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Abstract: Mass customization (MC) is a concept that is
gaining constant attention in both industry and
academia. Recently MC implementation guidelines have
been identified as an emerging sub-stream of MC
research. A review of this sub-stream has been
performed taking the perspective of the practitioners. In
the present paper we focus on the researchers’ need to
frame and develop the future MC implementation
guidelines. By providing data generated from the
systematic literature review on MC implementation
guidelines we inform the researchers on how much and
in which way a certain aspect of MC implementation
guidelines has been considered in the available
guidelines. In result, with systematic and detailed
description of the previous works, the present paper
supports researchers to clearly communicate (to other
researchers) similarities and differences of their
research and to frame and write their works.
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1. INTRODUCTION

In order to enhance the readability and
communication of the present article, a couple of
definitions will be provided straight on at the beginning
of the paper. These definitions are based on the previous
part of the research that was conducted in [1]:

* Mass customization (MC) ‘is defined as an
organization’s ability to provide customized
products and services that fulfil each customer’s
idiosyncratic needs without considerable trade-offs
in cost, delivery, and quality’ ([1] based on [2]-[5]

* MC implementation guidelines (MC-IGs) ‘are
intended to guide company transformation towards
MC. They do so by providing:

0 An overview of MC
o The applicability context of the IGs
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0 As-is analysis tools to assess the company’s
current situation

o Exemplified implementation instructions of MC
enablers

o Required resources for implementation of MC
enablers

o Factors that may hinder implementation of MC
enablers’ [1]

* MC enablers ‘are technology- and organization-
based factors that support the development of MC
capabilities’ ([1] based on [6], [7])

In order to help researchers in framing and
developing the future MC implementation guidelines, the
present work reports the detailed data generated from the
systematic literature review of the available MC
implementation guidelines. These data inform the
researchers about how much a certain aspect of MC
implementation guidelines has been considered, and the
way in which it has been presented. Therefore, the
researcher can have specific hints on how to homogenize
his work with previous works or how he can differentiate
his work from the previous works. Thus, while in [1] the
focus was on what is needed to research to better satisfy
the needs of practitioners in terms of MC implementation
guidelines, in the present research the focus is on how
the research is done and communicated in order to
facilitate the researcher in valuing the results of his
research. The issue of communication is of high
importance for researchers since once the appropriate
content (i.e. the one that most satisfies the need of
practitioners) has been addressed [1], the researcher has
subsequently the need to communicate to other
researchers his findings. Therefore, the similarities or the
differences of the one’s research with the previous ones
should be consider in the framing, but even more in the
writing of the research outputs.

Therefore, the present work is continuation of the
research done in [1] which focused on identification of
characteristics of available MC implementation
guidelines and generating suggestions for their
improvement from mainly practitioners’ point of view.



During the research we decided to split the output in two
articles, with the first article focusing on practitioners’
point of view [1] and the second one (i.e. the present
article) providing additional information focused on the
information needs of the MC-IG researchers. The reason
for publishing two articles on the same data analysis
comes from the fact that, while summarizing results of
MC implementation guidelines classification through
application of the inductive coding scheme ([1] and the
present researach), it became obvious that amount of the
generated data surpasses the scope of one publication.
Moreover, it became evident that if all results would be
presented in one article, the focus of the article would be
lost and the contribution unclear. In the present article
we provide, among others, the following additional
information: the details of the inductive coding process
and the exact coverage of each code in percentages.

The rest of this article is organized in three sections,
namely: Literature review method, Results and
opportunities for improvement of MC implementation
guidelines, and Discussion and conclusions. The
‘Literature review method’ section provides information
on the search and selection strategy, the coding process
and the coding criteria. The ‘Results and opportunities
for improvement of MC implementation guidelines’
section provides a detailed numerical description of the
results as well as additional incremental opportunities for
MC implementation guideline improvements. The
‘Discussion and conclusions’ section discussed
contribution of the present research in comparison to the
previously conducted MC literature reviews.

2. LITERATURE REVIEW METHOD

The literature review is a method usually used for
summarizing the state of the art in the subject field and
for identification of the future research opportunities [8].
In order to secure the replicability of the research we set
to clearly define the research method [8]-[10]. Thus, in
remainder of this section, we present the search strategy,
article selection process, coding criteria and coding
process applied.

2.1. Search strategy and article selection

We focused our literature review on IGs available in
academic literature to introduce MC starting from current
(as-is) situation of the company. Replicating the search
strategy of Fogliatto, da Silveira and Borenstein [11], we
used the  terms ‘mass  customization’/‘mass
customisation’ in order to concentrate on papers dealing
with MC. In addition, in order to focus on notions of
‘implementation  guidelines” or  ‘implementation
methodology’, these two search terms were combined
(by using the AND operator) with at least one of the
following terms (i.e. by using any of the following terms
connected with the OR operator): ‘implementation’,
‘methodology’, ‘mov*’ (moving towards, etc.), ‘enabl*’
(enabler, enabling, enable, etc.), ‘adopt®’ (adoption,
adopt, etc.), ‘obstacl*’ (obstacle, obstacles, etc.) or
‘guid*’ (guide, guidelines, etc.). The use of these
keywords to search for IGs is based on the synonymous
way in which the terms ‘implementation guidelines’
and/or ‘implementation methodology’ are used in the

management literature dealing with implementation (cf.
[12], [13]).

