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Abstract: The purpose of this paper is to contribute to the advancement of International 
Operations Management in the digital era. Theories and models that address how multinationals 
organize international operations were generated in the 1990s, a time when Kasra Ferdows wrote 
his HBR’s seminal article “Making the Most of Foreign Factories”. Despite the critiques, that 
simple and insightful model, a fruit of Ferdows’ experience, remains as paradigm but must now 
be updated to become aligned to the features of the digital world. In this theory-building paper, 
we disclose how Digital Transformation will change the location, coordination, and role of the 
organizational units that constitute the multinational’s inner international network (IIN). We first 
synthesize the digital trends into three statements that are contrasted with the assumptions of 
Ferdows’ model, leading to a new taxonomy. We then display pieces of evidence collected from 
the recent literature in different management fields. This article brings new perspectives for the 
understanding of how multinationals reorganize their operations, now and in the future, in times 
of deglobalization accelerated by pandemics. 

Keywords: DEMIN; International Manufacturing Network; Inner International Network; Site role; 
Digital transformation. 

Resumo: O objetivo deste texto é contribuir ao avanço do conhecimento sobre Gestão de 
Operações Internacionais na era digital. As teorias e modelos que tratam de como as multinacionais 
organizam suas operações internacionais foram gerados nos anos 1990, uma época em que Kasra 
Ferdows escreveu seu artigo seminal na revista HBR intitulado “Making the Most of Foreign 
Factories” (Tirando o máximo das fábricas estrangeiras). Apesar das críticas, esse modelo simples 
e inspirador, fruto da experiência de Ferdows, ainda permanece como um paradigma, mas deve 
ser atualizado para se alinhar às características do mundo digital. Neste texto de construção de 
teoria, nós descrevemos como a transformação digital vai modificar a localização, coordenação e 
papel das unidades organizacionais que constituem a rede internacional interna das empresas 
multinacionais. Primeiro, nós sintetizamos as tendências em três enunciados que são contrastados 
com os pressupostos do modelo de Ferdows, revelando uma nova taxonomia - a RIMDC – Rede 
Interna Multinacional Digitalmente Capacitada. Em seguida, nós mostramos evidências coletadas 
da literatura recente em diferentes campos de gestão. Este artigo traz novas perspectivas para o 
entendimento da forma na qual as multinacionais reorganizam as suas operações, hoje e no futuro, 
em tempos de desglobalização acelerada pela pandemia. 
Palavras-chave: RIMDC; Rede Interna de Manufatura; Rede Internacional Interna; Papel da 
planta; Transformação digital. 
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1  Introduction 
Digital Transformation has touched almost every aspect of human life (Schwab, 

2017). Its impacts on Operations Management have been significant, merging the 
physical and digital worlds, creating new possibilities to integrate machines, men, and 
organizations (Kagermann et al., 2013; Schwab, 2017). The digital revolution is 
expected to have a great impact on firms’ organization in general. In what concerns 
multinational enterprises and their international operations, digital technologies are 
already changing subsidiaries’ configuration and coordination, and consequently, plant 
roles. 

The literature that addresses the above issues is based on two seminal papers: 
Kasra Ferdows’ (1997) article on plant roles and Shi & Gregory’s (1998) article on 
International Manufacturing Networks. 

Kasra Ferdows’ taxonomy, published in the Harvard Business Review, was a 
simple, extremely insightful, and powerful model, resulting from the author’s experience 
mainly and not developed for academic validation. Many scholars tried to replicate 
(Vereecke & Van Dierdonck, 2002), enhance (Cheng et al., 2011) or even criticize the 
model (Meijboom & Vos, 2004), resulting in supporting literature that justifies the 
model’s wide acceptance in the OM field. Demeter (2017) and Feldmann & Olhager 
(2013) provide excellent summaries of the literature based on the model proposed by 
Ferdows (1997). Shi & Gregory (1998) elaborated the pioneering model to describe the 
IMN – International Manufacturing Network - using two factors, the first being 
configuration - the geographical location of all plants - and the second being 
coordination, the distribution of activities across plants. The relation between that model 
and Ferdows’ plant role model is explored by Cheng et al. (2011) when they study what 
happens to an IMN configuration and coordination when one of its plants has its role 
changed. 

Despite the vast amount of literature that was generated for the two research 
subjects – International Operations Management and Digital Transformation - their 
intersection is still very scarce. Searches in the Scopus database using terms related 
to Digital Transformation and Global Operations literature count well over 1,000 articles 
each, while only a handful of articles cover both areas simultaneously, among them 
two editorials that urge for more academic works to bridge the two themes 
(Brennan et al., 2015; Strange & Zucchella, 2017). In this study, we will explore the 
limits of Ferdows’ taxonomy and build a new analytical model more apt to describe the 
features of international operations in the digital era – the Digitally-Enabled 
Multinational Inner Network (DEMIN). We will adopt the term Inner International 
Network (IIN) for the collection of home and foreign production units of a multinational 
enterprise, assuming that this term is broader than International Manufacturing 
Network, thus reflecting the integration of different functions that characterize the Digital 
Transformation. 

We will develop brief reviews of both International Operations Management and 
Digital Transformation as subjects and then use the few reference articles that attempt 
to bridge International Operations Management and Digital Transformation as a base 
to our arguments. 

