisons [7, 11]. Ketokivi 
and Schroeder [21] conducted an analytical study about the 
effectiveness of the perceived performance and financial 
performance of manufacturing firms and compared the 
two different methods in their research. The authors found 
that perceived performance measurement was a better rep-
resentative of the financial figures. The authors concluded 
that the perceived performance measurement system is the 
best method to measure the firms’ performance as it helps 
to avoid a single respondent bias at the time of measuring 
the firm’s performance.

Many business units are started with full enthusiasm. 
However, these units are not able to survive in the market 
for a longer period and they break off their business very 
quickly. This study also tries to find the factors which are 
helping the manufacturing industries to perform successfully 
in this region from an operational perspective. The items 
used in the proposed study to evaluate the performance of 
the manufacturing industries are market share, sales growth, 
profit margin managed, return on assets and return on invest-
ment. This research model helps to specialize in assessing 

essential elements that influence the efficiency of the enter-
prise overall performance of manufacturing firms. This will 
permit the managerial workforce of manufacturing firms 
and policymakers to formulate and put into effect suitable 
and powerful operational techniques and to make rational 
and well-timed selections. The objective of the study is to 
segment the manufacturing industries by using Triangular 
Interval-Valued Fuzzy TOPSIS Method to factors determin-
ing the performance. For segmenting the manufacturing 
industries researchers used the Triangular Interval-valued 
Fuzzy TOPSIS method. This technique can be used to rank a 
large number of manufacturing industries based on multiple 
criteria. In this research work the researchers used the Trian-
gular Interval-valued Fuzzy TOPSIS method to categories 
the manufacturing industries into three groups like “High 
Performing”, “Moderately Performing” and “Low Perform-
ing” based on the performance criteria.

Research methodology

This section describes elaborately the methodology part. 
The proposed research study is descriptive and it covers 
manufacturing industries. The researchers obtained both 
primary as well as secondary data collected from the top 
executives from the manufacturing industries situated in 
Union territory of Puducherry, India. The questionnaires 
contain two-segment; the first section contains demographic 
characteristics which includes Number of years in business 
(Company), Type of production system, Scale of industry, 
Kind of manufacturing, Type of product, Number of employ-
ees, Type of Industry and Location of the production plant 
of the respondents and second section covers five business 
performance measurement variable like Market Share, Sales 
Growth, Profit Margin, Return on Investment, and Return 
on Assets and it is in the form of 5 points Likert scale. The 
researchers used well-structured questionnaires to collect the 
data from 350 manufacturing industries. For obtaining they 
used a simple random sampling method to collect the data. 
To analyze the data, the researchers used well-sophisticated 
software packages like Excel, SPSS and LISREL 8.72. For 
finding out the result, the researchers applied Reliability, 
Communalities, Confirmatory Factor Analysis, Triangular 
Interval-Valued Fuzzy TOPSIS Method, Chi square and Cor-
respondent Analysis to conclude the research work.

Analysis

The researchers describe the Confirmatory Factor Analysis, 
Triangular Interval-valued Fuzzy TOPSIS, Chi square, and 
Correspondence analysis to study the factor determining the 
performance of manufacturing industries in this section. For 
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testing the reliability of the questionnaire the researchers 
used Cronbach’s Alpha test. The recommended minimum 
acceptable limit of the Cronbach’s Alpha test for the meas-
urement is 0.60 [14]. The result of Cronbach’s Alpha value 
for business performance domains is 0.925. It far exceeds 
the required threshold limit of 0.6. Further, the estimated 
value of Cronbach’s Alpha value exceeds the “Alpha if Item 
Deleted” value ranges from 0.899 to 0.922. This signifies 
that all the items can be included in this study. After the reli-
ability test, the researchers applied the communalities test 
to five business performance measurement variables. Higher 
communalities are better at the time of model formulation 
and the minimum threshold limit for establishing the com-
monality of the data is 0.5. All variables with a communality 
value of less than 0.5 should be removed. The results found 
from the communality value in respect of all the items far 
exceed the minimum desirable value of 0.5 and the range 
from 0.677 to 0.824. Hence all the five items are included 
for the study without dropping any of them. Based on the 
above test result the researchers moved to the next level and 
carry out confirmatory Factor Analysis.

Confirmatory factor analysis of performance (P)

The Confirmatory Factor Analysis (CFA) measurement 
model displays the relationship between the latent items 
and their observed measures. CFA displays the aptness with 
which the variables included under each factor fit into such 
a factor. The responses of the executives of manufacturing 
units about Performance were measured using the five indi-
cators of P1, P2, P3, P4, and P5 as constituents of the Inde-
pendent Measurement Model. Of these five items, the factor 
loadings in respect of the item Return On Assets (ROA) are 
less than 0.5. Hence this item is dropped from the study and 
CFA is run based on the remaining four items. CFA veri-
fies the proposed factor structure. The results displayed in 
Table 1 reveals that the value of Chi square is 8.07, df is 2 
and the p value is 0.01768 (which is < 0.05), indicating the 
precise fitness of the arrived model. The CFA takes care of 
confirming the designed factor arrangement. Results indi-
cate that the remaining four-factor arrangement is highly 

significant. Hence, it can be concluded that all the four items 
included under this domain aptly fit into the said domain. 
Similarly, the reliability and validity of the model are con-
firmed by Construct Reliability (CR) being more than 0.70 
and Average Variance Extracted (AVE) being more than 
0.50. Good reliability and validity of the model signify the 
prevalence of satisfactory uni-dimensionality level.

