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1 Introduction

The global consumer behavior and a narrowing window of opportunity for busi-
nesses are forcing organizations for quick and efficient product development (PD).
At the same time, it is necessary to maintain product quality, suitability to market
needs, and high competitiveness. The NPD consists of series of steps that allow
the creation of a product from ideation of concept through manufacturing, and here
the majority of product goals are set [1]. Cooper [2] reported that approximately
40% of new creations are predicted to fail at the introduction to the market, despite
all quality measures; only one from seven to ten new product ideas are commer-
cially successful; whereas [3] mentioned that hardly 10% of businesses report that
their NPD efforts help them to meet their annual profit goals proving that NPD is
a risky activity with high failure costs. In the present era of Industry 4.0, organiza-
tions have started using emerging technologies like big data, rapid prototyping, cloud
computing, industrial Internet of things, and cyber-physical systems to develop new
products [4]. Arromba et al. [5] cited, in the scenario of Industry 4.0, these digital
technologies have an impact on NPD performance, and [6] quoted organizations
should make changes significantly, in their NPD procedure for smart invention. With
the growth avenues presented by Industry 4.0 capabilities and the highly competing
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environment, leading-edge companies are attempting the ANPD process for physical
product development, which originated in the software industry in the 1990s [7].

Simply adoptingANPDwill not solve the current problems; instead, organizations
should direct their efforts toward risk management resulting in fewer chances of
failure [8]. To reduce their impact on the overall NPD process, risk factors emerge
whileANPDadoptionmust be identified early in the process, followed by the creation
of a risk management plan [3]. As a result, the authors have carried out the said
research work with the following objectives:

i. To find out potential risk elements having a significant effect on decisions
during ANPD;

ii. To evaluate and create interrelationships between possible risk elements using
ISM; and

iii. To establish a risk element structural framework that takes into account both
driving and dependence power.

This research has been divided into five sections including the current section.
The ANPD literature is examined in the second section. Section three elaborates on
the research methodology as well as a case application. Section four summarizes
the above-mentioned research methodology’s results and discussions; Section five
discusses the research’s conclusions, implications, as well as future scope.

2 Literature Review

This segment examines the ANPD concept, the associated risks, and the steps taken
to model them using a hybrid ISM-MICMAC analysis.

2.1 ANPD Risk Elements

The majority of the organizations still use traditional PD processes such as stage-
gate with structured timelines, rigid design evaluations, “gates” used while deci-
sion making, no interdisciplinary teams, and a new product creation which require
a minimum of three years [9]. Industry 4.0 is a collection of advanced technolo-
gies for PD and manufacturing. Producing smart and connected products necessitate
significant changes, particularly in the product development process. Organizations
that create smart products must now use the most appropriate product development
approaches [6].

Considering this, many organizations have attempted various alternate method-
ologies to enhance, speed up, and reconstruct their current PD methodology [2],
agile new product development being one of them. It is understood as a collection of
tools and strategies that allow for the rapid reconfiguration of products and related
practices in response to changing customer needs [10]. With the increase in product
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variety, demand, complexity, as well as global competition, the emphasis on ANPD
has increased, andANPD riskmanagement has thus become an important concern for
organizations under the current circumstances [11]. For effective ANPD execution,
the decision-maker must understand the various risk elements. A literature review
on ANPD risk elements has been conducted and discussed in this section.

Park [12] has identified five different risks, performance factors of NPD, and
presented a conceptual framework for risk and performance management along with
lessons for effective risk management. Oehmen et al. [13] used empirical research
to investigate the integration of risk management practices with NPD programs,
as well as their relationship with different aspects of successful risk management.
The findings suggested conducting more research about the impact of risk manage-
ment practice on the success of the NPD program. Salvati et al. [14] discovered
a positive relationship between the organization, market, technology, and commer-
cial risk management and NPD performance metrics and recommended that NPD
project team members must optimize the NPD process. Further [15] investigated
medical device development process risks and developed an interaction model based
on the relevant relationship among these risk sources. However, [11] reviewed the
risks pertinent to agile project management practices adoption and identified the
best response strategies. It is also recommended that the risks involved while using a
hybrid methodology for NPD be pinpointed to assess the impact on project success.

