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ABSTRACT

Industrial manufacturing is a core component of a nation’s economic wealth. It is driven by tech-
nology, and its paradigm has shifted from craft production to mass production to lean production
to mass customisation (MC). We identify how emerging technologies offer a new way to shift MC
research focusing on the scientific communities that have been driving MC research, changes in
MC throughout the years, and the technological advances that influence future research trends
of MC. We then identify MC paradigms. We analyse 1,947 MC papers from 1992 to 2019 and dis-
cover the research attention changes from the perspectives of the communities and themes using
topic modelling. Our result indicates that MC was explained in terms of the business and marketing
strategy (BMS) and the operations management (OM), in accordance with technological develop-
ment. In BMS, MC topics moved from demand uncertainty to industry transformation. In OM, topics
changed from assembly line for product differentiation to additive manufacturing. We discuss the
future research agenda according to the technological advances in computer-aided design, addi-
tive manufacturing, machine learning, identification technologies, virtual reality, and human-robot
collaboration. Not only researchers but practitioners and policymakers can utilise our approach to
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analyse and formulate MC strategies considering new technologies.

1. Introduction

Mass customisation is a production strategy that inte-
grates the good sides of material flow controls in both
push manufacturing and pull manufacturing paradigms.
It is important for a company to choose one produc-
tion system, mixing push and pull production paradigms
to seek a core competence. We now clearly know about
different production paradigms (Pyke and Cohen 1990)
and how new technologies have changed production
paradigms over time (Figure 1). However, we still do not
know how emerging technologies revolutionised mass
customisation, making individually specialised products
or services available on a large scale and shifting its
paradigm.

Pull production is based on actual demand, and
the product is manufactured after the customer’s order
arrives. Pull production benefits from an agile response
to demand without demand forecasting. However, it can-
not be applied to a product that requires a long lead
time. Also, there are low-cost savings from an increased
level of production. An example is the craft production
system — which is also called the European system rel-
ative to the American system after World War II - that

uses general-purpose machines and skilled craftsmen in
a workshop (Hounshell 1985).

Push production is not based on actual demand but
rather anticipated demand. In push production, a com-
pany forecasts demand and decides the amount of stock.
Pull production has advantages of economies of scale and
a short lead time. However, it cannot respond to fast-
changing demand. An example is the mass production
system, also known as the American system, Fordism,
or the Ford system, which is based on standardisation
of parts, simplification of products, and specialisation
of jobs (Moore 1950). This American system, originally
from the French armoury production system, penetrated
across industries. Workers in the Springfield armoury
developed gauge, special-purpose machines, and inter-
changeable parts; this approach later moved to factories
in other industries (Hounshell 1985).

Yet choosing either a pull or push production sys-
tem is insufficient to cope simultaneously with a rapidly
changing market and secure economic feasibility. Thus,
production systems between pull and push systems have
been introduced. From the push production side, Alfred
Sloan introduced a flexible mass production system,
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Figure 1. Production paradigms according to production variety and volume.

creating a full line of different automobiles to respond
to the automobile market and changes in consumer taste
without hesitation (Hounshell 1985). From the pull pro-
duction side, Toyota introduced just-in-time production,
also called lean production, that reduces manufacturing
and response times from suppliers to customers.

Along with these production systems, mass customi-
sation has been considered a new alternative for the past
30 years. Yet mass customisation has been doubted and
criticised due to its difficult realisation (Agrawal, Mer-
cer, and Kumaresh 2001; Hart 1995; Zipkin 1997; Zipkin
2001). Traditionally, mass customisation involves assem-
bling parts in lines differently to make an individualised
product. Recently, additive manufacturing changed the
paradigm of mass customisation to include making a
product without assembling parts. Mass customisation
through assembly manufacturing can produce a higher
volume but lower product mix compared to additive
manufacturing. However, mass customisation seems to
be a false promise, because we do not see successful mass
customisation cases.

Nevertheless, new technologies have empowered
progress in mass customisation of both assembly and
additive manufacturing. They also helped implement
mass customisation at a more detailed level. In mass cus-
tomisation based on assembly manufacturing, automa-
tion, computer-integrated manufacturing and mod-
elling, computer-aided design and manufacturing (CAD/
CAM), and flexible manufacturing systems (FMS) have

been important technologies (Eastwood 1996; Kotha
1995; Partanen and Haapasalo 2004). In mass customi-
sation based on additive manufacturing, 3D printing
(Attaran 2017), also known as stereolithography appara-
tus (Bogue 2013), is the representative technology.

Production technology shapes the organisational
structure and management characteristics of a firm
(Woodward 1965). And the product and market evolu-
tion of the firm are associated with manufacturing pro-
cess characteristics (Hayes and Wheelwright 1979). In
particular, advances in manufacturing and information
technology can help a firm implement mass customi-
sation (Pine, Pictor, and Boynton 1993). It is rational
to consider mass customisation as a mixture between
pull and push production paradigms, which are divided
into business, marketing, strategy (push), and operations
management (pull) driven by emerging technologies.

Thus, we dissect mass customisation research to iden-
tify how emerging technologies offer a new way to
shift mass customisation from the perspective of sci-
entific communities of two production paradigms. We
examine the following three questions: (a) What scien-
tific communities have been driving mass customisation
research?; (b) What changes have been made in mass cus-
tomisation research throughout the years?; and (c) What
technologies have been introduced to mass customisa-
tion research and how can they influence future research
trends?

The originality of this study is as follows.
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e This study is based on a novel quantitative approach,
including period classification and topic modelling
method, to review the paradigm changes in the mass
customisation research area.

e Due to the quantitative methods, the study could anal-
yse more than 1,947 papers about mass customisation,
while previous review papers considered a limited
number of papers by a heuristic approach.

e This study presents how research attention has moved
among different fields and topics in mass customisa-
tion over the past.

e This study attempts to establish the connection
between the research attention changes on the mass
customisation topics and technological advances.

2. Related works
2.1. Review of mass customisation

After the introduction of mass customisation, numer-
ous studies with various approaches and techniques have
been published in this research area. In some studies,
mass customisation was the main subject of analysis, and
the researchers tried to answer questions related to defin-
ing mass customisation, identifying the main differences
of mass customisation compared to traditional strategies
such as mass production and customisation, and break-
ing mass customisation down into several levels. Other
studies focused on developing different methods and
methodologies that were directly and indirectly related to
achieving mass customisation. In other studies, mass cus-
tomisation was only mentioned as a new environment for
firms or a market.

One of the early definitions of the mass customisation
strategy is ‘the low-cost production of high variety, even
individually customised goods and services’” (Pine 1993).
In Da Silveira et al.’s (2001) study, mass customisation
relates to the ability to provide customised products or
services through flexible processes at high volumes and
reasonably low costs. Among the different definitions, it is
generally agreed that the distinguishable feature of mass
customisation is a high variety of products at reasonably
low costs. To do that, firms should achieve the two goals
of mass customisation, flexibility and cost-efficiency, at
the same time.

However, realising mass customisation could be chal-
lenging because there is a trade-off relationship between
the two goals. Researchers have tried to find a balance
between flexibility and cost-efficiency, which indicates
different levels of mass customisation (Pine 1993; Lam-
pel and Mintzberg 1996; Gilmore and Pine 1997; Duray
et al. 2000; Montreuil and Poulin 2005).

These conceptual analyses were followed by studies
with more specific perspectives and methods to realise
mass customisation. Some researchers focused on the
fragmented demands of the market (Goldsmith 1999;
Goldsmith and Freiden 2004), whereas other researchers
investigated decision-support methods for mass cus-
tomisation companies (Ellena et al. 2018; Lohmann et al.
2019; Lei et al. 2016).

Meanwhile, some scholars chose a holistic approach
and reviewed the mass customisation literature to draw
meaningful insights for future research directions. In the
early days, Da Silveira, Borenstein, and Fogliatto (2001)
identified six factors that may lead to the successful
implementation of mass customisation from the litera-
ture and discussed the enabling process and method-
ologies related to implementation. Later, their work was
extended by Fogliatto, Da Silveira, and Borenstein (2012),
who addressed economics, success factors, enablers, and
customer-manufacturer interaction in mass customisa-
tion by reviewing 143 papers. Although they categorised
publications into several fields, including general man-
agement, industrial or manufacturing engineering, infor-
mation systems, marketing, operations management, and
operations research or management science, less atten-
tion has been paid to changes among fields throughout
the years.

As the number of paper publications has increased,
researchers have broken down the mass customisation
literature into several topics and chosen one with a nar-
rower view. For example, Zhao, He, and Wu (2008)
focused on quality assurance in mass customisation, and
Ferguson, Olewnik, and Cormier (2014) used the prod-
uct development framework and linked mass customi-
sation papers to specific stages of the design process.
Most recently, Guo et al. (2019) reviewed the mass cus-
tomisation literature from the perspective of inventory
management and addressed key improvements and lim-
itations of inventory management methods for regular
inventories and leftover products.

Previous reviews of mass customisation summarised
the literature, addressed methods and technologies,
and discussed challenges for strategy, which provided
meaningful insights to mass customisation researchers.
However, no study has analysed how research attention
has moved among different fields and topics in mass
customisation. Although some reviews mentioned sev-
eral research fields of mass customisation, few attempts
have been made to investigate the relationships among
topics and their changes over time. Also, most previ-
ous review papers depend highly on a heuristic review-
ing method, so a limited number of papers have been
reviewed.



2.2. Ildentifying themes and trends using topic
modelling

An alternative way to review themes and trends of mass
customisation research systematically is to use a text
summarisation tool such as topic modelling to perform
a science of science (Fortunato et al. 2018). Topic mod-
elling statistically clusters words in documents, recognis-
ing groups of words as topics. By applying topic mod-
elling to a collection of research papers in a certain field,
we can uncover themes and trends. Topic modelling is
better than semantic network analysis (Lee et al. 2017;
Lee and Jung 2019) if the number of documents is large
(Leydesdorff and Nerghes 2017). There are variants such
as topic network analysis (Lee, Jung, and Song 2016),
topic simulation analysis (Lee and Kim 2014), and topic
ensemble analysis (Song, Kim, and Lee 2017).