The calculated values of GFI and RMSEA are 0.99 and 
0.093. This satisfies the desired range of above 0.90 for GFI 
and 0.08–0.10 in respect of the RMSEA. Further, the values 
of AGFI as 0.94, CFI as 0.99 and NFI as 0.99 far exceed the 
desired threshold limit of 0.90. This signifies the mediocre 
fitness of the model. Hence, the results confirm the accept-
ability of the derived model.

The model for Performance (P) is shown in Fig. 1. It can 
be observed that the factor loadings well exceed the recom-
mended threshold value of 0.50 and hence are significantly 
important. It can be inferred from the table that the manufac-
turing industries are giving high importance to Performance. 
Of the four items included in the factor of Performance indi-
cators, the most influencing item is Sales growth (P2), fol-
lowed by the other items of Market share (P1), Profit margin 
(P3) and finally Return on investment (P5).

Table 1  Independent 
measurement model of 
performance

Table Results of measurement model (confirmatory factor analy-
sis)

Results of 
reliability test

Item Standard 
Solutions

Factor estimate t value Error variance R2 CR AVE

Market share (P1) 0.84 0.93 19.11 0.29 0.71 0.922 0.747
Sales growth (P2) 0.90 0.96 21.24 0.19 0.81
Profit margin (P3) 0.89 0.92 20.69 0.22 0.78
Return on assets (ROA) (P4) – – – – –
Return on investment (P5) 0.83 0.86 18.73 0.31 0.69

Fig. 1  Independent Measurement Model of Performance
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With the endeavor of conducting an in-depth study on 
the Business Performance of the manufacturing industries, 
Triangular Interval-valued Fuzzy TOPSIS has been used to 
segregate the manufacturing industries into three segments 
namely Highly performing industries, Moderately perform-
ing industries and Low performing industries.

Triangular interval‑valued fuzzy TOPSIS

Triangular Interval-valued Fuzzy TOPSIS has been per-
formed to classify the manufacturing industries based on 
their Performance items. To understand the effectiveness of 
Performance items, the manufacturing industries have been 
segregated into related groups.

TOPSIS (Technique for Order Preference by Similarity 
to Ideal Solution) is a system propagated by [17]. This tech-
nique can be used to rank a large number of industries based 
on multiple criteria. The industries ranked are termed as 
“Alternatives” and the used parameter as items to rank the 
industries is known as “Attributes”. TOPSIS is a widely used 
Multi-Criteria Decision Making (MCDM) technique. The 
principle of TOPSIS is that the selected alternative should 
be as near as possible to the “Positive-Ideal Solution” and 
as far as possible from the “Negative-Ideal Solution”. Based 
on the proximity of the alternatives to the “Ideal Solution”, 
multi-criteria ranking index is constructed.

An algorithm was formulated by Jahanshahloo et al. [18] 
to use TOPSIS to interpret the interval data and arrive at 
meaningful decisions. TOPSIS and fuzzy TOPSIS have been 
utilized by Yang and Hung [33] to solve plant layout design 
problem. Both TOPSIS and fuzzy TOPSIS differ based on 
the rating approaches. Fuzzy TOPSIS assigns fuzzy num-
bers to the performance of the alternatives included for the 
study and the significance of the attributes used to analyze 
the performance of the alternatives. In the proposed study, 
the researchers have favored using the MCDM approach of 
TOPSIS because of the uncomplicated and programmable 
calculation process [5]. The researchers have attempted to 
solve the research problem using the MCDM approach of 
Triangular interval-valued fuzzy TOPSIS, which is a devel-
opment over TOPSIS.

The MCDM case has been succinctly articulated as a 
matrix. The attributes used for the study are represented in 
columns, while the alternatives used for the study constitute 
the rows. Specifically, an MCDM problem with m alterna-
tives A1,… ,Am that are evaluated by n attributes C1,… ,Cn 
can be viewed as a geometric system with m points in n
-dimensional space. An element xij of the matrix indicates 
the performance rating of the i th alternative, Ai concerning 
the j th attribute, Cj , as shown in Eq. (1):

A succinct description of the terms utilized in this 
research is provided in the forthcoming discussions:

Attributes Attributes 
(
Cj, j = 1, 2, 3… n

)
 are the items used 

as criteria for assessing the performance of the manufactur-
ing undertakings studied.

Alternatives Alternatives 
(
Ai, i = 1, 2, 3…m

)
 are the 350 

manufacturing undertakings of whose performance is to be 
assessed.

Attribute weights Weight values 
(
wj

)
 each attribute used for 

this study has been assigned different weights depending 
upon their relative importance, based on Experts opinion 
W
{
wj∕j = 1, 2,… , n} .

The steps of TOPSIS methods can be summarized as 
follows:

 Step 1. Normalize the decision matrix X =
(
xij
)
m∗n

 using 
the equation below.

where rij is the normalized criteria rating.

 Step 2. Calculate the weighted normalized decision matrix 
V =

(
vij
)
m∗n

where wj is the relative weight of the j th criterion, and ∑n

j=1
wj = 1.

 Step 3. Determine the positive and negative ideal solutions.

where Ωb and Ωc are the sets of benefit criteria and cost 
criteria, respectively.

(1)D =

A1

A2

A3

−

−

Am

C1 C2 C3 − − Cn

⎡
⎢⎢⎢⎢⎢⎢⎣

x11 x12 x13 − − x1n
x21 x22 x23 − − x2n
x31 x32 x33 − − x3n
− − − − − −

− − − − − −

xm1 xm2 xm3 − − xmn

⎤
⎥⎥⎥⎥⎥⎥⎦

.