Even though many researchers have worked in the field of risk identification and
developing risk response strategies for the NPD domain, none have worked on iden-
tifying the interrelationships between them. The authors of this study attempted to
identify various risk elements through a literature review, followed by brainstorming
among the authors, and finally gathering expert opinion. The final list of risk elements
is given in Table 1.

2.2 Interpretive Structural Modeling and MICMAC Analysis

ISM being a framework-oriented procedure that allows practitioners to develop
frameworks for the interrelationships within a diverse set of elements in mixed
circumstances [15]. The ISM-MICMAC process is carried out as discussed by [17]:

Step 1: The interrelationship between the risk elements i and j was described by
using four fixed notations (V, A, X, O) to investigate REs for the development of the
SSIM.

1. V- REi assists in obtaining REj;
2. A- REj will assist in achieving REi;
3. X- REi as well as REj will help for mutual attainment;
4. O- REi as well as REj has no relationship.
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Table 1 ANPD risk elements

S. No. Risk element Code Risk triggers Reference

1 Human resource risk RE1 Resistance to change, insufficient
training for employee, difficulty
in performing the tasks

[11, 16]

2 Financial support risk RE2 Product development budget
constraint, unstable product price

[17]

3 Ineffective planning risk RE3 Fear of failure, unsatisfied
stakeholder, variation in
development time, costs

[13, 18]

4 Corporate incompatibility
risk

RE4 Failure to meet the goals,
insufficient resources for
research and development, poor
employee performance, poor
communication across the
organization

[11, 12]

5 Supply chain management
(SCM) risk

RE5 Failure of a supplier, errors in
supplier commitment, supply
source inflexibility

[19]

6 NPD process risk RE6 Inadequate identification of NPD
scope, poor end-user
involvement, improper
competition assessment

[15, 20]

7 Advanced technology risk RE7 Technology adoption, poor
product design and development,
system integration, intellectual
property rights

[12, 14]

8 Competitiveness risk RE8 Small market section, short
product life because of changing
customer requirements,
competitor’s market entry

[15]

9 Responsiveness risk RE9 Creates adoption challenges,
lower product development
speed, poor customer satisfaction

[11]

10 Delay risk RE10 Delay in new product
introduction, product rejection,
slow response to a shift in
demand

[15]

Step 2: Transform the SSIM to a binary matrix that reflects the initial reachability
matrix (IRM). SSIM notations (V, A, X, O) are converted into binary forms (0 and
1) as per the following:

• In SSIM if (i, j) = V, then in IRM (i, j) = 1 and (j, i) = 0
• In SSIM if (i, j) = A, then in IRM (i, j) = 0 and (j, i) = 1
• In SSIM if (i, j) = X, then in IRM (i, j) = 1 and (j, i) = 1
• In SSIM if (i, j) = O, then in IRM (i, j) = 0 and (j, i) = 0
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Step 3: Following the preparation of the IRM, the next step is to remove transitivity.
The fundamental constitution of ISM is relational transitivity. If a risk element RE1
is relevant with a risk element RE2, and RE2 is relevant with a risk element RE3,
then RE1 must be relevant with RE3.

Step 4: Following the removal of transitivity, the next step is level partitioning.
The reachability and antecedent sets are prepared. The intersection set having
common risk elements of reachability and antecedent set are identified. Following
the preparation of these three sets, the next step is to determine their levels.

Step 5: By referring to the level partitioning, a digraph is developed which shows
the relationship between various risk elements and the hierarchy from bottom to top.
The final step of ISM is to structure the REs at various levels by replacing codes in
the digraph.

Step 6: InMICMAC analysis, the sixth step is used for quantification and distribution
of the ANPD risk elements considering their driving and dependent power.

