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ABSTRACT

This paper aims to find how digitalization supports inter-organizational purchasing/order fulfillment
processes and the required agility to respond to supply/demand uncertainties. The research method
includes multiple case studies. Qualitative data are collected via interviews and documentation review.
Within-case and cross-case analyses of the research lead to 14 propositions and a novel framework,
which formalize and link agility and digitalization at different levels. The research findings point out
the agility in micro and macro types for the demand and supply sides of the business, responding to
different levels of uncertainties. The findings categorize the relevant applications of digitalization at
three levels: data interchange, data integration, and predictive data analytics. Moreover, the agility-
digitalization relationships are defined for different levels of customization, represented by customer
order decoupling points. This paper contributes to the literature by offering an in-depth and explicit
understanding of the impacts of digitalization on different types of agility for different levels of
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customization.

1. Introduction

Uncertainties, today, shape the new business norm (Oliva et al.
2019). Relatedly, new operations strategies and advanced tech-
nologies have been adopted by firms to cope with uncertain-
ties (Hill and Hill 2017; Pandey, Singh, and Gunasekaran 2021).
Among the strategies, agility has been widely used and recog-
nized as an effective operations paradigm for managing uncer-
tainties (Shekarian, Nooraie, and Parast 2020). The agile
strategy sets up the firm’s resources and processes in a way
that enables them to respond quickly and flexibly to demand
and supply fluctuations (Inman et al. 2011).

Meanwhile, information systems and digitalization have
significantly expanded to offer more visibility on uncertain-
ties surrounding the business and enhance the uncertainty
management capabilities of the firm (Shurrab, Jonsson, and
Johansson 2022). Digitalization mainly refers to developing/
employing digital technologies towards new value-gener-
ation business models (Seyedghorban et al. 2020). On the
production side of the business, for example, digitalization
reduces manufacturing time and cost considerably (10-30%,
as reported by Choudhury et al. 2021). On the market side, it
has changed the consumer perception and expectation of
product/service design, quality, and delivery (Zaki et al.
2019). Digitalization, hence, leads the business towards new
directions and landscapes, which demand revised strategies
with new dynamism and requirements (Annarelli et al. 2021).

The literature underpinning the agility and digitalization
theories and practices and their research gaps (as reviewed in

Section 2) shows that the research on and analysis of digital-
ization and agility interplays are still nascent. It specifically
underlines the need for studies on digitalization as a vital pre-
requisite for different types of agility (Christofi et al. 2021;
Ravichandran 2018). Recent reviews also call for further
research, beyond the general contributions of technologies,
towards more specific impacts of digitalization on operations
strategies and how those technologies can be incorporated
into the existing systems (Raji, Rossi, and Strozzi 2021;
Tortorella, Miorando, and MacCawley 2019). The research calls
echo earlier demands for a more fundamental review and
redesign of business processes to host advanced technologies
(Hammer 2015). Furthermore, Sharma et al. (2021) ask for
future research on the effect of manufacturing and custom-
ization strategies, such as make-to-stock, make-to-order, and
engineer-to-order on the choice of agile practices.

Given the above-mentioned research needs and gaps, this
paper addresses the following research question: How does
digitalization affect operations agility? and more specifically
How do different levels and modes of digitalization contribute
to different types of operations agility in responding to varying
uncertainties?

Accordingly, the research objectives are:

i. To revisit different types of agility in response to differ-
ent supply and demand uncertainties.

ii. To identify digitalization approaches in agile response
to customer needs (i.e. agile order fulfillment).
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iii. To explore different levels and modes of digitalization
and their effects on different types of agility.

Focusing on the business-to-business purchasing and order
fulfillment process context, this paper explores and defines
various levels and types of uncertainty, agility, and digitaliza-
tion, and their interrelatedness. The scope of this research, on
digitalization’s impacts on meeting customer needs through
agile order fulfillment, includes shipment, delivery, production,
and supply management practices and their associated uncer-
tainties. The uncertainties are also examined through the cus-
tomer order decoupling point (CODP) lens where product
customization is considered in the forms of design-to-order
(DTO), make-to-order (MTO); and ship-to-order (STO) (Rudberg
and Wikner 2004)—see Section 2.1 for details.

Through meeting these objectives, the paper offers the
following contributions to the literature (full details are dis-
cussed in Section 7). By revisiting the applications and impli-
cations of agility for various CODPs, this research extends the
literature’s understanding of the firm's agility in response to
demand and supply uncertainties at different levels, labelling
them as micro agility (referring to agility in managing indi-
vidual orders’ uncertainties) and macro agility (referring to
agility in managing demand uncertainties as a whole). This
paper offers 14 propositions (1a&b, 2a&b, 3a&b, 4a&b, 5a&b,
6a&b, 7, and 8), forming a novel framework for implementing
different levels and modes of digitalization for different types
of agility. The research outcomes then manifest how the
digital transformation from data interchange to data integra-
tion and towards Big Data Analytics (BDA) can significantly
affect the firm’s micro and macro agility.

Following the study background and literature review in
Sections 1 and 2, the research is designed around three case
studies in the clothing industry and based on qualitative data
collected through interviews and the companies’ internal
documents, as described in Section 3. Sections 4 and 5 then
present and explain the research findings through within-case
and cross-case analyses, followed by discussions and proposi-
tions in Section 6. Finally, concluding remarks, the research
contributions, and limitations are provided in Section 7.

2, Literature review
2.1. Business uncertainty and agility

The literature on agility is extensive and addresses a range of
topics, such as agility preliminary requirements (Qrunfleh and
Tarafdar 2013; Swafford, Ghosh, and Murthy 2006), drivers (Khan
et al. 2009), contributions to performance (Blome, Schoenherr,
and Rexhausen 2013; Margherita, Sharifi, and Caforio 2021), rele-
vance to different products and business environments
(Centobelli, Cerchione, and Ertz 2020), and connections with
business sustainability (Yusuf et al. 2020). A broad, general insight
into agility can be found through recent systematic reviews of
Artificial Intelligence (Al Humdan et al. 2020; Centobelli,
Cerchione, and Ertz 2020; Patel and Sambasivan 2022).

The scope and impact of agility go beyond the organiza-
tional boundaries and include external processes, such as

order fulfilment and delivery in downstream, and sourcing
and production in upstream supply chains, where rapid align-
ments of decisions and actions (e.g. on capacity change) are
needed to respond to the demand and supply turbulences
(Boubaker et al. 2022; Gligor, Esmark, and Holcomb 2015).
Relatedly, agility is defined based on multiple dimensions
including responsiveness, quickness, flexibility, competency,
collaboration, proactiveness, market sensitivity, customer
focus, velocity, and visibility (Aslam et al. 2018; Eckstein et al.
2015; Gligor, Holcomb, and Stank 2013; Zhang and Sharifi
2007). Oliva et al. (2019) summarize those dimensions into
three key features for agile systems: dynamic flexibility to
respond to the changes’ diversity, dynamic speed to respond
to the changes’ pace and their demand for quick actions, and
dynamic sensing to detect changes in the supply and demand
markets. These enable the firm to swiftly handle changes in
the supply and demand as well as alterations in the product
and its specifications (Tarafdar and Qrunfleh 2017).

More explicitly, agility is defined as an operations strategy
aiming to keep the firm quick and flexible in responding to
markets’ and supplies’ various, sporadic, and unpredictable
changes (Lee 2002; Shams et al. 2021), hence it fits the high
uncertainty, high variety environments (Bicer, Hagspiel, and De
Treville 2018). Naughton, Golgeci, and Arslan (2020),
Mohiuddin Babu et al. (2022), and Overby, Bharadwaj, and
Sambamurthy (2006) also point out that the business environ-
ment uncertainty is the main motive for the agile strategy. The
uncertainty is perceived in the size, conditions, and require-
ments of supply/demand markets, cost factors, competition,
evolving technologies, and changing products (Gligor, Esmark,
and Holcomb 2015; Mero and Haapio 2022; Napoleone et al.
2021; Yi, Ngai, and Moon 2011).

Since there are uncertainties at various levels, each uncer-
tainty may need a different type of agility to respond to it.
The literature principally focuses on the agile response (e.g.
higher stock level and local sourcing) to demand trend fluc-
tuations and supply continuity risks, but omits uncertainties
in each customer order or supplier delivery (e.g. changes in a
delivery size or address of an individual order when it has
already been shipped). Ramos, Patrucco, and Chavez (2023)
call for future research to examine different levels of uncer-
tainty and their links with different types of agility.

Uncertainties are also affected by product customization
levels and their associated CODPs, e.g. MTO (Fogliatto, Da
Silveira, and Borenstein 2012). Gosling, Hewlett, and Naim
(2017) find the CODP to be a supply chain stage that deals
with a high level of uncertainty. While in STO, the shipment
size, timing, and terms are subject to change, in MTO the
product configuration or features alter commonly, and in
DTO the product design remains unknown until all details
are agreed on with each customer. CODP uncertainties are
derived from customer expectations, order requirements,
delivery lead time, and changing product design and fea-
tures (Datta and Christopher 2011; Gosling, Naim, and Towill
2013; Meisel and Bierwirth 2014; Rudberg and Wikner 2004).
In view of that, the CODP should be considered more expli-
citly in the agility research (Sharma et al. 2021).



2.2. Information technology (IT) and digitalization impacts

Consistent with the dynamic flexibility, speed, and sensing
capabilities expected from agile systems (addressed in 2.1),
the literature emphasizes the crucial role of products/proc-
esses information systems and digitalization to achieve agility
(Swafford, Ghosh, and Murthy 2008) in different scopes, lev-
els, or forms: organization (Bottani 2010; Tallon and
Pinsonneault 2011), operations (Huang et al. 2012), capacity
(Liu et al. 2013), and supply chain (Power, Sohal, and
Rahman 2001; Swafford, Ghosh, and Murthy 2008; White,
Daniel, and Mohdzain 2005); and in various industries—e.g.
see case studies in manufacturing, fashion, and health sec-
tors in Fayezi, Zutshi, and O’Loughlin (2015), Masson et al.
(2007), Nabelsi and Gagnon (2017), respectively.

Agile firms need market data to capture the demand sta-
tus and trends, and detect any change in them as quickly as
possible (Dubey et al. 2021; Kim and Chai 2017). They also
need up-to-date information about consumer behaviour and
preferences, competitors’ actions, market opportunities, and
environmental forces—which necessitate timely information
sharing with customers and suppliers (Li et al. 2006;
Mondragon, Lyons, and Kehoe 2004).

In this vein, information systems and digitalization have
been found largely supportive to sense the market (DeGroote
and Marx 2013) and respond to its changes at operational
(e.g. ad hoc response) and strategic (e.g. infrastructure expan-
sion) levels (Lowry and Wilson 2016; Overby, Bharadwaj, and
Sambamurthy 2006).

Digitalization, as the primary force behind Industry 4.0
(Skare and Soriano 2021), has advanced innovative business
models (Zangiacomi et al. 2017), enabling agile systems to
respond to emerging and changing business trends and
uncertainties. Digitalization attributes with various levels of
sophistication (Tiago et al. 2021) are very much in line
with the main features of agile systems, including being
‘market-sensitive’, ‘network-based’, ‘integrated’, and ‘virtual’
(Centobelli, Cerchione, and Ertz 2020). Business market sensi-
tivity is supported through digital real-time market data cap-
turing, consumer behaviour detection, and enhanced demand
forecasts (Jacobsen and Tan 2022). Digitalization then facili-
tates data interchanges within the agile system, supporting a
virtual, well-integrated network of internal/external entities
and business units (Monahan and Hu 2015).

Various manifestations of digitalization have been found
to back agility—e.g. see studies on cyber-physical systems
and inter-machine connection (Rosin et al. 2020; Sanders,
Elangeswaran, and Wulfsberg 2016), IT capability and integra-
tion (Ngai, Chau, and Chan 2011; Yang 2014), real-time
analysis and sharing of information (Akhtar et al. 2022),
blockchain (Martinez et al. 2022), data science (Saura 2021),
and BDA (Barlette and Baillette 2022). Solheim et al. (2022)
generalize the digitalization-agility interplays and indicate
that agility depends on the level of digitalization. A summary
of our extensive review of the literature is shared in Figure 1,
where the impacts of various features of IT and digitalization
on different types of agility are mapped against their
relevant references.
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Despite the mainstream research indicating IT's and digi-
talization’s positive effect on agility, there are studies that do
not support such an effect. For example, information visibility
is not found to be related to agility in Brusset (2016), and
Liu et al. (2013) reject the hypotheses on IT infrastructure
and assimilation impacts on supply chain agility. Chakravarty,
Grewal, and Sambamurthy (2013) show that IT is effective
only in environments with high dynamism and market fluctu-
ations. Skare and Soriano (2021) emphasize the gap in
research on the link between digitalization and agility to
respond to market changes, while effective digitalization may
need a redesign of the organization’s business processes
(Bonnet and Westerman 2021). In view of these, the impact
of digitalization on agility still needs further investigation.

In addition to the market sense and response to its
changes, agility still needs further research on digitalization
technologies that facilitate inter-organizational collabora-
tions—e.g. production and inventory data exchange (Sanders
2007; Saraf, Langdon, and Gosain 2007). Other studies also
call for new approaches to digitalization to support agility
(Monahan and Hu 2015) and encourage innovation in infor-
mation sharing in the agile supply chain (Kim and Chai 2017).
More recent ideas for future research recommend studies on
different types of digital competencies (particularly advanced
technologies, such as BDA) and their effects on different
types of agility (Ciampi et al. 2022). Figure 2 summarizes the
literature review of this research and specifies the existing
gaps in the agility and digitalization literature.

3. Methods

Research into digitalization, uncertainties, and changing opera-
tions strategies is emerging and calling for more explorative
studies (AlNuaimi et al. 2022; Annarelli et al. 2021). Thereupon,
this paper adopts an inductive, qualitative approach and
embraces multiple case studies (Eisenhardt and Graebner 2007;
Yin 2017). This research design provides the opportunity for an
in-depth investigation of the research objectives through docu-
mentation reviews and interviews. Studying multiple cases also
enables theoretical reflections on the findings, leading to an
adequate level of results generalizability (Stake 2013).

3.1. Case selection

Following Miles, Huberman, and Saldana (2020) instruction,
and given the research scope and objectives, this paper
focuses on three polar cases to include a wide range and dif-
ferent levels of CODPs and the uncertainties around them, as
well as different types of operations’ agility and digitalization
used (or to be used) to manage the uncertainties.

The choice of case studies follows the theoretical sampling
approach for rigorous case-based research (Eisenhart 2009;
Miles, Huberman, and Saldana 2020), which ascertains the
research findings' reliability and validity. The case selection
process consists of the following steps.

First, case selection criteria (as exercised by similar leading
studies, such as Cole and Aitken 2019) are set by the
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1T/ Agility Scope
Digitalizati ==
felagtlu:elsza 1on Organizational Market-side Operational Supplier side Decision
Agility Agility Agility Agility Making Agility
IT flexibility Bargshady et al. (2016); Gao et al. Swafford et al.
IT integration (2020) (2008)
Lu and Ramamurthy (2011); Mao et al.
IT infrastructure capability (2015); Ravichandran (2018);
Chakravarty et al. (2013)
IT business-spanning capability Lu and Ramamurthy (2011);
IT proactive stance Mao et al. (2015)
IT exploration Zhen et al. (2021); Cepeda and Arias- Cepeda and Arias-
IT exploitation Pérez (2019) Pérez (2019) “hen &t al.{202])
IT managerial capability P,irrliiasi’né(iel?(t; 0(12 (;))1 ?{);gzﬁzﬂzggd Cepeda and Arias-
IT technical capability i Pérez (2019)

(2018); Chakravarty et al. (2013)

IT capability: sensing

IT capability: reconfiguring
IT capability: learning

IT capability: integrating
IT capability: coordinating

Mikalef and Pateli (2017)
DeGroote and Marx (2013)

DeGroote and Marx
(2013)

Dubey et al. (2021)

IT competency: digitalization

Vagnoni and Khoddami (2016);
Sambamurthy et al. (2003);
Ravichandran (2018)

Vagnoni and
Khoddami (2016);
Sambamurthy et al.

IT capability: objects |

Cai et al. (2019) |

IT capability: knowledge
IT capability: operations

Cai et al. (2019); Overby et al. (2006)

IT assimilation |

Martinez-Caro et al. (2020)

C:\Users\Suresh.SN\Desktop\Artwork\2
024\Feb\15-02-2024\WJOR-2320437

Fayezi et al. (2015)
Kim and Chai (2017)
Li et al. (2006)
Masson et al. (2007)
Nabelsi and Gagnon
(2017)

E-commerce capability |

Lin et al. (2020) |

Cloud infrastructure, flexibility &
integration

Liu et al. (2018)

Internet of Things |

Akhtar et al. (2018)

Big Data [Wamba et al. 2020)] |

Ghasemaghaei et al. (2017) |

Big Data infrastructure, flexibility, and Rialti et al. (2019)

management capabilities

Big Data capability: sensing and

responding
. Sheel and Nath (2019)
Blockchain Rane and Narvel (2021)

Barlette and
Baillette, 2022)

Knowledge Management

Corte-Real et al.
(2017)

Figure 1. Summary of the literature on IT and digitalization features’ contributions to various types of agility.

research team (i.e. the authors), based on the research objec-
tives, scope, and approach. The criteria include:

The case should deal with demand and supply/capacity
management practices.

