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Abstract— In the world of technology & development, delivery performance plays a critical role in reputation of Indian manufacturing
sector. Generally, in make-to-order environments, which act only in response to the orders made by the customers, manufacturers should
offer the best price and delivery time for an order considering the existing capacity and the customer’s satisfaction to maximize the profits.
The present study states that Production rate can play an important role in on-time deliverance of finished goods in Indian Automotive
sector. The study identifies ten parameters affecting on-time delivery in the Indian Automotive sector. Based on the rigorous literature
review, ten major parameters are obtained. The Delphi technique is applied as a potentially valuable tool for the grouping these
parameters. The study analyse the impact of these parameters to enhance the delivery performance of manufactured goods. The research
theme has been categorised into three segments, i.e. identifying the parameters from the literature, conduct interviews with key persons of
different departments in Academia and Industries and analysis of the Indian automotive industries. Interpretive Structural Modeling (ISM)
has been used to analyse the relationships among these parameters. This analysis serves to identify which parameter is performing as the
leading one to raise the delivery improvement bar of manufacturing industries. This study plays a vital role to enhance the delivery
improvement of manufacturing industries in India. The efficiency of the proposed ISM model is confirmed by comparing it to both the
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existing literature and the current practice.
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1 INTRODUCTION

he market structure changes frequently and advance-

ments in technology have created new competitive envi-

ronments. In these modern markets, continuous changes
in the customers” expectations, demands, and reduced product
lifecycle create a wide range of customer orders, which should
constantly be delivered in the given timeframe. Accordingly,
make-to-stock (MTS) systems have become as inefficient and
unreliable solutions to fulfil the demands raised by the cus-
tomers especially when the production capacity is limited.
Hence, more weightage has been paid to make-to-order
(MTO) systems; currently, manufacturing and service indus-
tries are shifting towards make to order strategy.

This paper is prepared as follows: A literature review focused
on the concepts of make to order manufacturing environments
(in general contexts) and identifies the parameters for improv-
ing on-time delivery in the Indian manufacturing sector. In
next section, problem description, methodology for the study,
is presented. In next section, the findings of the study are
summarized. The most important factors, different methods,
and analysis that relates to delivery improvement are summa-
rized. In the concluding section, the most relevant issues are
discussed, including suggestions for future scope.

2 METHODS AND MATERIALS

In this research, study factors are the delivery affecting pa-
rameters in a make to order environment. Author has identi-
fied eight significant factors from various literature review,
other existing studies, and opinion of the experts. This work
can be characterized as first theoretical concept, specifically for
review of literature on delivery improvement and reduction in

unwanted delays. The approach of the research is mainly ex-
ploratory in nature, which constitutes a secondary source for
the progress.

First, the relevant literature is reviewed and marked. The au-
thor focused on literature from 2000 to 2017. The Literature
Review chiefly includes implementation of ISM technique in
manufacturing environments and other service sectors as well.
The literature survey was supplemented by use of online da-
tabase such as Taylor and Francis Science Direct, Google
Scholar, Bing etc. using primary keywords such as delivery,
on time delivery and make to order, ISM technique, etc. and
secondary key words like improvement, modelling, frame-
work, etc. Majorly, the research is based on the collected sec-
ondary data, which includes compilation of various research
articles and different industrial survey reports, etc., after scan-
ning the reference sections of the selected papers. The end-
most list of articles reviewed for this research paper covers
articles, which are published in reputed referred scholarly
journals on delivery improvement and ISM.

In the present study, Interpretive Structural Modeling (ISM) is
used to achieve the objective of the work. Interpretive Struc-
tural Modeling (ISM) developed for complex situations and
problems. It acts as a communication tool between the selected
elements, variables, parameters, etc. The main objectives of
this paper are:

a) To identify and rank the delivery parameters for implemen-
tation of on time delivery practices in a make to order envi-
ronment.