Some studies uncovered topics in transportation
research over time (Boyer, Scherer, and Smith 2017; Das,
Sun, and Dutta 2016; Das et al. 2017; Sun and Yin 2017).
Sun and Yin (2017) discovered that sustainability, travel
behaviour, and non-motorised mobility are increasing
general research trends in transportation. Boyer, Scherer,
and Smith (2017) found that transportation research
became holistic and global. Of note, topics including
energy and fuel, alternative transportation modes, acces-
sibility and health, and mobility technology are rising
in popularity. At the same time, topics including con-
struction and infrastructure also rose slightly. Das et al.
(2017) discovered that traffic safety and traffic oper-
ational research had high probability, frequency, and
exclusivity compared with pavement-related research.

Scholars identified research trends regarding a grow-
ing manufacturing issue, the smart factory, both statically
and dynamically (Chang and Yang 2017; Yang, Chang,
and Choi 2018). Yang, Chang, and Choi (2018) utilised
topic modelling and regression analysis to determine the
major research directions of smart factories in Korea
and all countries. They found that the research topics of
information and communications technology, policies by
country, and economic changes are rising in Korea. Also,
they found that research topics related to the Internet
of Things, information and communications technology,
research and development, technological innovation,
operations management software, and manufacturing
hardware are rising internationally. Xiong et al. (2019)
conducted an analysis of research topic changes in man-
ufacturing research. They discovered that topic cover-
age has increased over time and manufacturing research
became more interdisciplinary. In particular, manufac-
turing research not only covers traditional manufactur-
ing topics such as manufacturing processes, mechanical
transmission, and machining tools, but also advanced
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manufacturing techniques such as laser-based manu-
facturing, semiconductor fabrication, and planning of
production processes. Additionally, in manufacturing
research, management science and materialogy have
been found to be more important. Most recently, Wang
and Hsu (2021) used topic modelling and generalised
linear mixed models to identify technological topics in
smart manufacturing based on patent data. The tech-
nological topics were categorised into vertical integra-
tion, virtualisation, automation, traceability, and flexi-
bility. The most valued topics were smart connection,
cyber—-physical systems, manufacturing data analytics,
and the powder bed fusion approach in additive manu-
facturing.

However, production and mass customisation, which
is the science of a complex and evolving network of
research, have been unexplored. In addition, their evolv-
ing characteristics and patterns have gone unidentified.
This has resulted in companies’ low core competence in
mass customisation and the shortage of successful mass
customisation. To help mass customisation be successful
in a company, we analyse mass customisation research
and identify its sequential paradigm shifts using topic
modelling and time series analysis, as a part of a science
of science.

3. Methods

The data were analysed using two approaches. First,
to capture the generic trends of mass customisation
research, we compare the number of research papers
related to business and marketing strategy (BMS) and
operations management (OM) over time. Second, we
draw some main topics in the research area of mass
customisation and compare their ranking changes from
the perspectives of business and marketing strategy and
operations management.

Because mass customisation research varies from mass
customisation as the main subject to mass customisa-
tion as an environmental factor, we chose a rather broad
scope of mass customisation research to include as many
studies on mass customisation as possible. Therefore, we
analyse papers in which mass customisation was included
in the title, addressed as a keyword, or mentioned in the
abstract.

3.1. Procedure

First, we categorise papers into two groups, push produc-
tion paradigm and pull production paradigm, based on
a journal classification system such as Scimago (Scimago
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Journal & Country Rank 2019). Then, we count the num-
ber of publications over time for each group. We draw
time series data representing push production paradigm
papers and pull production paradigm papers. We apply a
change-point detection algorithm to these two time series
data.

Second, we train a topic model using all papers as
data and we identify a fixed number, K, of topics made
of probability distributions from all words in the papers.
Here, each paper is represented as a vector of K proba-
bilities. Each probability means the proportion of a topic
in the paper. Then we identify each topic as either the
push production paradigm or pull production paradigm.
We aggregate the proportions of the topics for each
group. This results in two time series data represent-
ing push production paradigm topics and pull produc-
tion paradigm topics. We then apply the change-point
detection algorithm to these two time series data.

Third, coders restate topics, bags of words, in cer-
tain subjects in production. The coders search hypertexts
using salient words in a topic as search terms in a search
engine like Google, interpret the subject that abstracts the
hypertexts and then state the topic again in a new way.
Finally, the coders categorise each topic in either the BMS
or OM group.

Fourth, we perform a journal group trend analysis or
topic group trend analysis using coeflicients drawn from
linear regressions on two journal groups or two topic
groups. Subsequently, we analyse changes over time in
the two production paradigm groups and induce mass

Buyer-centric
(Pull)

Period i

customisation paradigm changes over time using two
dimensions composed of the two production types and
levels of management (or control). Figure 2 shows a posi-
tion map example with the two dimensions. We locate
a circle representing each topic on this map according
to its coverage on production (i.e. material flow control)
types and control levels. The colour of a circle implies its
scientific community. A red circle means BMS. A blue
circle means OM. In the example, the market segmen-
tation topic covers pull production type (i.e. material
flow control depends on actual demand) and strategic
level of management. On the other hand, the quality con-
trol topic covers push production type (i.e. material flow
control depends on stocks and anticipated demand) and
operational level of management.

3.2. Change-point detection

Here, we apply the single change-point method to the
entire time series of proportions of studies in BMS and
OM iteratively using Python package ruptures (Truong,
Oudre, and Vayatis 2020). It examines if they have a
breakpoint where each time series before and after the
breakpoint has different characteristics (Bai 1997). The
method keeps comparing the cost of the total time series
and the cost of having a split with a penalty. The method
decides a split if the former cost exceeds the latter cost.
This binary decision of partition is called a binary seg-
mentation search method.

Producer-centric
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Figure 2. An example of positioning map.



Change-point detection can be seen as an optimisation
problem. It seeks the optimal segment points that min-
imise the total cost under certain constraints. And thus, it
has three components: cost function, search method, and
constraint (Truong, Oudre, and Vayatis 2020). In gen-
eral, let v(7) be the value function that requires a set of
¢ break points, T = {t;,. .., } as input, and a cost func-
tion to compute the value generated from one time point
to another (Equation (1)). Here, a change-point detection
algorithm finds 7 that can minimise v(7). And the total
time is T. y;,.r, means y values from #; to t;

v(t) = COSt(y0¢f1) + COSt(ytlztz) + COSt(ytz:tg) + -

+ cost(Yr.1)> T = {t1,. .., L} (1)

Figure 2 shows an example and assumes that we
know the number of breakpoints, three, in advance.
The total value can be computed as v(t) = cost(yo.,) +

cost(Yt):r,) + €ost(Yy:t;) + cost(ys5:30) Where cost(yap) =
b

)D

t=a
(t — Yap)?. The arguments that make the minimum

6
value are T = {6,13,21} and v(t) = Y. (: — yo.6)> +
t=0

13 21 30
SN =613+ Y. Gr—y1320)*+ Y. 0 — y21:30)>-
=6

t=13 t=21
In particular, the binary segmentation search method

looks for the change point that lowers the sum of costs
the most in a given period(s). The binary segmentation
search method seeks the change point that generates the
minimum cost from partitioned periods iteratively. If
we apply this binary segmentation search method to the
example in Figure 3, six is found first. Subsequently, two
partitions (0:6) and (6:30) are made. Then, the method is

16
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Value
(00]
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again applied to the two partitions. Thirteen is the next
change point that lowers the sum of costs the most. Sub-
sequently, three partitions (0:6, 6:13, and 13:30) are made.
Next, the method is again applied to the three partitions,
and 21 is the next change point. Consequently, four par-
titions (0:6, 6:13, 13:21, and 21:30) are found. Thus, the
number of change points is three and the number of
partitions is four, which meets the termination condition.

3.3. Topic modelling: Latent Dirichlet allocation
with online variational Bayes algorithm

Latent Dirichlet allocation (LDA) is an archetypal sta-
tistical model for discovering topics in a collection of
documents. LDA learns K latent variables made of the
mixtures of words in D documents. The latent variables
are called topics because they can be interpreted as sub-
jects that comprise the collection of documents. K is fixed
before applying LDA to the collection of documents, and
it is difficult to define its optimality. One way to check
if the fixed K is an optimal number is by using the con-
cept of perplexity (Chuang, Manning, and Heer 2012).
b3 gt
Perplexity, i.e. b =1, is the degree of ambiguity of
a prediction in information theory. Namely, if a prob-
ability distribution or model makes a good prediction,
the loss of information to represent subjects is low and it
means the prediction is certain. The lower the perplexity
score, the better the representation of subjects. It can be
computed as the inverse of the geometric mean per-word
likelihood. It is an exponential function whose exponent
is the log likelihood per word if x; is ith word as the
following equation. We use the implementation of per-
plexity in Scikit-Learn (Pedregosa et al. 2011), where b is

Y 21:30

0 5 10

15 20 25

30T

Time step

Figure 3. An example of change-point detection.
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Euler’s number, e. In general, the optimal K is the mini-
mum K among perplexity scores for a different number
of topics.

LDA applies Bayesian learning to a hierarchical prob-
ability distribution, which is layered by probability dis-
tribution over topics and probability distribution of each
topic over words (Blei 2012). LDA begins with random
probability distributions but fits the distributions to given
data. It observes words in each document and updates
topic probability distributions over words conditioned on
the observed words. Accordingly, it finds the probability
distribution of each document over topics, the proba-
bility distribution of each topic over words, and topic
assignment for each word when words in each document
are fed. Namely, LDA generates p(B1.x,01:p, 21:0|W1:D)»
where 6 is a topic probability distribution of a document
d and it is controlled by a parameter, o; S is a word prob-
ability distribution of a topic k generated by a parameter,
15 Z(d,n) is a topic assigned to nth word in a document
d; and w(g,,) is an nth word observed in a document d.
This is the posterior probability distribution, which is a
multinomial distribution, and it can be computed by the
following equation.