We will adopt the concept of digital maturity to indicate the degree of advancement 
of a firm regarding Digital Transformation. Frequently cited in the academic literature 
and widely used in the commercial literature, the German Academy for 
Technology - Acatech’ s Industrie 4.0 Maturity Index - uses four dimensions to evaluate 
the digital maturity of an organization, two of them related to technologies – resources 
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and information systems - and two related to the organization – organization design 
and culture (Schuh et al., 2017). That signalizes that technology alone is not enough to 
improve digital maturity, but rather requires an organizational change, is widely 
acknowledged in the academic literature (Schuh et al., 2017; Schumacher et al., 2016). 

The remainder of the article proceeds as follows: In Section 2 we build the 
theoretical reference of International Operations Management focusing IINs, foreign 
plant roles, Digital Transformation in terms of its enabling technologies, and the 
intersection of these two well-documented areas in the literature that support our 
Statements; in Section 3 we build the analytical model, the Digitally-Enabled 
Multinational Inner Network (DEMIN) and a new taxonomy for plant roles in the digital 
era; Section 4 brings evidence from the academic and business literature to support 
the Statements, model and taxonomy herein presented; and in Section 5 we conclude 
the article with our main contributions, limitations, and future research opportunities. 

2 Literature review 

2.1 Configuration and coordination of IINs in OM 
International Operations Management is approached from two perspectives. 

The internal, inner network dubbed IIN – inner international network – associates 
structural and infrastructural decisions at the plant level with configuration and 
coordination issues for the network level, thus providing a firm internal perspective 
whereas value networks fit better to analyze end-to-end supply chain decisions from a 
firm’s external perspective (Demeter, 2017; Rudberg & Olhager, 2003). In this paper, 
we use the internal – IIN - perspective to analyze International Operations Management 
at both the plant and network levels. We use the definition from Cheng et al. (2015, 
p. 393) for the IIN: “[…] a coordinated aggregation (network) of intra-firm plants located 
in different places”. We also define manufacturing activities broadly as those related to 
production or service delivery, Research and Development (R&D), logistics, marketing, 
sales, and administrative support functions, in line with Fleury & Fleury (2012) and 
Rugman et al. (2011). A plant may execute one or several of these activities, according 
to this definition. Service delivery is also included in the definition to cope with 
servitization, a phenomenon that will be later discussed in section 3.1.2. 

Cheng et al. (2015) identify two main units of analysis in their literature review on 
IINs – the IIN and the plant. The IIN-level literature is based on a model proposed by 
Shi & Gregory (1998) that is characterized by two dimensions, the geographic 
dispersion of their plants, or the IIN’s configuration, and the degree of centralization of 
activities, or the IIN’s coordination. The main advantage of the IIN-level approach is 
that it offers a network-wide perspective of the potential advantages and capabilities of 
the entire network, while the plant-level approach allows researchers to evaluate 
different characteristics of individual plants that form the IIN (Cheng et al., 2015). In the 
next paragraphs, we describe the plant-level approach to study IINs. 

In his seminal article, Kasra Ferdows (1997) proposes a framework and plant role 
taxonomy that is widely recognized in the OM literature, as presented by Demeter 
(2017) in her literature review of past, present, and future of OM research, and by 
Feldmann et al. (2013) when they discuss the effect of a plant role change in a 
manufacturing network configuration and coordination. Ferdows (1997) argues that the 
configuration of an IIN is determined by the Strategic reason for locating each of the 
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participating plants, while the IIN coordination is determined by the competences or 
activities that each plant executes. Different combinations of these two factors 
determine the plant role within the IIN. Vereecke & Van Dierdonck (2002) use case 
studies to test and validate the model, proposing a few adjustments to Ferdows’ 
taxonomy. Meijboom & Vos (2004) review the literature on “site competence” to build 
a precise definition of the term originally used by Ferdows (1997) and test it using cases 
from Dutch-owned plants in Poland and Hungary. Feldmann & Olhager (2013) also 
discuss the two factors used by Ferdows (1997) to build his taxonomy, providing a 
comparison chart of several papers that provide empirical support to the model. 

The first factor addressed by Ferdows (1997) is the strategic reason for site location. 
The author lists three main reasons that justify the location of a plant. The first one is 
access to low-cost production sites, a major driver for offshoring operations in the 
second half of the 20th century (Kinkel, 2012). The second is the access to knowledge 
and capabilities, a driver that gained impulse with the rise of emerging market 
multinational enterprises (Fleury & Fleury, 2012). Finally, the third reason identified by 
Ferdows (1997) is the proximity to markets. Feldmann & Olhager (2013), 
Feldmann et al. (2013), and Vereecke & Van Dierdonck (2002) are some authors that 
empirically test and validate the three strategic reasons for Site location proposed by 
Ferdows (1997). 

Regarding “access to knowledge and capabilities”, Ferdows (1997) proposes a 
hierarchy of activities that foreign plants can execute, calling them “competences”. 
The lowest level of competence is “production” while the upper level is “global hub for 
product or process knowledge”. Intermediate levels consider competences like 
technical process, procurement, logistics, supplier’s development, process 
recommendations for development and improvement, product development, and global 
market supply. That hierarchy of competences is criticized in several ways: the terms 
“activity” and “competency” are used interchangeably, the classification lacks empirical 
evidence, and there are plants that retain higher responsibilities without necessarily 
executing lower ones (Vereecke & Van Dierdonck, 2002). Concomitantly, other 
empirical evidence is gained through case research and interviews with academics and 
practitioners from actual IINs (Feldmann & Olhager, 2013; Meijboom & Vos, 2004; 
Vereecke & Van Dierdonck, 2002). In the end, even if the hierarchy of activities varies 
from author to author, the first level is always production, followed by local 
management, whereas development for the entire network (Feldmann & Olhager, 
2013) is always at the highest-level competencies. We will use the term “activity” for 
actual tasks executed by the site, while “competency” will be used for an existing 
capability at the Site that may be at use or at the disposal of the IIN to be used, in line 
with the description provided by Vereecke & Van Dierdonck (2002). 