The search was conducted on Article Title, Abstract
and Keywords in the Scopus database. The search
encompassed articles published up to March 2015.
Conference papers, conference reviews, books and book
chapters were excluded from the search. This choice
follows the motivation provided by Fogliatto, da Silveira
and Borenstein [11], who assert that the field of MC
research is mature enough to allow searches for
significant research contributions in articles only.
Furthermore, only publications in the English language
were taken into account. Using these search criteria, the
initial search yielded 549 articles (Table 1).

These 549 articles were further selected based on the
quality of the journal in which they were published.
Scimago database rankings were used as a measure of
journal quality. A journal and its publications were taken
into account only if all subject categories in which the
journal was classified in the Scimago database were
ranked Q1 or Q2 in the Scimago rankings for the year
2013. This criterion led to a total of 387 publications
published in 145 journals.

A number of these 387 articles are not really
intended to guide MC implementation in practice (some
of them being review articles, some dealing with MC
enabler typologies, etc.). Thus, we developed a set of
three criteria to further refine our article selection ([1] —
Table 1).

After the criteria were established, we could further
narrow the selection of the articles. We read the abstracts
and applied criterion 1, in this way excluding articles that
are not intended to guide MC implementation in practice.
Conservative approach was applied in the selection
process, bringing the articles for which a clear decision
could not be made in this step to the next selection step.
This meant that criterion 1 had to be applied also in the
next step. In effect, 235 articles passed the abstract
reading.

Among 235 articles some deal with several MC
enablers, while others deal with only one MC enabler.
MC implementation guidelines should consider multiple
MC enablers [7], [11], [22], [23], [14]-[21] and use a
holistic approach to MC implementation [20], [22], [24],
[25]. Thus, in present research, we do not regard articles
covering single MC enablers as MC-IGs. In result, we
further selected articles based on the shared belief that, in
order to achieve MC, two or more MC enablers should
be implemented - criteria 2 and 3. We further full text
read 235 articles using criteria 2 and 3 in combination
with criterion 1, and finally ended up with 20 relevant
articles. Table 1 shows the overview of the article search
and selection process which is exactly the same adopted
by [1].

This small but emerging MC research sub-stream (i.e.
20 articles published in 5 year period 2010-2015) is
highly dispersed - 17 journals. There is also notable
prevalence of engineering and industrial engineering
journals among the sources.
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Table 1. Article search and selection steps

Resulting
number of
articles

Search/

. Criteria used
selection step

Step

-Search with keywords* in 549
Title, Abstract and Keywords
in Scopus database
-Excluded conference
papers/reviews, books and
book chapters (Fogliatto et
al., 2012)

-Excluded non-English
papers

*keywords used: ‘mass
customization’/’mass
customisation’ in
combination with at least one
of the following terms:
‘implementation’,
‘methodology’, ‘mov*’
(moving towards etc.),
‘enabl*’ (enabler, enabling,
enable, etc.), ‘adopt™’
(adoption, adopt, etc.),
‘obstacl*’ (obstacle,
obstacles, etc.) or ‘guid*’
(guide, guidelines, etc.)

1 Initial search

dimensions and codes). After the initial identification of
specific relevant text segments (phases 1 and 2, Table 2),
text segments were labelled and a provisional
classification scheme was created and applied to the
articles (phase 3). Next, the tentative scheme was
iteratively refined based on group discussions, and the
articles were re-classified (phase 4, Table 2). This
iterative process continued until complete agreement was
reached among the researchers. After the final
classification of the articles, the MC-IG building blocks
were identified by marking out the subset of coding
dimensions that directly address the content of MC-IGs
(phase 5, Table 2).

Table 2. The steps of the inductive analysis coding
process (based on [26], [32])

-Selection based on the 387
journal ranking (keeping
articles from Q1 and Q2
journals in Scimago database)

2 Publication

quality
selection

Criterion 1 Article states the 235
objective of developing MC-
IGs or claims to contribute to
guiding the implementation
of MC

3 |Abstract
reading

Criterion 1 20

AND

(Criterion 2 Article provides
information about the
order in which two or
more MC enablers should
be implemented

OR
Criterion 3 Article
provides implementation
instructions for each of
two or more MC enablers,
regardless of whether or
not it fulfils Criterion 2)

4 |Full text
reading

2.2. Coding process and coding criteria

We opted to build our classification scheme in an
inductive manner [26] since our search of the MC
literature did not reveal a research framework suitable
for conducting deductive analysis of the relevant articles.
Inductive analysis ‘refers to approaches that primarily
use detailed readings of raw data to derive concepts,
themes, or a model through interpretations made from
the raw data by an evaluator or researcher’ with a
primary purpose ‘to allow research findings to emerge
from the frequent, dominant, or significant themes
inherent in raw data, without the restraints imposed by
structured methodologies’ [26: p.238]. This absence of
preconception in the analysis of scientific contributions
is one of the reasons why in recent years inductive
analysis has been gaining significance as a data analysis
strategy in systematic literature reviews [27]-[31].