12010 21D W1
pwip) = p(B1:k>01:D; 21:D> W1:D) 2

fﬂ f@ ZP(ﬂl:Ka 601:D> 21:D> W1:D)

The numerator can be rewritten as the following
equation.

K D
[Tedm [ e@ale)

k=1 d=1

N
x <H PZanl0)p(Wanl Brcs Zd,n)) (3)

n=1

It is a joint probability that is easy to compute. The first
two terms stand for the prior probability. The latter is a
model. The observable variable is w, which can be drawn
from documents. LDA uses the Dirichlet-multinomial
conjugate relationship. 8, is a Dirichlet distribution con-
ditioned on a parameter, «. S is a Dirichlet distribution
conditioned on a parameter, 7.

The denominator, / /) p(Br.k, 010, Z21:0, Wi.D), is
Bo z

difficult to compute because the marginal p(w;.p) is
intractable. Possible computational solutions to approx-
imately compute the denominator are Gibbs sampling
and variational inference. Yet they are slow because they
necessitate all the data to sample or infer a desirable
probability distribution. To overcome this computational
problem, we use LDA with online variational inference
(Hoffman, Blei, and Bach 2010).

We also use LDAvis, a tool to help users to inter-
pret topics using data visualisation (Sievert and Shirley
2014). It helps people to easily look at a ranked list of the
most relevant terms in each topic. The authors provided
a user-controlled variable called relevance. It measures
the degree to which a word appears in a certain topic
to the exclusion of others according to the user’s input,
ranging from 0 to 1. The relevance of word w to topic
k is determined by a weight parameter, A. It is the rank
of the word decided by its lift based on the number of
the occurrences of the word when X is 0. It is the rank
of the word computed by its topic-specific probability
when X is 0. And it is the weighted sum of the previ-
ous two when A is between 0 and 1. A topic-specific
probability is explained by the concept of salience of a
word (Chuang, Manning, and Heer 2012). Salience acts
as an indicator to order the most important terms of
each topic.

4, Result

We first collected data from research papers that men-
tioned mass customisation in the title or abstract or as
a keyword, published between 1992 and 2019. Through
Web of Science, data from 1947 papers in 160 jour-
nals were collected, including their title, source (journal),
publication year, author names, abstract, and keywords.
Based on the categories of 2018 SJR” and ‘Journal qual-
ity list 2018,” we reclassified all 160 journals into three
categories: BMS, OM, and others. As a result of the
LDA, 50 topics were drawn from the mass customisa-
tion papers (Table 1). The topics were labelled based on
the words representing each topic, and as we did to the
journals, the topics were also classified into the three
categories.

4.1. Overall analysis based on domain

First, we arranged the number of research papers and
their journals in a year (Table 2). In 1992, only one paper
was published (Mueller-Heumann 1992) in a BMS jour-
nal. In the first few years, research papers on mass cus-
tomisation had been published in BMS and other sources,
yet none in OM journals. In 1996, three OM journals
published four research papers related to mass customi-
sation, 4 years after the first paper was published in a
BMS journal. For BMS journals, the number of published
papers increased to 15 until 2000 and remained sta-
ble. Meanwhile, the number of OM journal publications
increased until 2010.

Afterwards, we checked the overall trend of the
number of BMS journal publications throughout the



Table 1. Fifty topics from the mass customisation research area.
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No. Label Classification No. Label Classification
Topic 0 Post-Fordism in online shopping service BMS Topic 25 Product family with platform product oM
Topic 1 Design for human Design Topic 26 Marketing issues related to demand uncertainty BMS
Topic 2 Classification and clustering oM Topic 27 Meta-heuristic methods oM
Topic 3 IT revolution: loT, cloud computing, digital IT/loT/VR Topic 28 Optimisation for manufacturing electronic parts oM
software, sensors
Topic 4 Rapid manufacturing oM Topic 29 Technical review BMS
Topic 5 Production planning oM Topic 30 Human-robot collaboration IT/loT/VR
Topic 6 Optimisation with multi-objective models oM Topic 31 Optimal design for bioprinting oM
Topic 7 Modular and reconfigurable design Design Topic 32 Value creation from avoiding commoditisation BMS
Topic 8 RFID technology IT/IoT/VR Topic 33 Quality control oM
Topic 9 Sustainability and energy consumption oM Topic 34 Product similarity and variant Design
Topic 10 Mechanical properties of AM outputs oM Topic 35 Strategy for capability and capacity BMS
Topic 11 Industry transformation BMS Topic 36 Multi-agent modelling for bio and dental product oM
Topic 12 Frameworks and concepts BMS Topic 37 Virtual reality IT/loT/VR
Topic 13 AM in textiles oM Topic 38 Sustainability of AM oM
Topic 14 Controlling AM machines (0] Topic 39 Surface flatness and roughness of AM outputs oM
Topic 15 Innovation and investment BMS Topic 40 Market segmentation BMS
Topic 16 Housing and construction design Design Topic 41 Assembly line for product differentiation oM
Topic 17 Customer relationship management BMS Topic 42 Knowledge integration BMS
Topic 18 Resource clustering and allocation oM Topic 43 Small-and medium-sized enterprises BMS
Topic 19 Health care-policy, education, and ethics BMS Topic 44 Computer-aided design Design
Topic 20 One-of-kind production and supply chain oM Topic 45 Impact to fashion industry BMS
management
Topic 21 Robotics and sensors in warehouse IT/IoT/VR Topic 46 Customer order decoupling point (CODP) in oM
supply chain
Topic 22 Digital transformation oM Topic 47 Transition from Fordism BMS
Topic 23 Politics BMS Topic 48 Consumer behaviour BMS
Topic 24 Deregulation and globalisation BMS Topic 49 Multicriteria decision making in production oM

Table 2. Number of journals related to BMS, OM, and other topics
and their paper publications.

Year BMS oM Other
1992 1(1) 0(0) 0(0)

1993 2(2) 0(0) 2(2)

1994 0(0) 0(0) 1(1)

1995 4(4) 1(1) 1(1)

1996 5(5) 4(5) 11(11)
1997 2(2) 7(9) 9(9)

1998 4(4) 8(9) 10(10)
1999 10(12) 709 12(12)
2000 14 (20) 14 (13) 22 (26)
2001 12 (15) 13(15) 17 (19)
2002 12 (15) 15(21) 18(19)
2003 13 (15) 20(39) 27 (33)
2004 7(12) 14 (50) 20(27)
2005 13 (13) 15 (34) 36(51)
2006 10(13) 18 (43) 38 (53)
2007 7(8) 25 (90) 33(43)
2008 11(11) 26 (56) 38 (44)
2009 11 (13) 17 (43) 38 (46)
2010 6(9) 25 (56) 36 (42)
2011 9(9) 23 (42) 48 (50)
2012 12(13) 24 (51) 44 (45)
2013 6 (6) 18 (45) 38 (40)
2014 10(13) 20(31) 43 (46)
2015 13 (14) 23 (39) 43 (47)
2016 7(8) 17 (29) 33 (35)
2017 8(9) 23 (41) 46 (53)
2018 6(7) 30 (54) 47 (51)
2019 6 (6) 11(23) 21 (24)

years (Figure 4). The regression line showed a nega-
tive value of the slope (y = —0.0117x + 0.3313,R* =
0.2468). According to the binary segmentation search
method, five change points were found, resulting in six

periods. At first, the proportion of BMS journal pub-
lications dropped in the first period (1992-1996), then
rose to the peak point in the second period (1997-2001).
During the last four periods (2002-2006, 2007-2011,
2012-2016, 2017-2019), the proportion of BMS journals
to total publications decreased, with small fluctuations.

The OM journal publications ratio followed a differ-
ent trend. The slope of the regression line had a positive
value (y = 0.0134x + 0.1162, R? = 0.5033). The publica-
tion ratio was 0 in the first four years, rose to 0.6 in 2007,
then decreased to 0.4. For OM journals, the binary seg-
mentation search yielded the same result as for BMS jour-
nals. Compared to BMS journals, the differences between
each period were more distinct. The proportion of OM
journal publications increased in the second (1997-2001)
and third (2002-2006) periods, with a larger fluctua-
tion. The peak point was found in the fourth period
(2007-2011), and the proportion slightly decreased in the
fifth period (2012-2016) and rebounded a little in the last
period.

4.2. Topic analysis

4.2.1. Period classification based on topics

LDA gives the proportion and probability distribution of
the topic values for each paper. Based on the topic classifi-
cation, the sum of the probabilities of BMS and OM topics
was calculated each year (Table 3). For example, only one
paper was published in 1992, and the paper consisted of
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Figure 4. Linear regression and change-point detection using the publication ratio of (a) BMS journals and (b) OM journals.

Table 3. Sum of BMS, OM, and other topic values and their pro-

portions.

