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ABSTRACT
In this leading global manufacturing hub, the demand fluctuations in domestic and international markets are
creating delivery issues, neck- to- neck competition, and loss of quality output and customer. Delayed supply in
make-to-order environments would negatively affect the reputation and business prospects of the associated
firm. The issues can be resolved through planning processes. The current stand- alone planning systems are not
that much efficient and fail to provide ultimate planning functionality. In total six affecting parameters of
delivery improvement were found, where the emphasis of the study was placed. This paper contains a thorough
study that will identify the interrelationships and their impact on delivery management as well as understanding
them by examining them one by one, as they have been identified by the existing literature reviews and previous
studies. Subsequently, their relative importance will be analysed by using Interpretive Structural Modelling
(ISM) using information gathered from expert opinions.

Keywords: Delivery issues, Demand fluctuations, Interpretive Structural Modelling (ISM), Make to
Order environments
1.1 Introduction
When an overall profit-loss chart, for any given manufacturing firm is drawn for the given set of products they
are manufacturing, is analysed, then the need of channelizing various input measures is highly recommended.
One of the chief problems faced by any manufacturing hub consists of complex on-time delivery issues. The
complexity of the issues is due to the presence of a large number of affecting parameters and their mutual
interrelationships. Hence, it creates the necessity of the development of an effective methodology, which aids in
identifying a proper structure within the system. Interpretive Structure Modelling(ISM) plays an important role
here. It may be defined as a process, which is aimed at assisting the human being for better understanding what
he/she believes and to recognise clearly, what he/she does not know. Organisational is the most essential
function. The information added (by the process) is zero. The value added is structural (Rajesh Attri et al, 2013).
It helps in problem solving of the inter-relationship and brings into consideration a system of directly and
indirectly related elements, which narrates the complex organizational issues (Warfield, 1976, Warfield, 1982,
Sage. and Rouse1999). In the present scenario, manufacturing environment is considered as a highly
competitive, dynamic, and volatile hub.
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1.2 Significance of make to order environment
Make to order is a production approach, where products are not building until the order confirmation is done for
the same. It starts only after a customer order is received. No stocks are maintained prior to order confirmation.

ERP SYSTEM
MANUFACTURER

CUSTOMER

SUPPLIERS/
VENDORS

Fig. 1 (a) Make to Order Environment
1.3 Factors causing major deliveryissues
The major delivery issues arise due to the following factors:
1. Lead Time:In this rapidly growing world, it is becoming more and more critical for the manufacturing
companies to reduce the lead-time to market. Lesser lead-time definitely gives a competitive edge to any
company. This calls for a well-implemented supply chain and better management of the resources. It is
described by the latency between the initiation and execution process. It includes procurement time, processing
time, and assembly time. It is the difference between the time when an item is created and the time when the
item enters its final stage.
[Lead time = End date – Create date]
2. Production Rate:In manufacturing, the number of goods that can be produced during a given period defines
the production rate of a firm. Alternatively, the amount of time it takes to produce one unit of any type of
good. In other words, it is said to be the rate at which workers are expected to finish a given task, assigned to
them.
Production rate (hourly) = no. of units produced during a day/ no. of production hours in a day
3. Demand:With the increase in number of units required for sales, the manufacturing companies need a
channelized approach towards the utilization of their resources. Demand is the quantity of a commodity or a
service that people buy at a certain price. The machines have always been the hub for optimum
and

high

productivity

and

they

continue

to

be

utilization

so. The challenges faced by various

manufacturing industries across the globe vary across the various lines of business they are into, and on the
regional parameters like climate, resources, finance,etc. The preferences and choices of order and order
quantities, which underlies the actual demand, can be represented as various functions, such as, cost, benefit,
odds, etc.
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4. Administrative & Logical Bottlenecks:A bottleneck is kind of obstacle and considered as one process in a
manufacturing supply chain, such that its limited capacity reduces the capacity and efficiency of the whole
chain. Bottlenecks lead to stalls in production, supply overstock, delivery pressure from customers and low
employee morale. Both short and long-term bottlenecks are there. Short-term bottlenecks are mostly temporary
and are not normally a critical problem. Long-term bottlenecks may occur all the time and can significantly
slow down the overall production. A long-term bottleneck can be considered when a machine is not efficient
enough or there is a machine breakdown and as a result has a long queue of operations left.
5. Outsourcing: It is a practice followed by various companies, all over the world, to reduce overall costs by
transferring small or all portions of work to outside suppliers rather than completing the whole project
internally due to several company constraints, such as time constraints, resources constraints, delivery
constraints, etc. Outsourcing is an effective cost-saving and timesaving strategy when used properly, thus leads
to on- time deliveries.
6. Transportation Activities:The transportation activities determine the efficiency of moving goods or items.
The progress in transportation techniques improves the moving load, delivery speed, service quality, operation
costs, the usage of facilities and energy conservation. Transportation takes a crucial part in the manipulation of
logistic chains. Production processes involve huge numbers of inputs and outputs. It is usually required to
aggregate these in order to keep the analysis under control. In case of labour and types of transportation, the
measuring inputs and outputs are as follows:


material inputs: volume/mass



human inputs: labour and users (time)



service inputs: navigation, terminal operations



capital inputs: physical units, monetary units (stocks & flows)



design inputs: dimensions, weight, power



transportation: cargo trips, vehicle trips, vehicle miles, capacity miles, miles

II LITERATURE REVIEW
S.No.
1.