The inductive coding process consisted of five phases
(Table 2), during which, articles were read several times
in order to identify themes and categories (coding
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Phases of the
inductive Resultin
Phase analysis Description of the N
. . number of
number |coding process coding phase .
categories
(based on
[26], [32])
Initial reading of the
1 Initial reading of|relevant articles (done |Categories not
text data in the selection yet defined
process)
Identify specific Initial identification of |Multiple
text segments . .
2 text segments dealing |potential
related to - :
L with MC-IGs categories
objectives
Label the Creation and
3 segments of text |application of a 123
to create tentative classification
categories scheme
Iterative refinement of .57
Reduce overlap . (16 coding
the tentative . .
and redundancy . . dimensions/sub-
4 classification scheme | . .
among . . .~ |dimensions and
. through discussion in
categories 41 codes/sub-
research team
codes)
Create a model |[Der1Ving of MC-IG
) . building blocks by
incorporating marking out the subset 7
5 the most 18 out . (MC-IG building
important of coding dimensions blocks)
ca tI; ories that directly address the
g content of MC-IGs

3. RESULTS AND OPPORTUNITIES FOR
IMPROVEMENT OF MC IMPLEMENTATION
GUIDELINES

The 20 selected articles were analysed carefully via
full-text reading. They were classified based on (1) MC
overview, (2) MC implementation instructions, (3)
applicability context of the guidelines, (4) required
resources, (5) as-is analysis tools, (6) hindrance factors,
(7) instruction exemplification, (8) instruction format and
(9) research method.

3.1. Mass customization overview

‘MC overview presents the essentials of the MC
concept. These essentials include a definition of MC, a
list of MC enablers, definitions of MC enablers, a set of
the basic MC enabler relationships, a list of the company
departments involved in implementing MC, a set of the
benefits derived from MC implementation and a set of
the Dbenefits derived from each MC enabler
implementation. The MC definition and the list of MC



enablers together comprise a minimum MC overview’
[1].

The analysis of available MC

guidelines shows that:

* only 20% of articles provide an overview of MC
(Table 3)

« articles differ substantially regarding the provided
MC overviews:

o some articles cover a wide range of MC overview
components (e.g. [20], [33])

owhile other articles address only a few MC
overview components

* a definition of MC is provided in 65% of MC-IGs.
Moreover, most of the MC-IGs (54%) refer to
Pine’s definition of MC [3]

» some MC enabler definitions are provided in 90%
of the MC-IGs. Usually, these definitions are
limited to the MC enablers that fall within the
article’s scope

implementation

Table 3. Summary of the articles, classified according to
MC overview

Coding Number| Percent
dimension Codes 9f 9f
articles | articles
MC overview MC overview provided 4 20%
MC overview not provided 16 80%
Total number of articles 20 100%

The MC overview should ideally include all MC
overview essentials. This  information enables the
practitioner to understand the main characteristics of MC
and the position of MC among other manufacturing
strategies (e.g. mass production, craft production, etc.)
and to make a first assessment of his/her own company’s
position regarding MC.

3.2. MC implementation instructions

‘MC implementation instructions describe how to
implement MC. They indicate which MC enablers to
implement and the steps to implement them’ [1]. MC
implementation instructions can be classified into two
types depending on their scope:

(1) ‘Single enabler’ implementation instructions —
‘are presented as guidance to implement one
specific MC enabler in practice’ [1]

(2) ‘Bundled enabler’ implementation instructions —
‘are implementation instructions that define
relationships between two or more enablers. The
relationship can be one of precedence,
embeddedness or parallel implementation. While
‘single enabler’ implementation instructions aim
to provide detailed implementation instructions
for one specific enabler, ‘bundled enabler’
implementation instructions aim to define the
relationships between two or more enablers’ [1]

The enablers considered in the implementation
instructions. Eight enablers are considered in the ‘single
enabler’ implementation instructions and/or the ‘bundled
enabler’ implementation instructions in the articles
(Table 4), namely: group technology, part
standardization, product modularization, process
modularity, product platform development, information

technology (IT)-based product configuration, form
postponement, and concurrent product-process-supply
chain engineering. For definitions of MC enablers please
refer to [1].

The analysis of available MC
guidelines shows that:

* the number of enablers for which ‘single enabler’
implementation instructions are provided varies
considerably across articles (Table 5)
in most cases (75% of articles) these instructions
are provided for two or three enablers per article —
Table 5
there are seven MC enablers for which at least one
article provides °‘single enabler’ implementation
instructions (Table 4)
the enablers for which ‘single enabler’
implementation instructions are provided most
frequently are product platform development and
product modularization (14 articles — Table 4), part
standardization and IT-based product configuration
are present in six or seven articles, while least
considered enablers are group technology (three
articles), form postponement (two articles) and
concurrent product-process-supply chain
engineering for MC (one article)