(2)
rij =

xij�∑m

i=1
x2
ij

, i = 1, 2,… , m;j = 1, 2,… , n,

(3)vij = wjrij, i = 1, 2,… ,m; j = 1, 2,… , n,

(4)

A ∗= v∗
1
,… , v∗

m
=

{(
max

j
vij∕j��b

)
,

(
min
j

vij∕j��c

)}
,

(5)

A− = v−
1
,… , v−

m
=

{(
min
j

vij∕j��b

)
,

(
max

j
vij∕j��c

)}
,
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 Step 4. The separating distance of the alternatives from the 
positive and negative ideal solution is estimated.

 Step 5. The comparative nearness of each alternative to the 
ideal solution is estimated. The relative closeness of 
the alternative Ai concerning A ∗ is defined as

 Step 6. Alternatives are ranked according to the compara-
tive ideal solution. The biggest RCi , the better satisfy-
ing the alternative is Ai . The alternative most close to 
the ideal solution can be the finest one.

Where RCi indicates the ultimate performance score of 
each alternative. Those alternatives winning the highest per-
formance score can be the most preferred alternative.

Interval‑valued fuzzy sets (IVFS)

IVFS is a development over Fuzzy sets theory. Linguistic 
expressions presented by the usual Fuzzy sets do not yield 
adequate clarity. To tide over the limitations of Fuzzy sets 
theory, authors such as [9, 12, 20, 27, 30, 32] propagated 
the use of IVFS. They gave explanations about IVFS and 
assigned numbers for IVFS, which can be operational 
accordingly. Since then, IVFS has been used in all practical 
applications.

Using the concept of IVFS propagated by [12], an IVFS 
equation is formulated as (−∞,+∞) on is given by:

where �L

A
(x) represents the floor boundary concerning the 

degree of membership and �U

A
(x) represents the ceiling 

boundary.

(6)D∗
i
=

√√√√ n∑
j=1

(
vij − v∗

j

)2

, i = 1, 2,… ,m,

(7)D∗
i
=

√√√√ n∑
j=1

(
vij − v−

j

)2

, i = 1, 2,… ,m,

(8)RCi =
D−

i

D∗
i
+ D∗

i

, i = 1, 2,… ,m.

(9)

A =
{
x,
[
𝜇L

A
(x),𝜇U

A
(x)

]}

𝜇L

A
,𝜇U

A
∶ X → [0, 1] ∀x ∈ X 𝜇L

A
≤ 𝜇U

A

�̄�A(x) =
[
𝜇L

A
(x),𝜇U

A
(x)

]
A =

{(
x, �̄�A(x)

)}
, x ∈ (−∞,+∞),

Given the 2 IVFS numbers Nx =
[
N−
x
;N+

x

]
 and 

My =
[
M−

y
;M+

y

]
 , according to [13, 16] the following equa-

tions may be derived:

D e f i n i t i o n  1  I f  ∈ (+,−,×,÷)  ,  t h e n 
N.M(x.y) =

[
N−
x
.M−

y
;N+

x
.M+

y

]

Definition 2 The Normalized Euclidean distance between 
Ñ and M̃ is as follows:

Interval‑valued fuzzy TOPSIS (IVFT)

The fuzzy method assigns Fuzzy numbers to denote the rela-
tive importance of each criterion. An effort has been made 
in the forthcoming section to extend the Fuzzy concept to 
the Fuzzy environment. This shall facilitate the searching for 
an effective solution to the group decision-maker problems.

Literature reveals that the TOPSIS technique has been 
utilized to group the manufacturing industries as “High 
Performing” and “Low Performing”. Hence, the research-
ers have utilized the MCDM approach to evaluate the per-
formance of the manufacturing industries and segregate 
them into three categories based on their performance. The 
process adopted towards this endeavor is displayed in the 
following flow chart (see Fig. 2).

The values utilized for ranking the performance of the 
manufacturing industries and the comparative weights used 
for this purpose have been characterized using Fuzzy num-
bers ranging between 0 and 1. The membership value is 
expressed as an interval ranging between 0 and 1. The crite-
ria values and criteria weights used in this study are regarded 
as linguistic variables. These variables are very useful while 
dealing with complex situations [34]. These linguistic vari-
ables have been transformed into triangular interval-valued 
fuzzy numbers and this transformation process is depicted 
in Tables 3 and 4.

Let X̃ =
[
x̃ij
]
m∗n

 be a fuzzy decision matrix for a multi-
criteria decision-making problem in which A1,A2,… ,Am 
are m possible alternatives and C1,C2,… ,Cn are n criteria. 
So the performance of alternatives Ai concerning criterion 
Cj is denoted as x̃ij . As illustrated in Fig. 3, x̃ij and w̃j are 
expressed in triangular interval-valued fuzzy numbers.

Developing the TOPSIS for Triangular interval-valued 
fuzzy TOPSIS data is summarized as follows:

D
(
Ñ, M̃

)
=

√√√√1

6

3∑
i=1

[(
N−
xi
−M−

yi

)2

+
(
N+
xi
−M+

yi

)2
]
.
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1. Given x̃ij =
[(

aij, a
�
ij

)
;bij;

(
c�
ij
, cij

)]
 ,  the normalized per-

formance rating as an extension to [6] can be calculated 
as:

Hence, the normalized matrix R̃ =
[
r̃ij
]
m∗n

 can be 
obtained.

2. Giving due consideration to the significance of each cri-
teria, a weighted normalized fuzzy decision matrix may 
be developed as Ṽ =

[
ṽij
]
m∗n

 where ṽij = r̃ij × w̃j .

According to Definition 1, the multiply operator can be 
applied as:

r̃ij =

[(
aij

c+
j

,
a�
ij

c+
j

)
;
bij

c+
j

;

(
c�
ij

c+
j

,
cij

c+
j

)]
, i = 1,… ,m j ∈ 𝛺b

(10)

r̃ij =

[(
a−
j

a�
ij

,
a−
j

aij

)
;
a−
j

bij
;

(
a−
j

cij
,
a−
j

c�
ij

)]
, i = 1,… ,m j ∈ 𝛺c

c+
j
= Maxcij,

i

j ∈ �b

a−
j
= Mina�

ij
,

i

j ∈ �c .