Based on the combination of the strategic reason to locate and the capabilities 
found in a plant, Ferdows (1997) presents a taxonomy of plant roles composed of six 
different types, depicted in Figure 1. 
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Figure 1. Ferdows model for plant roles. Source: Ferdows (1997). 

The types of plants that have a primary strategic reason to locate based on access 
to low-cost production are Offshore and Source Plants (Ferdows, 1997). Offshore 
Plants assume responsibility for production only. They consist of intensive labor and 
local production management activities. All other activities like procurement of 
materials, production planning, product, and process development, are executed 
elsewhere in the IIN. The disadvantages of remote coordination, like delays in 
communication and decision-making, and higher inventories are compensated by the 
lower cost of production. By progressively assuming other responsibilities like process, 
procurement, logistics, simple process, and even product improvement 
recommendations, Offshore Plants can upgrade to Source Plants. This arrangement 
overcomes the coordination disadvantages of Offshore Plants at the cost of expensive 
resources at Source Plants (Ferdows, 1997). 

Server and Contributor Plants locate next to markets. They differ from the low-cost 
operations in the sense that they are in touch with the markets they serve, therefore 
more sensitive to local adjustments to products (Ferdows, 1997). Server Plants typically 
focus on local production but generally have some freedom to adapt products to local 
markets. Contributor Plants locate in strategic markets, have proximity with the leader 
of the IIN, usually contributing to the product, process, and system upgrades. 

Outpost and Lead Plants seek access to skills and knowledge. They locate in 
knowledge-intensive areas, close to universities, suppliers, and technical centers. 
Outposts always have a secondary reason to locate because all plants are required to 
have production activities to belong to the IIN This is a characteristic of models built in 
the Industry 3.0 environment. 

The last plant type in the model, the Lead Plant, has the highest level of Site 
competence and activities, being global hubs for process and product knowledge 
(Ferdows, 1997). 

Industry 3.0 sped the internationalization of firms and the formation of complex and 
dynamic IINs formed by plants with roles described by Ferdows’ model in the 1990’s 
and early 2000’s. Despite the informatization and incipient connectivity of Industry 3.0 
systems at the plant level, there were still severe limitations to real-time data flow and 
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analysis at the IIN level that would have to wait for a further industrial revolution to be 
overcome and become a reality. 

2.2 Some features of digital technology as they may influence IINs 
The starting point of Digital Transformation, or the so-called fourth industrial 

revolution or Industry 4.0, can be traced back to the Hannover Messe in Germany back 
in 2011, where the term Industrie 4.0 was first coined (Kagermann et al., 2013). It is 
related to the popularization of the internet and the constant capacity increase of 
generating, processing, transmitting, storing, and analyzing data ever since. Together 
with technological, social and political developments in the world during this period, this 
incipient field of research has generated a huge body of literature, well described in 
several literature reviews (Alcácer & Cruz-Machado, 2019; Liao et al., 2017, 2018; 
Rodrigues et al., 2016). Also relevant is the number of articles that propose models to 
measure the maturity level of Industry 4.0 (Schumacher et al., 2016). A widely used of 
such models was proposed by the German Acatech, the Industry 4.0 Maturity Index 
(Schuh et al., 2017). 

Digital transformation, Industry 4.0, and the fourth industrial revolution are widely 
used terms to denote recent developments that are changing the face of the world as 
we know it in the same way previous industrial revolutions did in the past (Frank et al., 
2019a; Schwab, 2017). The first industrial revolution took place by the end of the 
18th century with the invention of the steam machine that moved the industry from the 
home to the factory environment. The second industrial revolution, or Industry 2.0, 
introduced the electrification, the use of the production line and marked the birth of 
Operations Management through Frederick Winslow Taylor and his “Principles of 
Scientific Management in 1911 (Taylor, 1998), later improved by Taiichi Ohno with the 
Toyota Production System (Yin et al., 2018). The third industrial revolution, also known 
as Industry 3.0, introduced automation and digitalization that greatly improved 
productivity. Robots, computer systems, and early internet tools characterize this 
revolution (Liao et al., 2018; Rodrigues et al., 2016; Schwab, 2017). 

The fourth industrial revolution integrates the physical, digital and biological worlds 
(Schwab, 2017). It is also known as Industry 4.0, although the latter does not 
encompass the biological integration of worlds (Barbosa et al., 2018; Drath & Horch, 
2014; Lichtblau et al., 2015). One of its distinctive features against the third industrial 
revolution is the level of systems integration. While in Industry 3.0 system integration 
was slow with manual data handling and a hierarchical structure, in Industry 4.0 
systems are integrated real-time using automated data handling, cloud repositories and 
a network structure, described as Reference Architecture Model Industry 4.0 – RAMI4.0 
by the norm IEC 63088 (Adolphs et al., 2015). 

Several technologies combine to enable Industry 4.0, like cheap sensors to collect 
data, the Internet of Things and Services to transmit it, cloud computing to store a large 
amount of data, big data analysis and artificial intelligence that enable automated 
simulation, forecast and decision making (Alcácer & Cruz-Machado, 2019). Together, 
they allow firms to build digital shadows or twins that represent the physical systems. 
Digital and physical counterparts instantly update each other, forming a Cyber-Physical 
System (CPS) (Kagermann et al., 2013; Schwab, 2017; Strange & Zucchella, 
2017). With proper data generation, cloud storage and big data analysis, business 
models, product and service offerings, innovation, production, supply chain, sales, 
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and after-sales systems are interconnected and integrated in real-time, thanks to CPS 
and digital platforms (Alcácer & Cruz-Machado, 2019). 