The case should have uncertainties in its capacity and/or
demand planning decisions and actions (i.e. if the produc-
tion and market environment are very stable for a candidate
case company, it is not a good choice for this research).
Evidence of strategies or actions in response to opera-
tions uncertainties should be available (note: the com-
pany should not necessarily use the terms ‘agility’ or
‘strategy’ in what they do. However, an initial assessment
should identify if the candidate company has any plan/
action to manage its operations uncertainties).

The case should have evidence of working with other
parties in its upstream or downstream supply chain
(note: this helps the research to investigate the CODP
and product flow, which often go beyond the company’s
boundaries).

The case should have an information system(s) or digital
platform(s) to support its operations and communications
internally and externally with buyers, suppliers, or other
business partners.

The selected cases should be diverse, in terms of their
CODPs, product customization, and the operations uncer-
tainties they face. This is essential to explore, compare,
and contrast different strategies adopted in response to
various uncertainties.
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Digitalization

Key findings from the literature: Digitalization
supports agility (Akhtar et al. 2022; Barlette and
Baillette, 2022; Martinez et al., 2022; Ngai et al.,
et al., 2022; Saura, 2021; Yang, 2014).

Reservation: There are studies which could not

Chakravarty et al., 2013; Liu et al., 2013).

2011; Rosin et al., 2020; Sanders et al., 2016; Solheim

support the positive impact of digitalization on agility,
or support it with some considerations (Brusset, 2016

GAP: The impact of different types of digital
competencies on different types of
agility (Ciampi et al., 2022; Skare
and Soriano, 2021).

GAP: Advances in
digitalization support
sensing and responding
to market changes as

well as facilitating

Uncertainty

Key findings from the literature: Uncertainties are noticeable on both the demand and
supply sides of the businesses. Uncertainties can be related to product customization
and CODP (Datta and Christopher, 2011; Fogliatto et al., 2012; Gosling et al., 2013;
Gosling et al., 2017; Meisel and Bierwirth, 2014; Rudberg and Wikner, 2004).

Reservation: The literature principally focuses on demand trend fluctuations and supply
continuity risks, but omits uncertainties in each customer order or supplier delivery (e.g.
changes in a delivery size or address of an individual order when it is already shipped).

inter-organizational
collaborations, e.g.
production and
inventory data
exchange (Kim
and Chai, 2017;
Monahan and
and Hu, 2015;
Sanders, 2007;
Saraf et al.,

GAP: The effect of different types of agility on different

levels of uncertainty (Ramos et al., 2023).

GAP: The role of the product customization level (CODP)
in agile strategy adoption (Sharma et al., 2021).

Figure 2. A summary of the literature, highlighting the research gaps.

Subsequently, after going through a long list of eleven
companies (originally picked from an extensive business
network of the research team) and then a short list of five
companies (picked through an initial assessment against the
case selection criteria), three case companies are selected.
The cases, labelled as Company Alpha, Beta, and Gamma as
listed in Table 1, are from various parts and sectors of the
clothing industry and meet the case selection criteria very
well.

The choice of all cases from one industry does not limit
this research and its contributions, since (a) the cases are
quite diverse in terms of their products, customers, and order
fulfilment process; (b) the clothing business is representative
of high uncertainty and multi-echelon industries (e.g. see
Purvis, Gosling, and Naim 2014; and Wen, Choi, and Chung
2019); (c) the industry has pioneered the application of oper-
ations strategies (such as agile) to respond to various
demand and supply uncertainties—e.g. see studies on cloth-
ing/fashion designers, producers, and retailers by Bruce, Daly,

2007).

Agility

Key findings from the literature:
Agile strategy is mainly adopted to
respond to business uncertainties
(Biger et al., 2018; Lee, 2002;
Mohiuddin Babu et al., 2022;
Naughton et al., 2020; Overby et
al., 2006; Shams et al., 2021).

Reservation: Agility should be
defined more explicitly, to specify
what type of agility might be
needed to manage each uncertainty.

and Towers (2004), Camargo, Pereira, and Scarpin (2020),
Jahed et al. (2022), and Muller, Hoberg, and Fransoo (2023);
and cases of ZARA, H&M, and Benetton (Martinez, Errasti,
and Rudberg 2015; Mehrjoo and Pasek 2016; Sardar and Lee
2015; Wells and Danskin 2014), where operations strategies,
particularly agility, are implemented through vertical integra-
tion, postponement, and mass customization, which have
been widely adopted by other industries; (d) the clothing
business has extensively been engaged in the move towards
digitalization (Noris et al. 2021)—e.g. see applications of Al,
omnichannel retail, machine learning and simulation, and
digital twin, in the clothing and fashion sectors, reported by
Mohiuddin Babu et al. (2022), Saghiri and Mirzabeiki (2021),
Wang et al. (2023), and Yu et al. (2023), respectively. Major
apparel brands, such as Levi’s, Uniglo, Hugo Boss, and Gucci
have also advanced their business towards digitalization
(Bean 2022; Delesline 2023; Halliday 2023; Marr 2022); and
(e) the business processes, operations, and technologies,
observed in the case companies are very similar to the
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Table 1. Case companies’ summary profile and sources of data.

Case key information

Data sources

Interview logs

Mode*
[Duration**]

Company Products Customers Documents Interviewee (experience™) {Follow-up***}
Alpha Men’s uniform suits and Large companies and List of customers in the Production deputy (20+) F
shirts schools last 10 years. [701
Purchase orders, for {1}
the last 6 years. Purchasing manager (10) T
Company'’s extranet [90'1
guidelines. List of {2}
main suppliers Marketing manager (6) T
[70']
{0}
Web-team lead (4) Vv
[120]
{2}
Beta Athletic clothing Athletic clubs, youth List of customers in the R&D manager (12) T
clubs and gyms last five years. [451
Purchase orders for {0}
the last 2 years. Product design team lead (9) Vv
Catalog of designed [701
products for the last {1}
5 years. Company’s Marketing manager (3) F
digital strategy. [85]
Company'’s IT {2}
manual. Key account manager (14) F
[120]
(1}
E-commerce manager (5) \Y
[85']
{1}
Gamma Men’s under-clothes Dedicated wholesalers Product list. Warehouse Operations manager (10+) T
management system [65']
documents. Order {1}
delivery logs. Warehouse supervisor (19) T
Customer feedback/ [65']
complaints logs. {0}
Logistics team lead (8) F
[120]
(1}
IT director (8): v
[100']
{2}
*Years.

*Interview mode—F: face-to-face; T: teleconference; V: Video conference.
**Minutes.
***Number of follow-ups.

industry norms globally, hence the research outcomes are
expected to have an acceptable level of internal and external
validity.

The selected cases are medium-sized companies (~300
employees) with production and packaging facilities, selling
their products in local markets as well as in neighbouring
countries (two to five countries). Their customers are busi-
nesses (not the final consumer), and the specific focus in
each case study is on the process of customer order fulfill-
ment, including receiving the customer order, production,
delivery, as well as material/service sourcing and product
design if needed. The case companies’ key data are summar-
ized in Table 1.

Company Alpha’s products include men’s uniform suits
and shirts which are typically ordered by large corporations
or schools. The orders are generally diverse, and each order
should be individually taken care of in terms of product

specifications. Company Beta’s products include various
types of athletic clothing which are ordered by sport/youth
clubs and gyms. Company Beta often needs to work on a
new design for each order. Company Gamma is a mass pro-
ducer of men’s underclothes, which sells its products only to
its dedicated wholesalers.

3.2. Data collection

The research data are collected from the companies’ docu-
ments and interviews with the relevant managers in each
company (see Table 1), to identify the companies’ experi-
ence, decisions, actions, and plans for managing customer
expectations, responding to uncertainties, and moving
towards digitalization. The companies’ documents and inter-
views have provided this research with sufficient data, assist-
ing it to triangulate the findings.



The companies’ documents mainly include product, cus-
tomer, and supplier lists; customer orders and shipment
records; customer feedbacks; and dispute reports (see Table
1 for details). These documents provide historical data on
the companies’ strategies and performance, and their reports
on the previous, current, and future digitalization programs.

The interviews seek more in-depth knowledge and views
of the companies’ managers around the main themes and
objectives of this research. The interview method is recom-
mended as an essential source of case study data (Yin 2017)
and has a very good potential to generate rich data to
explore advanced research topics and achieve a thorough
perspective about them (Tracy 2019). It has also been widely
used by similar studies, such as those of Butt, Ali, and
Govindan (2023), Mohiuddin Babu et al. (2022), and Rauniyar
et al. (2023). In this research, the interviewees are suggested
by the companies’ top management, as the most know-
ledgeable, relevant people to the digital technologies as well
as order fulfillment processes. The interviews are conducted
in a semi-structured format, face-to-face, via telephone calls,
or video conferences; each takes from 45 to 120 min.

The interview question guide (Table 2, first row) is devel-
oped by the research team through several brainstorming
meetings. It is then peer-reviewed by two scholars in the
same field of research, and the necessary adjustments are
made following their comments. The interview questions
address the overall business of the company, including its
products/customers/suppliers, the main uncertainties they
deal with, order fulfillment business processes, the

Table 2. Interview core questions, and condensed interview protocol.
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company'’s decisions and actions against uncertainties, and
the company’s past/current/future plans and actions towards
digitalization and their achieved or expected outcomes.
Furthermore, following the useful guidelines of the qualita-
tive research literature (Hennink, Hutter, and Bailey 2020;
Jiménez and Orozco 2021), the interview protocol (Table 2,
second row) is used to ensure data collection consistency
across all cases and enhance the research outcomes’ reliabil-
ity. Interviews and the companies’ documents review have
been conducted by two researchers (authors) of this paper
and their well-trained three research assistants. Follow-up
contacts are made with interviewees, wherever further details
or clarifications are needed about the interview questions
and answers.

Overall, the internal validity, external validity, and reliabil-
ity of data collection are explained as follows:

e Multiple sources of data (interviews and the companies’
documents) establish a chain of evidence and strong
cases of triangulation. Besides, during the composition of
the study, interviewees review the findings and proposi-
tions of the study and provide feedback on them.
Theoretical associations are then made within and
between cases.

e For external validity, during research design, case sam-
pling is done using robust criteria according to the
research objectives. Hence, three case studies with differ-
ent products in the clothing sector are focused on, and in
each case, different types/levels of uncertainty, agility,
and digitalization are identified.

Main guiding questions:
How do your customers learn about your product/service profile?
How do you receive the customer order?

How do you predict the demand or the main trends in the future customer order?

How do you communicate the received orders from customers with them (in terms of availability, adjustment, and change)?

Does each order have unique delivery terms and conditions (e.g. delivery location, delivery timing, packaging, and pack size) or are they all the same?
Does each order have unique product specification requirements (e.g. colour and material) or are they all the same?

Does each order have unique product design requirements or are they all the same?

Who are your main competitors? Do you compete with them for a lower price, better quality, or ...?

How do you fulfill each order?

How do you handle last-minute changes in the customer order—and in the case that the customer changes the order after it has been agreed on?
How do you purchase your required materials and services from your suppliers? (general description).

How do you handle a supplier’s poor performance (e.g. in terms of quality or delivery)?

How much of your activity on the demand side (i.e. receiving, communicating, and shipping orders) is digitalized?

How much of your activity in the production and order preparation (i.e. receiving, communicating, and shipping orders) is digitalized?

How much of your activity on the supply side (i.e. purchasing goods/service from suppliers) is digitalized?

What have been your main challenges in order fulfillment in the last five years?

How have you managed those challenges? Please address information and digital technologies, if they are part of your solutions.

How has digitalization helped you to improve the order fulfillment process?

What are your plans to expand the digitalization of the order fulfillment process?

Interview guidelines:
- The interviewee should be informed about the research project in advance.
- The interview is recorded only if the interviewee agrees.

- Each interview starts with a short introduction, followed by any clarification, which might be needed by the interviewee.
- Not all questions are relevant to each interviewee. The question list should be adjusted before each interview.
- Questions should not be rushed if the answers are lengthy but relevant. If all questions are not answered at the end of the interview, arrange for a follow-

up meeting/call/email.

- During the main part of the interview, first general information is to be obtained about the company’s business environment, operations model, strategies,

and customer/product profiles.

- During the interview, order fulfillment, customer/supplier relationship management, product design, and production processes (whichever applicable) should

be obtained and briefly mapped, using flow charts and data flow diagrams.

- Available documents, supporting the questions should be taken during or after the interview).
- The interview notes should be checked and reviewed with the interviewee at the end or later, if needed.
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e For reliability, an interview protocol is developed. It
includes a list of interview questions designed according
to the research objectives and is followed throughout the
data collection stage.

3.3. Data analysis

All the interview transcripts and written answers are gone
through for descriptive and content analyses (Yin 2017). The
descriptive analysis, based on the interviews and the compa-
nies’ documents, informs this research of the business mod-
el(s) of each company, its customer expectations, the
relevant order fulfillment processes, and the challenges it
faces in managing the uncertainties around them. It also pro-
vides an overview of the digitalization approach(es) and solu-
tion(s), adopted by the company. This is followed by the
content analysis procedure (Krippendorff 2018), where the
interview transcripts and notes are coded, and the relevant
quotes are extracted from them.

The coding is done by two authors of this research, each
with more than 20 years of experience in qualitative research,
and also several years of experience in working with various
businesses in the manufacturing and service sectors. The
coders have an in-depth knowledge of operations strategies,
lean and agile production systems, digital transformation
procedures, and supply chain risk and uncertainty manage-
ment, with track records of research and publication in those
fields. In view of that and based on another round of review
of the recent literature and the interviews' transcriptions, the
coders, who work separately, come up with a tentative set of
coding keywords. The relevance, rigour, and distinction of
the keywords are assessed and discussed by the research
team. The necessary adjustments are made to the coding
keywords consequently. The coders then double-check the
modified coding keywords to make sure they are as exhaust-
ive as possible and the interview transcripts have frequent
use of them. The final coding keywords list is organized into
nine clusters, as listed in Appendix A—which presents their
links with some illustrative quotes too.

Accordingly, the coders analyze the interview transcripts,
and the findings reveal four main themes: ‘business opera-
tions model’, ‘Problems/Solutions’, ‘data management/digital
transformation plans’, and ‘future digitalization and enhanced
agility’ (as shown in Appendix A).

The data synthesis, coding, and analysis process of this
research adequately meets the reliability requirements of
such research (Krippendorff 2018). The stability of the coding
and analysis is ensured through multiple rounds of tests and
retests, hence the codes and themes identification and defi-
nitions would lead to the same results should they be
repeated. Reproducibility, known as a stronger measure of
reliability, is ensured by involving two coders and the third
author of the research team, who worked on the contents
separately and independently. The intercoder agreement is
also measured by the KAlpha coefficient (Krippendorff 2011),
where the themes extracted/allocated by coders 1 and 2 are
compared with each other. The resulting KAlpha is 0.855,
which is higher than the recommended threshold of 0.8.

The outcomes of the content analysis are used for within-
case and cross-case analyses of this research. Within-case
analysis (Section 4) for each company includes its business
operations model; past problems; data management and
digital transformation plans; and enhanced agility and future
digitalization, extracted from the companies’ documents and
interviews. Direct evidence for each part of the within-case
analysis can be found in the quotes, provided in Appendix
A—following Pratt’s (2009) guideline.

In cross-case analyses (Section 5), similarities and differen-
ces among the cases are identified, and the companies’
demand pattern, order qualifiers/winners, CODPs, problems,
agile solutions, data workflows, and digitalization solutions
are compared and contrasted through a matrix mapping
analysis (Miles, Huberman, and Saldana 2020).

Further analysis and discussions on the research results
(Section 6) lead this paper to recommend its research propo-
sitions, through an inductive approach (Kaufmann and Denk
2011). The propositions are developed through brainstorm-
ing sessions by the research team, in multiple rounds, start-
ing with more generic ones and concluding with a total of
14 explicit and distinct propositions (and sub-propositions).

The workflow of this research, including all main steps of
data collection and analysis, and their associated section in
this paper, is summarized in Figure 3.

4, Within-case analyses
4.1. Company alpha

4.1.1. Business operations model
The main design and cut patterns of Company Alpha’s prod-
ucts (i.e. men’s uniform suits and shirts) have a limited range
and do not change frequently. But they can be largely cus-
tomized in terms of colour and material grade (i.e. ‘premium’,
‘high’, and ‘basic’ quality of the fabrics). While Company
Alpha offers its customers a competitive price, it also needs
to make and deliver each order within the agreed time
period, which is usually short. In addition to delivery time,
the company needs to make sure that the product configur-
ation and quality meet the customers’ expectations.