‘single enabler’ implementation instructions may or
may not include the sequence of activities. The
sequence of activities is the constraint-driven order
of the activities needed to implement one MC
enabler. In order to be treated as a sequence, at least
one constraint must be explicitly stated between the
start and finish of the different MC implementation
activities. An analysis of the articles that include
‘single enabler’ implementation instructions shows
that 43% of the cases provided the sequence of
activities to be done during the enabler
implementation
‘bundled enabler’ implementation instructions are
provided in all 20 articles (Table 6). Notably, the
selection criteria allowed the retention of articles
that do not explicitly provide ‘bundled enabler’
implementation instructions. However, a very
careful reading of these articles revealed the
presence  of implicit  ‘bundled  enabler’
implementation instructions. For this reason,
instructions were categorized not only according to
the number of enablers participating in the
relationship, but also according to the degree of
explicitness (explicit, implicit, in part explicit and
in part implicit) of the presentation of the
relationships among the implementations of
different enablers. The result is that most ‘bundled
enabler’ implementation instructions are provided
for three enablers (nine articles) or two enablers
(eight articles) and are explicitly provided in 14
(70%) articles (Table 6)
‘bundled enabler’ implementation instructions can
refer to different relationships between enablers [1].
Thus, alternative relationships could be one of the
following:
o Precedence relationship — ‘when IGs state that
one enabler should be implemented before the
other enabler’ [1]. For example, instructions can

implementation
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state that part standardization must precede
product modularization in the implementation
process. According to a precedence relationship,
one enabler should be sequenced before or after
another enabler.

o Embeddedness relationship — ‘when IGs state that
the implementation of one enabler is a part of
another enabler’s implementation’ [1]. For
example, implementation guidelines could
indicate that product modularization is not an
independent enabler but is a part of product
platform development. In this case, the product
modularization enabler is embedded in the
product platform development enabler.

o Parallel implementation — ‘when IGs state that
one enabler should be implemented at the same
time as another enabler’ [1]. For example,
instructions can state that form postponement
should be implemented at the same time as
product platforms are developed.

A detailed analysis of enabler relationships available
in the MC-IGs shows that precedence relationships, i.e.
the sequential logic, dominates the resulting relationships
model [1]. However, the detailed analysis of enabler
relationships goes out of the scope of this paper. Thus,
for detailed relationships analysis please refer to [1].

Table 4. List of used enablers in the articles, with
frequency of appearance (based on ‘single enabler’
implementation instructions provided)

addressed through MC implementation instructions in
future developed MC-IGs should be set as a goal.

Table 5. Summary of the articles classified according to
‘single enabler’ implementation instructions

Coding Count per Number| Percen
. . Codes . of t of
dimension article . .
articles |articles|
6 or more 0 0%
Sinel bler’ enablers
.Slnlg N entat.er 5 enablers 1 5%
;nmsrt)rzlclzféln: 100 enablers 1 5%
‘Single enabler’ rovided for 3 enablers 6 30%
implementation p """ |2 enablers 9 45%
instructions 1 enabler 2 10%
‘Single enabler’
implementation |...not 1 59,
instructions not |provided ¢
provided
Total number of articles 20 100%

Table 6. Summary of the articles classified according to
inclusion of enablers in ‘bundled enabler’ implementation
instructions

Way of
presenting
Coding sub- . the No. of
dimension Codes Count per article relationships articles
in the article| (percent)
E*| I [E/I
‘Bundled |0 related enablers | 1 | 0| 0| 1 (5%)
enabler’ 5 related enablers | 0 | 1| 1{2 (10%)
Inclusion of i?;ﬁlemema' 4 related enablers | 0 [ 0] 0| 0(0%)
?Eab(lj‘?;in instructions |3 related enablers | 6 | 2| 1|9 (45%)
un .
enabler’ provided |2 related enablers | 7 | 1| 0|8 (40%)
implementa- |‘Bundled
tion enabler’
instructions  |implementa- No related N 0
tion enablers s [NINT0(0%)
instructions
not provided
. 20
Total number of articles|14 | 4| 2 (100%)

Number of Percent of articles
articles in which in which ‘single
‘single enabler’ enabler’
Enabler name implementation implementation
instructions are instructions are
provided provided
Product platform 14 70%
development
Product 14 70%
modularization
Part o
standardization 7 35%
IT-based product 6 30%
configuration
Group technology 3 15%
Form 2 10%
postponement
Concurrent
product-process- o
supply chain ! %
engineering
Process modularity 0 0%

The number of enablers for which ‘single enabler’
implementation instructions are provided per article
(usually two or three — Table 5) and the number of
enablers which are related through ‘bundled enabler’
implementation instructions per article (usually two or
three — Table 6) is relatively small, bearing in mind that,
in total, eight different enablers were recorded in the
articles in our study (Table 4). We suggest that this
narrow research scope is usually a consequence of the
researchers’ previous experiences and opinions regarding
the most important enablers for MC implementation. We
conclude that widening the scope of the enablers
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* E — explicit; [ —implicit; E/I — in part explicit and in part
implicit; ** N — not applicable

3.3. Applicability context of the guidelines

‘The applicability context of the guidelines concerns
the generalisability of the MC-IGs. The applicability
context provides the limits of validity for the proposed
guidelines. For example, the industry, types of products
and size of the company represent the applicability
context of the guidelines’ [1].