The integration of systems that enable CPS, people, and different organizations to 
work together is the digital platform. Gawer (2014) proposes three types of digital 
platforms depending on their use: a) Internal platforms are used within the firm to meet 
the needs from people and systems at different levels, plants, and functions inside the 
IIN of the firm; b) economic or supply chain platforms that support the business 
ecosystem formed by suppliers, customers, clients, and end-users; and c) industrial 
platforms, used to build innovation ecosystems, intended for research and 
development of products, services, systems and applications, open to any contributor 
like research institutes, universities, complementors, users and supply chain partners. 
Digital platforms allow a faster and broader involvement of organizations and 
ecosystems for value creation and capture (Gawer, 2014; Vasconcelos Gomes et al., 
2018). 

2.3 Merging two bodies in the literature – International Operations 
Management and Digital Transformation 

International Operations Management and Digital Transformation are well-researched 
subjects, but their intersection is scarce and underexplored. Using Scopus database 
searches, we identified 2,777 articles related to International Operations Management 
and IINs, and 4,790 articles on Digital Transformation and Industry 4.0. Relevant literature 
reviews can be found in each of the researched areas (Alcácer & Cruz-Machado, 2019; 
Demeter, 2017; Liao et al., 2018; Rodrigues et al., 2016). They were used as sources to 
build the theoretical reference in this work. The combination of the two separate 
searches above mentioned provides only seven results, even though Kagermann et al. 
(2013) envision an integrated network of plants in their seminal work that coined the 
term “Industrie 4.0”. Three of them are out of the scope of this paper. We use the other 
four - Strange & Zucchella (2017) with 66 citations, Brennan et al. (2015) with 
45 citations, Telukdarie et al. (2018) with 29 citations and, Seino (2019) - plus 
Adolphs et al. (2015) as a starting point for areas where Digital Transformation interacts 
with International Operations Management. The five articles reveal three trends that we 
further explore in this paper: a) Centralization (Adolphs et al., 2015; Telukdarie et al., 
2018); b) servitization (Brennan et al., 2015; Seino, 2019); c) relocation (Brennan et al., 
2015; Strange & Zucchella, 2017). Using the set of five articles and relevant literature 
reviews from the interest areas, we develop the Statements for our model. 

2.3.1 Centralization 

Digital technologies enable firms to integrate IIN management activities since these 
can be carried in the virtual environment of a CPS while the execution takes place 
elsewhere, for example on the floor of each plant. The networked nature of systems 
integration eliminates delays that did not allow effective real-time integration in the past 
(Adolphs et al., 2015). 

Telukdarie et al. (2018, p. 323) propose an “[…] integrated multinational total 
business solution” that integrates the entire IIN with real-time visibility, response, 
optimization, forecasting and decision-making capabilities, in line with the evolutionary 
stages of visibility, transparency, predictive capacity, and adaptability mentioned by 
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Schuh et al. (2017) in the formulation of the digital maturity index. Other advantages of 
such a solution, according to Telukdarie et al. (2018) are the lower administration and 
operational costs, higher operational efficiency, lower level of mistakes generated by 
data errors, and higher standardization that allows the fastest global incorporation of 
upgrades and changes. By simulating the repair of a machine breakdown, 
Telukdarie et al. (2018) estimate a 3-fold time reduction between a fully automated 
Industry 4.0 plant and a manual Industry 2.0, and a 20% reduction for as to Industry 3.0 
facility. 

Adolphs et al. (2015) underline the optimization of research and development 
(R&D) processes as a key benefit from the Digital Transformation through the life-cycle 
dimension of the model. Function integration is obtained across the life-cycle of a 
product when R&D provides standards and data to manufacturing systems in real-time 
as soon as a product type is developed, tested and validated as well as when R&D 
uses real-time data on production parameters, product performance in the field, and 
customer raw data to identify process and product design issues, or emerging trends 
on customer preferences, thanks to technologies like IoT, cloud computing and big data 
analysis (Adolphs et al., 2015). 

The higher functional integration suggests that R&D centers are now a part of IINs, 
independent of their co-location with manufacturing Sites. Moreover, with Digital 
Transformation, R&D centers gain the capability to spread and intensify research and 
development activities by coordinating digital industry platforms that include both 
internal and external partners that form stronger and broader innovation ecosystems 
capable of creating more value to the firm (Vasconcelos Gomes et al., 2018; Gawer, 
2014). 

Ferdows’ model considered R&D activities only those that were part of the 
manufacturing process. Therefore, no stand-alone R&D sites were considered in the 
model. The previous arguments suggest that Digital Transformation promotes the 
centralization of both production and R&D management, leading to Statement 1. 
Statement 1 – Increasing digital maturity enables firms to centralize management 

functions in a specific foreign location for the entire IIN thus leading to changes in 
configuration, coordination, and plant roles. 

2.3.2 Servitization 

Although a relatively recent phenomenon, servitization counts with a rich academic 
literature. A search of the “serviti?ation” term in Scopus database returns 579 articles. 
Tim Baines, the most frequent author in servitization, has authored or co-authored 
literature-review papers on servitization that received over 2000 citations according to 
the Scopus database (Baines et al., 2007, 2009, 2017; Lightfoot et al., 2013). 