Company Alpha’s products are sold to a wide range of
business customers, whose demands, in terms of order quan-
tity and product quality, and colour mix, are very heteroge-
neous. Therefore, predicting the market demand in terms of
the type and size of each order is almost impossible.
However, the total demand size does not have a major
change year by year, hence predicting the overall capacity
and total resources required annually is possible.

Order fulfillment process, in this case, can be considered as
a make-to-order system, in which Company Alpha makes the
products according to each order’s specifications and instruc-
tions, which can be customized around the quantity, colour,
fabric type/quality, and delivery location and schedule.

4.1.2. Past problems/solutions
Company Alpha always intends to fulfill orders properly
according to their specifications and schedules, meanwhile
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facing several challenges, such as misunderstanding of orders
received, alterations in the order (after an earlier agreement),
poor communication and collaboration between Company
Alpha and its customers, disputes on product quality, unclear
production quality control procedures, and delays in receiv-
ing raw material from suppliers.

To manage those problems and to meet its customers’
expectations, Company Alpha has tried to spend more time

with the customers to define and clarify each order and its
required specifications in detail. It also convinced the customers
to limit the quality inspections on their received items by intro-
ducing product and process control systems within its own
production facilities, where the relevant customers could have
access to their quality control reports. Although these actions
generally reduced some disputes, misunderstandings, and prod-
uct quality problems, they added an excessive workload to
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Company Alpha, which eventually affected its competitiveness
in terms of cost and time. The problems around delayed raw
material from suppliers were also tackled by holding extra buf-
fer inventory by Company Alpha. This gave the company good
agility to manage various orders quickly, but it caused extra
inventory capital and holding costs as well.

4.1.3. Data management and digital transformation plans
Although Company Alpha found its agile actions in respond-
ing to its diverse market very helpful, it also found them to
be economically unsustainable. Several meetings and ad hoc
arrangements for each order, going through all technical and
contractual details individually (with the customer, by the
product designers and account managers), and holding a
large stock of raw material to hedge against supplier delay,
were found to be the causes of Company Alpha’s operational
and financial inefficiency.

Manual interventions, ad hoc decisions, several repetitions
in handling and fulfilling the customers’ orders indicate a
lack of standardized operational procedures and integrated
data transactions. The existing workflow and data communi-
cation and management systems around Company Alpha’s
order fulfillment process included: (a) paper-based catalog of
Company Alpha’s products that customers could go through
and review; (b) ordering process which involved meetings
between Company Alpha’s sales representative and the
customer, and paper-based product order forms to be com-
pleted by the sales representative and confirmed/signed by
the customer; (c) quality control and inspection reports,
which were prepared during the production and preparation
of each order and kept in the order documentation system,
and could be seen by the customer upon request; and (d)
financial transactions which were arranged according to the
agreed terms of the order and order delivery, and paper-
based purchase orders and invoices. Complaints and disputes
were usually discussed via phone or in meetings and in
some cases led to delayed payments by the customer.

The product catalog was usually updated every two years,
and the latest edition was distributed to existing and poten-
tial customers by mail. It was also presented in exhibitions
and sent by special delivery to those who were asking for it.
Order forms, their relevant quality control evidence, and their
financial records were kept in Company Alpha’s orders’ phys-
ical archive, with secure access.

To manage the whole process of order definition, agree-
ment, production, delivery, and payment, Company Alpha
found it necessary to have a well-designed information sys-
tem to standardize the workflows, decisions/actions proce-
dures, and data transactions. This led the company through
a major digital transition project which engaged the com-
pany and its customers and suppliers.

On the customer side, the process of marketing and sales
went through an essential digitalization. The product catalog,
including all product specifications, was digitalized and made
available online. Inquiries about products, special require-
ments, orders, and delivery terms could be made online.
Based on an initial understanding of all available options and
their initial costs, customers were then able to discuss further

details, including the price, with Company Alpha. The order,
when agreed upon, had all product specifications, delivery
schedules, and payments shared in a secure extranet, access-
ible only by the customer and Company Alpha. Any amend-
ment to the order, if technically possible, could be requested
by the customer via the same extranet system, which could
be seen by Company Alpha’s production and order fulfill-
ment team for a quick reaction or further discussion with the
customer.

To enhance product quality assurance, the product and
process control procedures (including the quality records
and their relevant preventive and corrective actions) were
digitalized and shared in the Company Alpha extranet—
securely accessible by each customer. This made the product
inspections, which had been done by the customer previ-
ously, avoidable, leading to much faster product delivery and
approval. Finally, Company Alpha’s extranet hosted the pur-
chase order, invoicing, and financial arrangements between
Company Alpha and its customer, which were accessible by
the sales and order fulfillment team.

4.1.4. Future digitalization and enhanced agility

Company Alpha has numerous ideas to employ more
advanced technologies to improve its agility. Virtual reality in
the sales website, quality control sensors in the production
line, and integrating its system through Enterprise Resource
Planning (ERP) are the main ideas of the interviewees about
the future. BDA can be very helpful for the company too. In
this case, the Big Data does not refer to the demand data,
since orders are largely divergent, and a simple trend or pat-
tern cannot be identified in them. However, analysis of the
factors which may affect the customer’s order (e.g. fashion
trends) can be very helpful.

Moreover, closer relationships with suppliers, and estab-
lishing a supplier relationship management (SRM) digital
platform to manage the suppliers’ poor delivery performance
are among Company Alpha’s future plans.

4.2. Company beta

4.2.1. Business operations model
Company Beta has set up its business around the design and
production of athletic clothing for athletic/youth clubs and
gyms. The products ordered from Company Beta usually
need unique designs (e.g. for the sports suits). Innovative
design and product quality are the winning factors for
Company Beta in the market, although it still needs to man-
age cost and order fulfillment lead-time since its rivals per-
form very well in terms of product delivery and price.

Company Beta works on a totally or partially new design
for each order. Each design is agreed on by the customer in
advance before it is finalized. The order fulfillment process in
this case can be considered as a DTO, in which each order is
designed, made, and delivered according to the customer’s
instructions.

Considering the range and diversity of its customers,
Company Beta needs to be very agile in responding to



individual customers and their requirements. To this end, the
company has made all its services and product designs avail-
able online, where the customer can first review them and
then contact the sales and/or product design team for fur-
ther details and make arrangements to place its order.

4.2.2. Past problems/solutions

Company Beta tried to be visible on the Internet to offer its
products to a wider range of customers. Although the web-
design team spent a great deal of time on designing and
maintaining the company’s website, the majority of the cus-
tomers were still those who have been with Company Beta
since a long time ago or have been introduced by its exist-
ing customers.

When receiving an order, usually via phone or email,
Company Beta met with the customer to clarify all details of
their requirements—depending on the level of customization
needed in the product design, they had one or several meet-
ings. Although this process tried to assure a good under-
standing of the customer’s needs, it was usually very lengthy
and expensive (particularly if it needed several trips).

Deviation from the promised delivery time was also a
cause of customer disappointment—in some cases, a minor
delay (e.g. 2 days) led to the athletic club not receiving its
ordered sports suits for an important match. To avoid such
major problems, Company Beta started to work with some
sub-contractors to help it, in the case of limited capacity, to
meet a particular order deadline. Although sub-contractors
were very helpful for many orders, the quality of their prod-
ucts was not consistent or satisfactory. At some point, the
product defect rate reached 4%, which was very high for the
industry standard. Although the defects were mostly minor
(e.g. missing stitches or small shade variation), they caused
many complaints and disputes, and even some of the com-
pany’s loyal customers started extra inspections on the
orders arriving from Company Beta and made a payment
only after the inspection approved the product quality—a
condition that Company Beta accepted. Less frequent but
major problems were also reported when the delivered prod-
uct did not meet the expected design specifications of the
customer. Such problems needed a major rework and caused
delays in the order delivery time, and damaged the com-
pany’s image—in a few cases, the customer cancelled the
order and in one case the customer was lost permanently.

4.2.3. Data management and digital transformation plans
The emphasis of the customer on quality and delivery lead-
time, alongside the problems that occurred in those areas,
required Company Beta to revise its product design, quality
management, and order delivery operations, where data visi-
bility and data management were found to be the core.
Originally, the dataflows around Company Beta’s order fulfill-
ment process had included: (a) web-based catalog of the
company’'s products that customers could browse and
review; (b) ordering process which involved meetings
between Company Beta’s sales and design teams and the
customer. Details of the required design and its specifications
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were agreed upon through several meetings, and the final
design would be available in electronic and paper formats;
(c) reports of the inspection on arriving orders, conducted by
some customers, were sent to Company Beta, and if defect-
ive items were found, further actions would be triggered
(e.g. asking for an exchange, refund, order cancellation, or
even requiring a penalty), and, depending on the severity of
the quality problem, one or several meetings might be held
between the customer and Company Beta; and (d) payments
were made through bank transfer according to the terms of
the contract or any further arrangements made after it (e.g.
in the case of missing or defective products).

Based on the dataflows listed above, Company Beta
focused on a series of digitalization programs to enhance its
agility in responding to its diverse demands and to expand
its rather stable market share. The sales process was rede-
signed, and the content and format of the company’s web-
page were changed to go much further than an electronic
catalog and to be a platform to host and manage the sales
process. In this way, the webpage was equipped with virtual
reality and a customer-led design facility, which let the cus-
tomer choose their preferred options of design, sketch, col-
our, print, and sizing of the sports suits. A pilot test showed
that about half of the orders could be done entirely online,
and only about one-third of the online orders (i.e. ~16% of
all orders) needed one or two short follow-up checks to
assure and confirm some order details. The other half of the
orders needed further clarification and discussion between
the customer and Company Beta’s sales and design teams.
Moreover, an extranet platform was developed to exchange
design technical specifications with relevant customers more
easily and faster.

To make the quality control process more transparent and
assure customers, the latest status of each order and the
quality control reports for each stage of its production and
delivery were shared with each customer in its dedicated
area in the newly developed production flow extranet.

A separate program, an electronic system, was also devel-
oped to handle all financial documents and transactions,
which worked based on the data it received from the sales
and production flow systems and facilitated the payments
significantly.

4.2.4. Future digitalization and enhanced agility

Company Beta’s ideas to expand its digitalization and agility
are mainly around a fully customized and automated system,
where the customer can go online and try different designs,
configure the one(s) it would like to have, receive a sample,
and place the order. The company’s digitalization is also
planned to be extended to financial agreements.

Moreover, the ability to capture a wider range of data
about the influencing factors on demand (i.e. the factors that
affect the type of design that Company Beta’s customers ask
for) and identifying a relevant pattern in them, can be
achieved through BDA and will be very useful for the
company.
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4.3. Company gamma

4.3.1. Business operations model

Company Gamma’s products include a limited range of
men’s underclothes, with a fixed combination of colours. The
product design and material (e.g. fabric) are revised very
rarely, as the target market does not really ask for much
change or innovation. The price is, however, very important
and should be kept low and stable. In addition to price, the
company has put effort into keeping its products available in
the market with consistent quality and protecting its reputa-
tion in the market. Company Gamma'’s products are sold to a
few wholesalers, who distribute and sell the products to the
market through an extensive range of retailers. Based on
their sense and knowledge of the market, the wholesalers
plan and arrange their orders with Company Gamma on a
regular basis. Order fulfillment, then, follows STO, in which
Company Gamma ships the products, using its logistics ser-
vice provider, as per the customer’s (i.e. wholesaler) order
and instruction—in terms of shipment quantity, delivery
schedule, and delivery location.

4.3.2. Past problems/solutions

Company Gamma always intended to make the product
delivery whenever requested by its wholesalers. This did not,
however, become a reality. Poor reliability of the delivery
services and logistics infrastructures, lack of proper commu-
nications between Company Gamma and the wholesalers,
limited visibility of the logistics performance and the delivery
status, misunderstanding of the orders received, delays in
receiving or processing the purchase orders, lengthy proce-
dures of loading and unloading, disputes over deliveries, and
last-minute changes (even after the order had been shipped)
in the wholesalers’ order were the main challenges of
Company Gamma's order fulfillment processes.

To maintain its agility in responding to the problems
above, and to assure product availability (i.e. preventing any
stock-out), Company Gamma was holding safety stocks of
finished products—in case it received any unplanned order
or any request to change the existing order size.

On the customer side, the increasing costs of warehouses’
and stock-keeping points’ premises and facilities within or
near the sales market (typically big cities) drove the whole-
salers to take advantage of Company Gamma’s commitment
to product availability and minimize their own inventories.
Hence, they ordered in smaller batches, more frequently
(including more unplanned orders), and with more amend-
ments (to the original order). This increased Company
Gamma'’s product inventories and placed considerable pres-
sure on Company Gamma and its order fulfillment system.

4.3.3. Data management and digital transformation plans
After several years of dealing with its order fulfillment and
delivery challenges, and through several problem diagnosis
projects, it became evident to Company Gamma that its
approach to agility, by keeping finished product inventories,
was neither enough nor an ultimate solution. Major

problems were identified in communicating and managing
data, including product, inventory status, order, shipment,
delivery, receiving, invoice, and payment data. The existing
data management systems included: (a) a barcode and scan-
ning system to identify and capture product data at the
item, box, and pallet levels; (b) an ordering system, based on
electronic MS-Word forms which were communicated via
email; (c) an invoicing procedure, implemented through a
standard purchasing order and invoicing MS-Excel template,
and communicated via email; and (d) a complaint system
which was limited to an email address and a telephone line
which the wholesalers could contact in the case of wrong,
delayed or missing deliveries.

To manage its multiple order fulfillment problems, Company
Gamma found it crucial to have much more visibility of prod-
uct shipment and receiving status, market demand, and inven-
tory status on its wholesalers’ sites. In view of that, the
company defined two data management programs: (i) a short-
term plan to transfer the existing order management forms
and procedures to a unified online platform which could
improve data transactions via email, and standardized data
sharing; and (i) a long-term plan to capture and share the
sales, inventory and delivery status data on a real-time basis to
achieve higher and broader visibility of demand, supply, and
the product flows between them.

In the short-term plan, transferring the old order manage-
ment activities to an online system took place through an
XML extranet system, hosted by Company Gamma, and all
ordering activities including the regular and emergency
orders, purchase order issuance, invoicing, and the relevant
confirmations should go through it. The extranet, which was
technically performing as an online Electronic Data
Interchange (EDI) system (although it was not named EDI),
assured data accuracy and process consistency through a sin-
gle platform and format for data entry and retrieval.

The long-term plan needed a wide range of technological
infrastructure, instruments, and software applications. In the
dispatching (from Company Gamma’s site) and receiving (in
the wholesalers’ sites) operations, radio-frequency identifica-
tion (RFID) was used at the pallet level to identify and cap-
ture the product data more accurately. With RFID tags
attached to the pallets, RFID sensors can capture all leaving
and arriving items (from Company Gamma, and to the
wholesalers’ sites, respectively), with virtually 100% accuracy.
This could minimize any mismatch between the dispatched
items and received items, and accelerate those operations
significantly. RFID-based data of the leaving item could also
be shared with the wholesalers through advanced shipment
notice, to reconfirm the shipment and make them ready for
delivery.

In addition to the dispatch and receipt points, the satellite
navigation devices, mounted on Company Gamma'’s delivery
fleet, identified and shared the real-time location of the ship-
ments, helping the wholesalers to prepare for receiving and
unloading operations—not too early or too late.

The wholesalers also agreed to share their relevant inven-
tory data with Company Gamma. This helped Company
Gamma to monitor its customers and be proactive in



preparing for their unplanned orders when their inventory
level reached the re-order point.

4.3.4. Future digitalization and enhanced agility

Although the recent/current digitalization gives Company
Gamma very helpful access to the wholesalers’ inventory
data, it would be much more beneficial if Company Gamma
could forecast the unplanned orders based on the inventory
position, before they reach the reorder point. This is possible
through BDA where Company Gamma can run predictive
analysis. Moreover, access to the inventory data, both in the
wholesalers’ distribution channels and those of retailers pro-
vides Company Gamma with more visibility of the product
flows and status across its demand chain and helps it to pre-
pare in advance—for unplanned orders as well as changes in
regular orders. Company Gamma is also planning to use the
Big Data available about its final consumer market. This can
help the company to predict at least some influencing fac-
tors on its direct demand instability, and plan for them in
advance.

5. Cross-case analyses

This section provides a further in-depth view of the order ful-
fillment and digitalization strategies and actions of the three
case studies, through comparative analyses. This then leads
to a higher-level view of agility and digitalization, formulated
through 14 propositions.