b) To develop and analyze the interaction between identified
affecting delivery parameters using ISM

c) To prepare a framework for on time delivery system im-
plementation.
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2.1 Criteria used for final selection S. | VARIABLE/ | TITLEOF | RESEA- YEAR
After reviewing various research papers, the criteria for select- No. | PARAME- | THE RCHERS OF
ing the research papers finally were established. The papers TER PAPER/ PUB.
appearing in reputed journals were included in the review of ARTICLE/
literature and few articles in periodicals, conference proceed- THESIS —
ings, etc. are also considered, represented a higher level of 1 Outsourc- | The Analy- | Hrusecka Den- | 2015
research. For a better exploration of the field, the references of mng sis of the | isa, ) Mac1v1'rvova
the remaining papers were also taken into consideration ac- Use O_f Out- L1’1c1e, Juficko-
cording to the year of their publication. Afterwards, the ab- sourcing | va ) Eva,
stracts of the selected papers were studied. Finally, after read- SeI‘V.IC(.ES in | Kozdkova
ing the abstracts of these papers, 40 papers associated with the Logistics by | Leona
area, which were published in different journals, conferences, Czech
book sections, articles, etc. were considered in the review of Ma.nufac-
literature. turing
From, the rigorous literature review eight key parameters for Compa.mes
delivery improvement in the Indian manufacturing sector 2 Non-Value- | Managing Sataporn 2007
have been identified. Added Ac- | non-value Amornsawad

tivities adding ac- | watana

2.2 The Delphi technique tivities in a
The Delphi technique is a group process used to survey and supply
collect the opinions of experts on a particular subject. The chain by a
main components of Delphi techniques include the communi- product
cation process, a group of experts, and essential feedback" design
(Yousuf, 2007). Following steps of the Delphi technique as 3 Adminis- Supply Prima Den- 2013
identified by Brooks (1979) were conducted in the present trative & chain in- ny Sentia,
study: Logisti- for- Muriati

i. Identifying the panel of experts cal Bot- mation Mukhtar,
ii. = Determining the willingness of individuals to serve tlenecks risk Syaimak
on the panel man- Abdul Shu-
iii. Gathering individual input on the specific issue and agement kor
then compiling it into basic statements model in
iv.  Analyzing data from the panel MTO
v. Compiling information on a new questionnaire and 4 Transporta- | Supply Prima Denny | 2013
sending to each panel member for review tion Activi- | chain  in- | Sentia, Muriati
vi.  Analyzing the new input and returning to the panel ties formation Mukhtar,
members the distribution of the responses risk man- | Syaimak Ab-
vii. Asking each panel member to study the data and agement dul Shukor
evaluate their own position based on the responses model in
from the group. When individual responses vary sig- MTO
nificantly from that of the group norm, the individual 5 Demand Supply Prima Denny | 2013
is asked to provide a rationale for their differing chain  in- | Sentia, Muriati
viewpoint while limitations are placed on the length formation Mukhtar,
of the remarks in order to keep responses brief risk man- | Syaimak Ab-
viii. Analyzing the input, and sharing the minority sup- agement dul Shukor
porting statements with the panel. Panel members are model in
again asked to review their position and if not within MTO
a specified range, to justify the position with a brief 6 Material & | a. Supply | a. Prima Den- | 2013
statement HR chain in- | ny Sentia, Mu-
formation riati Mukhtar,
risk man- | Syaimak Ab-
3 LITERATURE REVIEW agement | dul Shukor
model in
Parameters for delivery improvement in MTO environ- MTO

ments for Indian manufacturing sector are selected from the b. Improv- | b. Bartlett,

following list of sources: ing supply | Paul A, Julien,
chain per- | Denyse M and
formance Baines, Tim S
through
improved
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7 Lead a. Price and | a. Tiaojun | 2014 5 RESEARCH METHODOLOGY
Time Lead time | Xiao, Jing
competition, Shi, Guohua
and coordina- | Chen . ,
. Literature review
tion for make- onMTO
to-order sup- environments!
ly chains Supply chain
Py management from
2000t 2017
b. Responding | b. Brian | 1996
to  customer | Kingsman, '
enquiries in | Linda Hen- Selecton of
Make-to-Order dl'y, Alan reputed research
companies: Mercer, An- articles, survey
problems and | tonio de TRPOLS, Tesier &
solutions Souza doctoral theses,
c. Reduction of | c.Praveen 2015
work in pro- | Saraswat,
i t Deepak Ku- ’
cess inventory P : Supply Chan
and produc— mar, 1\/[611’10] Management/ |« Interpretive
. . . MTO :
tion lead time | Kumar Sain e Delivery Structural
in a bearing Improvement & Modeling
. . Delivery issues
industry using
value stream
mapping tool
d. Price and Ko
lead-time d.Tiaojun 2014 paramelers
competition, Xiao, Jing | affecting On-ime
and coordina- | Shi, Guohua defivery in MIO
tion for make- | Chen RTronmens
to-order sup-
ply chains
8 Cycle Cycle time | Sanjay 2013 1
Time reduction in | Sharma Se\epc;(:;gecrr;ncal
context to the aftecting on-time
make to order delivery in MTO
(MTO)  envi- environments
ronment ‘
9 Pro- a.Delivery Per- | a. Joseph H. | 2013
cure- formance Im- | Berk, J.H. 1SM Model
ment provement Berk & Asso- Development & («¢
ciates Analysis
b.Procurement | b.  Beatrice | 2013
outsourcing Mukuhi Kin-
and supply | yanjui
chain perfor-
mance of Detailed Reslts &
marlufacturing Investigation " Conclusion
firms in nairo-
bi, kenya
10 | Produc- | Pricing, Pro- | Phillip J. Le- | 1995
tion Rate | duction, derer & Lode