ṽij =
[(

r̃1ij × w̃1j, r̃
�
1ij
× w̃�

1j

)
;r̃2ij × w̃2j;

(
r̃�
3ij
× w̃�

3j
, r̃3ij × w̃3j

)]

Fig. 2  Flow chart for perfor-
mance assessment among the 
manufacturing industries

Through Brainstorming 

 Using 5 points Likert scale 

   To obtain the weights of criteria  

   To summarize the operational  

                                characteristic                 

  For easy comparison 

    To get Net Scores                                          

    To get the high, moderate and low  

                  Performing industries 

To identify the high, moderate and low performing 

manufacturing industries

Business Performance Characteristics for evaluation 

Obtaining the data from the managers 

Experts opinion  

Apply Triangular Interval-valued fuzzy TOPSIS method 

Normalize the operational characteristic scores 

Combining the scores with weight age for evaluation 

Ranking the Industries

Table 3  Definitions of linguistic variables for the ratings

1 VL (very low) [(0, 0), 0, (1.5, 3)]
2 L (low) [(0, 1.5), 3, (4, 5)]
3 M (middle) [(3, 4), 5, (6, 7)]
4 H (high) [(5, 6), 7, (8.5, 10)]
5 VH (very high) [(7, 8.5), 10, (10, 10)]

Table 4  Definitions of linguistic variables for the importance of each 
criterion

1 VL (very low) [(0.0, 0.0), 0.0, (0.15, 0.3)]
2 L (low) [(0.0, 0.15), 0.3, (0.4, 0.5)]
3 M (middle) [(0.3, 0.4), 0.5, (0.6, 0.7)]
4 H (high) [(0.5, 0.6), 0.7, (0.85, 1)]
5 VH (very high) [(0.7, 0.85), 1, (1, 1)]

x

1

µ
x~

α

1
x

1
'x

2
x 3

'x
3
x

Fig. 3  Interval-valued triangular fuzzy numbers



597Complex & Intelligent Systems (2020) 6:591–606 

1 3

3. The positive and negative ideal solution may be 
explained as:

1. Normalized Euclidean distance can be calculated using 
Definition 2 as follows:

where D−
(
Ñ, M̃

)
 and D+

(
Ñ, M̃

)
 are the primary and second-

ary distant measures, respectively. Thereby, the distance of 
each alternative from the ideal alternative 

[
D+

i1
.D+

i2

]
 can be 

currently calculated, where:

Likewise, the separation from the negative ideal solution is 
given by 

[
D−

i1
.D−

i2

]
 , where:

Equations (13) and (14) have been used to assess the dis-
tance of the interval variables from the positive and nega-
tive ideal alternatives. By following this process, loss of 

(11)=
[(

gij, g
�
ij

)
;hij;

(
lij, l

�
ij

)]

A+ = [(1, 1);1;(1, 1)] , j ∈ �b

(12)A− = [(0, 0);0;(0, 0)] , j ∈ �c

D−
(
Ñ, M̃

)
=

√√√√1

3

3∑
i=1

[(
N−
xi
−M−

yi

)2
]

D+
(
Ñ, M̃

)
=

√√√√1

3

3∑
i=1

[(
N+
xi
−M+

yi

)2
]
,

(13)D+
i1
=

n∑
j=1

√
1

3

[(
gij − 1

)2
+
(
hij − 1

)2
+
(
lij − 1

)2]
.

D−
i1
=

n∑
j=1

√
1

3

[(
gij − 0

)2
+
(
hij − 0

)2
+
(
lij − 0

)2]

(14)D−
i2
=

n∑
j=1

√
1

3

[(
g�
ij
− 0

)2

+
(
hij − 0

)2
+
(
l�
ij
− 0

)2
]
.

information can be minimized using data values instead of 
crisp values.

4. The comparative proximity can be calculated as follows:

The Triangular Interval-valued fuzzy TOPSIS can be 
summed up as follows:

• Normalize fuzzy decision matrix X̃ =
[
x̃ij
]
m∗n

 by 
Eqs. (10) and (11).

• The positive and negative ideal solution is assessed by 
Eq. (12).

• Estimate the normalized Euclidean proximity by 
Eqs. (13) and (14).

• Using a pair of separations assess the proximity of each 
alternative to the fuzzy scores (15).

• Ascertain the comparative proximity by Eq. (16).
• Alternatives may be ranked based on their comparative 

proximity.
• More proximate the alternative to the ideal solution RCi , 

the more pleasant the alternative Ai will be. Closer the 
alternative to the ideal solution, the better it is.

• RCi Where indicates the ultimate TOPSIS score. A higher 
score indicates that the alternative is performing better 
than the others.