The analysis of available MC implementation
guidelines shows that:
e only 35% of the articles explicitly cover

applicability context dimension (first two codes in
Table 7), which shows that generalizability tends
not to be justified openly in the articles

* only two articles that address the generalizability
issue were found Kudsk, Hvam et al. [34] indicated
generalizability by stressing similarities between
the building construction industry and the cement




factory design/construction sector, while Ismail et
al. [35] based their applicability context on a widely
recognized characteristic of SMEs: the lack of
resources

most of the articles deal with manufacturing (90%)
only 5% of articles deal with services

the articles that deal with manufacturing mostly
address mechanical production, electronics and
construction (e.g. complex products such as cars,
industrial steam turbines, computers, etc.)

country and market are not addressed as
applicability contexts in the articles

Table 7. Summary of the articles classified according to
applicability context of the guidelines

Coding Number] Percent
dimension Codes (.)f 9f
articles| articles
App!icability context specified 5 10%
and justified
Applicability Appl%cab%l%ty context specified 5 25%
context of App!lgabﬂlty gontext not
the exphcnly specified but self- 12 60%
guidelines cvident
Applicability context not
explicitly specified and not self- 1 5%
evident
Total number of articles| 20 100%

Our research has shown that MC-IGs could be
improved by stating their applicability context, but
further development of implementation guidelines will
probably require that they be developed with a specific
context in mind (e.g. SMEs, furniture industry, etc.).
This viewpoint is further supported by Sousa and Voss
[36: p.711], who state that ‘the failure to acknowledge
the limits of applicability of OM practices may lead to
their application in contexts to which they are not
suitable’. Moreover, some of the questions to be
considered related to the applicability context of the
guidelines are: What are the characteristics of the context
that are relevant for IG development and utilization (e.g.
level of product customization, industry sector, service-
manufacturing distinction, company size, etc.)? Which
context variables are relevant for tailoring the IGs for
each case of MC implementation? Which components of
the IGs are context dependent and which are not? In
addition, the maturity level of the MC implementation
could be considered as a specific aspect of the
applicability context that could influence the significance
of specific MC enablers for a company with a different
MC implementation maturity level.

3.4. Required resources

‘Required resources are the resources needed to
implement MC or one or more MC enablers. Some
examples of required resources are financial resources,
time, human resources and other resources required for
MC implementation * [1].

The analysis of available
guidelines shows that:

* only 20% of the articles address required resources

(Table 8)

MC implementation

* resources required to implement MC are addressed
in a relatively superficial way

» usually, when resources are addressed, only a single

resource is addressed per article

the types of resources addressed are:

o financial resources (e.g. cost of a product
configurator through an estimated ‘cost of the
software’ based on prior experiences in MC
implementation - [34: p.96]; and ‘additional costs
for developing a new platform’ - [37: p.5])

0 human resources (e.g. ‘[c]ost of labour training to
assemble a certain platform type’ - [38: p.1003];
and human resources for developing a
configuration system, ie. ‘it was deemed
necessary to use four man years to develop the
system’ - [34: p.96])

o generic resources (e.g. ‘significant efforts’
needed for optimizing a software product
platform - [39: p.104])

set of required resources is usually limited to the

scope of the article, and includes, at the most, those

resources required for implementing the one or two

MC enablers considered in the article, usually not

taking into account the overall implementation of

MC

Table 8. Summary of the articles classified according to
required resources

Coding Number| Percent
dimension| Codes (.)f (.)f
articles | articles
Required |[Required resources addressed 4 20%
resources|Required resources not addressed 16 80%
Total number of articles| 20 100%

In our research, we found that the language for
describing the resources required for MC implementation
is not developed. There is no taxonomy of resources that
is used in the MC-IG research sub-stream. The MC-1G
sub-stream could probably draw from existing
taxonomies and adapt them to make them MC specific.

3.5. As-is analysis tools

‘As-is analysis tools support assessments of the
current company situation concerning future MC
implementation challenges. They can be in the form of
procedures, formulae, templates and so on’ [1].

The analysis of available MC implementation
guidelines shows that:

* 25% of the articles include as-is analysis tools

(Table 9)

* as-is analysis tools do not go beyond the scope of
the MC enablers addressed in the article, using as-is
analysis tools:

o as a part of methodology for the development of
product family architecture for MC [33]

o for enabling implementation of IT-based product
configuration [34], [40]

ofor a company analysis based on the
customization level and product modularity type
[41]

ofor applying product similarity measures to
existing product families [35]
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Table 9. Summary of the articles classified according to
as-is analysis tools

Codin Number|Percent
. S Codes of of
dimension| . .
articles | articles
As-is  |As-is analysis tools provided 5 25%
alzggizls As-is analysis tools not provided 15 75%
Total number of articles| 20 100%

Research has shown that as-is analysis tools can vary
substantially in different MC-I1Gs. In future research, the
MC-IG research sub-stream could benefit from a
comprehensive classification of the as-is analysis tools
that are used. For example, a distinction could be made
between the as-is analysis tools that are applied very
quickly, providing an overall view of the company with
regard to MC, and tools that are very detailed and can
help the company understand exactly which MC enablers
to implement. These detailed as-is analysis tools could
eventually help to scope and pace implementation of MC
enablers.