Order fulfillment processes in all three companies are
mainly set up around responding to their customers’
demands, which vary in different manners and at different
levels. While Company Gamma’s demand mainly varies
around the order quantity and delivery location and sched-
ule, Company Alpha’s and Beta’s demands ask for customiza-
tion in their products’ material and design, respectively. To
respond to demand and its changing behaviour, all three
companies try to be agile, i.e. organizing their capacities and
inventories to meet the varying customer orders, with the
shortest delivery lead-time. Customer expectations are not,
however, limited to delivery lead-time. In all three cases,
changes occur in order, albeit in different ways. Given that,
there are two levels of uncertainties identifiable on the
demand side: (i) macro uncertainty, referring to the unpre-
dictability and fluctuation of demand, traceable in order size
and requirements which are changing over time, and (i)
micro uncertainty, referring to ambiguity in and alteration to
each order. A proper response to demand also needs to con-
sider other factors alongside demand uncertainty at micro
and macro levels—named micro agility and macro agility,
respectively. Companies Alpha and Beta have reported prob-
lems with product quality. Company Alpha has also
addressed the trouble caused by its delaying suppliers, and
Company Gamma has reported problems in logistics reliabil-
ity which disrupts its product delivery. All three cases claim
that poor communication and data visibility affect their agil-
ity and quick response capability.
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Further understanding of the companies’ problems
depends on a better comprehension of their business market
and environment, as well as their strategies in response to
those problems. The main requirements of and competing
factors in the market, i.e. order qualifiers and winners,
respectively (Harrison et al. 2019, 28), have differences and
similarities in all three cases. While price and delivery lead-
time are shared by companies Alpha and Beta as order quali-
fiers, the former company needs to focus on product variety
and aftersales service to win the market, whereas the latter
company mainly competes on innovative design and product
quality. It is quite different for Company Gamma, where the
order qualifiers are product quality and product availability
in the market, and order winners are price and delivery lead-
time.

Consistent with the order qualifiers and winners, and
responding to the demand type and instabilities, the compa-
nies adapt their product/service customizations and order
fulfillment strategies in different ways. Company Alpha’s
product range and main design remain unchanged, although
its products and their constituent materials are adjusted and
produced according to each order. This level of customiza-
tion is very much conforming to the MTO strategy. In
Company Beta, each order is considered a new project,
which needs a fresh product design and delivery plan.
Product customization on such a scale needs a DTO strategy.
Company Gamma’s products do not usually change in their
design or style. What the company mainly focuses on is
responding to the constantly changing order size and terms
(e.g. in terms of location and batch size), which is compatible
with the STO strategy.

The three case studies take different approaches to
achieve agility in their customizations and order fulfillment
strategies. In the cases of customized product material/con-
figuration (MTO) and product design (DTO) (i.e. Company
Alpha and Beta, respectively), better communication and
more collaboration on defining the order are found to be
crucial. While in MTO the focus of the collaboration is more
on the product specifications and order terms and condi-
tions, in DTO the collaboration is mainly on product design.
In both of those cases, more transparency and data sharing
in production and quality control procedures and reports,
and flexible order fulfillment capacities are found to be
necessary. Order fulfillment capacity flexibility is incorporated
via holding extra inventory and use of sub-contractors in
MTO and DTO, respectively. Excess stock availability is also
employed as an evident solution in STO (i.e. Company
Gamma).

The case companies’ approaches to agility have also been
found to be largely relevant and supported by data and
digital technologies, without which agility can be very costly,
if achievable at all—as explained for each case in Section 4.
Digitalization has mainly helped companies to share the
product and process data with their customers, communicate
with them more effectively, and handle the whole process of
ordering and delivery more efficiently.

Future digitalization plans mainly include smarter technol-
ogies, such as virtual reality, to define customer orders and
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collaborative product design with customers (as recom-
mended by Companies Alpha and Beta), a more sophisti-
cated ERP system to capture and share the production and
quality data with customers and suppliers (as recommended
by Company Alpha), and BDA (as recommended by all com-
panies, albeit in different ways). Table 3 organizes further
details of the cross-case analyses and comparisons of this
section.

6. Discussions and propositions

Based on the individual and comparative analyses of the
case studies, this research identified that digitalization con-
tributes to order fulfillment agility in four main stages:
receiving a customer order, sourcing and supply manage-
ment, production and quality management, and product
delivery (Table 4). In the ‘receiving customer order’ stage,
digitalization mainly helps in understanding the customer’s
needs and expectations, taking and processing orders, and
handling payments. It may include various virtual reality, Al,
and BDA applications and runs through extranet and
Internet platforms. In the ‘sourcing and supply management’
stage, digital platforms, such as cloud-based ERP systems can
considerably support collaborations with suppliers. They help
the firm to communicate its production and order plans, and
any alteration to them, with its suppliers faster and more
effectively. This gives suppliers more time to respond to the
changes. Digitalization also makes the latest status of the
suppliers’ production and delivery more visible to the firm,
thus any interruption to arriving items can be detected
quickly. In ‘production and quality management’, digitaliza-
tion, on the one hand, assists internal production planning
by providing more visibility of production operations and a
smoother flow of production and quality plans (e.g. using
cyber-physical systems, robotics, sensors, and the Internet-of-
Things); and on the other hand, facilitates communications
with customers and suppliers on product design, customer
order expectations, and supplier delivery plans (e.g. using a
cloud-based system). In the ‘product delivery’ stage, digital-
ization helps the physical/data-flows match with each other,
where EDI-based systems share the order information and its
latest changes, and data capturing and sharing technologies
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(e.g. RFID, smart tags, and satellite navigation) monitor the
latest status of the delivery.

Beyond the general inference of within/cross-case analy-
ses above, the mode and level of digitalization contribution
to agility can be investigated in further depth for each CODP
and the different levels or types of agility required by each.
Earlier, cross-case analyses have pointed out uncertainties in
demand at macro and micro levels. The same levels of uncer-
tainties are traceable on the supply side. This is in line with
earlier research, raising the need for agility on both supply
and demand sides (Lee 2002). Macro uncertainties (in trends
and performance on demand/supply sides), as well as micro
uncertainties (in each customer order, e.g. alterations made
by the customer; or in each supplier shipment, e.g. delays or
poor quality), are largely affected by the CODP and its rele-
vant customization strategies. The three cases of this
research are mapped against DTO, MTO, and STO customiza-
tion strategies, with various approaches to digitalization,
whose impacts on different types of agility are summarized
earlier in Table 3, and discussed below.

In STO, demand-side micro agility is mainly about quick
response to urgent orders and last-minute changes in
them—in terms of quantity, delivery location, and conditions.
A proper and speedy response largely depends on under-
standing the customer order changes quickly and correctly.
Standardized data and data interchange mechanisms (e.g.
EDI) between the focal firm and its customers can assure the
accuracy and speed of receiving the customer order data,
due to less manual intervention and faster data transfer from
the customer’s procurement system to the seller firm’s order
shipment system. In view of that, it can be stated that:

Proposition 1a. Digitalization supports the demand-side micro
agility of STO systems through swift receipt of orders and
delivery alterations data by the focal firm from its customers.

The initial steps towards digitalization can be followed by
smart data-capturing tools, integrated inventory/ordering/
delivery information systems (connecting the seller firm with
its customers), and cloud-based systems (sharing the order
and delivery status on a real-time basis), which are known as
the main trends of digitalization that help a firm to have pro-
active access to the order’s alterations. Therefore, any drop
or shortage in inventories at the customer’s site(s) can be
detected and shared automatically by smart technologies

Table 4. Digitalization applications to agility in different stages of order fulfillment.

Agility in
Initial digitalization solutions Advanced data and digital technology Receiving orders Sourcing/SRM Production/quality Delivery
Digitalized/online product catalog Virtual reality-equipped product catalog X
Online product enquiry Al-equipped product enquiry management X
Collaborative product design Cloud-based customer-led product design X X
EDI, E-Invoicing and E-Payment Cloud-based integrated order/payment X X
Customer order keeping and management system, BDA X
amendment

ERP and SRM BDA: prescriptive and predictive analyses X X
Collaborative production planning Cloud-based production planning and ERP X

systems
Production/quality control system Cyber-physical systems, robotics, Internet-of- X

Things Al
RFID-equipped delivery system Smart tags, Internet-of-Things, Satellite X X

navigation
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and integrated systems. This can go up to some extreme
cases, for example when the delivery driver is updated and
informed to change his route and deliver the order to cus-
tomer warehouse Y instead of warehouse X. Therefore:

Proposition 1b. Digital platforms and tools, capturing the
customer’s inventory and market status autonomously, support
the demand-side micro agility of STO systems by proactive
analysis and sharing of order alterations data with the focal firm
on a real-time basis.

In make-to-order systems, demand-side micro agility focuses
on a quick response to unexpected changes in customer
orders, in terms of product ingredient, material, and packaging.
This needs the firm to understand what exactly the customer is
asking for. It also needs the customer to know about the sell-
ing firms' capability and the options it can provide to its cus-
tomers. Digital platforms (e.g. extranets) can significantly
facilitate this mutual understanding of the initial order and its
subsequent alteration. Hence:

Proposition 2a. Digitalization supports the demand-side micro
agility of MTO systems through the swift sharing of customer
order alterations data by the customer with the focal firm.

Digitalization also helps the customer and seller under-
standing of each other’s expectations and capacities, through
sharing those data as well as standardizing the data—i.e.
transforming order and product data into a more structured
format (e.g. instead of explaining the required material or
product features in a text format, the customer chooses one
of the available options in the firm’s sales extranet, by ticking
the relevant box there). If order and product data need more
clarification, they can be supported by further structured
data, such as explicit quantitative measures, available via
digital measurement and visualization tools, rather than
qualitative, open-to-misinterpretation texts (e.g. colour
description ‘light blue’ is also accompanied by its RGB code:
46, 172, 242). Succeeding in a clear understanding of cus-
tomer orders, digital technologies, such as robotics and com-
puter-aided-manufacturing can be integrated within the
focal firm-customer ordering and order adjustment system,
and speed up the production stage in responding to the
changing orders adequately and swiftly. Thus:

Proposition 2b. Focal firm digital access to the customer order
receiving/adjustment data supports the demand-side micro agility
of MTO systems by real-time sharing of customer order alteration
with the focal firm’s internal production processes.

In DTO systems, demand-side micro agility needs to find
out about and understand further details of the customer
order, which changes at the product design level. Customers
should also be aware of the available product design options
provided by the firm. Because of those requirements, digital
platforms (e.g. order placement systems) can significantly
support speedy and accurate customer order alteration data
interchange. Hence,

Proposition 3a. Digitalization supports the demand-side micro
agility of DTO systems through the swift sharing of product
design alterations by the customer with the focal firm.

Moreover, collaborative design and advanced technolo-
gies, such as augmented and virtual reality, coupled with

computer-aided design technology can accelerate the whole
process of product design customization and adjustment at
a high level of accuracy and transparency. In view of that:

Proposition 3b. Focal firm digital access to the customer order
receiving/adjustment data supports the demand-side micro agility
of DTO systems by real-time sharing of customer order alteration
with the focal firm’s internal design and production processes.

Supply-side micro agility is mainly about maintaining a
supply-base capable of a quick response to sudden changes
in the firm’s purchased items/orders as well as the firm's
readiness for unexpected disruption in its supply. The
dependence on DTO, MTO, and STO systems on suppliers is
widely diverse. In STO, the purchased materials from suppli-
ers usually remain the same. The firm’s suppliers are not,
however, limited to material suppliers. To achieve highly
agile deliveries and customized shipments, STO may work
with various logistics providers (i.e. service suppliers), while
the expectations from them vary significantly and constantly.
Logistics service providers need to be informed about the
firm’s customer delivery expectations as soon as possible,
ideally on a real-time basis. Digitalized platforms and tools
expedite and enhance the firm’s communications with its
logistics service. Thus, it can be stated that,

Proposition 4a. Digitalization supports the supply-side micro
agility of STO systems through swift sharing of order and delivery
alterations, by the focal firm with its logistics service.

Over and above data interchange and the sharing platform
between the firm and its logistics service suppliers, digitaliza-
tion can extend the demand-side integrated ordering/delivery
information systems, that connect the firm with its customers,
to logistics service suppliers too. This helps the STO's strategic
suppliers (i.e. logistics service providers) to have proactive
access to the customer’s order alteration, helping them to
have an agile response accordingly. Therefore:

Proposition 4b. Logistics service digital access to the focal
firm-customer  order receiving/adjustment data supports
the supply-side micro agility of STO systems by real-time
sharing of order and delivery alterations with logistics service
providers.

In MTO, each purchase order of the firm to its suppliers
may be subject to changes, driven by alterations that its cus-
tomer makes in the product’'s material or components—
which themselves, or their constituent elements, are pur-
chased from suppliers. To be agile against changes in the
purchased material and components, suppliers should learn
about the changes as quickly as possible. This needs the
changes in the firm’s customer order to be swiftly communi-
cated to the supplier by the firm. Hence:

Proposition 5a. Digitalization supports the supply-side micro
agility of MTO systems through swift sharing of customer order
alterations data by the focal firm with its suppliers.

Supplier involvement in the changes will be prompt if the
supplier is given access to the focal firm-customer order
receiving/adjustment extranet platform. This helps suppliers
to be proactive and speedy in an MTO system. Hence:

Proposition 5b. Supplier digital access to the focal firm-customer
order receiving/adjustment data supports the supply-side micro



agility of MTO systems by real-time sharing of customer order
alteration with suppliers.

Supply-side micro agility in DTO can be supported by digit-
alization in a very similar way to MTO. In DTO, suppliers may
be affected by the firm’s product-customized design, which
affects the firm’s purchased items or even engages suppliers in
designing the product. Digitalization accelerates and enhances
the firm’s communications with its suppliers about the product
design and its changes. In this regard, it can be stated that:

Proposition 6a. Digitalization supports the supply-side micro
agility of DTO systems through swift sharing of product design
alterations by the focal firm with its suppliers.

Digitalization can also move towards a higher level of
integration where suppliers are involved in changes in
design through access to the focal firm-customer collabora-
tive product design extranet platform. Hence:

Proposition 6b. Supplier digital access to the focal firm-customer
order receiving/adjustment data supports the supply-side micro
agility of DTO systems through real-time sharing of product
design alterations with suppliers.

Unlike micro agility and its focus on alterations within
each customer order, macro agility tries to respond to fluctu-
ations from one customer’s order to another. Typical digital-
ization approaches recommended above for micro agility, i.e.
to understand customer orders quickly and accurately, do
not help macro agility sufficiently since in high uncertainty
levels, volatilities in order size or specifications are so high
that knowing about them a few hours or even days earlier
cannot help the firm very much. The conventional agile strat-
egies of maintaining extra capacity or inventory have been
proven to be costly—shown in our case studies, also pointed
out by Teece, Peteraf, and Leih (2016).

Macro agility needs more advanced data and digitalization
technologies to go beyond dealing with alterations to indi-
vidual orders or day-to-day changes in market demand.
Business intelligence and BDA are employed to identify
future patterns and trends in demand and supply markets. In
high-uncertainty environments, BDA can be a great help for
the market-sensing capability of the organization and assist
in a swifter and more accurate identification of risks and
threats in turbulent environments.

In an STO, demand-side macro agility tries to equip the
firm’s production and shipment capacities to respond to the
regular changes in the orders’ quantity and delivery. Although
those changes are typically unpredictable, intelligence about
the factors that affect them can drive a causal-type forecast.
BDA, by focusing on demand influencing factors, can expand
the firm’s market intelligence beyond its direct customers and
their fluctuating demand. For example, by gathering and ana-
lyzing demographic data, a firm can have a good sense of its
target market's age groups, well ahead of receiving an order
from its wholesalers or retailers. Eventually, this macro-level
market intelligence supports the firm’s mid/long-term capacity
decisions, making them available when/where they are
needed.

Similarly, in MTO and DTO, demand-side macro agility
business intelligence and BDA help in identifying future

PRODUCTION PLANNING & CONTROL 17

market trends, well ahead of receiving orders from the cus-
tomer. Causal-type forecasting here tries to find out more
about the demand influencing factors. Product material and
specification, in MTO, and product design, in DTO, are
viewed as functions of numerous influencing factors, and if
identified and predicted, the customer fluctuating expecta-
tions can then be responded to with a higher level of reli-
ability. In view of these:

Proposition 7. Advanced digitalization, including business
intelligence and BDA, supports demand-side macro agility by
providing it with predictive analytics on the influencing factors
on demands’ size and location (for STO), product specifications
(for MTO), and product design (for DTO).

With a similar approach to managing the demand-side
macro agilities, in the supply-side macro agility, BDA of the
supply market and its influencing factors expand the firm’s
intelligence about the availability of its purchased items and
services, beyond its direct suppliers and the data they may
(or may not) share with the firm. Therefore:

Proposition 8. Advanced digitalization including business
intelligence and BDA supports supply-side macro agility by
providing it with predictive analytics on the influencing factors
on logistics providers’ capacity and capability (for STO), suppliers’
production capacity and capability (for MTO), and suppliers’
design capacity and capability (for DTO).

Figure 4 organizes the research propositions according to
digitalization contributions to demand-side and supply-side
micro/macro agility in DTO, MTO, and STO systems.

7. Conclusions

This research has studied the role and effect of digitalization
on agility, by identifying different types of agility (i.e.
demand-side vs. supply-side and micro agility vs. macro agil-
ity) and exploring the contribution of digitalization to them
in different CODPs (i.e. DTO, MTO, and STO).