Year BMS oM Other
1992 0.38 (38.7%) 0.38 (38.7%) 0.22 (22.6%)
1993 0.56 (14%) 2.61(65.6%) 0.81 (20.4%)
1994 0.1(9.5%) 0.34 (33.7%) 0.57 (56.8%)
1995 1.73 (29%) 3.17 (53.1%) 1.07 (17.9%)
1996 6.2 (29.9%) 9.25 (44.5%) 5.31(25.6%)
1997 5.73 (28.7%) 10. 65 (53.4%) 3.57 (17.9%)
1998 5.52 (24.1%) 3 (40.6%) 8.07 (35.3%)
1999 8.49 (26%) 12. 16 (37.2%) 12.06 (36.9%)
2000 11.91 (20.5%) 25.19 (43.3%) 21.03 (36.2%)
2001 11.7 (24.1%) 16.25 (33.5%) 20.63 (42.5%)
2002 12.71(23.3%) 20.15 (36.9%) 21.75 (39.8%)
2003 16.67 (19.4%) 38.92 (45.3%) 30.28 (35.3%)
2004 14.28 (16.1%) 33.54 (37.9%) 40.7 (46%)
2005 16.56 (17%) 35.96 (36.9%) 44,89 (46.1%)
2006 19.71 (18.2%) 37.91 (34.9%) 50.9 (46.9%)
2007 19.58 (14%) 58.05 (41.4%) 62.67 (44.7%)
2008 19.96 (18.3%) 41.03 (37.5%) 48.32 (44.2%)
2009 14.65 (14.5%) 39.2 (38.9%) 47 (46.6%)
2010 18.14 (17.2%) 46.4 (43.9%) 41.08 (38.9%)
2011 18.19 (18.1%) 42.46 (42.2%) 40.05 (39.8%)
2012 19.81(18.3%) 47.75 (44%) 40.96 (37.7%)
2013 12.29 (13.7%) 37.92 (42.4%) 39.2 (43.8%)
2014 16.92 (19.1%) 33.57 (37.8%) 38.26 (43.1%)
2015 20.39 (20.6%) 44.69 (45%) 34.12 (34.4%)
2016 13.44 (19%) 35.25 (49.7%) 22.22(31.3%)
2017 17.53 (17%) 43.42 (42.2%) 41.89 (40.7%)
2018 22.11 (20%) 51.62 (46.8%) 36.66 (33.2%)
2019 9.97 (19.3%) 18.83 (36.4%) 22.92 (44.3%)
Total 355.21(18.4%) 795.96 (41.3%) 777.22 (40.3%)

BMS, OM, and other topics, with probabilities of 0.38,
0.38, and 0.22, respectively. Likewise, four papers were
published in 1993, and the sum of their probabilities of
BMS, OM, and other topics were 0.56, 2.61, and 0.81,
respectively. Because we choose the top 50 topics, some-
times the total sum of the probabilities of the 50 topics in
a year did not match the number of papers published in
the same year. (For example, the sum of BMS, OM and
other topics in the first year was 0.98, not 1.)

Atfirst, the linear regression method was used to check
the overall trend of the data (Figure 5). With a negative
value of the slope, the regression line shows a decreas-
ing trend during the time horizon (y = —0.0032x +
0.2491, R?> = 0.1895), which can be observed in the graph
as well (Figure 5(a)).

According to the binary segmentation search method,
five change points were found, resulting in six peri-
ods. In the first period (1992-1996), the total propor-
tion of BMS topics was low in the first 2 years, then
rapidly rose to almost 30% in 1995. Afterward, the total
proportion of BMS topics went down during the next
two periods (1997-2001, 2002-2006) and stayed sta-
ble in the fourth period (2007-2011). In the last two
periods (2012-2016, 2017-2019), the proportion slightly
increased and remained stable.

For the topics in OM, the regression line also had
a negative value in the slope (y = —0.0013x + 0.4419)
(Figure 5(b)). However, the data show high variation over
time, and the R-square value is almost 0 (R?> = .02). It
is difficult to say the data show a decreasing trend from
the linear regression. Rather, the distribution of the data
shows different trends among periods, as seen in the
result of the change-point detection.

In the first period (1992-1996), the proportion of OM
topics changed dramatically, cycling between high and
low values. In the second period (1997-2001), the pro-
portion of operations research topics decreased rapidly,
reaching the lowest point (25%) in the last year of the
second period. In the third period (2002-2006), the
proportion increased to 38% and then decreased again.
The trend changed to incremental in the fourth period
(2007-2011), and its value increased to 48% in the last
year of the fifth period (2012-2016). However, its pro-
portion decreased again in the last period (2017-2019).

4.2.2. Changes in BMS topics

We also present the proportion change of the BMS topics
during the six periods to observe how research attention
in the BMS area has evolved (Figure 6). Among BMS top-
ics, consumer behaviour (Topic 48) ranked highest in all
periods. In the first period, consumer behaviour was fol-
lowed by the health care-related topic (Topic 19), and
their percentage difference was about 4%. However, the
difference increased in the subsequent periods, and the
largest gap was found in the fifth period (29%). In the last
period, the health care-related topic fell to sixth.
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Figure 5. Linear regression and change-point detection using the proportion of (a) BMS topics and (b) OM topics.
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Figure 6. Proportion changes in BMS topics over six periods.

The other two topics popular in the early years
were marketing issues related to demand uncertainty
(Topic 26) and post-Fordism in online shopping services
(Topic 0), and they also showed a gradual decline over
time. The proportion of demand uncertainty decreased
from 12% to 3.25%, and that of post-Fordism in online
shopping changed from 10.09% to 3.23%.

Meanwhile, some BMS topics that suggest more spe-
cific directions have gained more attention over time. For
example, strategy for capability and capacity (Topic 35)
was in fifth place in the first period (5.51%), but it
rose to second place in the last period (10.83%). Like-
wise, knowledge integration (Topic 42), which is related
to establishing management information systems (MIS),
also increased from eighth (3.38%) to second place
(12.1%). In the fifth period, however, its rank slightly
decreased to fourth (7.85%). Technical review (Topic 29)

Health care-policy, education, and ethics (Topic 19)
= Strategy for capability and capacity (Topic 35)

Innovation and investment (Topic 15)

= Small-and medium-sized enterprises (Topic 43)

16.3%

7.8%

9.0%

80%

# Marketing issues related to demand uncertainty (Topic 26)
# Industry transformation (Topic 11)
Market segmentation (Topic 40)
= Customer relationship management (Topic 17)
Deregulation and glocalisation (Topic 24)
= Impact to fashion industry (Topic 45)

started in 16th place at the beginning (2.23%) and was
ranked fifth in the last period (7.3%).

At the bottom of the ranking, a few topics had no
major changes in their proportions, such as small and
medium-size enterprise (Topic 43) and customer rela-
tionship management (Topic 17). Other topics decreased
in proportion over time, including transition from
Fordism (Topic 47), deregulation and globalisation
(Topic 24), and politics (Topic 23).

4.2.3. Changes in OM topics

Figure 7 presents how the proportions of the OM topics
changed over the six periods. Among all topics, optimi-
sation with a multi-objective model (Topic 6) ranked at
the top in all six periods, occupying almost half of the
total proportion, between 39.65% and 56.53%. Keywords
representing Topic 6 are rather widely used terms in OM
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Figure 7. Proportion changes in OM topics over six periods.

(such as optimisation, algorithms, models, mathematical,
model, multi, objective, computational, and methods), so
this topic occupies a high proportion in most OM studies
and shows the highest cumulative rate.

One traditional approach in OM, assembly line for
product differentiation (Topic 41), was in the top three
during the first two periods, but then fell to seventh and
11th in later terms. As an operational method for mass
customisation, the topic got attention in the early years.
However, after the second period, its cumulative pro-
portion decreased to less than half its original size. For
the other traditional topics in operations management,
one-of-kind production and supply chain management
(Topic 20) ranked above eighth, whereas topics includ-
ing customer order decoupling point in supply chain
(Topic 46), quality control (Topic 33), and multicriteria
decision-making in production (Topic 49) got less atten-
tion. In contrast, the topic related to a problem-solving
method, the meta-heuristic method (Topic 27), reached
the higher ranks.

An interesting side finding was that additive manu-
facturing (AM)-related topics have gained more atten-
tion over time, whereas the proportion of attention to
assembly line for product differentiation (Topic 41) has
decreased. AM-related topics include rapid manufactur-
ing (Topic 4) and surface flatness and roughness of AM
outputs (Topic 39). Mechanical properties of AM out-
puts (Topic 10) ranked fourth in the first period (3.89%),
and many scholars stressed the potential of AM as a key
enabler of mass customisation. In the next period, how-
ever, it suddenly fell to 14th (1.13%), where it stayed
for four periods. After surface flatness and roughness of

Assembly line for product differentiation (Topic 41)
= One-of-kind production and supply chain
# Production planning (Topic 5)
= Rapid manufacturing (Topic 4)

Controlling AM machines (Topic 14)

Surface flatness and roughness of AM outputs (Topic 39)

Meta-heuristic methods for scheduling and routing (Topic 27)
(Topic 20) = Optimization for ing electronic parts (Topic 28)
# Resource clustering and allocation (Topic 18)

= Classification and clustering with machine learning (Topic 2)
Quality control (Topic 33)
Customer order decoupling point(CODP) in supply chain (Topic 46)

AM outputs (Topic 39) was discussed (and its proportion
decreased from 7.01% to 4.83%), attention moved to a
more general perspective, the mechanical properties of
AM outputs (Topic 10), with a proportion increasing to
3.07%.

In terms of sustainability, there are two contrasting
results. On one hand, sustainability and energy con-
sumption (Topic 9) started at 10th (1.8%) in the first
period, rose to second (6.65%) in the fourth period, and
fell slightly to sixth (4.8%) and fourth (5.42%) in the
fifth and sixth periods, respectively. On the other hand,
the sustainability of AM (Topic 38) received low atten-
tion in all periods (with a proportion between 0.45%
and 1.27%).

Last, for topics related to specific applications, such
as optimisation for manufacturing electronic parts
(Topic 28), multi-agent modelling for bio and dental
products (Topic 36), and AM in textiles (Topic 13), their
positions were in the middle of the rankings.

5. Paradigm shift in mass customisation
research

Since the concept of mass customisation was first intro-
duced, research attention has shifted from topic to topic.
As time passes, some topics have received more atten-
tion from researchers, whereas others have remained
stable. Some topics have gained momentum from tech-
nological advances and been realised in operational or
tactical methods, whereas others have been discussed at
a strategic level, indicating potential and vision for the
future.



In this section, we firstly re-organised the results
according to the main findings, and from that, we fur-
therly discussed the future research directions of mass
customisation focusing on the emerging technologies
and their technological advances.

5.1. Topics that have gained more and less
attention over time

In this study, from a comprehensive perspective, we
analyse how popular topics have changed between the
first (1992-1996) and last (2017-2019) periods, focus-
ing on the correlation between OM topics with BMS and
technology-related topics. First, the high-ranked topics
are plotted according to the main perspective (horizon-
tal axis) and managerial level (vertical axis; Figure 8).
Then, the paradigm shift among different topics is anal-
ysed using their position changes, including appearance
and disappearance, and their relations with other topics,
according to the representative studies of each topic.