3.6. Hindrance factors

‘Hindrance factors are variables that negatively affect
MC implementation. They can appear in the form of
resistance to change as well as various other obstacles,
challenges, barriers, and so on’ [1].

The analysis of available MC
guidelines shows that:

* only 15% of the articles address hindrance factors

(Table 10)

* hindrance factors identified in the MC-IGs are:

o resistance to change from managers and company
engineers [34]
o lack of resources [35]

oneed for additional employee training for MC
(38]

implementation

Table 10. Summary of the articles classified according to
hindrance factors

3.7. Instruction exemplification

‘Instruction exemplification refers to providing an
example of an implementation instruction’s application.
The example aims to show how an application of the
implementation instruction would look in practice’ [1].

The analysis of available MC implementation
guidelines shows that:

* almost all articles exemplify the implementation

instructions they provide (Table 11)
 examples can be used to (Table 12):
oexplain how the enabler should be applied in
practice or
opresent an application of the implementation
instructions

* implementation guidelines can contain both of

previously stated applications

Table 11. Summary of the articles classified according to
instruction exemplification

Codin Number| Percent
dimensi%n Codes of of
articles | articles
Instruction Exempl}ﬁed implementation 18 90%
exemplifica instructions : : -
_tion Non-ex;mphﬁed implementation 5 10%
instructions
Total number of articles| 20 100%

Table 12. Purpose of exemplification in MC
implementation guidelines

. Number Percent
%??EE;EE_ Sub-codes of of
articles | articles
Exemplified Explaining how .the, .enabler. should | 5.6%
. work when applied in practice (a)
implementa- - -
fion Example of implementation 5 11.1%
. . instructions application in practice (b) e
instructions Examples used for both purposes
0,
purpose (ath) 15 | 833%
Total number of articles| 18 100%

Coding Number| Percent
dimension| Codes 9f 9f
articles | articles
Hindrance|Hindrance factors provided 3 15%
factors |Hindrance factors not provided 17 85%
Total number of articles| 20 100%

Although hindrance factors have been considered in
some articles, there are still a number of open questions;
for example, what are the exact hindrance factors? Are
some hindrance factors interdependent? Do hindrance
factors change from one phase of MC implementation to
another? Are hindrance factors context dependent? Are
hindrance factors related to the available and required
resources? Furthermore, these proposed questions could
be followed by indications of how to mitigate the
influence of the hindrance factors, how to identify
company-specific hindrance factors and whether the
hindrance factors are common across the different MC
enablers or should have different weights.
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Instruction exemplification has high coverage in the
articles we analysed (Tables 11 and 12). Further, we
infer that authors considered exemplification an
important part of the implementation instructions. We
argue that this is due to the nature of knowledge transfer,
where conveying ideas is more effective if an example is
provided. We conclude that the need for providing
examples for implementation instructions has been
recognized by researchers and is fulfilled in the articles.

3.8. Instruction format

‘Instruction format refers to the way implementation
instructions are organized and presented. Depending on the
instruction format, implementation instructions can be more
or less well organized and presented’ [1].

Implementation instructions can be provided in the
following formats (definitions are taken from [1]):

(1) Textual format:

(a) Plain text only — ‘a case when instructions are
presented in textual format without any kind of
structure’

(b) Organized text — ‘a case when instructions are
organized using bullet points, paragraphs or



sections, where every bullet
point/paragraph/section provides instructions for
one single activity’

(2) Graphical format — ‘a case when instructions are
provided through a graphical presentation, for
example, in the form of a flow chart, drawing,
chart, diagram, etc.’

(3) Tabular format — ‘a case when instructions are
given in the form of a table’

The analysis of available MC

guidelines shows that:

e codes are not mutually exclusive. Thus, one
implementation instruction can be provided in
multiple formats, leading to a higher total than the
recorded number of implementation instructions
(Table 13)

‘single enabler’ implementation instructions tend to
provide a larger amount of information per
instruction because they tend to be more detailed
and elaborate. In result, ‘single enabler’
implementation instructions use 2 or 3 formats per
instruction (2,8 on average) — Table 13

bundled enabler’ implementation instructions are
often provided in a very brief form with much less
information. In  result, ‘bundled enabler’
implementation instructions use 1 or 2 formats per
instruction (1,4 on average) — Table 13

for most of the ‘single enabler’ instructions, both
plain text (present in 74% of ‘single enabler’
implementation instructions) and the graphical
format (89%) are used, with the addition of either
organized text (49%) or a tabular format (66%) —
Table 13

‘bundled enabler’ implementation instructions use
plain text (present in 46% of the ‘bundled enabler’
implementation instructions), organized text (46%)
or a graphical format (47%), and the three
couplings of these three formats are equally
distributed (Table 13)

the tabular format is not used for ‘bundled enabler’
implementation instructions (Table 13)

use of plain text and organized text is similar in
both implementation instruction types, while the
use of the graphical format differs

in ‘single enabler’ implementation instructions, the
graphical format, along with the tabular format, is
mainly used to provide sufficiently detailed
examples of enabler implementation

for ‘bundled enabler’ implementation instructions,
the graphical format is most often used to convey
exact relationships between enablers

Our experience has shown that plain text instruction
format takes more time to process and generates more
interpretation disagreements among the readers than for
the other three instruction formats used in MC-IGs (i.e.
organized text, graphical format and tabular format).
These findings imply that communication effectiveness
of the plain text format is lower than of the other three
identified instruction formats. Thus, we conclude that
future developed MC-IGs should limit the use of the
plain text format where possible. In other words, the
integrated use of organized text, graphical formats and
tabular formats should be preferred over the use of the
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plain text format in future developed MC-IGs. Moreover,
an interesting question for future research would be: To
what extent does the instruction format influence the
usability of MC-IGs?