Scheduling, &
delivery-time
Competition

Li

6.1INTERPRETIVE STRUCTURAL MODELING (ISM)

The Interpretive Structural Modeling (ISM) was first proposed

by J. N. Warfield (1973a) to analyze the complex socioeconom-
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ic systems. ISM is an interactive computer-assisted learning
process into a set of heterogeneous directly related elements
are structured into a comprehensive systematic model. ISM
also gives the basic ideas to develop a map of the compound
associations between the numerous elements concerned in
multifaceted circumstances. The most important idea of ISM is
to use of practical experience of experts and knowledge to de-
compose a complicated taxonomy into numerous sub-systems
as well as assemble a multi-tiered structural form. ISM may be
used for identifying and summarizing relationships among
specific variables, which define a problem or an issue
(Warfield, 1974; Sage, 1977). It provides us a means by which
order may be imposed on the complexity of such variables
(Mandal & Deshmukh, 1994; Jharkharia & Shankar, 2005;
Luthra, Kumar, Kumar & Haleem, 2011). Raj et al. (2008) fo-
cused on an ISM approach to identify the mutual interaction
of the manufacturing competitive enablers that help in the
achievement manufacturing sector as well as it also helps to
identify the driving and the dependent enablers. Raj et al.

e —
Gz (oo )

Cycle Time
L= Material & HR

Bottlenecks

.........

Fig.2 Selected parameters after using Delphi Technique

6.3 SSIM (SELF STRUCTURAL INTERACTION MATRIX)

Table 2: Self Structural Interaction Matrix

(2008) presented the following characteristics of ISM are as IS\T PSelected 10 |9/8|7|6(5|4(3|2]|1
follows: . arameters
(i) This methodology is interpretive as the judgment of the 1 Outsourcing VIVIOIVIVIVIAIA
group decides whether and how the different elements are | 2 Non-value-added v |vliolvlvlivliolv
related. activities
(if) It. is structural, too, based on relationshiP; an overall struc- 3 Administrative & lo-
ture is extracted from the complex set of variables. gistical bottlenecks VIVIOIVIVIVIA
(iii) It is a modeling technique, as the specific relationships
and overall structure are portrayed in a digraph model. 4 Transportation activi- olvlolvliolo
(iv) It helps to impose order and direction on the complexity ties
of relationships among various elements of a system. 5 Demand V | V| O] V| X
(v) It is primarily intended as a group learning process, but | g Material & hr v |v]olv
individuals can also use it. 7 Lead time v |0l O

. . 8 Cycle time vV |O
The following steps are concerned with the ISM methodology 9 Procurement v
are: -
1. Variables considered for the system under consideration are 10 Production rate
listed.
2. From the variables identified in step 1, a contextual relation- . . .
ship is established among the variables in order to identify as Table 3: Initial Reachability Matrix
to which pairs of variables should be examined. S. Selected 10/9/8|l7l6l51al3]21
3. A structural self-interaction matrix (SSIM) is developed for |- Paramete.rs
variables, which indicates pairwise relationships among the |1 Outsourcing 1/1]0)1]1)1/0]0J0]1
variables of the system under consideration. 2 Non-value-added
4. Reachability matrix is developed from the SSIM and the activities 1/1]0)1]J1/1]0]1]1]1
matrix is checked for transitivity. The transitivity of the con- | 3 Administrative &
textual relation is a basic assumption made in ISM. It states logistical bottlenecks | 1 |10 |1 |1 |1]0]|1]0]1
that if a variable A is related to B and B is related to C, then A | 4 Transportation activ-
is necessarily related to C. ities 0[1]0]1]0jJ0|J1T]1]0]1
5. The reachability matrix obtained in step 4 is partitioned into | 5 Demand 1(1|/0[1|1]1|/0]|0|0]0
different levels. 6 Material & hr 1{1]0|1]1]|1]0|l0|0]0O
6. Based on the relationships given above in the reachability [ 7 Lead time 11olol1lolololololo
matrix, a directed graph is drawn and the transitive links are 8 Cycle time 11o0l1lololololololo
removed. , . 9 Procurement 1[1]o]oojolo]0]0]0
8. The ISM model C.Ieveloped in step 7 is rev1ewef:1.to c.heck for 10 Production rate 1T1ololololololololo
conceptual inconsistency and necessary modifications are
made.
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Table 4: Final Reachability Matrix Table 6: Level Partition - Iteration 2
- 3 Reachability Antecedent Intersection
. = 8 S S.N. Set Set Set Level
2l £% 10 | 9(8|7|6/5/4|3|2|1] 5% 1 1,56,7,9 1,234 1
o8 2 2 1,2,3,56,7,9 2 2
& & A 3 | 1,35679 2,3,4 3