The term “Servitization” was first coined by Vandermerwe and Rada (1988) and is 
studied by different communities like Services Marketing, Services Management, OM, 
Product-Service Systems and Service Science, the latter having evolved from 
Information Systems, according to the literature review published by Lightfoot et al. 
(2013). Lightfoot et al. (2013, p. 1412) define servitization as “[…] the innovation of a 
manufacturing organization’s product and service offering that delivers value in use”. 
In OM, Brennan et al. (2015) describe servitization as an end-to-end approach that 
starts with R&D and affects all steps through after use of product or service. 

Digital transformation has significantly improved the speed of servitization 
transformation (Baines et al., 2020). Technologies like IoT, cloud computing, and big 
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data analysis allow firms to offer a range of advanced services instead of selling 
products (Frank et al., 2019b). In this type of business model, IINs should include sites 
that provide services in addition to the traditional manufacturing plants. Products in the 
field are monitored in real-time by control centers, while service is provided locally. 
(Baines et al., 2009; Seino, 2019; Visintin, 2014). This IIN configuration and 
coordination mode shortens inspection and repair times, lowers service costs and 
improves the reliability and productivity of the entire system (Baines et al., 2020; 
Govindarajan & Immelt, 2019; Martinez et al., 2010), and is also in line with the findings 
from Casella & Formenti (2019) about FDI investment in the digital era. The integration 
of product and service offerings requires a network that considers both types of 
operations, something not considered in the model proposed by Ferdows. 
The discussion above leads to Statement 2. 
Statement 2: Increasing digital maturity favors the incorporation of services 

offerings abroad with a corresponding change in the IIN’s configuration, 
coordination, and its plant roles. 

2.3.3 Relocation 

A typical phenomenon from the third industrial revolution, offshoring production to 
low wage countries gained drive in the 1990s and early 2000s but suffered a reduction 
since the 2008 crisis (Kinkel, 2012). Reshoring, on the other hand, is associated with 
the correction of a failure to offshore but may also be associated with a strategical 
decision in the evolution of multinational firms (Barbieri et al., 2018; Brennan et al., 
2015; Kinkel, 2012). Ancarani et al. (2019) analyze backshoring initiatives from 
European firms in the light of Digital Transformation, concluding that the need for higher 
customization, flexibility, and agility to respond to customers’ requirements is a key 
strategic reason, in line with Brennan et al. (2015). Digital technologies such as 3-D 
printing and collaborative robots play an important role to counterbalance low-cost labor 
and enable production reshoring through innovative business models (Ancarani et al., 
2019; Barbieri et al., 2018; Brennan et al., 2015). Allied to digital platforms that allow 
product customization by the end-user, these technologies can be brought closer to 
markets, reducing cost and delivery time (Brennan et al., 2015; Strange & Zucchella, 
2017). 

Therefore, relocating production closer to markets improve the IIN’s capability to 
capture the tacit market and operational knowledge for the IIN, besides quickly 
adjusting to changing customers’ requirements (Bertola & Teunissen, 2018). 

On the other hand, low-cost driven sites lose their capability to acquire new 
capabilities and upgrade, as foreseen by Ferdows’ model. Higher-order activities now 
take place at the specific foreign location described in Statement 1, thanks to the tools 
and digital technologies provided by higher digital maturity (Adolphs et al., 2015). 
Statement 3: Increasing digital maturity favors proximity to market as a strategic reason 

to locate foreign plants, providing higher agility and flexibility to attend the 
customers’ demands, contrary to low-cost production sites that lose capabilities and 
the possibility to upgrade. 
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2.3.4 Conclusion 

The three Statements above call our attention to the changes in plant roles, driven 
by technologies from the Digital Transformation in ways that were not foreseen by 
Ferdows’ model. When a single plant or an entire IIN increase their digital maturity, they 
open new avenues that may promote a change in the plant’s strategical reason to 
locate, and in the activities executed by that plant, leading to a change in its role inside 
the IIN. Firms will change their IIN configuration and coordination, closing operations 
that do not fit the new model, opening new ones with specific activities enabled by 
digital technologies like depicted in Figure 2. 

 
Figure 2. Determinants of plant role in the digital era. Source: Authors. 

While an IIN has a low digital maturity, Ferdows’ model still prevails and the firm will 
organize its IIN accordingly, whereas as soon as one single plant or the entire IIN move 
into high digital maturity, the logic used will change according to the Statements 
developed in this paper. 

3 The DEMIN model (Digitally-Enabled Multinational Inner Network 
model) 

3.1 Analytical model 
The statements 1, 2, and 3 presented in the previous section provide a basis for us 

to review the configuration and coordination of the IIN and the roles of its sites 
considering both traditional factors, (a) the strategic reason to locate; and (b) the 
activities, and a third factor; (c) the digital maturity of the plant. In this context, the roles 
of plants with low digital maturity, i.e. Ferdows’ model, were presented in Figure 2. 

Statement 1 suggests that higher digital maturity allows activities to be planned and 
controlled from a specific location (either at home or foreign), while executed across 
the IIN. Two new types of organizational units emerge: COORDINATION CENTERS 
managing CPS for activities like planning or maintenance for the entire IIN, or real-time 
monitoring of products and services in the field, and REGIONAL R&D CENTERS, 
managing innovation platforms for the IIN using real-time data from plants, products in 
the field, and customers. 

Statement 2 describes how higher digital maturity can boost servitization. 
The literature suggests that services supported by digital technologies should be 
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managed from centralized sites, the Coordination Centers above mentioned and 
executed by units located close to clients and markets, a new type of site not foreseen 
by Ferdows, the LIGHTWEIGHT SERVICE CENTER. 