Table 13. Analysis of the articles according to
instruction format

‘Single enabler’ ‘Bundled enabler’
implementation implementation
instructions instructions
.. No. of
No. Of SINglelo;, from| “bundied | % from
implementa- total of .enabler’ total of
Coding tion .47 1mple.:men— 59
dimension Codes instructions ‘single ~ fation ‘bundled
rovided ina eqabler’ mstrgctlor_ls epabler’
P 6 impl. |providedin| impl.
Sgrx;af instr. | aspecific | instr.
format Total
Plain text
(Textual 35 74% 27 46% | 62
format)
Organized
. |text o o
Instruction (Textual 23 49% 27 46% | 50
format
format)
omphical| g 8% | 28 | 47% | 70
E)aI'T’I‘:;‘:I 31 66% 0 0% | 31
Total number of cases
in which instructions 47 100% 59 100% | 106
have been provided
Average number of]|
instruction formats 2,8 - 14 - N/A
used per instruction

3.9. Research method of MC-IGs

‘The research method is an important characteristic
of a scientific contribution and is even more important in
the case of an applied discipline where the research
addresses both academics and practitioners’ [1].

Relevant articles were analysed based on the research
method they applied to: (1) build the implementation
guidelines, and (2) to assess the wvalidity of the
implementation guidelines (Table 14). An established
classification of research methods [42], [43] augmented
with the action research method [44], was used to
classify the articles into: conceptual modeling, case
studies (including multiple case studies), surveys,
mathematical modeling (or simulation), and action
research (Table 14).

The analysis of available
guidelines shows that:

* conceptual modeling is the main research method
for building MC implementation guidelines (18
articles, 90% - Table 14)

* case study is the main research method for
assessing the validity of the MC implementation
guidelines (14 articles, 70% - Table 14)

» only 3 (15%) articles do not perform tests of the
developed MC-IGs

* deeper analysis of the 18 articles that build IGs
through conceptual modeling shows that conceptual
modeling can appear as pure conceptual modeling
with eventual light use of mathematics (50% of

MC implementation
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cases), or as conceptual modeling with the use of
heavy mathematical reasoning (50% of cases).
When applied, conceptual modeling with heavy
mathematical reasoning is used either for
developing optimization algorithms (78% of cases)
or for developing genetic algorithms (22% of
cases), both of which are always used for providing
implementation instructions for product platform
development and related MC enablers (e.g. product
modularization, part standardization, etc.)

the 14 articles that report using case studies to
assess the validity of MC-IGs, use the term case
study in a broader sense than it is used in the field
of Operations Management (see [45]). While 8
articles (57% of articles) test the MC-IGs in actual
contexts, 5 articles (36% of articles) simply use real
company data to exemplify the application of IGs in
a context similar to a real one, and 1 article (7% of
articles) base their validity assessment on fake
(abstract) data

the assessment of MC-IGs through case studies can
be characterized based on the number of cases used
and on who performs the assessment. Most of the
14 articles that assess the wvalidity of MC-IGs
through case study use a single case study.
However, three articles use multiple case studies
[35], [38], [40]. The situation is more differentiated
when we consider who performs the testing in a
real organization (8 of 14 articles). In this case,
50% of the articles report that testing was done by
the authors themselves, while the rest of the articles
(50%) do not report who did the testing of the
implementation guidelines. Interestingly, none of
the articles reported that the MC-IGs were tested by
the company personnel with researchers involved as
no more than external observers.

only two articles use a method different from
conceptual modeling for developing MC-IGs
(Table 14). Q. H. Yang et al. [20] used the case
study method used for building and testing
implementation guidelines at the same time, while
Kudsk, Hvam et al. [34] used action research to
build and to assess the implementation guidelines.

Table 14. Summary of articles according to research

method (RM)
RM to assess
the IGs| Conc. | Case Surve N(Igih IAction | Not Total
RM to model. | study 4 imul.) research [tested | (percent)
build the I1Gs )
Concept. 18
modeling 0 13 0 2 0 3 (90%)
Case study 0 1 0 0 0 0 1 (5%)
Survey 0 0 0 0 0 0 0 (0%)
Math o
(or simul.) 0 0 0 0 0 0 | 0(0%)
Action research| 0 0 0 0 1 0 1 (5%)
0 14 0 2 1 3 20
Total (percent) | (0%) | (70%)] (0%) [(10%)| (5%) |(15%)| (100%)

The MC-IG research sub-stream focuses on the
transfer of academic knowledge into practice. The
extensive use of conceptual modeling for building IGs
(Table 14) shows that researchers ground their newly
developed IGs within existing academia settings. The
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extensive use of the case study method to assess the
validity of IGs (Table 14) shows an intention of
researchers to guarantee that the proposed MC-IGs
actually work in practice. The MC-IG analysis has
therefore shown that MC-IGs in general strive to
integrate academia and practice.