Through three case studies in the clothing industry, this
research has distinguished micro-agility and macro-agility
strategies, as well as demand-side and supply-side agilities
for firms that deal with different CODPs. Several propositions
and a conceptual framework have been developed accord-
ingly to formalize the digitalization contribution to demand/
supply-side micro/macro agility in DTO, MTO, and STO.

The theoretical contribution of this paper is 2-fold: First, it
defines agility at micro and macro levels for the demand-
side and supply-side of the order fulfillment process for dif-
ferent CODPs, which reflect different levels of uncertainty.
While macro agility senses and responds to major trends and
their uncertainties in the demand and/or supply (named
macro uncertainty), micro agility focuses on unpredictable
changes and uncertainties, occurring to individual orders or
deliveries (named micro agility). This elaborates the concept
of agility and deepens the literature view on specific features
of agility in terms of dynamic flexibility, dynamic speed, and
dynamic sensing (Oliva et al. 2019). Flexibility, speed, and
sensing capabilities are identified and differentiated in the
demand and supply sides of the order fulfillment process in
DTO, MTO, and STO systems—aligned with the research call
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of Sharma et al. (2021). This paper also discusses how they
are different in responding to micro and macro uncertain-
ties—as called for by Ramos, Patrucco, and Chavez (2023).
Second, digitalization applications and implications are
explored for various types of agility. The outcomes of this
research re-emphasize the positive impact of digitalization
on the firm’s design/innovation (Scuotto et al. 2017), as well
as on the data interchange with its customers/suppliers
(Centobelli, Cerchione, and Ertz 2020), as the main enabler of
micro agility in both demand and supply sides. More specif-
ically, the results show how digitalization supports transpar-
ency, collaboration, flexibility, and order commitment, widely
recognized as key driving forces for agility (Khan et al. 2009).
Micro agility also drives digitalization to be expanded more
and above data interchange (Monahan and Hu 2015).
It requires integrated information systems and databases to
be shared among relevant parties in the order fulfillment
process (Yang 2014), which elaborates Gligor, Holcomb, and
Feizabadi (2016) view to process integration as the main
enabler of agility. For macro agility, more advanced data and
digital technologies, such as business intelligence and BDA
support the firm in finding more about the factors that affect
demand and supply markets and their emerging patterns
and trends. This enhances the market sensing models
recommended by Aslam et al. (2018). Advanced digitalization
contributions also support Chakravarty, Grewal, and
Sambamurthy (2013) notion of entrepreneurial agility to
anticipate and seize market opportunities proactively, modify
the firm’s positioning and strategies, and organize new

business approaches to gain early advantages in changing
conditions.

Overall, this research shows that digitalization expansion
from data interchange (one-to-one connections) to data inte-
gration (many-to-many connections), and towards business
intelligence and predictive BDA (as shown in the upward
moves in Figure 4) is necessary to support the firm's agility at
the micro level and enhance it to the macro level, in the
demand and supply sides of the business. The transition of
digitalization from data interchange to data integration, BDA,
and predictive analytics enhances the Barlette and Baillette
(2022) and Sambamurthy, Bharadwaj, and Grover (2003) mod-
els on the inter-connections among IT competency, digital
options, and agility, by specifying the wider range and impli-
cations of digitalization and agility. This also extends the idea
of Bonnet and Westerman (2021) that adapting digital tech-
nology to mechanize old processes is not enough, and busi-
ness processes may need structural and functional changes
to benefit from digitalization.

This research has been limited to the impact of digitaliza-
tion on agility. Future research can investigate other aspects
of digitalization and agility relationships. Recent studies by
Ciampi et al. (2022), Giacosa, Culasso, and Crocco (2022), and
Wohlleber et al. (2024) suggest further research on the pos-
sible contribution of agility to digitalization. Agility is recom-
mended as a critical dynamic capability for digital
transformation (Moi and Cabiddu 2021; Warner and Wager
2019) which also encourages further digital investment
(Nwankpa and Merhout 2020). Different levels of



digitalization support for micro and macro agility in different
customization conditions can be leveraged by future studies
on the reverse relationships between digitalization and
agility.

The explorative, qualitative case study approach of this
research has limitations that future research can overcome.
The research data are from three clothing manufacturers.
Although the cases are selected carefully to reflect the het-
erogeneity of the research subject, the paper’s outcomes, to
be generalizable, need to be tested by more cases in broader
stages of the supply chain and in other industries, or pos-
sibly by large-scale survey data. Moreover, future research
may focus more on advanced and emerging technologies in
digitalization, and measure the specific impacts of Big Data,
Internet-of-Things, Al, and business intelligence tools on
agility more explicitly.

Notes on contributors

Dr. Soroosh Saghiri with more than 25 years of
industry and higher education experience, Soroosh is
a high-profile business researcher and consultant in
the fields of operations strategy, supply chain intelli-
gence, and procurement management. Soroosh has
a BSc and MSc in engineering, MA in higher educa-
tion, and PhD in supply chain management from the
University of East Anglia. He is currently an associate
professor at the University of Southampton and has
delivered several keynote speeches, seminars, and workshops in more
than 25 countries over the last 20 years. Soroosh has led and examined
various academic programmes and scholarly projects, and his research
outcomes often appear in top-ranked journals, books, business periodi-
cals, case studies, and media interviews.

Maryam Mohammadipour is a senior lecturer in
Operations Management at Middlesex University,
London. She holds a BSc and MSc in Industrial
Engineering and a PhD in Business Forecasting from
Brunel University and specializes in Supply Chain
Forecasting and Operations Management.

Dr. Vahid Mirzabeiki is a Senior Lecturer in
Operations Management at Surrey Business School,
University of Surrey, UK. Vahid's research is published
in several leading journals, including the International
Journal of Operations & Production Management,
International  Journal of Production Research,
International Journal of Production Economics, Journal
of Business Research, and the International Journal of
Physical Distribution & Logistics Management. His
research has focused on digitalization, omnichannel, collaboration-led sus-
tainability, and resilience in the context of supply chain management.
Vahid received his PhD in Supply Chain Management from Chalmers
University of Technology in Sweden in 2013. Vahid has secured research
funding from several organizations including the UK's Economic and
Social Research Council (ESRC). As a project lead and co-investigator,
through several research and consulting projects, he has worked with

PRODUCTION PLANNING & CONTROL 19

leading organizations in Sweden and the UK. Vahid is a Senior Fellow of
the Higher Education Academy (SFHEA).

ORCID

Soroosh Saghiri
Vahid Mirzabeiki

http://orcid.org/0000-0003-3100-3207
http://orcid.org/0000-0001-5436-8992

References

Akhtar, P, A. M. Ghouri, M. Saha, M. R. Khan, S. Shamim, and K. Nallaluthan.
2022. “Industrial Digitization, the Use of Real-Time Information, and
Operational Agility: Digital and Information Perspectives for Supply Chain
Resilience.” IEEE Transactions on Engineering Management. Advance online
publication.

Akhtar, P., Z. Khan, S. Tarba, and U. Jayawickrama. 2018. “The Internet of
Things, Dynamic Data and Information Processing Capabilities, and
Operational Agility.” Technological Forecasting and Social Change 136:
307-316. https://doi.org/10.1016/j.techfore.2017.04.023

Al Humdan, E., Y. Shi, M. Behnia, and A. Najmaei. 2020. “Supply Chain
Agility: A Systematic Review of Definitions, Enablers and Performance
Implications.” International Journal of Physical Distribution & Logistics
Management 50 (2): 287-312. https://doi.org/10.1108/IJPDLM-06-2019-
0192

AlNuaimi, B. K, S. K. Singh, S. Ren, P. Budhwar, and D. Vorobyev. 2022.
“Mastering Digital Transformation: The Nexus between Leadership,
Agility, and Digital Strategy.” Journal of Business Research 145: 636-
648. https://doi.org/10.1016/j.jbusres.2022.03.038

Annarelli, A, C. Battistella, F. Nonino, V. Parida, and E. Pessot. 2021.
“Literature Review on Digitalization Capabilities: Co-citation Analysis
of Antecedents, Conceptualization and Consequences.” Technological
Forecasting and Social Change 166: 120635. https://doi.org/10.1016/j.
techfore.2021.120635

Aslam, H., C. Blome, S. Roscoe, and T. M. Azhar. 2018. “Dynamic Supply
Chain Capabilities.” International Journal of Operations & Production
Management 38 (12): 2266-2285. https://doi.org/10.1108/IJOPM-09-
2017-0555

Bargshady, G., S. M. Zahraee, M. Ahmadi, and A. Parto. 2016. “The Effect
of Information Technology on the Agility of the Supply Chain in the
Iranian Power Plant Industry.” Journal of Manufacturing Technology
Management 27 (3): 427-442. https://doi.org/10.1108/JMTM-11-2015-
0093

Barlette, Y., and P. Baillette. 2022. “Big Data Analytics in Turbulent
Contexts: Towards Organizational Change for Enhanced Agility.”
Production Planning & Control 33 (2-3): 105-122. https://doi.org/10.
1080/09537287.2020.1810755

Bean, R. 2022. “How A 170-Year-Old Company Became a 21st Century
Global Data And Al Leader: The Levi Strauss & Co. Story.” Forbes, May
19. Accessed February 1, 2023. https://www.forbes.com/sites/randybean/
2022/05/19/how-a-170-year-old-company-became-a-21st-century-global-
data-and-ai-leader-the-levi-strauss—co-story/?sh=42e600817eb9.

Biger, I, V. Hagspiel, and S. De Treville. 2018. “Valuing Supply-Chain
Responsiveness under Demand Jumps.” Journal of Operations
Management 61 (1): 46-67. https://doi.org/10.1016/j.jom.2018.06.002

Blome, C., T. Schoenherr, and D. Rexhausen. 2013. “Antecedents and
Enablers of Supply Chain Agility and Its Effect on Performance: A
Dynamic Capabilities Perspective.” International Journal of Production
Research 51 (4): 1295-1318. https://doi.org/10.1080/00207543.2012.
728011

Bonnet, D., and G. Westerman. 2021. “The New Elements of Digital
Transformation.” MIT Sloan Management Review 62 (2): 82-89.

Bottani, E. 2010. “Profile and Enablers of Agile Companies: An Empirical
Investigation.” International Journal of Production Economics 125 (2):
251-261. https://doi.org/10.1016/j.ijpe.2010.02.016

Boubaker, S., Z. Jemai, E. Sahin, and Y. Dallery. 2022. “A Supply Chain
Flow Model to Assess Agility in Supply Chains.” International Journal
of Production Research 61: (2): 485-502. https://doi.org/10.1080/
00207543.2021.2010143


https://doi.org/10.1016/j.techfore.2017.04.023
https://doi.org/10.1108/IJPDLM-06-2019-0192
https://doi.org/10.1108/IJPDLM-06-2019-0192
https://doi.org/10.1016/j.jbusres.2022.03.038
https://doi.org/10.1016/j.techfore.2021.120635
https://doi.org/10.1016/j.techfore.2021.120635
https://doi.org/10.1108/IJOPM-09-2017-0555
https://doi.org/10.1108/IJOPM-09-2017-0555
https://doi.org/10.1108/JMTM-11-2015-0093
https://doi.org/10.1108/JMTM-11-2015-0093
https://doi.org/10.1080/09537287.2020.1810755
https://doi.org/10.1080/09537287.2020.1810755
https://www.forbes.com/sites/randybean/2022/05/19/how-a-170-year-old-company-became-a-21st-century-global-data-and-ai-leader-the-levi-strauss�co-story/?sh=42e600817eb9
https://www.forbes.com/sites/randybean/2022/05/19/how-a-170-year-old-company-became-a-21st-century-global-data-and-ai-leader-the-levi-strauss�co-story/?sh=42e600817eb9
https://www.forbes.com/sites/randybean/2022/05/19/how-a-170-year-old-company-became-a-21st-century-global-data-and-ai-leader-the-levi-strauss�co-story/?sh=42e600817eb9
https://doi.org/10.1016/j.jom.2018.06.002
https://doi.org/10.1080/00207543.2012.728011
https://doi.org/10.1080/00207543.2012.728011
https://doi.org/10.1016/j.ijpe.2010.02.016
https://doi.org/10.1080/00207543.2021.2010143
https://doi.org/10.1080/00207543.2021.2010143

20 S. SAGHIRI ET AL.

Bruce, M., L. Daly, and N. Towers. 2004. “Lean or Agile: A Solution for
Supply Chain Management in the Textiles and Clothing Industry?”
International Journal of Operations & Production Management 24 (2):
151-170. https://doi.org/10.1108/01443570410514867

Brusset, X. 2016. “Does Supply Chain Visibility Enhance Agility?”
International Journal of Production Economics 171: 46-59. https://doi.
0rg/10.1016/j.ijpe.2015.10.005

Butt, A. S., I. Ali, and K. Govindan. 2023. “The Role of Reverse Logistics in
a Circular Economy for Achieving Sustainable Development Goals: A
Multiple Case Study of Retail Firms.” Production Planning & Control.
Advance online publication. https://doi.org/10.1080/09537287.2023.
2197851

Cai, Z,, H. Liu, Q. Huang, and L. Liang. 2019. “Developing Organizational
Agility in Product Innovation: The Roles of IT Capability, KM
Capability, and Innovative Climate.” R&D Management 49 (4): 421-
438. https://doi.org/10.1111/radm.12305

Camargo, L. R, S. C. F. Pereira, and M. R. S. Scarpin. 2020. “Fast and
Ultra-Fast Fashion Supply Chain Management: An Exploratory
Research.” International Journal of Retail & Distribution Management
48 (6): 537-553. https://doi.org/10.1108/1JRDM-04-2019-0133

Centobelli, P, R. Cerchione, and M. Ertz. 2020. “Agile Supply Chain
Management: Where Did It Come from and Where Will It Go in the
Era of Digital Transformation?” Industrial Marketing Management 90:
324-345. https://doi.org/10.1016/j.indmarman.2020.07.011

Cepeda, J., and J. Arias-Pérez. 2019. “Information Technology Capabilities
and Organizational Agility: The Mediating Effects of Open Innovation
Capabilities.” Multinational Business Review 27 (2): 198-216. https://
doi.org/10.1108/MBR-11-2017-0088

Chakravarty, A, R. Grewal, and V. Sambamurthy. 2013. “Information
Technology Competencies, Organizational Agility, and Firm
Performance: Enabling and Facilitating Roles.” Information Systems
Research 24 (4): 976-997. https://doi.org/10.1287/isre.2013.0500

Choudhury, A., A. Behl, P. A. Sheorey, and A. Pal. 2021. “Digital Supply
Chain to Unlock New Agility: A TISM Approach.” Benchmarking: An
International Journal 28 (6): 2075-2109. https://doi.org/10.1108/BIJ-08-
2020-0461

Christofi, M., V. Pereira, D. Vrontis, S. Tarba, and A. Thrassou. 2021. “Agility
and Flexibility in International Business Research: A Comprehensive
Review and Future Research Directions.” Journal of World Business 56
(3): 101194 https://doi.org/10.1016/j.jwb.2021.101194

Ciampi, F., M. Faraoni, J. Ballerini, and F. Meli. 2022. “The co-Evolutionary
Relationship between Digitalization and Organizational Agility:
Ongoing Debates, Theoretical Developments and Future Research
Perspectives.” Technological Forecasting and Social Change 176:
121383. https://doi.org/10.1016/j.techfore.2021.121383

Cole, R, and J. Aitken. 2019. “Selecting Suppliers for Socially Sustainable
Supply Chain Management: Post-Exchange Supplier Development
Activities as Pre-Selection Requirements.” Production Planning &
Control 30 (14): 1184-1202. https://doi.org/10.1080/09537287.2019.
1595208

Corte-Real, N., T. Oliveira, and P. Ruivo. 2017. “Assessing Business Value
of Big Data Analytics in European Firms.” Journal of Business Research
70: 379-390. https://doi.org/10.1016/j.jbusres.2016.08.011

Datta, P. P, and M. G. Christopher. 2011. “Information Sharing and
Coordination Mechanisms for Managing Uncertainty in Supply Chains:
A Simulation Study.” International Journal of Production Research 49
(3): 765-803. https://doi.org/10.1080/00207540903460216

DeGroote, S. E.,, and T. G. Marx. 2013. “The Impact of IT on Supply Chain
Agility and Firm Performance: An Empirical Investigation.”
International Journal of Information Management 33 (6): 909-916.
https://doi.org/10.1016/j.ijinfomgt.2013.09.001

Delesline, N. 2023. “Uniglo Is Banking on RFID Tech to Help Drive
International Growth.” Retail Dive, January 18. https://www.retaildive.
com/news/uniqlo-rfid-tech-international-growth/640460/.