Statement 3 suggests a shift in the trend to locate plants in low-cost environments 
(offshoring) and an increase in the tendency to relocate plants closer to markets 
(Backshoring). The tradeoff between remote delay management and local higher-cost 
resources no longer exists in the digital era. Systems updated in real-time allow 
multinationals to manage low-cost operations from their Coordination Centers. 
Offshore and Source plants lose capabilities and become PRODUCTION CENTERS, 
sites that produce at low cost, but are managed by the multinationals’ Coordination 
Centers. 

Like the Production Centers, the plants that are closer to markets also have some 
of their activities transferred to Coordination Centers. Notwithstanding, they gain 
relevance in the digital era for two reasons. The first and most obvious is the proximity 
to clients. Plants that are located close to markets are capable to capture the tacit 
knowledge about clients and local operations and to contribute with other IIN plants to 
improve products, services, processes, and digital systems. The second reason is that 
clients and customers require products and services customized to their needs. This 
requires higher flexibility and agility attainable through digital technologies. By focusing 
on their original higher-order capabilities as described by Ferdows, CONTRIBUTOR 
plants in the digital era will benefit from proximity to markets and higher connectivity to 
fill their role, increase productivity, and reduce costs. On the other hand, Server Plants 
may either upgrade to Contributors due to their proximity to clients or become small 
CUSTOMIZATION CENTERS, a new type of unit that is lightweight, flexible, and 
capable to quickly adjust production to the clients’ needs. 

Higher digital maturity promotes a functional integration that removes the traditional 
separation of R&D, production, and service networks. The high network integration that 
takes place inside the multinational enterprise configures the Digitally-Enabled 
Multinational Inner Network (DEMIN). Figure 3 displays the evolution towards the 
DEMIN, which is detailed in the subsequent paragraphs. Table 1, at the end of the 
section, presents a comparison between the Ferdows’ and the DEMIN models. 
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Figure 3. Evolution of plant roles in the digital age. Source: Authors. 

(A) The location of COORDINATION CENTERS depends on the availability of 
local capabilities and knowledge to enable them to take responsibility for 
specific management activities for the IIN using CPS and digital platforms. There 
is little or no production or customer service execution at these sites and so they 
may be co-located or stand-alone. Since they can operate from any foreign 
location, they tend to locate where the needed capabilities are available at the 
lowest cost. Ferdows’ model does not consider the existence of this type of 
site because before the digital era the necessary technologies were not yet 
commercially available, and service was usually a separate function. 

In manufacturing, Coordination Centers have real-time visibility of material flows, 
inventories, and capacities for the IIN, optimizing the procurement, production, and 
maintenance planning and scheduling as well as logistics management activities for 
the network, a clear advantage of high versus low digital maturity networks. In services, 
the use of CPSs allows Coordination Centers to monitor the equipment or service in 
the field, anticipate service needs and manage the activities of the Lightweight Service 
Centers using the digital internal platform of the IIN. Corporate administrative systems 
such as Human Resources Management, Finance, or ICT services of the IIN can also 
be managed by Coordination Centers. The use of Coordination Centers provides 
standard systems to the entire DEMIN. 
(B) The REGIONAL R&D CENTERS are the second type of Site added to the model. 

They are included because of the higher integration of R&D and production 
functions, as explained by the life-cycle integration dimension of the RAMI4.0 model 
(Adolphs et al., 2015). Its strategic reason to locate is the availability of specific 
knowledge available in innovation ecosystems. Proximity to strategic markets may 
also be a determinant for the location of these centers. Their activities are to 
research and develop products, services, processes, and systems for the IIN. There 
might be a tendency to co-locate Regional R&D Centers with manufacturing plants 
as proximity fosters broader inter-function collaboration (Brennan et al., 2015), but 
they can still operate as stand-alone units, though now connected to manufacturing 
sites through CPS. The use of digital industry platforms managed by the R&D 
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centers enables firms to broaden their innovation ecosystems by allowing a higher 
number of collaborators to join it from inside and outside the IIN; 

(C) CONTRIBUTOR Plants in the DEMIN model have a similar role as in Ferdows’. 
Some or all the lower-level management activities are transferred to the 
Coordination Center, releasing the Contributor Site to focus on higher-order 
activities. Contributor Plants enjoy high connectivity to other plants of the DEMIN, 
supporting or leading the development of products, processes, and systems. 
The proximity to the market is their main strategic reason to locate. They use this 
advantage to collect tacit data about the customers and the market they serve. 
Focusing on higher-order activities, Contributor Plants also require skills and 
knowledge to fulfill their activities. By increasing its digital maturity, the Server Plant 
from Ferdows evolves in two different ways. It is important to stress that high volume 
Server Plants may upgrade to become Contributor Plants since it is unlikely that 
sites with so much skill, data, and knowledge would simply be downgraded. Smaller 
volume Server Plants may specialize and become Customization Centers that are 
highly flexible operations, described in the next paragraph; 

(D) LIGHTWEIGHT SERVICE AND CUSTOMIZATION CENTERS should be located 
close to markets where services or customization will take place. Their activities 
consist of executing services or production to order according to specific clients’ 
preferences. They differ from the Ferdows’Server Plants because they are very 
agile and flexible, connected to the IIN. Their proximity to customers also allows 
these units to contribute with the IIN (Reginal R&D) to improve products, systems, 
and the quality of services provided. In the cases where Server Plants increase their 
digital maturity and specialize to attend small volume customers’ requirements, they 
can become agile and flexible Lightweight Customization Centers; 