On-Time Delivery Affecting Variables
Effective scheduling to reduce waiting time

Researchers
Hayes & Wheelwright (1984); Skinner (1974); Poppendieck
(2002); Heizer & Render (2006); Womack et al. (1990)
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2.

Part standardization to reduce complexity

Kasul & Motwani (1997); Liker (2004)

and excessive processing
3.

Efficient use of newer more efficient

Edwards (1996)

technology
4.

Collaborative decision making

Kasul & Motwani (1997); Ahuja (1996)

5.

Appropriate quality of manufacturing

EPA (2003)

facilities
6.

Improved quality of raw material

Nakamura, Sakakibara & Schroeder (1998); Forza (1996);
Shah & Ward (2003); Taj (2008)

7.

Optimization of transportation and material

LEI (2003); Karlsson & Åhlström (1996); Womack et al.

handling

(1990)

III RESEARCH METHODOLOGY
The main objectives of this paper are:
a) To identify and rank the delivery parameters for implementation of on time delivery practices in a make to
order environment
b) To develop and analyze the interaction between identified affecting delivery parameters using ISM
c) To prepare a framework for on time delivery system implementation
In this research, study factors are the delivery affecting parameters in a make to order environment. Author has
identified six 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 exploratory in nature,
which constitutes a secondary source for the progress. First, the relevant literature is reviewed and marked. The
author focused on literature from 2000 to 2016. 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 database 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, framework, etc.
Majorly, the research is based on the collected secondary data, which includes compilation of various research
articles and different industrial survey reports, etc., after scanning the reference sections of the selected papers.
The endmost list of articles reviewed for this research paper covers articles, which are published in reputed
referred scholarly journals on delivery improvement and ISM.
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3.1 Identification of factors
S.No.

Parameters Affecting Delivery Performance

1

Outsourcing

2

Production rate

3

Lead time

4

Demand

5

Administrative & logistical bottlenecks

6

Transportation activities

Sy
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). The ISM is interpretive as the judgment of the selected group for the study decides whether
and how the factors are interrelated.This section deals with discussion of ISM methodology. A tabulated data
comprising of different steps for ISM methodology is as follows:

Table 1: Steps involved in Interpretive Structural Modelling
STEP 1

Variables affecting the system are marked and listed; in this research, factors affecting
delivery performance in MTO environment have been identified as variables.

STEP 2

From the variables identified in step 1, contextual relationships among variables are
examined.[1]

STEP 3

A Structural Self-Interaction Matrix (SSIM) is developed for variables, which indicates pair
wise relationship among variables of the system under study. [1]

STEP 4

A Reachability Matrix is developed from the SSIM and the final matrix is checked for
transitivity. The transitivity of the contextual relationships is a basic assumption made in
ISM. It states that if a variable A is related to variable B and variable B is related to the
variable C, then variable A necessarily is related to variable C. [1]

STEP 5

The reachability matrix obtained in Step 4 is sectioned into different levels. [2]

STEP 6

Based on the contextual relationships in the reachability matrix, a digraph is drawn and the
transitivity links are removed.[3]

STEP 7

The resultant digraph is converted into an Interpretive Structural Model by replacing variable
nodes with statements.[4]

Fig.1: Flow Diagram for ISM Preparation
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List the factors
affecting On-time
Delivery (OTD)

Literature Review

Expert Opinions

Establish contextual
relationship (Xij) between
factors (i,j)
Develop Reachability Matrix

Develop a Structural Self- Interactive Matrix
(SSIM)

Develop Reachability Matrix in its conical
form

Partition Reachability
Matrix into different
levels

Develop Reachability
Matrix in its conical form

Develop Reachability Matrix in its
conical form

Is there any
conceptual
inconsistency?

Develop Digraph

Develop Reachability
Matrix in its conical form
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Structural Self-Interaction Matrix (SSIM) and Reachability Matrix (RM)

In the present research, for identifying the contextual relationship among the variables for the delivery
improvement, many experts from academia and industry, were consulted. These experts from the academia and
from theindustry were well conversant with manufacturing systemimplementation, production cycles, and
delivery variables in make to order environments.Based on contextual relationship among the variables, SSIM
hasbeen developed. Four symbols have been used to denote the direction of the relationshipbetween the
variables (i and j)[2]:

Table 2: Symbols used to denote the interrelationships between the variables

V

Variable i will help to achieve variable j;

A

Variable j will help to achieve variable i;

X

Variable i and j will help to achieve each other; and

O

Variable i and j are unrelated.