Dubey, R, D. J. Bryde, C. Foropon, M. Tiwari, Y. Dwivedi, and S. Schiffling.
2021. “An Investigation of Information Alignment and Collaboration as
Complements to Supply Chain Agility in Humanitarian Supply Chain.”
International Journal of Production Research 59 (5): 1586-1605. https://
doi.org/10.1080/00207543.2020.1865583

Eckstein, D., M. Goellner, C. Blome, and M. Henke. 2015. “The
Performance Impact of Supply Chain Agility and Supply Chain
Adaptability: The Moderating Effect of Product Complexity.”
International Journal of Production Research 53 (10): 3028-3046.
https://doi.org/10.1080/00207543.2014.970707

Eisenhardt, K. M., and M. E. Graebner. 2007. “Theory Building from Cases:
Opportunities and Challenges.” Academy of Management Journal 50
(1): 25-32. https://doi.org/10.5465/am;j.2007.24160888

Eisenhart, M. 2009. “Generalization from Qualitative Inquiry.” In
Generalizing from Educational Research: Beyond Qualitative and
Quantitative Polarization, edited by K. Ercikan and W.R. Roth, 51-66.
London: Routledge.

Fayezi, S., A. Zutshi, and A. O'Loughlin. 2015. “How Australian
Manufacturing Firms Perceive and Understand the Concepts of Agility
and Flexibility in the Supply Chain.” International Journal of
Operations & Production Management 35 (2): 246-281. https://doi.org/
10.1108/1JOPM-12-2012-0546

Fogliatto, F. S., G. J. Da Silveira, and D. Borenstein. 2012. “The Mass
Customization Decade: An Updated Review of the Literature.”
International Journal of Production Economics 138 (1): 14-25. https://
doi.org/10.1016/j.ijpe.2012.03.002

Gao, P, J. Zhang, Y. Gong, and H. Li. 2020. “Effects of Technical IT
Capabilities on Organizational Agility: The Moderating Role of IT
Business Spanning Capability.” Industrial Management & Data Systems
120 (5): 941-961. https://doi.org/10.1108/IMDS-08-2019-0433

Ghasemaghaei, M., K. Hassanein, and O. Turel. 2017. “Increasing Firm
Agility through the Use of Data Analytics: The Role of Fit.” Decision
Support Systems 101: 95-105. https://doi.org/10.1016/j.dss.2017.06.004

Giacosa, E., F. Culasso, and E. Crocco. 2022. “Customer Agility in the
Modern Automotive Sector: How Lead Management Shapes Agile
Digital Companies.” Technological Forecasting and Social Change 175:
121362. https://doi.org/10.1016/j.techfore.2021.121362

Gligor, D. M., C. L. Esmark, and M. C. Holcomb. 2015. “Performance
Outcomes of Supply Chain Agility: When Should You Be Agile?”
Journal of Operations Management 33-34 (1): 71-82. https://doi.org/
10.1016/j.jom.2014.10.008

Gligor, D. M., M. C. Holcomb, and J. Feizabadi. 2016. “An Exploration of
the Strategic Antecedents of Firm Supply Chain Agility: The Role of a
Firm’'s Orientations.” International Journal of Production Economics 179:
24-34. https://doi.org/10.1016/j.ijpe.2016.05.008

Gligor, D. M., M. C. Holcomb, and T. P. Stank. 2013. “A Multidisciplinary
Approach to Supply Chain Agility: Conceptualization and Scale
Development.” Journal of Business Logistics 34 (2): 94-108. https://doi.
0rg/10.1111/jb1.12012

Gosling, J.,, B. Hewlett, and M. M. Naim. 2017. “Extending Customer
Order Penetration Concepts to Engineering Designs.” International
Journal of Operations & Production Management 37 (4): 402-422.
https://doi.org/10.1108/IJOPM-07-2015-0453

Gosling, J, M. Naim, and D. Towill. 2013. “A Supply Chain Flexibility
Framework for Engineer-to-Order Systems.” Production Planning &
Control 24 (7): 552-566. https://doi.org/10.1080/09537287.2012.659843

Halliday, S. 2023. “Hugo Boss Accelerates Digital Move with
Development of Latest Collection.” Fashion Network, October 14,
2020. Accessed December 20, 2022. https://ww.fashionnetwork.com/
news/Hugo-boss-accelerates-digital-move-with-development-of-latest-
collection,1251339.html.

Hammer, M. 2015. “What Is Business Process Management?” In
Handbook on Business Process Management, edited by J. V. Brocke
and M. Rosemann, 3-16. Berlin: Springer.

Harrison, A., H. Skipworth, R. Van Hoek, and J. Aitken. 2019. Logistics
Management and Strategy: Competing through the Supply Chain.
London: Pearson Education.

Hennink, M., I. Hutter, and A. Bailey. 2020. Qualitative Research Methods.
London: Sage.

Hill, T., and A. Hill. 2017. Operations Strategy: Design, Implementation and
Delivery. London: Bloomsbury Publishing.

Huang, P., T. H. Ouyang, S. L. Pan, and T. Chou. 2012. “The Role of IT in
Achieving Operational Agility: A Case Study of Haier, China.”
International Journal of Information Management 32 (3): 294-298.
https://doi.org/10.1016/j.ijinfomgt.2012.02.001


https://doi.org/10.1108/01443570410514867
https://doi.org/10.1016/j.ijpe.2015.10.005
https://doi.org/10.1016/j.ijpe.2015.10.005
https://doi.org/10.1080/09537287.2023.2197851
https://doi.org/10.1080/09537287.2023.2197851
https://doi.org/10.1111/radm.12305
https://doi.org/10.1108/IJRDM-04-2019-0133
https://doi.org/10.1016/j.indmarman.2020.07.011
https://doi.org/10.1108/MBR-11-2017-0088
https://doi.org/10.1108/MBR-11-2017-0088
https://doi.org/10.1287/isre.2013.0500
https://doi.org/10.1108/BIJ-08-2020-0461
https://doi.org/10.1108/BIJ-08-2020-0461
https://doi.org/10.1016/j.jwb.2021.101194
https://doi.org/10.1016/j.techfore.2021.121383
https://doi.org/10.1080/09537287.2019.1595208
https://doi.org/10.1080/09537287.2019.1595208
https://doi.org/10.1016/j.jbusres.2016.08.011
https://doi.org/10.1080/00207540903460216
https://doi.org/10.1016/j.ijinfomgt.2013.09.001
https://www.retaildive.com/news/uniqlo-rfid-tech-international-growth/640460/
https://www.retaildive.com/news/uniqlo-rfid-tech-international-growth/640460/
https://doi.org/10.1080/00207543.2020.1865583
https://doi.org/10.1080/00207543.2020.1865583
https://doi.org/10.1080/00207543.2014.970707
https://doi.org/10.5465/amj.2007.24160888
https://doi.org/10.1108/IJOPM-12-2012-0546
https://doi.org/10.1108/IJOPM-12-2012-0546
https://doi.org/10.1016/j.ijpe.2012.03.002
https://doi.org/10.1016/j.ijpe.2012.03.002
https://doi.org/10.1108/IMDS-08-2019-0433
https://doi.org/10.1016/j.dss.2017.06.004
https://doi.org/10.1016/j.techfore.2021.121362
https://doi.org/10.1016/j.jom.2014.10.008
https://doi.org/10.1016/j.jom.2014.10.008
https://doi.org/10.1016/j.ijpe.2016.05.008
https://doi.org/10.1111/jbl.12012
https://doi.org/10.1111/jbl.12012
https://doi.org/10.1108/IJOPM-07-2015-0453
https://doi.org/10.1080/09537287.2012.659843
https://ww.fashionnetwork.com/news/Hugo-boss-accelerates-digital-move-with-development-of-latest-collection,1251339.html
https://ww.fashionnetwork.com/news/Hugo-boss-accelerates-digital-move-with-development-of-latest-collection,1251339.html
https://ww.fashionnetwork.com/news/Hugo-boss-accelerates-digital-move-with-development-of-latest-collection,1251339.html
https://doi.org/10.1016/j.ijinfomgt.2012.02.001

Inman, R. A, R. S. Sale, K. W. Green Jr, and D. Whitten. 2011. “Agile
Manufacturing: Relation to JIT, Operational Performance and Firm
Performance.” Journal of Operations Management 29 (4): 343-355.
https://doi.org/10.1016/j.jom.2010.06.001

Jacobsen, H., and K. H. Tan. 2022. “Improving Food Safety through Data
Pattern Discovery in a Sensor-Based Monitoring System.” Production
Planning & Control 33 (16): 1548-1558. https://doi.org/10.1080/
09537287.2021.1882691

Jahed, M. A, M. Quaddus, N. C. Suresh, M. A. Salam, and E. A. Khan.
2022. “Direct and Indirect Influences of Supply Chain Management
Practices on Competitive Advantage in Fast Fashion Manufacturing
Industry.” Journal of Manufacturing Technology Management 33 (3):
598-617. https://doi.org/10.1108/JMTM-04-2021-0150

Jiménez, T. R, and M. Orozco. 2021. “Prompts, Not Questions: Four
Techniques for Crafting Better Interview Protocols.” Qualitative
Sociology 44 (4): 507-528. https://doi.org/10.1007/s11133-021-09483-2

Kaufmann, L, and N. Denk. 2011. “How to Demonstrate Rigor When
Presenting Grounded Theory Research in the Supply Chain
Management Literature.” Journal of Supply Chain Management 47 (4):
64-72. https://doi.org/10.1111/j.1745-493X.2011.03246.x

Khan, A. K., B. Bakkappa, B. A. Metri, and B. S. Sahay. 2009. “Impact of
Agile Supply Chains’ Delivery Practices on Firms’ Performance: Cluster
Analysis and Validation.” Supply Chain Management: An International
Journal 14 (1): 41-48. https://doi.org/10.1108/13598540910927296

Kim, M. and S. Chai. 2017. “The Impact of Supplier Innovativeness,
Information Sharing and Strategic Sourcing on Improving Supply
Chain Agility: Global Supply Chain Perspective.” International Journal
of Production Economics 187: 42-52. https://doi.org/10.1016/j.ijpe.
2017.02.007

Krippendorff, K. 2011. Computing Krippendorff's Alpha-Reliability.
Departmental Papers (ASC), 43. University of Pennsylvania. https://
repository.upenn.edu/asc_papers/.

Krippendorff, K. 2018. Content Analysis: An
Methodology. London: Sage publications.

Lee, H. L. 2002. “Aligning Supply Chain Strategies with Product
Uncertainties.” California Management Review 44 (3): 105-119. https://
doi.org/10.2307/41166135

Li, G, Y. Lin, S. Wang, and H. Yan. 2006. “Enhancing Agility by Timely Sharing
of Supply Information.” Supply Chain Management: An International Journal
11 (5): 425-435. https://doi.org/10.1108/13598540610682444

Lin, J,, L. Li, X. Luo, and J. Benitez. 2020. “How Do Agribusinesses Thrive
through Complexity? The Pivotal Role of e-Commerce Capability and
Business Agility.” Decision Support Systems 135: 113342. https://doi.
0rg/10.1016/j.dss.2020.113342

Liu, H., W. Ke, K. K. Wei, and Z. Hua. 2013. “The Impact of IT Capabilities
on Firm Performance: The Mediating Roles of Absorptive Capacity
and Supply Chain Agility.” Decision Support Systems 54 (3): 1452-1462.
https://doi.org/10.1016/j.dss.2012.12.016

Liu, S, F. T. Chan, J. Yang, and B. Niu. 2018. “Understanding the Effect of
Cloud Computing on Organizational Agility: An Empirical Examination.”
International Journal of Information Management 43: 98-111. https://doi.
org/10.1016/j.ijinfomgt.2018.07.010

Lowry, P. B, and D. Wilson. 2016. “Creating Agile Organizations through
IT: The Influence of Internal IT Service Perceptions on IT Service
Quality and IT Agility.” The Journal of Strategic Information Systems 25
(3): 211-226. https://doi.org/10.1016/j.jsis.2016.05.002

Lu, Y, and K. Ramamurthy. 2011. “Understanding the Link between
Information Technology Capability and Organizational Agility: An
Empirical Examination.” MIS Quarterly 35(4): 931-954. https://doi.org/
10.2307/41409967

Mao, H., S. Liu, and J. Zhang. 2015. “How the Effects of IT and Knowledge
Capability on Organizational Agility Are Contingent on Environmental
Uncertainty and Information Intensity.” Information Development 31 (4):
358-382. https://doi.org/10.1177/0266666913518059

Margherita, A., H. Sharifi, and A. Caforio. 2021. “A Conceptual Framework
of Strategy, Action and Performance Dimensions of Organisational
Agility Development.” Technology Analysis & Strategic Management 33
(7): 829-842. https://doi.org/10.1080/09537325.2020.1849611

Introduction to Its

PRODUCTION PLANNING & CONTROL 21

Marr, B. 2022. “Gucci Enters the Metaverse.” Forbes, November 30, 2022.
Accessed January 11, 2023. https://www.forbes.com/sites/bernard-
marr/2022/11/30/gucci-enters-the-metaverse/?sh=69e885751d66.

Martinez, J. M. G., P. Carracedo, D. G. Comas, and C. H. Siemens. 2022. “An
Analysis of the Blockchain and COVID-19 Research Landscape Using a
Bibliometric Study.” Sustainable Technology and Entrepreneurship 1 (1):
100006. https://doi.org/10.1016/j.stae.2022.100006

Martinez, S., A. Errasti, and M. Rudberg. 2015. “Adapting Zara’s ‘Pronto
Moda’ to a Value Brand Retailer.” Production Planning & Control 26 (9):
723-737. https://doi.org/10.1080/09537287.2014.971526

Martinez-Caro, E., G. Cepeda-Carrién, J. G. Cegarra-Navarro, and A. Garcia-
Perez. 2020. “The Effect of Information Technology Assimilation on Firm
Performance in B2B Scenarios.” Industrial Management & Data Systems
120 (12): 2269-2296. https://doi.org/10.1108/IMDS-10-2019-0554

Masson, R, L. losif, G. MacKerron, and J. Fernie. 2007. “Managing
Complexity in Agile Global Fashion Industry Supply Chains.” The
International Journal of Logistics Management 18 (2): 238-254. https://
doi.org/10.1108/09574090710816959

Mehrjoo, M., and Z. J. Pasek. 2016. “Risk Assessment for the Supply
Chain of Fast Fashion Apparel Industry: A System Dynamics
Framework.” International Journal of Production Research 54 (1): 28-48.
https://doi.org/10.1080/00207543.2014.997405

Meisel, F., and C. Bierwirth. 2014. “The Design of Make-to-Order Supply
Networks under Uncertainties Using Simulation and Optimisation.”
International Journal of Production Research 52 (22): 6590-6607.
https://doi.org/10.1080/00207543.2014.904533

Mero, J.,, and H. Haapio. 2022. “An Effectual Approach to Executing
Dynamic Capabilities under Unexpected Uncertainty.” Industrial
Marketing Management 107: 82-91. https://doi.org/10.1016/j.indmar-
man.2022.09.021

Mikalef, P, and A. Pateli. 2017. “Information Technology-Enabled
Dynamic Capabilities and Their Indirect Effect on Competitive
Performance: Findings from PLS-SEM and fsQCA.” Journal of Business
Research 70: 1-16. https://doi.org/10.1016/j.jbusres.2016.09.004

Miles, M. B., A. M. Huberman, and J. Saldana. 2020. Qualitative Data
Analysis: A Methods Sourcebook. Los Angeles, CA: Sage.

Mohiuddin Babu, M., S. Akter, M. Rahman, M. M. Billah, and D. Hack-
Polay. 2022. “The Role of Artificial Intelligence in Shaping the Future
of Agile Fashion Industry.” Production Planning & Control 1-15.
Advance online publication. https://doi.org/10.1080/09537287.2022.
2060858

Moi, L., and F. Cabiddu. 2021. “Leading Digital Transformation through
an Agile Marketing Capability: The Case of Spotahome.” Journal of
Management and Governance 25 (4): 1145-1177. https://doi.org/10.
1007/s10997-020-09534-w

Monahan, S. T., and M. Hu. 2015. “Sharing Supply Chain Data in the
Digital Era.” MIT Sloan Management Review 57 (1): 95-96.