3 Research Methodology and Execution of ISM

This section discusses the methodology used to conduct research. It also goes over
the various steps that must be taken during the execution of ISM-MICMAC analysis.

3.1 Research Methodology

The flowchart shows the steps followed for the conduction of this research work. The
expert panel is made up of eight experts, six from industry, and two from academia.
The ISM-MICMAC investigation procedure for this research work is carried out by
collecting input from a panel of experts (Fig. 1).

3.2 ISM-MICMAC Analysis and Case Application

The short-listed risk elements were presented to the expert panel, and based on their
opinion, ten risk elements for the ANPD process were selected as given in Table 1.
The entire ISM process was explained to the experts, and the final VAXO analysis
table is created (Table 2).

Table 3 shows the final level partition of the FRM.
Finally, each RE in ISM is to be placed at various stages via level partitioning of

the FRM. The structural framework of RE that reflects the interrelationship between
the risk elements is shown in Fig. 2.



732 M. Palsodkar et al.

Fig. 1 Research methodology

Table 2 ANPD risk SSIM

Code RE10 RE9 RE8 RE7 RE6 RE5 RE4 RE3 RE2

RE1 O O O V V V A X X

RE2 O O O V V V A X

RE3 O O O V V V A

RE4 V V V V V V

RE5 V V V X X

RE6 V V V X

RE7 V V V

RE8 V X

RE9 V

RE10

By defining the partition levels, practitioners are often unable to make appropriate
decisions for ANPD adoption; thus, understanding the driving as well as dependence
power of REs used for the framework is required [17]. Finally, MICMAC analysis
is added to address the aforementioned problem. Table 4 shows FRM with driving
as well as dependence power.

As shown in Fig. 3, the ANPD risk elements are assigned to different quadrants
based on the FRM information to analyze their driving as well as dependence power.
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Table 3 Final level partition of FRM

Code Reachability set Antecedent set Intersection set Level

RE1 1,2,3,5,6,7 1,2,3,4 1,2,3 II

RE2 1,2,3,5,6,7 1,2,3,4 1,2,3 II

RE3 1,2,3,5,6,7 1,2,3,4 1,2,3 II

RE4 1,2,3,4,5,6,7,8,9,10 4 4 I

RE5 5,6,7,8,9,10 1,2,3,4,5,6,7 5,6,7 III

RE6 5,6,7,8,9,10 1,2,3,4,5,6,7 5,6,7 III

RE7 5,6,7,8,9,10 1,2,3,4,5,6,7 5,6,7 III

RE8 8,9,10 4,5,6,7,8,9 8,9 IV

RE9 8,9,10 4,5,6,7,8,9 8,9 IV

RE10 10 4,5,6,7,8,9,10 10 V

Corporate Incompatibility Risk

Financial Risk Human Resource Risk Ineffective Planning Risk

SCM Risk NPD Process Risk Advanced Technology Risk 

Responsiveness Risk Competitiveness Risk

Delay Risk

Fig. 2 Structural framework of REs

4 Results and Discussions

The model developed through the ISM approach depicts a structural framework of
risk elements as well as their interrelationship. In this model, there are five levels.
The results obtained are discussed below.
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Table 4 ANPD risk elements FRM