The application of the extended method in solving 
problems

In this study, the responses of the executives of manufactur-
ing industries about Performance were measured using the 
four items namely P1, P2, P3, and P5. The 350 manufactur-
ing industries are segmented into three groups namely highly 

(15)RC1 =
D−

i2

D+
i2
+ D−

i2

, RC2 =
D−

i1

D+
i1
+D−

i1

(16)RC
∗
i
=

RC1 + RC2

2
,

Table 5  The interval-valued fuzzy decision matrix and weights

C1 C2 C3 C4

A1 [(3, 4), 5, (6, 7)] [(5, 6), 7, (8.5, 10)] [(5, 6), 7, (8.5, 10)] [(5, 6), 7, (8.5, 10)]
A2 [(5, 6), 7, (8.5, 10)] [(5, 6), 7, (8.5, 10)] [(3, 4), 5, (6, 7)] [(3, 4), 5, (6, 7)]
A3 [(7, 8.5), 10, (10, 10)] [(7, 8.5), 10, (10, 10)] [(7, 8.5), 10, (10, 10)] [(7, 8.5), 10, (10, 10)]
– – – – –
A350 [(5, 6), 7, (8.5, 10)] [(7, 8.5), 10, (10, 10)] [(7, 8.5), 10, (10, 10)] [(5, 6), 7, (8.5, 10)]
Weight [(0.5, 0.6), 0.7, (0.85, 1)] [(0.7, 0.85), 1, (1, 1)] [(0.5, 0.6), 0.7, (0.85, 1)] [(0.3, 0.4), 0.5, (0.6, 0.7)]
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performing group, moderately performing group and low 
performing group.

This is based on the following four criteria:

(a) Market share (C1).
(b) Sales growth (C2).
(c) Profit margin (C3) and
(d) Return on investment(C4).

The response of the executives of the manufacturing 
industries is considered as the evaluation of the industries. 
The significance of each of the chosen criteria is depicted 
in Tables 3 and 4.

The proposed issue will be unraveled utilizing the inter-
val-valued fuzzy TOPSIS. Table 5 depicts the interval-
valued fuzzy TOPSIS decision matrix and weights. The 

choice framework is additionally standardized by utilizing 
Eq. (10).

Table 6 depicts the normalized decision matrix.
Table 7 shows the weighted normalized matrix. Euclidean 

separation from the perfect and negative perfect options are 
determined to utilize (13) and (14) recipes, separately. The 
outcomes have been delineated in Table 8. As demonstrated, 
the distance from ideal and negative ideal alternatives are 
determined as an interval.

Applying Eq.  (15), the comparative proximity of the 
interval is gotten and the outcomes are portrayed in Table 9.

Ultimately, Table 10 contains the ranks assigned each of 
the alternative using Eq. (16).

The ranking of the 350 manufacturing industries is dis-
played in Table 10. The Performance variables are in the 
form of metrics. So the Performance items are converted into 
category form by using the Triangular Interval-Valued Fuzzy 
TOPSIS Method. By applying the Triangular Interval-Val-
ued Fuzzy TOPSIS Method the researchers segmented the 
manufacturing industries into three groups namely highly 
performing group, moderately performing group and low 
performing group. To find out the factors determining the 
performance of manufacturing industries the researchers 
applied Chi square and correspondence analysis.

Table 6  Normalized decision 
matrix

C1 C2 C3 C4

A1 (0.3 0.4 0.5 0.6 0.7) (0.5 0.6 0.7 0.85 1) (0.5 0.6 0.7 0.85 1) (0.5 0.6 0.7 0.85 1)
A2 (0.5 0.6 0.7 0.9 1) (0.5 0.6 0.7 0.85 1) (0.3 0.4 0.5 0.6 0.7) (0.3 0.4 0.5 0.6 0.7)
A3 (0.7 0.9 1 1 1) (0.7 0.85 1 1 1) (0.7 0.851 1 1) (0.7 0.85 1 1 1)
– – – – –
A350 (0.5 0.6 0.7 0.9 1) (0.7 0.85 1 1 1) (0.7 0.85 1 1 1) (0.5 0.6 0.7 0.85 1)

Table 7  Weighted normalized decision matrix

C1 C2 C3 C4

A1 (0.15 0.24 0.35 0.51 0.7) (3.5 0.5 1 0.7 0.85 1) (0.25 0.36 0.49 0.7225 1) (0.15 0.24 0.35 0.51 0.7)
A2 (0.25 0.36 0.49 0.7225 1) (3.5 0.5 1 0.7 0.85 1) (0.15 0.24 0.35 0.51 0.7) (0.09 0.16 0.25 0.36 0.49)
A3 (0.35 0.51 0.7 0.85 1) (4.9 0.7225 1 1 1) (0.35 0.51 0.7 0.85 1) (0.21 0.34 0.5 0.6 0.7)
– – – – –
A350 (0.25 0.36 0.49 0.7225 1) (4.9 0.7225 1 1 1) (0.35 0.51 0.7 0.85 1) (0.15 0.24 0.35 0.51 0.7)

Table 8  The distance from the 
ideal solution and negative ideal 
solution

Alternatives D*1 D*2 D-1 D-2 RC1 RC2

A1 5.654064 3.422772 5.255961 3.051416 0.47132 0.481755
A2 5.783024 3.571792 5.111951 2.875424 0.445995 0.469203
A3 6.305254 2.272518 7.525243 4.171149 0.647325 0.544105
– – – – – – –
A350 6.648938 2.685334 7.129693 3.827492 0.587685 0.517446

Table 9  The interval of relative 
closeness

Alternatives RC*

A1 0.476538
A2 0.457599
A3 0.595715
– –
A350 0.552566
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Table 10  Final rank score of triangular interval-valued fuzzy TOPSIS