In the plots, the width of a topic represents the cov-
erage area between a buyer-centric perspective (pull)
and producer-centric perspective (push). For example,
researchers from a buyer-centric perspective may focus
on the increasingly diverse needs of the consumers and
analyse how the markets and potential buyers would
change in a new era. On the other hand, from a producer-
centric perspective, subjects such as a firm’s capability to
deal with fragmented, unexpected demands are consid-
ered more critical issues.

In Figure 8, most of the presented topics are in the
higher ranks in each period, but topics that showed dras-
tic changes in their ranks are also included. The positions,
widths, and heights of the topics are based on their def-
initions and scopes of the methodologies used in the
literature.
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5.1.1. Marketing issues and consumer behaviour:
research attention has moved from the perspective of
companies to that of consumers

Initially, BMS studies focused on marketing issues related
to demand uncertainty (Topic 26). Researchers sought to
understand the new paradigm, mass customisation, and
attempted to identify how to apply it and obtain prof-
its from it from the perspective of companies. With the
broader adoption of mass customisation, some research
attention moved from companies to consumers, and top-
ics such as consumer behaviour (Topic 48) have been
explored more in recent periods.

After the concept of mass customisation was intro-
duced, there was a gradual movement in marketing
thought and practise such as mass marketing, market seg-
mentation, niche marketing, micromarketing, and per-
sonalisation (Goldsmith 1999). Of note, studies that had
a high level of marketing issues related to demand uncer-
tainty (Topic 26) explored the existence of the mass cus-
tomisation markets to ensure corporate profits. An early
study that had a high proportion of Topic 26 showed that
the most likely buyers of a personalised product tend to
be younger, more well-educated consumers with higher-
than-average incomes (Goldsmith and Freiden 2004).

Because the demand for mass customisation was
regarded as a niche market, researchers have proposed
rather general strategies to guarantee mass customisa-
tion firms’ profits, with a small number of consumers
who have specific requirements for their products or ser-
vices. For example, Goldsmith (1999) emphasised that it
was important for marketers to find potential buyers who
would like a personalised version of the product. And
only after selecting target segments successfully would
marketers develop a marketing plan using methods such
as the traditional 4Ps (product, price, promotion, and
place) and additional 3Ps (personnel, physical assets, and
procedure).
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Figure 8. Paradigm shift in the mass customisation research area between Period 1 (1992 ~ 1996) and Period 6 (2017 ~2019).
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Over time, as mass customisation has become a pop-
ular strategy for business (following mass production),
consumers have also become accustomed to customis-
ing their products in various ways (Pallant, Sands, and
Karpen 2020). For example, customers of IKEA can co-
produce their products by playing ‘assembler’ and being
involved in the late stage of the development, with the
design that IKEA developed. Customers of Nike By You
co-configure the products by getting involved in the late
stage of development but leading the product design.
Meanwhile, the computer-aided LEGO Digital Designer
allows customers to codesign LEGO models from the
early stage of development.

Now most scholars seem to agree that mass customi-
sation companies can guarantee profits by developing
an appropriate strategy for the target market segment
(Jost and Siisser 2020). However, along with the topic of
consumer behaviour (Topic 48), there is less consensus
regarding whether customer participation in the cus-
tomisation process increases customer satisfaction (Khan
and Haasis 2016; Zhao et al. 2019b; Turner, Merle, and
Gotteland 2020). In an empirical study by Turner, Merle,
and Gotteland (2020), control and enjoyment of the code-
sign experience had a positive influence on customer
satisfaction, whereas the complexity of the customisation
process had a negative influence on customer satisfaction.
In addition, factors such as design freedom, price, web
user interface, visual presentation, and trust could also
influence customer satisfaction and consumers’ purchase
intention (Zhao et al. 2019b).

The recent line of customer behaviour research sug-
gests that in mass customisation, not only can the product
or service be the target of customisation, but also the
customer participation process itself can be varied and
even customised. As an example, a study on personalising
the customisation experience showed that customer sat-
isfaction with and likelihood of purchasing the product
increased by matching the interface design to customers’
culture-specific processing style (de Bellis et al. 2019).

5.1.2. Advances in methodology: promoted by the
increasing ability of computation

In the early periods of mass customisation, OM topics
were discussed with a perspective of the mass customi-
sation company (push) in a later stage of the production,
due to the complexity of calculations to derive solutions
for pure customised products. Most OM researchers tried
to find ways to increase product variety and manufac-
turing flexibility while preserving production efliciency
in the mass production system, through assembly lines
(Topic 41). Consequently, the concepts of product plat-
form and product family (Tseng and Jiao 1998; Jiao and
Tseng 1999; Krishnan, Singh, and Tirupati 1999) and

modularity (Duray et al. 2000; Joneja and Lee 1998; Sal-
vador, Forza, and Rungtusanatham 2002) have drawn
attention in mass customisation.

Although the results indicate that the cumulative pro-
portion of the assembly line topic (Topic 41) was dis-
cussed more than other OM topics, it was difficult to
find major studies about assembly lines in mass customi-
sation. Even though studies mentioned assembly lines,
from case studies (Suarez, Cusumano, and Fine 1996;
MacDuflie, Sethuraman, and Fisher 1996) to theoretic
development (Rubinovitz, Bukchin, and Lenz 1993; He
and Kusiak 1997; Sawik 2000), they did not mention
the term ‘mass customisation’ explicitly in their work,
because they did not consider customised products. At
that time, the focus was still on predefined products with
limited variation, unable to consider custom require-
ments.

In the latter periods, however, various methods have
appeared to deal with mass customisation, as the increas-
ing amount of computing power available ensures bet-
ter performance of problem-solving methods and algo-
rithms (Amodei and Hernandez 2018). According to one
analysis, computing power used for training Al systems
approximately doubled every 2 years until 2012 (Amodei
and Hernandez 2018), at which the doubling rate of com-
putational power increased from 2 years to 3.4 months
(Sastry et al. 2019).

This increased computational ability promoted the
appearance of meta-heuristic methods (Topic 27) and
classification and clustering (Topic 2), which cover a
wider range from a producer-centric perspective (push)
to a buyer-centric view (pull) with custom requirements
(Figure 8).

Meta-heuristic methods (Topic 27) were rarely exclu-
sively discussed in a paper, but they occupied a cer-
tain proportion of scheduling and routing studies (Leng
and Jiang 2019; Liu, Jin, and Price 2018). This problem-
solving method also has been applied to other OM stud-
ies, such as supply chain configuration (Kumar and Chat-
terjee 2013; James and Mondal 2021), cost estimation of
new product development (Relich and Pawlewski 2018),
and evaluation of online toolkit design (H. Zhao et al.
2019a).

Methods related to classification and clustering
(Topic 2) can be applied to both customers’ require-
ments and manufacturers’ properties. For example, in
the study of a design framework for customising bicy-
cle helmets, the target population was split into clusters
based on shape similarity (Ellena et al. 2018). From the
producer-centric view, the topic can be applied to group
workers based on their learning profiles in production
lines (Lohmann et al. 2019) or to develop modules in a
product platform (Lei et al. 2016).



5.1.3. Industry transformation: mass customisation
meets new practices

More than 3 decades have passed since the concept of
mass customisation was introduced. Meanwhile, techno-
logical advances and economic changes have generated
new themes and practices in mass customisation. In this
respect, topics related to industry transformation were
found to have gained more attention from researchers.

The topics related to industry transformation are
mostly discussed at the strategic level, but they con-
sist of a wide range of subjects from a producer-centric
view (push) to a buyer-centric view (pull). First, regard-
ing industry transformation (Topic 11, BMS), studies
with a high presence of this topic suggested how the
industry has been changing (or should change) in the
new era. For example, Reynolds (2017) introduced how
advanced manufacturing technologies affect the loca-
tion and spatial composition of production in mass
customisation. Furthermore, the changing economics
and emphasis on innovation is making manufacturing
in cities and metropolitan areas a feasible option for
firms with advanced manufacturing capabilities. Liu,
Zhang, et al. (2018) explored supply chain coordina-
tion issues arising from China’s strategy on boosting
regional diplomacy, known as the One Belt and One Road
initiative.

As another example, new online platforms for shar-
ing and lending business models under the new era of
digitalisation, such as Airbnb and Uber, have been facil-
itated by shifting consumer behaviour from private to
shared ownership to match supply and demand (Richter
et al. 2017). Because users can participate in the sharing
economy as both a supplier and consumer, the number
of variants in resources and services could be extremely
increased through sharing, creating personalised expe-
riences not only based on what the consumers get but
also how they get it. As such, the service fulfils the char-
acteristics of massification and adjusts to the individual
needs of every customer at the same time, so it was
argued that mass customisation can be a building block
for the entrepreneurship of sharing in Szabd’s (2017)
work, wherein the probability of industry transformation
(Topic 11) is 94%.

Despite the relation between mass customisation and
the sharing economy, few attempts have been made
to investigate the issues of the sharing economy from
the perspective of OM. For example, based on a con-
ceptual analysis of the definition and characteristics of
crowd logistics initiatives (Carbone, Rouquet, and Rous-
sat 2017), a recent study analysed 157 sharing econ-
omy firms and examined their supply chain networks
(Atkins and Gianiodis 2021). From conceptual analyses,
researchers may expand the discussion to operational
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issues and their solutions for sharing economy firms,
such as cost-benefit analysis and operational planning
and scheduling from the perspective of supply chain
management.

Another topic related to industry transformation is
health care (Topic 19). From the traditional notion of the
doctor—patient relationship, customisation is at the core
of the conception of health care (Minvielle et al. 2014).
Therefore, in the first few periods, health care gained
some research attention, with its potential to provide a
personalised experience to customers in this service area.
However, this attention has decreased over time; in the
first period, health care ranked in the second position
(15.4% of total topics), but its position dropped to sixth
in the last period (6.4% of total topics).