Table 3: Structural Self-Interaction Matrix

S.N.

Delivery affecting parameters

6

5

4

3

2

1

1

Outsourcing

V

V

V

V

V

-

2

Production rate

A

A

A

A

-

3

Lead time

A

A

V

-

4

Demand

O

O

-

5

Administrative & logistical

A

-

bottlenecks
6

Transportation activities

-

Table 4: Rules for Transformation
If the (i, j) entry

Entry in the Initial Reachability Matrix

in the SSIM is

(i,j)

(j,i)

V

1

0

A

0

1

X

1

1

O

0

0
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Table 5: Final Reachability Matrix
Variables

1

2

3

4

5

6

Driver
power

1

1

1

1

1

1

1

6

2

0

1

0

0

0

0

1

3

0

1

1

1

0

0

3

4

0

1

0

1

0

0

2

5

0

1

1

0

1

0

3

6

0

1

1

0

1

1

4

Dependence

1

6

4

3

3

2

3.2 Level Partitions
Table 6: Partitioning of Variables-Iteration 1
Variables

Reachability Set

Antecedent Set

Intersection Set

1

1,2,3,4,5,6

1

1

2

2

1,2,3,4,5,6

2

3

2,3,4

1,3,5,6

3

4

2,4

1,3,4

4

5

2,3,5

1,5,6

5

6

2,3,5,6

1,6

6

Level

I

The reachability set and antecedent set (Warfield, 1974) for each parameter have been found out from the final
reachability matrix. Subsequently, the intersection set of these sets have been derived for all variables. The
variable for which the reachability set and the intersection set are the same has been given the topmost level in
the ISM hierarchy.
Table 7: Partitioning of Variables- Final Matrix
Variables

Reachability Set

Antecedent Set

Intersection Set

Level

1

1,2,3,4,5,6

1

1

VI

2

2

1,2,3,4,5,6

2

I

3

2,3,4

1,3,5,6

3

III

4

2,4

1,3,4

4

II

5

2,3,5

1,5,6

5

IV

6

2,3,5,6

1,6

6

V
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3.3 Formation of ISM-based Model
PRODUCTION RATE

DEMAND

LEAD TIME

ADMINISTRATIVE & LOGISTIC BOTTLENECKS

TRANSPORTATION ACTIVITIES

OUTSOURCING
IV LIMITATIONS OF THE STUDY
This research paper is based on the Academic experts’ opinions of ten persons with a focus on Indian
manufacturing industries. The limitation of this study is that it is not based on a wide range of opinions of
persons representing the global manufacturing industries. The ISM model, thus obtained, has not been validated
through any of the statistical techniques.

V CONCLUSIONS
Waste minimization and improving efficiency have been identified as key objectives of lean manufacturing
system implementation. The intensive Literature review and vigorous discussions with area experts have helped
to sort the variables relevant to variables affecting on time deliveries in Make-to-Order environments based
upon their order of importance. Production Rate has been ranked the most critical factor andoutsourcing has
been identified as the most critical bottom level factor in ISM hierarchy.

REFERENCES
[1] J. R. Jadhav • S. S. Mantha • S. B. Rane, "Analysis of interactions among the barriers to JIT production:
interpretive structural modelling approach," Journal of Industrial Engineering International, vol. 11, pp.
331–352, October 2015.
[2] Sanjay Kumar, Abid Haleem, Pardeep Gahlot Naveen Kumar, "Implementing Lean Manufacturing System:

780 | P a g e

ISM Approach," Journal of Industrial Engineering and Management, vol. 6, no. 4, pp. 996-1012, June
2013.
[3] Jacob P.George & V.R.Pramod, "An Interpretive Structural Model (ISM) Analysis Approach in Steel Rerolling Mills (SRRMs)," IMPACT: International Journal of Research in Engineering & Technology
(IMPACT: IJRET), vol. 2, no. 4, pp. 161-174, April 2014.
[4] S.S.Mantha, S.B.Rane J.R.Jadhav, "Interpretive Structural Modeling for Implementation of Integrated
Green-Lean System," in International Conference on Green Computing & Technology, 2013, pp. 5-11.
[5] Nikhil Dev, & Vivek Sharma Rajesh Attri, "Interpretive Structural Modeling (ISM) Approach: An
Overview," Research Journal of Management Sciences, vol. 2, no. 2, pp. 3-8, February 2013.
[6] Devendra Singh Awana, & Sandeep Mathur Dr. Nitin Upadhye, "Interpretive Structural Modeling of
Implementation Enablers for Just in Time in ICPI," International Journal of Lean Thinking, vol. 5, no. 1,
pp. 61-76, December 2014.
[7] Kyungmook Lee, & Johannes M.Pennings Choonwoo Lee, "Internal Capabilities, External Linkages, &
Performance: A study on Technology-based Korean Ventures," Seoul National University, Seoul, Thesis
2001.
[8] Angappa Gunasekaran, Thanos Papadopoulos, Rameshwar Dubey, Manju Singh, Samuel Fosso Wambe
K.T.Shibin, "Enablers & Barriers of Flexible Green Supply Chain Management: A total Interpretive
Structural Modeling Approach," Global Journal of Flexible Systems Management, no. 10.1007/s40171015-0109-x, October 2015.
[9] Pratima Mishra & Rajiv Kumar Sharma, "Integration of Six Sigma & ISM to Improve Supply Chain
Coordination- A conceptual Framework," International Journal of Production Management &
Engineering, vol. 3, no. 1, pp. 75-85, December 2014.
[10] Satyendra Kumar Sharma & Anil Bhat, "Modelling Supply Chain Agility Enablers Using ISM," Journal of
Modelling in Management, vol. 9, no. 2, pp. 200-214, December 2014.
[11] Jing Shi, Guohua Chen Tiaojun Xiao, "Price & Lead Time Competition, & Coordination for Make to Order
Supply Chains," Elsevier Computers & Industrial Engineering, vol. 68, pp. 23-34, December 2013.
[12] W.K.Wong, S.Y.S. Leung Z.X.Guo, "A Hybrid Intelligent Model for Order Allocation Planning in Make
to Order Manufacturing," Elsevier Applied Soft Computing, vol. 13, pp. 1376-1390, 2013.
[13] Chuan-Che Huang, Ying Yeh Yi- Feng Hung, "Real Time Capacity Requirement Planning for Make to
Order Manufacturing with Variable Time-Window Orders," Elsevier Computers and Industrial
Engineering, vol. 64, pp. 641-652, 2013.
[14] Mark Stevenson, Cristovao Silva, Martin J.Land, Lawrence D. Fredendall. Steven A.Melnyk Matthias
Thurer, "Lean Control for Make to Order Companies: Integrating Customer Enquiry Management & Order
Release," Production & Operations Management Society, vol. 0, no. 0, pp. 1-14, 2013.
[15] Taho Yang, David Parker, Chin Hsuan Sung Yiyo Kuo, "Integration of Customer & Supplier Flexibility in

781 | P a g e

a Make to Order Industry," Industrial Management & Data Systems, vol. 116, no. 2, 2016.
[16] Muriati Mukhtar, Syaimak Abdul Shukor Prima Denny Sentia, "Supply Chain Information Risk
Management Model in Make to Order," in 4th International Conference on Electriical Engineering &
Informatics, 2013, pp. 403-410.
[17] Stefan Minner Klaus Altendorfer, "A comparison of Make to Stock & Make to Order in Multi-product
Manufacturing Systems with Variable Due Dates," IIE Transactions, vol. 46, no. 3, pp. 197-212, December
2013.
[18] J. R. Jadhav, Dr. V. R. Kalamkar and Dr. B. E. Narkhede V. B. Mahajan, "Interpretive Structural
Modelling for Challenging Issues in JIT Supply Chain: Product Variety Perspective," International Journal
of Supply Chain Management, vol. 2, no. 4, pp. 50-63, December 2013.
[19] T. SRINIVAS M. SREENIVAS, "THE ROLE OF TRANSPORTATION IN LOGISTICS CHAIN," Alluri
Institute of Management Sciences, Warangal, A.P., India,.
[20] Ilhyung Kim, Mark Springer, Gangshu (George) Cai , Yugang Yu Zhe George Zhang, "Dynamic
poolingofmake-to-stockandmake-to-orderoperations," Int. J.ProductionEconomics, vol. 144, pp. 44-56,
January 2013.
[21] D.Z.Zhang, Q.Li N. He, "Agent-based hierarchical production planning and scheduling in make-to-order
manufacturing system," Int. J. Production Economics, pp. 1-14, August 2013.
[22] Frank Meisela & Christian Bierwirtha, "The design of Make-to-Order supply networks under uncertainties
using simulation and optimisation," International Journal of Production Research, vol. 52, no. 22, pp.
6590–6607, April 2014.
[23] S. S. Mantha, S. B. Rane 1J. R. Jadhav, "Interpretive Structural Modeling for Implementation of Integrated
Green-Lean System," in International Journal of Computer Applications (0975 – 8887), 2013, p. 7.
[24] Kiran Bala, "Supply Chain Management: Some Issues and Challenges - A Review," International Journal
of Current Engineering and Technology, vol. 4, no. 2, pp. 946-953, April 2014.

782 | P a g e