Mondragon, A. E. C,, A. C. Lyons, and D. F. Kehoe. 2004. “Assessing the
Value of Information Systems in Supporting Agility in High-Tech
Manufacturing Enterprises.” International Journal of Operations &
Production Management 24 (12): 1219-1246. https://doi.org/10.1108/
01443570410569029

Muller, J., K. Hoberg, and J. C. Fransoo. 2023. “Realizing Supply Chain
Agility under Time Pressure: Ad Hoc Supply Chains during the COVID-
19 Pandemic.” Journal of Operations Management 69 (3): 426-449.
https://doi.org/10.1002/joom.1210

Nabelsi, V., and S. Gagnon. 2017. “Information Technology Strategy for a
Patient-Oriented, Lean, and Agile Integration of Hospital Pharmacy
and Medical Equipment Supply Chains.” International Journal of
Production Research 55 (14): 3929-3945. https://doi.org/10.1080/
00207543.2016.1218082

Napoleone, A., A. Pozzetti, M. Macchi, and R. Andersen. 2021. “Time to Be
Responsive in the Process Industry: A Literature-Based Analysis of
Trends of Change, Solutions and Challenges.” Production Planning &
Control 34 (6): 572-586. https://doi.org/10.1080/09537287.2021.1942282

Naughton, S., I. Golgeci, and A. Arslan. 2020. “Supply Chain Agility as an
Acclimatisation Process to Environmental Uncertainty and Organisational
Vulnerabilities: Insights from British SMEs.” Production Planning & Control
31 (14): 1164-1177. https://doi.org/10.1080/09537287.2019.1701130


https://doi.org/10.1016/j.jom.2010.06.001
https://doi.org/10.1080/09537287.2021.1882691
https://doi.org/10.1080/09537287.2021.1882691
https://doi.org/10.1108/JMTM-04-2021-0150
https://doi.org/10.1007/s11133-021-09483-2
https://doi.org/10.1111/j.1745-493X.2011.03246.x
https://doi.org/10.1108/13598540910927296
https://doi.org/10.1016/j.ijpe.2017.02.007
https://doi.org/10.1016/j.ijpe.2017.02.007
https://repository.upenn.edu/asc_papers/
https://repository.upenn.edu/asc_papers/
https://doi.org/10.2307/41166135
https://doi.org/10.2307/41166135
https://doi.org/10.1108/13598540610682444
https://doi.org/10.1016/j.dss.2020.113342
https://doi.org/10.1016/j.dss.2020.113342
https://doi.org/10.1016/j.dss.2012.12.016
https://doi.org/10.1016/j.ijinfomgt.2018.07.010
https://doi.org/10.1016/j.ijinfomgt.2018.07.010
https://doi.org/10.1016/j.jsis.2016.05.002
https://doi.org/10.2307/41409967
https://doi.org/10.2307/41409967
https://doi.org/10.1177/0266666913518059
https://doi.org/10.1080/09537325.2020.1849611
https://www.forbes.com/sites/bernardmarr/2022/11/30/gucci-enters-the-metaverse/?sh=69e885751d66
https://www.forbes.com/sites/bernardmarr/2022/11/30/gucci-enters-the-metaverse/?sh=69e885751d66
https://doi.org/10.1016/j.stae.2022.100006
https://doi.org/10.1080/09537287.2014.971526
https://doi.org/10.1108/IMDS-10-2019-0554
https://doi.org/10.1108/09574090710816959
https://doi.org/10.1108/09574090710816959
https://doi.org/10.1080/00207543.2014.997405
https://doi.org/10.1080/00207543.2014.904533
https://doi.org/10.1016/j.indmarman.2022.09.021
https://doi.org/10.1016/j.indmarman.2022.09.021
https://doi.org/10.1016/j.jbusres.2016.09.004
https://doi.org/10.1080/09537287.2022.2060858
https://doi.org/10.1080/09537287.2022.2060858
https://doi.org/10.1007/s10997-020-09534-w
https://doi.org/10.1007/s10997-020-09534-w
https://doi.org/10.1108/01443570410569029
https://doi.org/10.1108/01443570410569029
https://doi.org/10.1002/joom.1210
https://doi.org/10.1080/00207543.2016.1218082
https://doi.org/10.1080/00207543.2016.1218082
https://doi.org/10.1080/09537287.2021.1942282
https://doi.org/10.1080/09537287.2019.1701130

22 S. SAGHIRI ET AL.

Ngai, E. W, D. C. Chau, and T. Chan. 2011. “Information Technology,
Operational, and Management Competencies for Supply Chain Agility:
Findings from Case Studies.” The Journal of Strategic Information
Systems 20 (3): 232-249. https://doi.org/10.1016/j.jsis.2010.11.002

Noris, A., T. H. Nobile, N. Kalbaska, and L. Cantoni. 2021. “Digital Fashion:
A Systematic Literature Review. A Perspective on Marketing and
Communication.” Journal of Global Fashion Marketing 12 (1): 32-46.
https://doi.org/10.1080/20932685.2020.1835522

Nwankpa, J. K., and J. W. Merhout. 2020. “Exploring the Effect of Digital
Investment on IT Innovation.” Sustainability 12 (18): 7374. https://doi.
org/10.3390/su12187374

Oliva, F. L, M. H. G. Couto, R. F. Santos, and S. Bresciani. 2019. “The
Integration between Knowledge Management and Dynamic
Capabilities in Agile Organizations.” Management Decision 57 (8):
1960-1979. https://doi.org/10.1108/MD-06-2018-0670

Overby, E., A. Bharadwaj, and V. Sambamurthy. 2006. “Enterprise Agility
and the Enabling Role of Information Technology.” European Journal
of Information Systems 15 (2): 120-131. https://doi.org/10.1057/pal-
grave.ejis.3000600

Panda, S., and S. K. Rath. 2016. “Investigating the Structural Linkage
between IT Capability and Organizational Agility: A Study on Indian
Financial Enterprises.” Journal of Enterprise Information Management
29 (5): 751-773. https://doi.org/10.1108/JEIM-04-2015-0033

Pandey, S., R. K. Singh, and A. Gunasekaran. 2021. “Supply Chain Risks in
Industry 4.0 Environment: Review and Analysis Framework.”
Production Planning & Control 34 (13): 1275-1302. https://doi.org/10.
1080/09537287.2021.2005173

Patel, B. S, and M. Sambasivan. 2022. “A Systematic Review of the
Literature on Supply Chain Agility.” Management Research Review 45
(2): 236-260. https://doi.org/10.1108/MRR-09-2020-0574

Power, D. J,, A. S. Sohal, and S. U. Rahman. 2001. “Critical Success
Factors in Agile Supply Chain Management.” International Journal of
Physical Distribution & Logistics Management 31 (4): 247-265. https://
doi.org/10.1108/09600030110394923

Pratt, M. G. 2009. “From the Editors: For the Lack of a Boilerplate: tips on
Writing up (and Reviewing) Qualitative Research.” Academy of
Management Journal 52 (5): 856-862. https://doi.org/10.5465/amj.
2009.44632557

Purvis, L., J. Gosling, and M. M. Naim. 2014. “The Development of a
Lean, Agile and Leagile Supply Network Taxonomy Based on Differing
Types of Flexibility.” International Journal of Production Economics 151:
100-111. https://doi.org/10.1016/}.ijpe.2014.02.002

Qrunfleh, S., and M. Tarafdar. 2013. “Lean and Agile Supply Chain
Strategies and Supply Chain Responsiveness: The Role of Strategic
Supplier Partnership and Postponement.” Supply Chain Management:
An International Journal 18 (6): 571-582. https://doi.org/10.1108/SCM-
01-2013-0015

Raji, I. O., T. Rossi, and F. Strozzi. 2021. “A Dynamic Literature Review on
‘Lean and Agile’ Supply Chain Integration Using Bibliometric Tools.”
International Journal of Services and Operations Management 40 (2):
253-285. https://doi.org/10.1504/1JSOM.2021.118248

Ramos, E., A. S. Patrucco, and M. Chavez. 2023. “Dynamic Capabilities in
the ‘New Normal: A Study of Organizational Flexibility, Integration
and Agility in the Peruvian Coffee Supply Chain.” Supply Chain
Management: An International Journal 28 (1): 55-73. https://doi.org/10.
1108/SCM-12-2020-0620

Rane, S. B, and Y. A. M. Narvel. 2021. “Re-Designing the Business
Organization Using Disruptive Innovations Based on Blockchain-loT
Integrated Architecture for Improving Agility in Future Industry 4.0."
Benchmarking 28 (5): 1883-1908. https://doi.org/10.1108/BIJ-12-2018-
0445

Rauniyar, K., X. Wu, S. Gupta, S. Modgil, and A. Kumar. 2023. “Digitizing
Global Supply Chains through Blockchain.” Production Planning &
Control 1-22. Advance online publication. https://doi.org/10.1080/
09537287.2023.2189614

Ravichandran, T. 2018. “Exploring the Relationships between IT
Competence, Innovation Capacity and Organizational Agility.” The
Journal of Strategic Information Systems 27 (1): 22-42. https://doi.org/
10.1016/}.jsis.2017.07.002

Rialti, R, L. Zollo, A. Ferraris, and I. Alon. 2019. “Big Data Analytics
Capabilities and Performance: Evidence from a Moderated Multi-
Mediation Model.” Technological Forecasting and Social Change 149:
119781. https://doi.org/10.1016/j.techfore.2019.119781

Rosin, F., P. Forget, S. Lamouri, and R. Pellerin. 2020. “Impacts of Industry
4.0 Technologies on Lean Principles.” International Journal of
Production Research 58 (6): 1644-1661. https://doi.org/10.1080/
00207543.2019.1672902

Rudberg, M., and J. Wikner. 2004. “Mass Customization in Terms of the
Customer Order Decoupling Point.” Production Planning & Control 15
(4): 445-458. https://doi.org/10.1080/0953728042000238764

Saghiri, S., and V. Mirzabeiki. 2021. “Omni-Channel Integration: The
Matter of Information and Digital Technology.” International Journal
of Operations & Production Management 41 (11): 1660-1710. https://
doi.org/10.1108/1JOPM-04-2021-0262

Sambamurthy, V., A. Bharadwaj, and V. Grover. 2003. “Shaping Agility
through Digital Options: Reconceptualizing the Role of Information
Technology in Contemporary Firms.” MIS Quarterly 27 (2): 237-263.
https://doi.org/10.2307/30036530

Sanders, A, C. Elangeswaran, and J. Wulfsberg. 2016. “Industry 4.0
Implies Lean Manufacturing: Research Activities in Industry 4.0
Function as Enablers for Lean Manufacturing.” Journal of Industrial
Engineering and Management 9 (3): 811-833. https://doi.org/10.3926/
jiem.1940

Sanders, N. R. 2007. “An Empirical Study of the Impact of e-Business
Technologies on Organizational Collaboration and Performance.”
Journal of Operations Management 25 (6): 1332-1347. https://doi.org/
10.1016/j.jom.2007.01.008

Saraf, N,, C. S. Langdon, and S. Gosain. 2007. “Is Application Capabilities
and Relational Value in Interfirm Partnerships.” Information Systems
Research 18 (3): 320-339. https://doi.org/10.1287/isre.1070.0133

Sardar, S., and Y. H. Lee. 2015. “Analysis of Product Complexity consider-
ing Disruption Cost in Fast Fashion Supply Chain.” Mathematical
Problems in Engineering 2015: 1-15. https://doi.org/10.1155/2015/
670831

Saura, J. R. 2021. “Using Data Sciences in Digital Marketing: Framework,
Methods, and Performance Metrics.” Journal of Innovation &
Knowledge 6 (2): 92-102. https://doi.org/10.1016/j.jik.2020.08.001

Scuotto, V., G. Santoro, S. Bresciani, and M. Del Giudice. 2017. “Shifting
Intra- and Inter-Organizational Innovation Processes towards Digital
Business: An Empirical Analysis of SMEs.” Creativity and Innovation
Management 26 (3): 247-255. https://doi.org/10.1111/caim.12221

Seyedghorban, Z., H. Tahernejad, R. Meriton, and G. Graham. 2020.
“Supply Chain Digitalization: Past, Present and Future.” Production
Planning & Control 31 (2-3): 96-114. https://doi.org/10.1080/
09537287.2019.1631461

Shams, R, D. Vrontis, Z. Belyaeva, A. Ferraris, and M. R. Czinkota. 2021.
“Strategic Agility in International Business: A Conceptual Framework
for Agile Multinationals.” Journal of International Management 27 (1):
100737. https://doi.org/10.1016/j.intman.2020.100737

Sharma, V., R. D. Raut, S. K. Mangla, B. E. Narkhede, S. Luthra, and R.
Gokhale. 2021. “A Systematic Literature Review to Integrate Lean,
Agile, Resilient, Green and Sustainable Paradigms in the Supply Chain
Management.” Business Strategy and the Environment 30 (2): 1191-
1212. https://doi.org/10.1002/bse.2679

Sheel, A, and V. Nath. 2019. “Effect of Blockchain Technology Adoption
on Supply Chain Adaptability, Agility, Alignment and Performance.”
Management Research Review 42 (12): 1353-1374. https://doi.org/10.
1108/MRR-12-2018-0490

Shekarian, M., S. V. R. Nooraie, and M. M. Parast. 2020. “An Examination
of the Impact of Flexibility and Agility on Mitigating Supply Chain
Disruptions.” International Journal of Production Economics 220:
107438. https://doi.org/10.1016/j.ijpe.2019.07.011

Shurrab, H., P. Jonsson, and M. I|. Johansson. 2022. “Managing
Complexity through Integrative Tactical Planning in Engineer-to-Order
Environments: Insights from Four Case Studies.” Production Planning &
Control 33 (9-10): 907-924. https://doi.org/10.1080/09537287.2020.
1837937

Skare, M., and D. R. Soriano. 2021. “A Dynamic Panel Study on
Digitalization and Firm’s Agility: What Drives Agility in Advanced


https://doi.org/10.1016/j.jsis.2010.11.002
https://doi.org/10.1080/20932685.2020.1835522
https://doi.org/10.3390/su12187374
https://doi.org/10.3390/su12187374
https://doi.org/10.1108/MD-06-2018-0670
https://doi.org/10.1057/palgrave.ejis.3000600
https://doi.org/10.1057/palgrave.ejis.3000600
https://doi.org/10.1108/JEIM-04-2015-0033
https://doi.org/10.1080/09537287.2021.2005173
https://doi.org/10.1080/09537287.2021.2005173
https://doi.org/10.1108/MRR-09-2020-0574
https://doi.org/10.1108/09600030110394923
https://doi.org/10.1108/09600030110394923
https://doi.org/10.5465/amj.2009.44632557
https://doi.org/10.5465/amj.2009.44632557
https://doi.org/10.1016/j.ijpe.2014.02.002
https://doi.org/10.1108/SCM-01-2013-0015
https://doi.org/10.1108/SCM-01-2013-0015
https://doi.org/10.1504/IJSOM.2021.118248
https://doi.org/10.1108/SCM-12-2020-0620
https://doi.org/10.1108/SCM-12-2020-0620
https://doi.org/10.1108/BIJ-12-2018-0445
https://doi.org/10.1108/BIJ-12-2018-0445
https://doi.org/10.1080/09537287.2023.2189614
https://doi.org/10.1080/09537287.2023.2189614
https://doi.org/10.1016/j.jsis.2017.07.002
https://doi.org/10.1016/j.jsis.2017.07.002
https://doi.org/10.1016/j.techfore.2019.119781
https://doi.org/10.1080/00207543.2019.1672902
https://doi.org/10.1080/00207543.2019.1672902
https://doi.org/10.1080/0953728042000238764
https://doi.org/10.1108/IJOPM-04-2021-0262
https://doi.org/10.1108/IJOPM-04-2021-0262
https://doi.org/10.2307/30036530
https://doi.org/10.3926/jiem.1940
https://doi.org/10.3926/jiem.1940
https://doi.org/10.1016/j.jom.2007.01.008
https://doi.org/10.1016/j.jom.2007.01.008
https://doi.org/10.1287/isre.1070.0133
https://doi.org/10.1155/2015/670831
https://doi.org/10.1155/2015/670831
https://doi.org/10.1016/j.jik.2020.08.001
https://doi.org/10.1111/caim.12221
https://doi.org/10.1080/09537287.2019.1631461
https://doi.org/10.1080/09537287.2019.1631461
https://doi.org/10.1016/j.intman.2020.100737
https://doi.org/10.1002/bse.2679
https://doi.org/10.1108/MRR-12-2018-0490
https://doi.org/10.1108/MRR-12-2018-0490
https://doi.org/10.1016/j.ijpe.2019.07.011
https://doi.org/10.1080/09537287.2020.1837937
https://doi.org/10.1080/09537287.2020.1837937

Economies 2009-2018." Technological Forecasting and Social Change
163: 120418. https://doi.org/10.1016/j.techfore.2020.120418

Skare, M., and D. R. Soriano. 2021. “How Globalization is Changing
Digital Technology Adoption: An International Perspective.” Journal of
Innovation & Knowledge 6 (4): 222-233. https://doi.org/10.1016/j.jik.
2021.04.001

Solheim, M. C,, T. Aadland, A. E. Eide, and D. H. Haneberg. 2022. “Drivers
for Aqility in Times of Crisis.” European Business Review 35 (1): 57-73.
https://doi.org/10.1108/EBR-01-2022-0014

Stake, R. E. 2013. Multiple Case Study Analysis. New York, NY: Guilford
Press.