Early studies that presented a high proportion of
health care (Topic 19) only mentioned mass customisa-
tion as a possible suggestion for the future of healthcare
(Lincoln and Builder 1998; Robinson 2001; Thompson
and Nussbaum 2000). However, successful adoption of
mass customisation in health care still faces the follow-
ing barriers: (a) difficulty adjusting business models to
the traditional cost-based approach of mass customi-
sation, (b) lack of understanding of the beneficiaries
perspectives (patients and their relatives), (c) lack of
proper reengineering methods for the care process, and
(d) absence of decision-support tools for multiple criteria
and opposing objectives (Minvielle et al. 2014). That is,
little has been understood about tactical and operational
approaches for mass customisation in health care.

Recently, a new attempt has been made in the health
care area: food production, which can be understood as a
part of health care (Calegari and de Castro Fettermann
2018; Calegari, Avalone, and Fettermann 2020). How-
ever, according to Calegari and de Castro Fettermann’s
(2018) work, barriers still exist to implement mass cus-
tomisation in the food industry, including food perisha-
bility, difficulty in processing, nutritional values quantifi-
cation of the customised food, and perceived complexity
of benefit by the customers. Future research on health
care in mass customisation should further investigate
ways to overcome those limitations.

5.1.4. Sustainability: is mass customisation a more
sustainable option?
Other researchers emphasised the importance of sustain-
able development and suggested a future direction for
lowering environmental impacts amid mass customisa-
tion. According to our results, the topics of sustainability
and energy consumption (Topic 9) gained more attention
in the latter periods (Figure 7).

Sustainable development refers to ‘development that
meets the needs of the present without compromising the



3364 (&) S.KIMANDK. LEE

ability of future generations to meet their needs’ (World
Commission on Environment and Development 1987).
After this broader macroeconomic definition, sustain-
ability has been understood from a more microeconomic
perspective, using the concept of the triple bottom line;
organisational sustainability consists of the natural envi-
ronment, society, and economic performance (Elkington
1998, 2004; Carter and Rogers 2008).

From the perspective of the product life cycle, different
impact factors of sustainability are found in each lifecy-
cle stage of mass customisation products (Badurdeen and
Liyanage 2011; Pourabdollahian et al. 2014) and sustain-
able business model patterns are suggested (Hora et al.
2016). Although their importance remains, the condi-
tions are different than those in mass production. For
example, in mass customisation, things are produced
only after detailed instructions are defined, such as what
is necessary, when it is necessary, and what is required to
achieve customer satisfaction (Boér et al. 2018). As such,
the mass customisation strategy could prevent unwanted
overproduction. On the other hand, it could also lead
to lower efficiency of production and higher waste of
resources, because the optimal production plan for a
customised product may violate the optimal plan for
all products. Therefore, a holistic approach should be
used to investigate sustainability in a mass customisation
environment.

Meanwhile, researchers also addressed sustainability
at the micro level, focusing on AM, one of the frequently
adopted manufacturing techniques in mass customisa-
tion; the comparison of environmental impacts of AM
and the traditional CNC milling (Faludi et al. 2015) and
part selection for AM (Lindemann et al. 2015). Some
other researchers extended the discussion to a specific
field such as architecture (Fisher 2015) and power gen-
eration (Tsigkas 2011).

Despite these recent advances, the following subjects
have been less than satisfactory. First, in most cases,
the focus has been given largely to the environmental
aspect, neglecting the other pillar, social sustainability,
with indicators such as working conditions and work-
force, product responsibility, and relationship with the
local community (Boér et al. 2013). For instance, the
manager of a mass customisation company whose fac-
tory is near its markets could consider forming a supply
chain with local suppliers as a charitable contribution to
the local community.

Second, empirical and practical studies should be fol-
lowed more. As an example, Hankammer, Kleer, and
Piller (2021) empirically revealed that mass customi-
sation companies can nudge their customers toward
more sustainable choices by designing sustainability-
based starting solutions and providing sustainability

information. In another example, Trentin, Forza, and
Perin (2015) traced a machinery manufacturing organ-
isation as a longitudinal case study and found that syner-
gies of pursuing a green mass customisation strategy may
alleviate the difficulty of implementing that strategy.

Third, most sustainability studies of mass customisa-
tion focused on a part of the product life cycle, from a
perspective of the producer, because it is difficult to trace
the environmental impacts of the customised products in
the usage phase. Although it is challenging, researchers
could calculate these estimated values based on prede-
fined scenarios (Betten et al. 2019).

5.2. Mass customisation-realising technologies and
new possibilities

By analysing research attention changes regarding mass
customisation topics, we noticed that one important fac-
tor that directly or indirectly stimulates research interests
is the development of relevant technologies. Therefore,
we further investigated technology-centred topics in the
field of the mass customisation research area and anal-
ysed how they could influence the future trends and
research topics in mass customisation.

5.2.1. Computer-aided design

As the level of mass customisation increases, product
design elements become more customisable, from chang-
ing design parameters to tailoring with product speci-
fications and drawings (Montreuil and Poulin 2005). In
this manner, computer-aided design (CAD; Topic 44) has
been considered one of the critical enabling technolo-
gies for a high level of mass customisation. For designers,
CAD helps them adjust the values of design parame-
ters easily, and many scholars in the apparel industry
have applied CAD systems and the measurement data
obtained from body-scanning systems to design person-
alised clothes (Istook and Hwang 2001; McKinney et al.
2017; Russel 2000; Su, Liu, and Xu 2015) and wearable
products (Verwulgen et al. 2018).

Also, CAD offers the opportunity for customers to
participate in the design process and create their own
product design (Lu, Bateman, and Cheng 2006; Ulrich,
Anderson-Connell, and Wu 2003). For example, a jew-
ellery company, Jared, uses CAD software to provide 3D
models to consumers to let them give their feedback
about designs (Edelson 2021). However, due to the diffi-
culty of learning CAD (Piegl 2005), little has been written
about empirical analysis of participatory design using
CAD.

Meanwhile, recent advances in Al technology have
raised the possibility of lowering barriers to using CAD
software. For example, the latest CAD programmes with



Al-based algorithms support design optimisation using
the parameters set by designers to suggest an array of
design options that are lighter, stronger, and more eco-
nomical (Langnau 2019). Although the marriage of Al
and design software is in the early stages, it shows great
potential to lower the customers’ burden in designing
products for themselves. Based on this technology com-
bination, detailed mechanisms and applications of cus-
tomers’ participation in the design stage could be dis-
cussed in the near future.

5.2.2. Additive manufacturing

The coverage of AM in Figure 8 is wider than that of
other topics, given six of the 50 topics are related to AM
(Topics 4, 10, 13, 14, 38, 39). Vertically, the subjects of
studies that have a high proportion of AM-related topics
range from tactical issues (Deradjat and Minshall 2018;
Ituarte et al. 2018; Yap and Yeong 2014) to operational
issues (Chandrasekhar et al. 2017; Ziegler et al. 2018).
Horizontally, the subjects of studies that have a high pro-
portion of AM-related topics tend to focus on production
issues from the viewpoint of the manufacturers (Attaran
2017; Deradjat and Minshall 2018; Ituarte et al. 2018;
Ziegler et al. 2018) or both producer- and buyer-centric
perspectives (Crabtree et al. 2009; Pallari, Dalgarno, and
Woodburn 2010).

From the perspective of producers, research subjects
have changed with the introduction of AM’s new role
in the production system. In the beginning, AM was
popular as rapid prototyping to fabricate prototypes as
communication and inspection tools (Kruth, Leu, and
Nakagawa 1998; Santos et al. 2006). Afterward, the possi-
ble role of AM in a production system expanded to rapid
tooling, the AM production of moulds and tools, which
quantity requirements are insufficient to justify steel tool-
ing (Bassoli et al. 2007; Levy, Schindel, and Kruth 2003;
Ma et al. 2007). Until then, the research subjects were
rather operational; for example, proper materials for
rapid prototyping (Pilipovi¢, Raos, and Sercer 2009) and
rapid tooling (Ma et al. 2007).

After the concept of rapid manufacturing appeared,
tactical issues were also addressed, such as product
development (Prakash, Sridhar, and Annamalai 2014)
and machine selection models (Roberson, Espalin, and
Wicker 2013). Regarding factors outside the production
system, after Ruffo, Tuck, and Hague (2007) discussed
the make-or-buy decision, researchers have studied tac-
tical issues including the consumer-centric supply chain
(Bogers, Hadar, and Bilberg 2016), and supply chain
configuration with AM hub (Chekurov and Salmi 2017;
Khajavi, Holmstrém, and Partanen 2018; Son, Kim, and
Jeong 2020).
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Since the functions of AM enlarged to rapid manu-
facturing machines, there has been a growing body of
research on design for AM. This concept stems from
design for assembly, and many relevant studies focused
on the mass customisation companies’ interests, increas-
ing production efficiency (Schmelzle et al. 2015; Chiu and
Lin 2016) while preserving mechanical properties (Pane-
sar et al. 2015). For example, in 2021, Adidas launched
the 4DFWD running shoe model with a new midsole
printed by AM machines. According to the company, the
new midsole has a unique pattern that physically pushes
runners forward and makes running feel easier (Griffiths
2021).

Although AM has been widely adopted in various
studies as a key manufacturing technique of the produc-
tion system in mass customisation, many unanswered
questions remain about capability planning of mass cus-
tomisation using AM (Kim and Jeong 2018). In Figure
8, strategy for capability and capacity (Topic 35) covers
mostly the strategic level, whereas topics related to AM
were positioned along the tactical and operational levels,
which indicates that a linking area is still missing.

5.2.3. Machine learning and artificial intelligence
Recently, the technical advance of machine learning
presents new possibilities for researchers and managers
to overcome one of the most challenging processes for
planning and scheduling in mass customisation - fore-
casting. In mass customisation, demand forecasting has
been considered almost impossible because the manu-
facturer is unable to know the customers’ requirements
until the actual demand occurs. Therefore, production
planning and scheduling for mass customisation can be
derived after the actual custom order arrives (Kim and
Jeong 2018). However, some recent works and ongoing
studies applied machine learning techniques to demand
forecasting (Kim, Jeong, and Bae 2019; Fattahi, Dasu, and
Ahmadi 2019) and marker estimation (Xu, Thomassey,
and Zeng 2021). Based on recent advances, researchers
may develop new methods for mass customisers to
prepare and plan without knowing future customers’
requirements.