Sl. no Highly per-
forming

Sl. no Moderately 
performing

Sl. no Low performing

3 0.595715 1 0.476538 11 0.315171
6 0.576391 2 0.457599 12 0.190814
7 0.552566 4 0.465883 17 0.37472
8 0.529987 5 0.484166 23 0.37472
9 0.595715 18 0.395336 27 0.137713
10 0.595715 19 0.449837 28 0.192045
13 0.502898 20 0.476538 29 0.126363
14 0.595715 21 0.484166 30 0.22353
15 0.560626 26 0.446817 31 0.37472
16 0.527409 33 0.405086 32 0.37472
22 0.595715 37 0.484798 34 0.190814
24 0.502898 41 0.484798 35 0.224722
25 0.527409 45 0.395336 36 0.335622
39 0.595715 49 0.405086 38 0.37472
40 0.502898 51 0.403953 44 0.224722
42 0.502898 52 0.395336 46 0.335622
43 0.595715 56 0.395336 48 0.190814
47 0.595715 59 0.395336 50 0.071704
55 0.570245 64 0.395336 53 0.280539
57 0.502898 65 0.476538 54 0.168098
58 0.595715 66 0.457599 77 0.201461
60 0.502898 69 0.476538 81 0.289653
61 0.570245 70 0.425612 87 0.270766
62 0.529987 82 0.395336 90 0.385556
63 0.528399 83 0.484166 91 0.115057
67 0.595715 85 0.430687 92 0.287072
68 0.595715 86 0.395336 94 0.168098
71 0.502898 93 0.439229 106 0.335622
72 0.577906 95 0.446817 119 0.201461
73 0.502898 96 0.484166 127 0.280777
74 0.529987 98 0.425612 131 0.201461
75 0.595715 99 0.395336 132 0.181308
76 0.595715 100 0.476538 139 0.192045
78 0.502898 101 0.395336 140 0.279354
79 0.502898 102 0.425612 141 0.280777
80 0.502898 103 0.457599 142 0.365416
84 0.518232 104 0.430687 150 0.137713
88 0.510101 105 0.457599 154 0.365416
89 0.595715 109 0.395336 167 0.38691
97 0.527409 110 0.416776 177 0.337161
107 0.595715 113 0.395336 179 0.256714
108 0.595715 114 0.476482 180 0.37472
111 0.595715 115 0.476482 181 0.234109
112 0.595715 116 0.395336 182 0.158276
120 0.51091 117 0.439229 186 0.395336
122 0.510101 118 0.484166 187 0.395336
125 0.51091 121 0.484166 188 0.365416
126 0.549025 123 0.457599 189 0.146969
128 0.502898 124 0.457599 190 0.365416

Table 10  (continued)

Sl. no Highly per-
forming

Sl. no Moderately 
performing

Sl. no Low performing

129 0.502898 134 0.446817 191 0.354592
130 0.527409 138 0.502898 194 0.395336
133 0.529987 144 0.395336 195 0.21142
135 0.595715 147 0.476538 196 0.37472
136 0.595715 149 0.476538 197 0.266933
137 0.502898 151 0.502898 199 0.395336
143 0.511279 153 0.457599 201 0.37472
145 0.595715 158 0.395336 203 0.178841
146 0.511279 159 0.502898 204 0.146969
148 0.595715 162 0.484166 205 0.201461
152 0.595715 163 0.476482 213 0.395336
155 0.595715 165 0.484166 216 0.192045
156 0.595715 172 0.484166 217 0.395336
157 0.595715 173 0.484166 221 0.256714
160 0.595715 175 0.484166 222 0.395336
161 0.595715 176 0.457599 224 0.395336
164 0.595715 178 0.395336 238 0.365416
166 0.595715 183 0.395336 241 0.234109
168 0.560626 184 0.502898 244 0.395336
169 0.577906 185 0.446817 246 0.146969
170 0.595715 193 0.502898 251 0.234109
171 0.577906 198 0.430687 252 0.266933
174 0.546129 200 0.430687 258 0.234109
192 0.527409 202 0.502898 259 0.395336
207 0.529987 206 0.412682 260 0.37472
212 0.577906 208 0.46104 261 0.395336
219 0.50679 209 0.484166 262 0.337161
223 0.552566 210 0.416776 263 0.316691
230 0.595715 211 0.457599 264 0.316691
231 0.549025 214 0.412231 265 0.37472
232 0.595715 215 0.476538 266 0.316691
233 0.521823 218 0.502898 269 0.395336
234 0.595715 220 0.484166 280 0.395336
235 0.595715 225 0.430992 281 0.234109
237 0.503171 226 0.457599 282 0.395336
239 0.529987 227 0.430687 283 0.071704
240 0.549025 228 0.502898 284 0.201461
242 0.549025 229 0.476538 287 0.37472
245 0.552566 236 0.502898 291 0.395336
248 0.527409 243 0.502898 292 0.395336
250 0.577906 247 0.502898 293 0.395336
255 0.552566 249 0.502898 295 0.395336
267 0.595715 253 0.502898 297 0.344884
271 0.577906 254 0.430687 298 0.234109
275 0.595715 256 0.457599 299 0.201461
276 0.595715 257 0.502898 301 0.202168
285 0.529987 268 0.457599 302 0.395336
290 0.511279 270 0.457599 303 0.335622
296 0.552566 272 0.476538 304 0.344884
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Associations between performance segments 
and demographic variables

It is important to study the demographic characteristics 
influencing the Performance of the three segments. To iden-
tify the variables that have an impact on the performance 
segment, it is necessary to find out the variables that have 
an association with it. The Chi square test is used for this 
purpose. Table 11 provides Chi square values and their sig-
nificance for the association between Performance segment 
and demographic characteristics. The included demographic 
characteristics are the Number of years in business (Com-
pany), Type of production system, Scale of industry, Kind 
of manufacturing, Type of product, Number of employees, 
Type of Industry and Location of the production plant of 
the respondents.

Table 11, it is evident that the demographic character-
istics other than the three variables, Type of production 
system, Type of product and Industry type do not have a 
significant association with the performance segment of the 
manufacturing industries. The relationships between the 
five remaining demographic characteristics are significantly 
associated with the performance segment. For those signifi-
cantly associated variables, researchers applied correspond-
ence analysis, it is a graphical representation and helps to 
check the association among the variables.