The research methods used to develop and assess the
validity of MC-IGs plays an important role in obtaining
acceptance and trust from practitioners. Thus, choosing
different research methods could boost the development
of MC-IGs that are deeply rooted in practice . Among
others, interviews with practitioners (consultants,
managers and entrepreneurs) could be used in order to
better understand the impact of a specific industry
context, company size, degree of MC implementation,
and so on, that should be taken into account while
developing MC-IGs. Focus groups with MC consultants
could be a method to build on the failures and successes
accumulated through years of implementation
experiences in different contexts. Longitudinal case
studies could be used to assess the long-term effect of
MC-IG use and could generate specific refinements
based on practical experiences of MC implementation,
and so on.

Notably, the research presented did not take into
account how managers learn to implement MC. This
learning process could take place through various
workshops, professional journals, informal encounters
with other practitioners, and so on. Examining how
managers learn to implement MC could be one of the
research opportunities for future MC-1G development.

4. DISCUSSION AND CONCLUSIONS

This section discusses contribution of the present
research in respect to the previous MC literature reviews.
Firstly, we discuss the contribution of the present
research relative to the literature review presented in [1].
Secondly, we discuss contribution of the present research
in respect to the other MC literature reviews found [2],
[71, [11], [46], [47].

Firstly, the present work, built upon the research
presented in [1], contributes to the further development
of MC implementation guidelines sub-stream by helping
researchers in framing and developing their MC-IGs.
This is achieved by providing detailed analysis of how
the MC implementation guidelines research is done and
communicated. In this way, the present research
complements [1] that focused on practitioners by
identification of characteristics of available MC
implementation guidelines and generating suggestions
for their improvement.

Secondly, our literature review complements the
previous literature reviews on MC. Altogether, five
literature review articles focused on MC were found [2],
[71, [11], [46], [47]. Three of these five literature reviews
cover overall MC [7], [11], [46], while two of these
reviews focus on a specific part of the MC research [2],
[47].

None of the five literature reviews focuses on MC
implementation or MC implementation guidelines. The
first article with overall coverage - [7] - classified the
available MC frameworks, discussed MC success factors



and MC enablers as well as providing a general MC
research agenda for the future. A decade later, the same
group of authors [11] reviewed the MC literature with a
similar focus. In their second literature review, they
covered the years from 2000 to 2010, updating their
previous research, and once more identified research
gaps for the future. Kumar, Gattoufi and Reisman (2007)
[46] provide a literature review with a historical
perspective to understand the evolution of MC and MC
research and stress the need to classify MC research.

Two literature reviews that cover a narrower MC
scope [2], [47] differ regarding their focus. Sandrin,
Trentin and Forza [2] focus their research on MC
organizational antecedents. Ferguson, Olewnik and
Cormier [47], instead, focus on the process of MC
product development, which they analyse through the
lenses of the marketing, engineering and distribution
domains. Both [2] and [47] highlight future opportunities
for research in their respective topics.

Even though available literature reviews do not focus
on the MC implementation process, they stress the
importance of conducting research on this subject. So,
when providing future directions for MC research, Da
Silveira, Borenstein and Fogliatto [7: p.8] call for
research in MC implementation, stating that ‘Future
research on MC should focus on the formulation of
methodologies that enable rapid reconfiguration of
existing organizational structures and processes into a
mass-customized production system’. Although in their
latter review, Fogliatto, da Silveira and Borenstein [11:
p-22] do not restate the need for developing MC
methodologies, they mention the issue of developing
‘more effective solutions’ compared to existing MC
approaches, tangentially touching on the point of MC
implementation guidelines. Sandrin, Trentin and Forza
[2: p.159] stress that “The importance of transforming
organisations to pursue an MC strategy has been
acknowledged since the introduction of the MC concept’.
This ‘transforming organizations to pursue an MC
strategy’ is synonymous with the MC implementation
process.

Finally, previous literature reviews also highlight that
research on the MC implementation process is limited.
Da Silveira, Borenstein and Fogliatto [7: p.11] conclude
that ‘there are several pending issues regarding its [mass
customization’s] practical implementation’ and that
‘literature on MC implementation is still incipient’. They
base these conclusions on the fact that ‘Most claims are
drawn from limited case examples or based on educated
guesses from authors rather than from hard evidence
obtained through exhaustive research’ [7]. Kumar,
Gattoufi and Reisman [46: p.653] assert that ‘there is a
void of rigorous quantitative modeling and decision
support in implementing mass customization strategy
successfully and effectively’, which supports the point
that research on MC implementation is limited. Sandrin,
Trentin and Forza [2: p.159] assert that in MC literature,
‘relatively less attention has been paid to the
organizational antecedents of MC ... as compared with
its technological enablers’, stressing in this way the
limited attention that has been focused on a specific part
of the MC implementation endeavour. These conclusions
are in line with our research findings that led to the

relatively low number of articles retrieved from the MC
literature that could be characterized as MC-IGs (20
articles).
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