In the extension of forecasting, machine learning can
also be a powerful tool to reduce the burden in the
design process as well. For example, in an earlier study,
Mavridou et al. (2013) suggested a recommender system
that reveals associations between user’s affective needs
and the design parameters using data mining techniques.
Recently, Wang, Zhao, and Wan (2020), machine learn-
ing is used for transforming customer needs expressed in
natural language to satisfactory product variants.

Outside of the research field of mass customisation,
machine learning has been widely used to detect faults
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(Huang and Pan 2015) and predict outcomes at an early
stage (Lieber et al. 2013; Weiss et al. 2016) to control
the quality of the products (Weichert et al. 2019). Those
methods were mostly developed for the mass production
system, where plenty of learning data on the standard
products can be gathered. However, in the mass customi-
sation environment, the number of the customised prod-
uct depends on the custom order, so it can be insufficient
to learn the model. Therefore, traditional machine learn-
ing techniques for mass production must be modified
before being applied to mass customisation production
systems.

5.2.4. Identification technologies and
internet-of-things

In an ideal environment for mass customisation, each
type of product is identified with a unique ID. Such a pro-
duction system requires advanced identification technol-
ogy that can not only detect the location of each product
but also share their status information. Thus, researchers
of mass customisation have studied how to achieve bet-
ter performance by applying identification technologies,
such as radio frequency identification (RFID), to the
production systems.

As the origin of the term ‘Internet of Things,” RFID has
been recognised as one of the most cost-effective tech-
nologies for object identification (Asthon 2010; Xu, He,
and Li 2014). Using RFID technology, firms can integrate
physical manufacturing and associated information flows
(Lu, Bateman, and Cheng 2006; Zhong et al. 2013). Most
studies that had a high proportion of RFID technology
in mass customisation (Topic 8) are from the producer-
centric view; they focus on a distributed control system
(M. R. Liu et al. 2004), real-time manufacturing execu-
tion system (Dai et al. 2012), part and accessory man-
agement (Huang et al. 2012), and agent-based control
framework (Tu et al. 2009).

In an article, the authors attempted to demonstrate
a mass personalisation environment with RFID through
the lab case (Wang et al. 2017). The lab demonstration
represents an RFID-enabled smart factory where the per-
sonalised keychains are produced. At the beginning of
the production, an RFID tag was collected together with
other materials so that the RFID reader antenna at each
workstation could read the tag.

However, unlike the lab case, the real-world mass
customisation environment involves a larger number of
product types. To handle the complicated system, sen-
sors and RFID tags can be connected with other smarter
objects (Pilloni 2018), or it may be required that the
communication between the physical objects is expanded
to include the digital counterparts residing in the cloud
system (Seo et al. 2016; Li et al. 2018).

In addition, IoT-enabled production environments for
mass customisation may entail the need for different
management methods from those in mass production.
For example, Wang et al. (2017) raised a need to develop
a systematic performance measurement model for an
IoT-based production system. It would be interesting to
examine the performance of [oT-enabled production sys-
tems for mass customisation, focusing on how the IoT
level of the system can influence the system performance.

Researchers may consider methods for operational
problems in mass customisation that can be solved with
the IoT system. In a study of production scheduling, Lin
et al. (2017) presented the IoT-enabled synchronisation
mechanisms for the batch production system. Likewise,
synchronisation can be a powerful tool to deal with the
various orders and complicated batch scheduling in mass
customisation.

5.2.5. Virtual reality

Virtual reality (VR; Topic 37) enables customers to see
how their products will appear and eliminates the guess-
work for customers by offering features such as real-
time 3D interactive views, allowing users to rotate, tilt,
and magnify product images; easily obtained percep-
tion of size, layout, and match with multiple items; and
compatible data format with other virtual prototyping
display systems (Oh, Yoon, and Hawley 2004). Regard-
ing the useful features of VR, studies have been con-
ducted to develop a proper method for virtual proto-
typing and CAD and have demonstrated its effective-
ness for customisation strategies (Bordegoni, Ferrise, and
Lizaranzu 2011; Carulli, Bordegoni, and Cugini 2013;
Filler and Matzler 2007; Kaiser, Vogt, and Tilebein 2017;
Lin et al. 2017).

Recently, Arrighi and Mougenot (2019) used aug-
mented reality technology for precise positioning in the
virtual world and combined it with intuitive physical
interfaces for directed control — a mixed-reality system.
Compared to traditional methods, the suggested tool
helps users represent the future product accurately while
offering simple, tangible user interfaces for the end user
to interact and manipulate in the virtual environment
intuitively. As an example, Burberry provides the online
programme Burberry Bespoke, wherein customers can
select detailed options for their products virtually (Sonne
2011). However, firms should also be aware that the cus-
tomers’ act of co-configuring a product or service via VR
may not be followed by their purchase (Pallant, Sands,
and Karpen 2020), because the act of co-configuring a
product or service via VR could reflect the notion of
consumer play (Murray and Bellman 2011).

VR can be a powerful tool for designing smart facto-
ries in mass customisation as well. One example is offline



programming, wherein robot movements and collision-
free paths can be simulated in a virtual environment
(Mitsi et al. 2005). Although online programming meth-
ods are needed for on-site adjustment, few studies have
sought a common interface using VR (Bolano et al. 2020).
D. Y. Kim et al. (2020) developed rapid factory con-
trol prototyping to synchronise workstation design with
a virtual model, but their work could be extended to
connecting to VR systems.

Most scholars seem to agree that VR technology can
be a powerful tool for the codesign process and smart
factory design; however, relatively little is known about
the economic results of such applications, including a
detailed comparison of the cost and benefits for setting
and utilising VR-related systems in mass customisation.
Most recently, in the ongoing COVID-19 pandemic, VR
has been considered an excellent tool for communication
and collaboration (Javaid et al. 2020; Riva and Wieder-
hold 2020). It could promote the technological devel-
opment of VR and foster its wider use, from unskilled
individuals to professionals.

5.2.6. Human-robot collaboration

With collaborative robots (or cobots; Colgate, Peshkin,
and Wannasuphoprasit 1996), the concept of human-
robot collaboration (HRC; Topic 30) aims to integrate
the flexibility of the human and the consistency of robots
(Mateus et al. 2019). According to Miiller, Vette, and
Geenen’s (2017) work, HRC can be classified into four
states — coexistence, synchronisation, cooperation, and
collaboration — and at the collaboration state, the tasks
are executed by the human operator and co-bot together.

From the perspective of OM in mass customisation,
HRC has been discussed mostly for the assembly line.
Especially in assembly lines operated with smaller lot
sizes of customised products, a robot assisted but guided
by a human has both flexibility and adaptability to chang-
ing tasks, compared to fully automated lines (Bley et al.
2004; Kriiger, Lien, and Verl 2009).

Thus, scholars in the latest period have conducted
research on applying HRC to assembly lines in mass
customisation, from proposing a conceptual planning
process for automotive assembly lines with an HRC sys-
tem (Scholer and Miiller 2017) to presenting an intu-
itive learning framework for users (Akkaladevi, Plasch,
and Pichler 2017). More recently, Mateus et al. (2019)
provided a generic methodology for the HRC assem-
bly workspace. Their framework consists of four major
stages: (a) part assembly information extraction from
a CAD model, (b) work disaggregation, (c) capability
assessment of human operators and machines, and based
on this result, (c) generation and evaluation of collabora-
tive product assembly sequences.
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However, recent advances in the field of robotics and
automated vehicles allow companies to construct pro-
duction systems with greater design freedom; thanks to
HRGC, they are no longer confined to the assembly line. A
British electric vehicle startup, Arrival, is currently build-
ing factories without conveyor belts, which have been the
core of automobile factories (Boudette 2021). Instead, the
factories have cell configurations with robots that man-
ufacture a variety of cars to meet customer needs, with
lower production cost and human labour. This trend of
changing the manufacturing configuration of the auto-
motive industry underscores the need for a transition
strategy of traditional automotive factories with assembly
lines. To develop transition strategies, researchers may
consider how to utilise the existing capability of HRC in
the current system.

Meanwhile, some studies argued that HRC could be
more beneficial to small and medium-size firms with
limited resources. Although HRC research has been
largely driven by the electronics and automotive indus-
tries (Matheson et al. 2019), lower-cost cobots could
be a viable option for other industries. Cencen, Verlin-
den, and Geraedts (2018) introduced an HRC production
design framework consisting of analysis, modelling, sim-
ulation, and evaluation stages. They also conducted a
pilot study with the framework and showed how the HRC
design methodology helped the stakeholders understand
and evaluate HRC alternatives.

Moreover, researchers took on sustainability issues
(Topic 9) in HRC studies. For example, Bi et al. (2015)
stressed the importance of sustainability when config-
uring an HRC environment for small and medium-size
enterprises. The authors proposed a framework to sup-
port the reconfiguration of robotic systems while focus-
ing on the 6Rs of sustainability (redesigning, reusing,
remanufacturing, recovering, recycling, and reducing).

5.3. Production research strategy: a case study of
the International Journal of Production Research

As an additional analysis, we chose an example jour-
nal, the International Journal of Production Research, and
extended our work to investigate the research trends
inside the journal to show the possibility of applying the
same method in a narrower scope, such as journals.

The International Journal of Production Research
(IJPR) is one of the leading journals in the areas
of manufacturing, industrial engineering, operations
research and management science (International Jour-
nal of Production Research 2022). The journal covers the
production-related topics that were mostly from a per-
spective of a producer-centric (push), while vertically, it
covers all the managerial levels from operational issues
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such as planning and scheduling to long-term decision-
making issues such as strategies and policies, and engi-
neering.