Length of existence of the manufacturing industries 
and performance segment

To analyze the association between the length of existence of 
the manufacturing industries and the performance segment, 
the researchers performed Chi square and correspondence 
analysis.

It can be inferred from the Table 12 that almost one-third 
of the manufacturing industries which are in existence for a 
period of fewer than 5 years, 11–15 years and 16–20 years 
come under the “Low performing” group and almost half 
of the manufacturing industries which are in existence 
for a period of 5–10 years come under the “Moderately 

Table 10  (continued)

Sl. no Highly per-
forming

Sl. no Moderately 
performing

Sl. no Low performing

326 0.511279 273 0.502898 305 0.315171
327 0.595715 274 0.502898 306 0.37472
328 0.577906 277 0.457599 307 0.266933
329 0.552566 278 0.449837 309 0.234109
330 0.557237 279 0.476538 310 0.395336
331 0.577906 286 0.425612 311 0.395336
332 0.560626 288 0.502898 312 0.234109
335 0.552566 289 0.476538 313 0.395336
336 0.552566 294 0.484166 314 0.344884
340 0.552566 300 0.430687 315 0.395336
341 0.535271 308 0.457599 316 0.234109
342 0.503713 321 0.439229 317 0.395336
343 0.552566 325 0.502898 318 0.289653
344 0.552566 333 0.457599 319 0.344884
345 0.535271 334 0.484166 320 0.395336
346 0.570245 337 0.484798 322 0.367697
348 0.577906 338 0.476538 323 0.296682
349 0.595715 339 0.430687 324 0.395336
350 0.552566 347 0.476538

Table 11  Chi square values for 
demographic characteristics

SL. no Variables Value df Sig. Significance or not

1 Number of years in business (Company) 21.097 10 0.020 Significant
2 Type of production system 2.434 6 0.876 Not Significant
3 Scale of industry 17.117 4 0.002 Significant
4 What kind of manufacturing 10.388 4 0.034 Significant
5 Type of product 5.739 4 0.220 Not Significant
6 Number of employees 25.177 8 0.001 Significant
7 Industry type 24.131 18 0.151 Not Significant
8 Location for production plant 35.444 6 0.000 Significant

Table 12  Length of existence of the manufacturing industries and 
performance segment

Number of years in 
business (company)

Triangular interval-valued fuzzy TOPSIS

Highly 
performing 
(%)

Moderately 
performing 
(%)

Low 
perform-
ing (%)

Total

< 5 32.1 25.0 42.9 100.0
5–10 27.8 41.7 30.6 100.0
11–15 25.0 36.1 38.9 100.0
16–20 28.6 32.5 38.9 100.0
21–25 50.0 26.7 23.3 100.0
25 and above 50.0 34.5 15.5 100.0
Total 33.4 33.4 33.1 100.0
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performing”. It can further be noted that half of the manu-
facturing industries which are in existence for a period of 
21–25 years and 25 years and above come under the “Highly 
performing”.

Figure 4 portrays the results of Correspondence Analysis 
to explore the association between the length of existence of 
the manufacturing industries and their performance segment. 
The figure displays that those manufacturing industries with 
a length of existence of fewer than 5 years and 16–20 years 
are closely associated with the “Low performing” group, 
while those units which are engaged in business for a period 
of 5–10 years and 11–15 years are associated with the “Mod-
erately performing” group. Those manufacturing industries 
engaged in business for a period of 21–25 years and above 
25 years are closely associated with the “Highly perform-
ing” group.

Association between scale of industry and performance 
segment

To explore the association between the demographic vari-
able of Scale of the industry to which the manufacturing 
industries belong and their performance segment, Chi 
square, and correspondence analysis have been performed. 
The cross-tabulation between Scale of industry and Perfor-
mance segment of the manufacturing industries categorized 
under the three group have been displayed in Table 13.

It can be observed from the Table 13 that majority of the 
Small scale manufacturing industries (37.6%) come under 
the “Low performing” group, while a simple majority of 
the Medium scale industries (36.2%) and a shade above six-
tenth of the large scale industries (61.1%) come under the 
“Highly performing” group.

Figure 5 portrays the results of Correspondence Analy-
sis conducted to explore the association between the nature 
of the industry of the manufacturing industries and their 
performance segment. The figure explicates that the manu-
facturing industries falling under the Small Scale Industries 
category are closely associated with the “Low performing” 
group, while the industries falling under the medium scale 
industries are associated with the “Moderately performing” 
group. Large scale industries are closely associated with the 
“Highly performing” group.

Association between kind of manufacturing industry 
and performance segment

To assess the association between the demographic vari-
able of kind of manufacturing industry and performance 

Fig. 4  Association between 
length of existence of the 
manufacturing industries and 
performance segment

Table 13  The scale of the industry and performance segment

Scale of industry Triangular interval-valued fuzzy TOPSIS

Highly 
performing 
(%)

Moderately 
performing 
(%)

Low per-
forming 
(%)

Total

Small scale 28.2 34.2 37.6 100.0
Medium scale 36.2 35.0 28.8 100.0
Large scale 61.1 25.0 13.9 100.0
Total 33.4 33.4 33.1 100.0
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Fig. 5  Association between 
Scale of industry and Perfor-
mance Segment

Table 14  Kinds of 
manufacturing industry and 
Performance Segment

What kind of manufacturing Triangular interval-valued fuzzy TOPSIS

Highly perform-
ing (%)

Moderately perform-
ing (%)

Low performing 
(%)

Total

Process 38.9 32.9 28.1 100.0
Discrete (product) 24.3 37.1 38.6 100.0
Both 41.9 23.3 34.9 100.0
Total 33.4 33.4 33.1 100.0

Fig. 6  Association between 
kind of manufacturing industry 
and performance segment
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segment, Chi square, and correspondence analysis has been 
performed. The cross-tabulation between kinds of manu-
facturing industry and performance of the three segments is 
presented in the Table 14.