(E) The need to balancing low-cost and remote management for Offshore Plants, and 
high-cost local management for Source Sites disappears. While PRODUCTION 
CENTERS maintain production activities only, all higher-order activities previously 
executed at the Source Plants will be transferred to Coordination Centers. 
By increasing the digital maturity of the IIN expensive resources are no longer 
needed at Source Plants to coordinate higher-order activities, while the extra costs 
related to remote management of Offshore Plants are overcome with CPS and 
digital platforms. The maintenance of Production Centers will be only justified by 
low costs, so they become at risk of closure or may face severe difficulties to 
upgrade within the network; 

(F) DEMIN’s OUTPOST is equivalent to Ferdows’ Outpost Plant, the sole difference 
being that the DEMIN’s Outpost does not require a secondary role as a 
manufacturing site since it can communicate in real-time with the other units through 
digital platforms. They might upgrade to customization centers, in case their 
activities eventually incorporate manufacturing, or to Regional R&D Centers, in 
case they acquire R&D capabilities and capture higher-order activities; 

(G) Finally, LEAD units in our model, like Ferdows’, is described as the global hub of 
knowledge that determines the IIN’s objectives, strategy, products, services, and 
processes. When the digital maturity of the IIN increases, the Lead sites may 
transfer some of its lower-level management activities to Coordination Centers, 
releasing resources to focus on higher-order activities. Regional R&D Centers and 
Contributor Plants may upgrade to Global Leaders if they aggregate enough 
capabilities to take global responsibilities for the multinational enterprise. 
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A Regional R&D Center may become a global leader in a specific technology, while 
a Contributor Plant may assume a leadership role in certain production systems for 
the firm. 
To summarize, Table 1 presents a comparison between the DEMIN and Ferdows’ 

models. 

Table 1. Ferdows × DEMIN. 

Strategic 
Reason to 

Locate 
FERDOWS DEMIN COMPARISON AND 

CHARACTERISTICS 

Low-Cost 
Production 

Offshore 

Production 
Center 

The Production Center is remotely 
coordinated by the Coordination Center 
in real-time, eliminating the dilemma of 
having delayed remote coordination 
(offshores) or in-site high-cost resources 
(servers) 

Server 

Access to 
Knowledge 

and 
Capabilities 

Outpost Outpost 
The Outpost of the DEMIN model does 
not require in-site manufacturing, as it is 
connected in real-time to the rest of the 
network 

 Coordination 
Center 

A new type of Site that manages 
production or service management 
activities for the IIN. 

 Regional R&D 
Center 

Included in the DEMIN model due to the 
higher functional integration of R&D and 
production 

Lead Lead 
Lead in the DEMIN model transfers some 
lower-order management activities to the 
Coordination Center and focuses on 
higher-order activities 

Proximity to 
Market 

Contributor Contributor 

Contributors in the DEMIN model lose 
lower-order management activities 
related to production, but gain relevance 
as a link to the market, contributing to the 
development of systems, processes, 
products 

Source  
Source Plants become Contributor Plants 
or Customization Centers depending on 
their original characteristics 

 
Lightweight 

Customization 
or Service 

Center 

A new type of Site, agile, flexible to 
provide customized goods and services 
according to customers' requirements 

4 Pieces of evidence 
In this section, we provide empirical evidence to our Statements, analytical model, 

and taxonomy. There is evidence in the business literature that supports Statement 1 
about the integration of systems and functions. Traditional manufacturers like Procter 
& Gamble decided to create Regional planning centers in Costa Rica for America, 
Poland for Europe, and Singapore for Asia (Cosmetics Technology, 2014; P&G, 2010, 
2019; Sentence, 2018). Other companies that opened service centers to manage 
regional or International Operations Management are Bayer (Alvarado, 2018), Roche 
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(Costa Rican Investment Promotion Agency, 2018), and Hewlett Packard (Costa Rican 
Investment Promotion Agency, 2019). Rolls Royce has a data center in the UK that 
monitors the operations of thousands of aircraft engines around the world in real-time 
(Marketing Derby, 2017). In the same way, Boeing keeps around-the-clock monitoring 
center in Everett, Washington, US, to track the global 787 Dreamliner fleet (Boeing, 
2019). 

The business literature also provides a few examples of how firms are managing 
their R&D activities in the Digital Transformation era. P&G recently opened Global and 
Regional Innovation Centers in the US for North America, Brazil for Latin America, 
Warshaw for Europe, and Singapore for Asia, some co-located with production Sites, 
others as stand-alone operations (Carnevalli, 2019; Chan, 2017; Coolidge, 2019; P&G, 
2019). The digital innovation center in Singapore is designed to research and develop 
new digital solutions for the company (Chan, 2017). IBM announced a new Artificial 
Intelligence R&D center in Brazil that will join one already existing one in India and its 
other centers located in the US (Brigatto, 2019). GE has specialized R&D centers in 
the US, India, China, Germany, and Brazil that aim to foster local innovation while 
making the results available for its global network (GE, 2014). GE’s Brazil R&D center, 
for example, locates in the city of Rio de Janeiro, works closely with Petrobrás, with a 
common “[…] focus on developing advanced subsea oil and gas technology” 
(GE, 2014). This last example suggests that R&D centers can also be located closer to 
strategic clients or markets. 

Statement 2 tackles the phenomenon of servitization, integrating both 
manufacturing and services operations. In the next paragraphs, we illustrate how digital 
technologies are supporting the servitization transformation (Baines et al., 2020) in two 
cases well documented in the academic literature (Baines et al., 2009; Lightfoot et al., 
2013). 