Like the primary analysis, we analysed the ranking
changes of the 50 topics from the 73 papers related
to mass customisation that was published in the IJPR.
However, the publication was started from period 3
(2002-2006), so the first two periods were excluded from
the analysis.

First, we compared the ratios of OM and BMS top-
ics for the mass customisation-related papers from the
IJPR journal (Table 4). As a result, OM topics occupied

Table 4. Sum of BMS, OM, and other topic values and their pro-
portions of the 1JPR publications.

Year BMS oM Other
2003 0.07 (3.6%) 1.19 (59.5%) 0.74 (36.9%)
2004 0 (0%) 0 (0%) 0 (0%)
2005 0.39 (9.8%) 1.99 (49.8%) 1.62 (40.4%)
2006 0.17 (4.1%) 2.24 (55.8%) 1.6 (40%)
2007 0.1 (5%) 1.68 (83.9%) 0.22 (11.1%)
2008 0.96 (13.7%) 2.97 (42.4%) 3.08 (43.9%)
2009 0.85(10.6%) 4.48 (55.9%) 2.68 (33.5%)
2010 0.17 (2.8%) 3.42 (56.9%) 2.42 (40.3%)
2011 0.43 (5.4%) 3.37 (42.4%) 4.14 (52.1%)
2012 0.34 (6.7%) 2.12 (42.3%) 2.55 (51%)
2013 0.26 (3.7%) 4,08 (58.2%) 2.67 (38.1%)
2014 0.01 (0.9%) 0.6 (60.3%) 0.39 (38.8%)
2015 0.72 (12%) 2.57 (42.7%) 2.72 (45.3%)
2016 0.09 (2.1%) 3.01(75.1%) 0.91 (22.8%)
2017 0.89 (14.9%) 2.9 (48.3%) 2.21(36.8%)
2018 0.16 (8%) 1.11 (55.4%) 0.73 (36.6%)
2019 0.01 (0.9%) 0.42 (42.1%) 0.57 (57.%)
Total 5.62 (7.7%) 38.14 (52.2%) 29.26 (40.1%)

52.2% of 73 papers from the IJPR, which was higher
than the average OM topic ratio, 41.3%, for 1,947 papers.
Meanwhile, BMS topics accounted for only 7.7% of 73
papers, about 10.4% lower than the average BMS topic
ratio (18.4%) of all 1,947 papers.

Second, we analysed the 73 papers from the IJPR
focusing on the 50 topics of mass customisation, and
the result indicated that the papers from the IJPR
addressed the topics that are suited to the journal’s
agenda. For example, optimisation with multi-objective
models (Topic 6) ranked the top in all four periods
(2002-2019), with the proportion of about three fourth
of OM topics (72.01%). On average, the topic accounted
for about half of the OM topics (49.94%) of all 1947
mass customisation papers. The higher proportion of
topic 6 represents the research area that the journal has
focused on.

In addition, in the case of IJPR publications, some
topics received more research attention compared to the
result analysed with all papers (Figure 9). For example,
one-of-kind production and supply chain management
(Topic 20) and sustainability of AM (Topic 38) ranked
third (5.96%) and fourth (2.53%) in the last period,
respectively, much higher than the previous result. Also,
assembly line for product differentiation (Topic 41) was
positioned at the second rank (7.07% and 8.65%) in the
fourth and fifth period (2007-2011 and 2012-2016), but
it remained at the seventh (2.68% and 4.22%) in the
previous result. Meanwhile, meta-heuristic methods for
scheduling and routing (Topic 27) was one of the popular

Proportion changes of the OM topics of the IJPR publications

Period

= Optimization with multi-objective models (Topic 6)

' Production planning (Topic 5)
= Sustainability and energy consumption (Topic 9) = Rapid manufacturing (Topic 4)
Assembly line for product differentiation (Topic 41)

m Classification and clustering with machine learning (Topic 2) m Sustainability of AM (Topic 38)

m One-of-kind production and supply chain management (Topic 20) = Surface flatness and roughness of AM outputs (Topic 39)

AM in textiles (Topic 13)
= Multi-agent modeling for bio and dental product (Topic 36)

= Multi-criteria decision making in production (Topic 49)

Controlling AM machines (Topic 14)

# Others (sum of small proportions)

60% 70% 80% 90% 100%

Optimization for manufacturing electronic parts (Topic 28)

W Mechanical properties of AM outputs (Topic 10)

= Resource clustering and allocation (Topic 18)

= Customer order decoupling point(CODP) in supply chain (Topic 46)
Quality control (Topic 33)

' Meta-heuristic methods for scheduling and routing (Topic 27)

Figure 9. Proportion changes in OM topics of the IJPR publications over the last four periods.



topics in the result of all 1947 papers, but it was one
of the bottom-ranked topics in the case of IJPR (it only
accounted for 0.14% on average).

However, in terms of technologies, the papers from
IJPR journals have put less weight on mass customisation-
realising technologies that were addressed in Section 5.2,
than the average mass customisation research papers
did. Compared to the result of all 1947 papers related
to mass customisation, the IJPR papers included fewer
topics such as IT revolution: IoT, cloud computing,
digital software, sensors (Topic 3) and virtual reality
(Topic 37). The proportions of the two topics in the
result of all 1,947 papers were 22.69% (Topic 3) and
8.72% (Topic 37) of other topics, but they were only
0.18% in the case of IJPR. In case of human-robot col-
laboration (Topic 30), it accounted for 9.29% of other
topics in all mass customisation papers, but their propor-
tion was only 6.71% for the IJPR. From the contrasting
results about mass customisation-realising technologies,
we suggest that future studies of mass customisation
in the IJPR consider more about the environmental
changes of the production systems due to emerging
technologies.

6. Conclusion

Despite decades of research on mass customisation, the
paradigm shift in mass customisation research has been
rarely discussed. Some review articles provided valuable
insights into specific research fields, but they relied pri-
marily on the heuristic reviewing method with a limited
number of selected papers. To overcome these limita-
tions, this study used a quantitative approach to review
the mass customisation literature, using text summarisa-
tion, topic modelling, and change-point detection.

From 1,947 research papers published between 1992
and 2019 that mentioned mass customisation in the title,
abstract, or keywords, we drew 50 topics of the mass
customisation research based on frequently used words.
Afterwards, we classified them and the journals as BMS,
OM, and others to prepare the analysis. According to the
change-point detection method, the time horizon (from
1992 to 2019) was separated into six periods with a 5-year
length. Then, we added the topic values of the papers for
each topic in each period. The cumulative topic values
were converted to percentages for comparison.

The result indicated that in the early days, most of
the publications were from the BMS-related journals, but
after, the number of publications from OM journals has
drastically increased over time. The result also showed
how research attention has been moved among topics
in both the BMS and OM areas. Some topics, including
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strategy for capability and capacity (Topic 35), indus-
try transformation (Topic 11), and rapid manufacturing
(Topic 4), gained more attention over time, with increas-
ing percentages. On the other hand, topics such as health
care (Topic 19) and assembly line for product differen-
tiation (Topic 41) lost their popularity between the first
(1992-1996) and last (2017-2019) periods.

For further analysis, we plotted the popular topics in
the first and last periods according to the main perspec-
tive (horizontal axis) and managerial level (vertical axis)
and compared the two plots. We further discussed top-
ics that gained or lost attention over time in the following
four themes: marketing issues and consumer behaviour,
advances in methodology, industry transformation, and
sustainability.

In terms of the buyer-centric (pull) and producer-
centric (push) perspectives, research attention has moved
from the marketing strategy of the company to deal with
the uncertain demands (push), to consumer behaviours
and their participation in the design process (pull). The
topics related to the operational methodology also have
the same change due to the increased computational
ability; it promoted to the appearance of meta-heuristic
methods (Topic 27) and classification and clustering
(Topic 2), which cover a wider range from a producer-
centric perspective (push) to a buyer-centric view (pull)
with custom requirements (Figure 8). Recently, the top-
ics related to industry transformation have gained more
popularity. Although they are still discussed mostly
at the strategic level, they consist of a wide range
of subjects from a producer-centric view (push) to
a buyer-centric view (pull). Meanwhile, sustainability
also gets attention lately, but the related studies mostly
focus on the sustainable production of the company
(push).

By analysing changes in research attention regarding
mass customisation topics, we noticed that one important
factor that directly or indirectly stimulates research inter-
ests is the development of relevant technologies. Thus, we
further investigated technology-centred topics in mass
customisation research. By reviewing technological arti-
cles of computer-aided design, additive manufacturing,
identification technologies and IoT, virtual reality, and
human-robot interaction, we found new possibilities and
future research agendas related to mass customisation.

Additionally, we chose an example journal, the IJPR,
as an extension of our work to investigate the research
trends of mass customisation inside the journal. The
result indicates that the 73 papers from the IJPR mainly
focused on optimisation with multi-objective model
(Topic 6) in mass customisation, while they tended to put
less weight on mass customisation-realising technologies
that were addressed in Section 5.2, such as IT revolution,
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virtual reality, and human--robot collaboration, than all
mass customisation papers did.

This study sought to show how research attention has
moved in the mass customisation area, and how emerg-
ing technologies offer a new way to shift it by realising
mass customisation. By analysing topics that have gained
more and less attention over time, we hope it helps to
understand what prevented or promoted the growth of
some research fields and find missing areas of produc-
tion research. Also, we expect researchers to discover
unprecedented problems and novel solution methods by
understanding the influence of emerging technologies on
mass customisation.

Despite this novel approach to reviewing the mass cus-
tomisation literature, this study has certain limitations
that indicate future research directions. First, part of the
data preparation and processing required the authors’
judgment, such as topic labelling and classification. Sec-
ond, in this study, a topic was assigned to only one class:
BMS, OM, or others. However, a topic could belong
in multiple classes using a representation tool such as
fuzzy modelling. Third, the paper selection criterion
overlooked the degree of importance or depth of mass
customisation in the papers, so future studies should
consider establishing secondary criteria to screen studies
solely on mass customisation.
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