It can be observed from the Table 14 that majority of 
the manufacturing concerns engaged in Process and both 
process and product (38.9% and 41.9%, respectively) come 
under the “Highly performing” group, while a simple major-
ity of the manufacturing industries engaged in Discrete or 
Product (38.6%) come under the “Low performing” group.

Figure 6 displays the results of Correspondence Analysis 
performed to assess the association between the manufac-
turing industries falling under different kinds of industries 
and their performance segment. The figure displays that 
the manufacturing enterprises falling under the discrete 
(product) industries are closely associated with the “Low 
performing” group, while the enterprises falling under the 

Process industries are closely associated with the “Highly 
performing” group.

Association between the Number of Employees 
in the Enterprise and Performance Segment

To analyze the association between the demographic vari-
able of Number of employees working in the manufactur-
ing industries and performance segment, Chi square, and 
correspondence analysis has been performed. The cross-
tabulation between the Number of employees working in 
the manufacturing industries and the performance segment 
is presented in the following table.

It can be observed from the Table 15 that majority of the 
manufacturing industries employing less than 50 (44.6%) 
come under the “Low performing” group, while the majority 
of the industries employing 101–250 (42.5%) come under 
the “Moderately performing” group, and the majority of the 
industries employing 51–100, 251–500 and 501 and above 
(37.4%, 52.9%, and 48.9%, respectively) come under the 
“Highly performing” group.

Figure 7 portrays the results of Correspondence Analysis 
conducted to explore the association between the number of 
employees employed by the manufacturing industries and 
their Performance. The figure depicts that manufacturing 
industries with less than 50 employees are closely associ-
ated with the “Low performing” group, while the industries 
with 101–250 employees are closely associated with the 
“Moderately performing” group and remaining all the other 
categories 51–100, 251–500 and 501 and above are closely 
associated with the “Highly performing” group.

Table 15  Number of employees in enterprise and performance seg-
ment

Number of employ-
ees

Triangular interval-valued fuzzy TOPSIS

Highly 
performing 
(%)

Moderately 
performing 
(%)

Low per-
forming 
(%)

Total

< 50 18.5 37.0 44.6 100.0
51–100 37.4 31.3 31.3 100.0
101–250 28.8 42.5 28.8 100.0
251–500 52.9 17.6 29.4 100.0
501 and above 48.9 26.7 24.4 100.0
Total 33.4 33.4 33.1 100.0

Fig. 7  Association between the 
number of employees working 
in an organization and Perfor-
mance Segment
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Association between plant location and performance 
segment

To analyze the association between the demographic varia-
ble of Plant Location and performance segment, Chi square, 
and correspondence analysis have been performed. The 
cross-tabulation between plant location and performance of 
the manufacturing industries categorized into three segments 
is depicted in the Table 16.

It can be observed from the Table 16 that majority of the 
manufacturing industries with a production plant located in 
Pondicherry (38.7%) come under the “Highly performing”, 
while the majority of the manufacturing industries with plant 
located at Karaikal (67.4%) and Yanam (40%) come under 
the “Low performing” group, and the majority of the manu-
facturing industries with plant located at Mahe (60%) come 
under the “Moderately performing” group.

Figure 8 portrays the results of Correspondence Anal-
ysis conducted to explore the association between the 

manufacturing industries with different plant locations and 
their performance segment. The figure elucidates that the 
manufacturing industries with plant located at Puducherry 
are closely associated with the “Highly performing” group, 
while those with plant location at Mahe are closely asso-
ciated with the “Moderately performing” group and those 
manufacturing industries with plant location at Karaikal and 
Yanam are closely associated with “Low performing” group.

Conclusion

The production businesses are giving excessive impor-
tance to business performance. The researchers used the 
CFA version to show the aptness with which the variables 
blanketed beneath every factor suit into this sort of thing. 
And the used Triangular Interval-valued Fuzzy TOPSIS 
method to segment the respondents into three groups 
like “Highly Performing”, “Moderately Performing” 
and “Low Performing”. After that researchers used seg-
mented performance groups and demographic character-
istics to identify the factors determining the performance 
of manufacturing industries. The researchers found that 
the demographics characteristics Number of years in busi-
ness (Company), Scale of industry, Kind of manufactur-
ing, Number of employees and location of the production 
plant of the respondents are significantly associated with 
the performance segments of the manufacturing industries. 
This research has analyzed the business performance of 

Table 16  Location for production plant and performance segment

Location for 
production 
plant

Triangular interval-valued fuzzy TOPSIS

Highly 
performing 
(%)

Moderately 
performing 
(%)

Low 
performing 
(%)

Total

Pondicherry 38.7 33.7 27.7 100.0
Karaikal 11.6 20.9 67.4 100.0
Mahe 6.7 60.0 33.3 100.0
Yanam 20.0 40.0 40.0 100.0
Total 33.4 33.4 33.1 100.0

Fig. 8  Association between 
Location of production plant 
and Performance Segment
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the manufacturing industries at a single point in time. 
However, these factors are constantly changing in nature, 
and a longitudinal follow up research should be conducted 
to identify these changes and re-examine the variation of 
the relationships. This study has been conducted involv-
ing manufacturing industries operating in Puducherry at 
small, medium and large scales. However, the study on 
industries operating with identical scales covering all over 
India will yield better results which may facilitate a better 
conclusion. The models developed to correspond to the 
manufacturing enterprises belonging to different indus-
tries. However, studies may be conducted on enterprises 
of a specific industry and this will yield precise results.
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