Code RE1 RE2 RE3 RE4 RE5 RE6 RE7 RE8 RE9 RE10 Driving power

RE1 1 1 1 0 1 1 1 0 0 0 6

RE2 1 1 1 0 1 1 1 0 0 0 6

RE3 1 1 1 0 1 1 1 0 0 0 6

RE4 1 1 1 1 1 1 1 1 1 1 10

RE5 0 0 0 0 1 1 1 1 1 1 6

RE6 0 0 0 0 1 1 1 1 1 1 6

RE7 0 0 0 0 1 1 1 1 1 1 6

RE8 0 0 0 0 0 0 0 1 1 1 3

RE9 0 0 0 0 0 0 0 1 1 1 3

RE10 0 0 0 0 0 0 0 0 0 1 1

Dependence
power

4 4 4 1 7 7 7 6 6 7

RE1, RE2, RE3

RE4

RE5, RE6, RE7

RE8, RE9

RE10
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Fig. 3 Cluster diagram of ANPD REs
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i. The bottom-most level is occupied by “corporate incompatibility risk”, while
“financial support risk”, “human resource risk”, and “ineffective planning
risk” occupy the fourth level. Because such risk elements have a significant
driving power, any variation in such risk elements will create a noteworthy
effect across the remaining risk elements. Such risk elements should beANPD
practitioners’ top focus.

ii. The third level includes three risk elements: “supply chain management
(SCM) risk”, “NPD process risk”, and “advanced technology risk”. These
risk elements are linked to one another as well as to other risk factors, and
they have a strong driving as well as dependence power. The particular find-
ings imply that changes in pair of risk elements will have a direct influence
on the other risk elements.

iii. The risk elements “responsiveness risk” and “competitiveness risk” are placed
second from the top, indicating that they are influenced by certain risk
elements.

iv. The model indicates that the risk element “delay risk” has been elevated to
the first level. This risk element is highly dependent on other risk elements.
Figure 3 shows the distribution of risk elements according to the clusters and
is described below.

v. Cluster I: This cluster is made up of autonomous risk elements with low
driving as well as dependence power. Such elements are somewhat detached
from the system. None of the risk elements are recognized as autonomous
elements in this case.

vi. Cluster II: It is composed of elements having high dependence but a little
driving power, also termed as elements of criticality. In this case, the risk
elements “competitiveness risk”, “responsiveness risk”, and “delay risk” are
identified as the dependent elements. To address and mitigate these issues, a
strategic plan is required.

vii. Cluster III: Linkage risk elements are having high driving as well as depen-
dence power. Due to their unpredictable nature, any step performed on them
may create an impact on the remaining risk elements along with the feedback
effect. Risk elements like “human resource risk”, “financial support risk”,
“ineffective planning risk”, “supply chain management (SCM) risk”, “NPD
process risk”, and “advanced technology risk” have been identified in this
region. When decision-makers take action about them, it has the potential to
have a significant impact on the ANPD process.

viii. Cluster IV: The driving risk element in theANPDprocess is “corporate incom-
patibility risk”, which has strong driving and weak dependence power. As
a result, practitioners must conduct in-depth analysis to determine the root
causes.
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5 Conclusions and Future Scope

According to the literature review, the researchers identified several risks for various
industries and countries. For the creation of the structural framework, ten potential
risk elements related to ANPD are figured out in consultation with experts. The
ISM–MICMACmethodology is used to investigate the interrelationships and related
consequences of every risk element. The conclusions are as follows:

• Six risk elements have been identified as belonging to the linkage cluster. The
significance of this third quadrant is that any alteration in the risk elements creates
an impact on others. As a result of this circumstance, these risk elements are
unstable.

• Organizations face a variety of risks as a result of globalization, technological
advancement, and other factors. Although the risks associated with ANPD cannot
be eliminated, their impact could beminimized by detecting, comprehending, and
investigating the risk elements.

• Organizations, in particular, require a detailed strategy forANPD implementation,
and this article indicates a clear idea of ANPD risks, as well as the implications.

• The ISM model developed would aid ANPD practitioners and decision-makers
in recognizing the most serious threats that necessitate immediate action.

• This study would help practitioners make decisions by assisting them in choosing
riskmanagement strategies to create a comprehensive and efficientANPDprocess.

• In the future, potential risk elements, as well as sub-risk elements, can be recog-
nized, evaluated, and ranked using various approaches.Although the ISMmethod-
ology was used to create an interrelationship structure between ANPD risk
elements, this model is yet to be statistically validated. This model could be vali-
dated in the long term utilizing quantitative tools like structural equationmodeling
(SEM), etc.
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