1 Outsourcing | 1|1|0[1{1|1]0]|0|O0 6 4 134,79 4 4

5 Non-value- 5 56,7,9 1,2,3,56 5,6
added activ- 6 56,7,9 1,2,3,56 5,6

ities 1]1[0[1]1[1[0|1]1 8 L234,56,

3 Administra- 7 7 7 7 11
tive & logis- 8 8 8 8 II
tical bottle- 1,2,3,4,5,6,

necks 1/1/0|1[1[1]0[1]0 7 9 9 9 9 II

4 Transporta-

tion activi-
tes 1*111o0l1lolol1l1l0 6 Table 7: Level Partition - Iteration 3
5 Demand 111lol1l1l1l0l0l0 5 Reachability | Antecedent | Intersection
6 Material & S.N. Set Set Set Level
HR 1/1]0]1][1]1]|0]0]0 5 1 1,56 1,234 L

7 | Leadtime | 1]0][0[1]0]/0]/0[0[0 2 2 123,56 2 2

8 | Cydetime | 1]0]1/0]/0[0[0[0]0 2 3 1,3,56 2,34 3

9 Procure- 4 L34 4 4

ment 1[1]/0]/0]0|0]|0]|0]O 2 5 56 1,2356 56 1

10 Production 6 5,6 1,2,3,56 5,6 III

rate 1/0/0[0|0][0|0]O]O 1
DEPEND-
ENCE 10l7l11 751511131 After repeating the iterations in the similar manner, we will
get the final list of level partitions as follows:
Table 5: Level Partition - Iteration 1 . . .
Table 8: Final list of Level Partitions
Reachability | Antecedent | Intersection Level | S.N. Parameter
S.N. Set Set Set Level I 10 Production rate
I 7 Lead time
1 1,5,6,7,9,10 1,2,3,4 1 II 8 Cycle time
2 1,2,3,56,7, 11 9 Procurement
9,10 2 2 111 5 Demand

3 1,3,56,7,910 | 2,3,4 3 111 6 Material & hr

4 1,3,47,9,10 | 4 4 v 1 Outsourcing

5 5,6,7,9,10 1,23,56 5,6 ) 3 Administrative & logistical bottlenecks

6 5,6,7,9,10 1,23,56 5,6 VI 2 Non-value added activities

7 1,2,3,4,5, VI 4 Transportation activities

7,10 6,7 7
8 8,10 8 8
9 1,2,3,4,5,
9,10 6,9 9 7 RESULTS AND DISCUSSION
1,2,3,4,5 As per the ISM techniques implementation, production rate is
10 10 6,7,8910 |10 I the most affecting parameter in on time delivery under MTO
environment in Indian Automotive sector. On the other hand,
transportation activities and non-value-added activities are
least affecting parameters. The result is entirely based upon
the relative work of study, e.g. research articles, journals, con-
ference proceedings, etc.
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FIG.3: THE OBTAINED ISM MODEL [7]
10 PRODUCTION [8]
RATE
TLEADTIVE | . 8 CYCLE TIME
B
5 DEMAND 6 MATHE:IAL& [10]
[\ )
1 [
10UTSOURCING (1]
T [12]
ADMINI;TRAT!VE
&LOGISTICAL
BOTTLENECKS
1 "
2NON-VALUE 4 :
scnes (" cmmes. [14]
(15]
8 CONCLUSIONS
16

The critical parameters have been identified and are listed. el

They can be worked upon accordingly for better delivery sce-

narios in MTO environments in Indian Automotive Industries.

(17]
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