The first case, Xerox, showcases the servitization transformation (Visintin, 2014). 
It started with an Industry 2.0 model of leasing the equipment and charging for the 
photocopies in the 1960s, evolved to an Industry 3.0 model where local networks of 
multifunctional printers were managed at each site by local representatives in the 
1990s, and finally reached an Industry 4.0 model where Xerox manages the networks 
of their clients from centralized helpdesk offices, while customers can also access the 
networks from their offices, homes or any location around the globe (Visintin, 2014). 
Digital transformation also altered Xerox’s business model, which now offers advanced 
business services like document management, human resources, reimbursement, 
accounting, and customer care services (Visintin, 2014; Yin et al., 2018). 

The aircraft industry is another well-documented servitization case in academic 
literature, as pointed out by Lightfoot et al. (2013). It started in the late 1990s when 
American Airlines requested Rolls Royce to offer a package that would pay by the hour 
flown by an engine, a risky and potentially disadvantageous model for Rolls Royce by then 
(Baines & Lightfoot, 2014). Only when technology enabled the construction of real-time 
CPS, connecting the in-flight engine, a centralized Coordination Center, and dispersed 
Lightweight Service Centers, would the model become profitable (Baines & Lightfoot, 
2014; Visintin, 2014). Today, Rolls Royce makes over 50% of its revenue out of 
services, coordinated from the central control center (Coordination Center) located at 
Derby, UK, while the service centers (Lightweight Service Centers) are dispersed at 
their customers’ operational hubs like Texas, Singapore and Hong Kong (Baines & 
Lightfoot, 2014). 
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The apparel industry illustrates the phenomenon of reshoring that supports 
Statement 3. Nike reshored operations in 2013 and Adidas followed in 2017 by opening 
a new plant in Ansbach, Germany, and later a second one in the US. Adidas coined 
the concept of a “speed factory” to describe their new plants using technologies such 
as 3-D printing, collaborative robots, and automated systems to manufacture their 
customized products (European Foundation for the Improvement of Living and Working 
Conditions, 2019; Green, 2016; Lund et al., 2019; Wiener, 2017). The “store factory”, 
on the other hand, is an Adidas’ small customization center located in shopping malls 
that share the characteristics of Lightweight Service Centers in our proposed taxonomy. 
There, consumers can go in, design their apparel, have their measures taken with the 
support of a store employee, have the piece made in a few hours on the spot, and then 
take it right away. “Store factories” represent a new business model that may become 
predominant in the future apparel industry (Bertola & Teunissen, 2018; Wiener, 2017). 
Finally, the apparel sector could benefit from digital platforms in several ways: the 
creation of fashion “smart networks” to develop new products (Bertola & Teunissen, 
2018) and consumers interacting with suppliers via e-commerce digital platforms to 
design and order their products, examples of digital platforms coordinated by Regional 
R&D Centers (Gawer, 2014). 

5 Conclusions 

5.1 Contributions 
The first contribution of this paper is to propose a model to bridge two areas of study 

in OM, Digital Transformation, and International Operations Management. We built a 
set of Statements derived from literature and an analytical model that added digital 
maturity as the third factor that defines plant roles and therefore the configuration and 
coordination of the IIN in the digital era. The second contribution is the development of 
an updated taxonomy for plant roles that considers the Digitally-Enabled Multinational 
Inner Network (DEMIN). The Statements and the DEMIN model were evidenced by 
cases found in the academic and business literature. We introduced cyber-physical 
systems and digital platforms as system integration and management tools for the Site 
and the IIN levels to better create and capture value from the ecosystems in which they 
are inserted. 

5.2 Managerial implications 
The higher integration of functions provided by Digital Transformation allows an 

expansion of Industry 3.0-based models. The new taxonomy suggests that access to 
knowledge and capabilities and proximity to market gain relevance against the access 
to low-cost production as drivers to localize plants, while R&D, services, and sites that 
coordinate activities for the IIN are incorporated to the model, reflecting the higher 
integration provided by digital technologies. A firm may configure and coordinate its IIN 
in novel ways that cannot be foreseen with traditional models. Sites can use Digital 
Transformation to improve their capabilities, acquire new activities, and upgrade their 
role within their IINs. 
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5.3 Research limitations 
There are limitations to this research. The first one is that this is a theory-building 

paper that requires future systematic empirical validation. It is also a first attempt to 
theorize the complex relationships between Digital Transformation and International 
Operations Management. 

Another question that deserves further investigation is how governments can 
prepare their countries and take advantage of the Digital Transformation. Platform 
Industrie 4.0 in Germany, Manufacturing USA and Made in China 2025 - MIC2025 - 
are national programs that intend to create the necessary conditions to fulfill their 
strategic goals, typically with joint efforts from governments, firms, and academy 
(Arbix et al., 2017). Different strategic goals may apply. Germany, Japan, and South 
Korea are technology and manufacturing leaders; the USA, UK, and France want to 
recover their manufacturing capability; China with “MIC2025”, and India with “Make in 
India” are emerging countries that want to catch up and consolidate themselves as new 
manufacturing and technology leaders (Freitas, 2018). Another strategy was taken by 
other countries like Costa Rica, a leader in regional or global services (Alvarado, 2018; 
Costa Rican Investment Promotion Agency, 2018, 2019; Cosmetics Technology, 
2014), and Israel in ICT technology development (Breznitz, 2007). 

5.4 Future research 
The DEMIN model proposed in this article will be used in empirical case studies of 

national and foreign multinationals operating in Brazil. This will be an excellent 
opportunity to validate the analytical model and Statements besides verifying their 
generalization potential. We hope that the analytical model, Statements, and plant 
taxonomy presented in this paper may offer a lens for future studies about Digital 
Transformation, International Operations Management, and other research fields. 
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