Swafford, P. M., S. Ghosh, and N. Murthy. 2006. “The Antecedents of
Supply Chain Agility of a Firm: Scale Development and Model
Testing.” Journal of Operations Management 24 (2): 170-188. https://
doi.org/10.1016/j.jom.2005.05.002

Swafford, P. M., S. Ghosh, and N. Murthy. 2008. “Achieving Supply Chain
Agility through IT Integration and Flexibility.” International Journal of
Production Economics 116 (2): 288-297. https://doi.org/10.1016/j.ijpe.
2008.09.002

Tallon, P. P., and A. Pinsonneault. 2011. “Competing Perspectives on the
Link between Strategic Information Technology Alignment and
Organizational Agility: Insights from a Mediation Model.” MIS
Quarterly 35(2): 463-486. https://doi.org/10.2307/23044052

Tarafdar, M., and S. Qrunfleh. 2017. “Agile Supply Chain Strategy and
Supply Chain Performance: Complementary Roles of Supply Chain
Practices and Information Systems Capability for Agility.” International
Journal of Production Research 55 (4): 925-938. https://doi.org/10.
1080/00207543.2016.1203079

Teece, D., M. Peteraf, and S. Leih. 2016. “Dynamic Capabilities and
Organizational Agility: Risk, Uncertainty, and Strategy in the
Innovation Economy.” California Management Review 58 (4): 13-35.
https://doi.org/10.1525/cmr.2016.58.4.13

Tiago, F., A. Gil, S. Stemberger, and T. Borges-Tiago. 2021. “Digital
Sustainability Communication in Tourism.” Journal of Innovation &
Knowledge 6 (1): 27-34. https://doi.org/10.1016/}.jik.2019.12.002

Tortorella, G., R. Miorando, and A. F. MacCawley. 2019. “The Moderating
Effect of Industry 4.0 on the Relationship between Lean Supply Chain
Management and Performance Improvement.” Supply Chain
Management: An International Journal 24 (2): 301-314. https://doi.org/
10.1108/SCM-01-2018-0041

Tracy, S. J. 2019. Qualitative Research Methods: Collecting Evidence,
Crafting Analysis, Communicating Impact. Hoboken, NJ: John Wiley &
Sons.

Vagnoni, E., and S. Khoddami. 2016. “Designing Competitivity Activity
Model through the Strategic Agility Approach in a Turbulent
Environment.” Foresight 18 (6): 625-648. https://doi.org/10.1108/FS-
03-2016-0012

Wamba, S. F., R. Dubey, A. Gunasekaran, and S. Akter. 2020. “The
Performance Effects of Big Data Analytics and Supply Chain
Ambidexterity: The Moderating Effect of Environmental Dynamism.”
International Journal of Production Economics 222: 107498. https://doi.
org/10.1016/j.ijpe.2019.09.019

Wang, Z., X. Tao, X. Zeng, Y. Xing, Z. Xu, and P. Bruniaux. 2023. “Design
of Customized Garments towards Sustainable Fashion Using 3D
Digital Simulation and Machine Learning-Supported Human-Product
Interactions.” International Journal of Computational Intelligence
Systems 16 (1): 16. https://doi.org/10.1007/544196-023-00189-7

PRODUCTION PLANNING & CONTROL 23

Warner, K. S. R, and M. Wager. 2019. “Building Dynamic Capabilities for
Digital Transformation: An Ongoing Process of Strategic Renewal.”
Long Range Planning 52 (3): 326-349. https://doi.org/10.1016/j.Irp.
2018.12.001

Wells, J. R, and G. Danskin. 2014. Benetton Group SpA. Cambridge, MA:
Harvard Business Publishing.

Wen, X., T. M. Choi, and S. H. Chung. 2019. “Fashion Retail Supply Chain
Management: A Review of Operational Models.” International Journal
of Production Economics 207: 34-55. https://doi.org/10.1016/j.ijpe.
2018.10.012

White, A., E. M. Daniel, and M. Mohdzain. 2005. “The Role of Emergent
Information Technologies and Systems in Enabling Supply Chain
Agility.” International Journal of Information Management 25 (5): 396—
410. https://doi.org/10.1016/j.ijinfomgt.2005.06.009

Wohlleber, A. J, M. Bock, H. Birkel, and E. Hartmann. 2024.
“Implementing Vital Dynamic Capabilities to Succeed in Digital
Transformation: A Multiple-Case Study in Maritime Container

Shipping.” [EEE Transactions on Engineering Management 1-19.
Advance online publication.  https://doi.org/10.1109/TEM.2022.
3201770

Yang, J. 2014. “Supply Chain Agility: Securing Performance for Chinese
Manufacturers.” International Journal of Production Economics 150:
104-113. https://doi.org/10.1016/j.ijpe.2013.12.018

Yi, C. Y., E. W. T. Ngai, and K. L. Moon. 2011. “Supply Chain Flexibility in
an Uncertain Environment: exploratory Findings from Five Case
Studies.” Supply Chain Management: An International Journal 16 (4):
271-283. https://doi.org/10.1108/13598541111139080

Yin, R. K. 2017. Case Study Research: Design and Methods. 6th ed.
Thousand Oaks, CA: Sage Publications.

Yu, F., Z. Chen, M. Jiang, Z. Tian, T. Peng, and X. Hu. 2023. “Smart
Clothing System with Multiple Sensors Based on Digital Twin
Technology.” IEEE Internet of Things Journal 10 (7): 6377-6387. https://
doi.org/10.1109/JI0T.2022.3224947

Yusuf, Y., M. S. Menhat, T. Abubakar, and N. J. Ogbuke. 2020. “Agile
Capabilities as Necessary Conditions for Maximising Sustainable
Supply Chain Performance: An Empirical Investigation.” International
Journal of Production Economics 222: 107501. https://doi.org/10.1016/j.
ijpe.2019.09.022

Zaki, M., B. Theodoulidis, P. Shapira, A. Neely, and M. F. Tepel. 2019.
“Redistributed Manufacturing and the Impact of Big Data: A
Consumer Goods Perspective.” Production Planning & Control 30 (7):
568-581. https://doi.org/10.1080/09537287.2018.1540068

Zangiacomi, A., J. Oesterle, R. Fornasiero, M. Sacco, and A. Azevedo.
2017. “The Implementation of Digital Technologies for Operations
Management: A Case Study for Manufacturing Apps.” Production
Planning & Control 28 (16): 1318-1331. https://doi.org/10.1080/
09537287.2017.1375142

Zhang, Z., and H. Sharifi. 2007. “Towards Theory Building in Agile
Manufacturing Strategy-A Taxonomical Approach.” IEEE Transactions
on Engineering Management 54 (2): 351-370. https://doi.org/10.1109/
TEM.2007.893989

Zhen, J, C. Cao, H. Qiu, and Z. Xie. 2021. “Impact of Organizational
Inertia on Organizational Agility: The Role of IT Ambidexterity.”
Information Technology and Management 22 (1): 53-65. https://doi.
0rg/10.1007/510799-021-00324-w


https://doi.org/10.1016/j.techfore.2020.120418
https://doi.org/10.1016/j.jik.2021.04.001
https://doi.org/10.1016/j.jik.2021.04.001
https://doi.org/10.1108/EBR-01-2022-0014
https://doi.org/10.1016/j.jom.2005.05.002
https://doi.org/10.1016/j.jom.2005.05.002
https://doi.org/10.1016/j.ijpe.2008.09.002
https://doi.org/10.1016/j.ijpe.2008.09.002
https://doi.org/10.2307/23044052
https://doi.org/10.1080/00207543.2016.1203079
https://doi.org/10.1080/00207543.2016.1203079
https://doi.org/10.1525/cmr.2016.58.4.13
https://doi.org/10.1016/j.jik.2019.12.002
https://doi.org/10.1108/SCM-01-2018-0041
https://doi.org/10.1108/SCM-01-2018-0041
https://doi.org/10.1108/FS-03-2016-0012
https://doi.org/10.1108/FS-03-2016-0012
https://doi.org/10.1016/j.ijpe.2019.09.019
https://doi.org/10.1016/j.ijpe.2019.09.019
https://doi.org/10.1007/s44196-023-00189-7
https://doi.org/10.1016/j.lrp.2018.12.001
https://doi.org/10.1016/j.lrp.2018.12.001
https://doi.org/10.1016/j.ijpe.2018.10.012
https://doi.org/10.1016/j.ijpe.2018.10.012
https://doi.org/10.1016/j.ijinfomgt.2005.06.009
https://doi.org/10.1109/TEM.2022.3201770
https://doi.org/10.1109/TEM.2022.3201770
https://doi.org/10.1016/j.ijpe.2013.12.018
https://doi.org/10.1108/13598541111139080
https://doi.org/10.1109/JIOT.2022.3224947
https://doi.org/10.1109/JIOT.2022.3224947
https://doi.org/10.1016/j.ijpe.2019.09.022
https://doi.org/10.1016/j.ijpe.2019.09.022
https://doi.org/10.1080/09537287.2018.1540068
https://doi.org/10.1080/09537287.2017.1375142
https://doi.org/10.1080/09537287.2017.1375142
https://doi.org/10.1109/TEM.2007.893989
https://doi.org/10.1109/TEM.2007.893989
https://doi.org/10.1007/s10799-021-00324-w
https://doi.org/10.1007/s10799-021-00324-w

24 S. SAGHIRI ET AL.

Appendix A.

Representative quotes, extracted from the research data according to the coding keywords.

Coding keyword clusters

lllustrative quote

Relevant theme

Customer expect(ation)/need/
want, order qualifier/
winner.

Demand (pattern, trend,
behaviour)

Customization, variety, options,
choices, fit to, design(ed)
to/for, made to, shipped to.

Performance, quality, delivery

Supply/supplier

Agility, quick response, quick
action, flexibility

Alpha: “Customer negotiates on every element of the price and pushes for further
and further discount, at the same time customer expects the order to be ready
in a quite short time window [...] the market is competitive, and we do all that
we can not to disappoint our customers.” “Quality control should be an attached
part of our business.”

Alpha: “Not all customers know or are clear about what they want.”

Beta: “We are really good in design — | mean creative sportswear design [...] the
loyalty of our customers is good proof of it. We focus on quality and we give our
customers the uniqueness that they are looking for.” “Obviously we do not take
our success and customers for granted. We know that we need to work hard for
each order and make it ready on time. Time is crucial for our business.” “The
market is getting competitive, and not all customers want to pay a high price [for
the premium quality]. This always reminds us about monitoring our costs too.”

Beta: “Time is crucial for our customers, and sometimes even a one or two-day delay
is not acceptable — the club places its order very late or changes it at the last
minute, and wants it for its next weekend match!”

Gamma: "Wholesalers are reluctant to keep much stock in all their different locations,
[instead] they expect us to send them what they need to their desired locations,
at short notice.” “The problem is that the customer changes the order (for
example the delivery location or time) after the delivery lorry has left our
warehouse.” “We tried to manage part of the problem by keeping extra inventory
and making sure everything is available at any time [...]"

Alpha: “It is almost impossible to guess what the next customer order is [ ...]
customers and their tastes constantly change [...] all that | can see over recent
years is that we have not changed our operations capacity that much, which
indicates that the overall demand has more or less remained at the same level.”

Beta: “Our market demand is extremely diverse, and one size [design] does not fit
all orders.” “At a very general level, we know what a gym or sports club typically
demands, but this does not help that much. The devil is in the detail, where for
each order we need to spend hours, days or even weeks to agree on all details.”

Gamma: “| would say we've enjoyed a stable demand over the years, but the
situation is changing.”

Alpha: “The base design for all our products is the same, but the features can be, of
course, fitted to what the customer asks for.” “We usually have three [quality]
grades of fabric for our products: premium, high, and basic.”

Beta: “Our customers are special, and their orders are special too [...] each order
[i.e. product] is especially (entirely or sometimes partially), designed for them
[...] this is not very new, all sports clubs do the same thing.”

Gamma: “Our product range has remained the same for the last many years [...]
there was not much effort to change the product design as it seems our target
is happy with our products, as long as we keep the price down.” “We need to
keep the [product] quality consistent, and make sure it is available, whenever
and wherever our wholesalers [(i.e. our customers)] want the product to be
shipped to.”

Gamma: “We try to keep our products affordable for low-income families ... . [to do
this] we need to focus on quantity and very few colors, only white for some
items ..., and we have never had any major change in them.”

Alpha: “I can't say we've never had a dispute on product quality. | would say more
than rarely [...] some customers were quite picky and asked for full product
quality inspection report, or they did the inspection at our cost!” “To reduce
inspections on delivered items, we tried to be proactive and monitor the
product/process quality within our production facility. It costs us and the process
is sometimes very lengthy, but at least we faced fewer complaints.”

Beta: “When we rush it, due to short expected delivery lead-time, we end up
having problems with the product quality — not usually a major one though (say
minor shade variation or missing a stitch), but they are not usually tolerated by
our customers.”

Gamma: “The delivery companies that we work with have some ups and downs
which may cause delays in deliveries.”

Alpha: “Our suppliers are not always supportive; there were occasions in some
important business deals that a supplier was really a pain in the neck — delays
after delays [...] to avoid such headaches, we hold extra stock of many of our
purchasing items.”

Gamma: “Yes, we see our delivery company as the main service supplier, which
should be monitored constantly, as they caused some problems for the order
fulfillment process before.”

Alpha: “Yes, what you call agility is implemented in our facility, by keeping more
stock, extra working shifts, extra quality control, and extra meetings with the
customer [...] but no one in our company disagrees that meeting what the
customer wants, and meeting his changing requirements is not going to be
cheap [...] these, very frankly, put us in a financially difficult position.”

Beta: “We are flexible for a wide range of designs, but to respond quickly and
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Coding keyword clusters

lllustrative quote

Relevant theme

Information/data flow,
workflow, ordering system,
order management system,
order fulfillment system

Digitalization, e-commerce,
online, website

Advanced information/digital
technology, Big Data, virtual
reality, augmented reality,
business intelligence.

properly we need to understand what the customer is exactly looking for.”
Gamma: “More stock supports our quick action.”

Alpha: “The whole process of receiving, agreeing on, producing, preparing, and
shipping an order was very much manual, as you can see in some of our old
internal process documentation.” “Such a manual workflow was also reviewed
and updated manually but not very frequently — you can see the revision dates
in the documentation too.” “Most of our products and sales records can still be
found in our physical archive.” “At some point, around three years ago, we really
reached the point that the manual systems could not work for us. We had to
take the digital approach or lose the whole business.” “The IT team expanded
quickly and they could transfer all our product profiles online, make the links
with customers electronically, and most of the paperwork digital.” “We managed
to have a capable extranet to embed a semi-EDI system, which takes care of
orders, deliveries, and payments.”

Beta: “Our previous sales system had all our products online, but the whole process
of order management [i.e. customer order fulfillment] was manual, with several
face-to-face meetings with the customer.” “Advanced technologies such as virtual
reality were then introduced to facilitate the order receiving stage [...] to
maximize the benefit of technology, we went much further and redesigned the
whole sales and order management system in such a way that customers can be
engaged further [...] the new workflow, when tested, showed a significant
improvement — 14 out of 30 orders were made totally online and only five of
them went through a couple of short meetings with the customer.” “The
customer can amend its order via the extranet platform, which transfers the
change-data to us very quickly.” “Financial transactions with customers are done
through a new electronic system, as well.”

Beta: “The plan is to expand and improve the online customer ordering system to
make it more reliable, convenient, and accurate.”

Gamma: "Our order management and delivery system for many years worked based
on simple MS-Word order placement and MS-Excel invoice forms that we asked
our customers to complete to communicate their orders with us. Further
communications, including complaints, could be done via email.” “The physical
flows of the orders were monitored by a simple barcode system [...] all our
products have barcodes at individual, box, and pallet (if applicable) levels.”

Alpha: “Our digital product catalog was initially a great move to share our product
profile with a wider range of audience.”

Beta: “It is good to have a website, but it barely finds a new customer. Our main
accounts have remained almost the same for the last 5-10 years ..."

Gamma: “We transferred the old-fashioned file/email-based system to an online/
extranet-based system to make our communications with the customer much
more efficient.” “This made all our communications organized via electronic
channels.” “Our plan for the longer-term was to link the physical moves of the
order to the online ordering system, and we learned about and used RFID for
that purpose.” “RFID gave us 100% visibility of our order/stock status, while it
was coupled with the satnav system used by the delivery lorries.” “We finally
could have the agreement of our wholesalers to share their inventory data with
us, so we can be more pro-active.”

Alpha: “Our team has lots of ideas for the near future [...] we see numerous
opportunities for technologies such as virtual reality to be added to our online
sales and big data can help us find out more about other industries or
businesses, like fashion, which may affect our customer orders, so in future, we
can learn more about our customer preferences and make ourselves ready for
them [...] our production team is also working with smart sensors and more
integrated production-quality control systems to have more visibility of the
whole system [...] the plan is to expand such integration to our key suppliers
too.”

Beta: “Big data can find what is really happening in the market — not just the sales
figures, but probably more analysis about consumer behavior and many other
unknowns.”

Gamma: “Big data is everywhere these days, and we are keen to use it to find more
about the market and trends.” “I believe big data, received from our wholesalers
can help us forecast the future demand too.”
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B: business operations model; P: problems/solutions; D: data management/digital transformation plans; F: future digitalization and enhanced agility.
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