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Abstract. Manufacturing networks - global production networks and international manufacturing
networks - are exposed to an increase in uncertainty, which can cause disturbances. To cope with
these disturbances, scholars presented different concepts, such as robustness, resilience, respon-
siveness, flexibility, changeability, adaptability, and agility. However, these terms are not clearly
and concisely defined and lack a common understanding. With this study, we intend to address
this issue and contribute to a better understanding and differentiation. We develop a taxonomy
with descriptive dimensions and characteristics for the different resistance concepts for manufac-
turing networks, which will provide a tool to better understand the differences and commonalities
between them. It is a vital first step that creates a common ground for further investigations.
Practitioners can use the taxonomy to build a sound understanding and improve their manufac-
turing network.
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1 Introduction

Globalization has significantly changed the economic landscape significantly for
manufacturing companies over the last decades [1]. Increasing competition and oppor-
tunities led companies to create greater value by exploiting advantages, such as lower
cost resources or access to new markets [2]. In consequence, companies of any size
now operate as global production networks (GPNSs) [1], which can be considered “one
of the most critical forms of organization in the manufacturing sector” [1]. Intra-firm
GPNs even account for one third of the global trade [1].

However, the growth of manufacturing networks (MNs) due to the challenge to cre-
ate greater value increases their complexity and susceptibility to risk [3]. Such risks
result from the current competitive and rapidly changing environment. Scholars in the
field of operations management (OM) and supply chain management (SCM) called for,
proposed, and investigated different concepts to deal with these uncertainties [4-6].
These concepts are, among others, the following: resilience, robustness, responsive-
ness, flexibility, agility, changeability, and adaptability.

However, they are often used interchangeable and not clearly distinguishable [5, 7].
Nevertheless, for research progress in any field, the establishment of a clear definition
is a necessary first step [5]. Some authors already enhanced the understanding of some
concepts by developing clearer and more distinguishable definitions. Nevertheless, to



the best of our knowledge, there is yet no comprehensive approach, i.e. a taxonomy, to
classify a larger number of the respective terms based on their constituent factors.

Taxonomies support researchers and practitioners in comprehending and analyzing
complex issues by providing a structure and organization of a knowledge base for a
certain research field [8, 9]. Therefore, we hypothesize that a taxonomy for resistance
concepts for MNs will help to clarify and distinguish different concepts. The research
question for this study is therefore as follows:

RQ: What are key dimensions and characteristics of concepts that describe a form
of resistance in manufacturing networks?

We answer this research question by following the well-used and structured method
from [9]. The development of a taxonomy intends to identify common characteristics
of resistance concepts and make them distinguishable. Hence, the paper is organized as
follows: After the introduction, we discuss the related literature on MNs and different
concepts that describe a form of resistance in MNs. Second, we introduce our research
methodology. Third, we present the final taxonomy. Lastly, we discuss the theoretical
and practical implications of this paper, as well as its limitations and possible future
research.

2 Research background

The MN theory originates from the OM field [10]. Historically, researchers catego-
rize MNs as internal networks that are wholly owned by a single company. A MN can
be defined as “a factory network with matrix connections, where each node (i.e. factory)
affects the other nodes and cannot be managed in isolation” [10]. Due to the takeoff of
globalization in the 1980s and 1990s, companies established more factories internation-
ally and research on this topic increased [10]. Different subdomains emerged under the
umbrella of MN research, i.e. GPNs and international manufacturing networks (IMNS).
All nodes within an IMN are owned by a single company, whereas a GPN includes
nodes owned by other companies.

Although such networks are beneficial in some areas, they increase the susceptibility
to risks [3]. Risks are ever present in daily operations of companies worldwide [11] and
can have different appearances: A distinction can be made between internal (e.g. ma-
chine failure) and external risks (e.g. environmental disaster). Additionally, change
events can have the manifestation as disastrous, disruptive, or small. Hereinafter, we
use the neutral term change events to describe any type of risks.

To cope with such change events, scholars introduced different terms and concepts
[4-6]. These concepts are, among others, the following: resilience, robustness, respon-
siveness, flexibility, agility, changeability, and adaptability. However, the concepts to
characterize a form of resistance are not defined in a clear and concise way, which is
also well-acknowledged. This problem does not only exist in the specific field of MN,
but in OM and SCM as well (e.g. see [4, 5]).

An example of a vague definition can be found for robustness: “robustness describes
the stability against varying conditions” [7, 12]. It is often associated with a stable per-
formance despite the impacts of change events [7, 12-14]. Some scholars classify



robustness as a concept very close to resilience [7]. Conflicting views on both concepts
exist. [7] categorize resilience and agility as robustness characteristics. In contrast, [15]
state that resilience has robustness properties. Some scholars argue that resilience is the
ability to resist even greater change events than robustness.

Additional controversies can be found for the terms flexibility and responsiveness.
[16] defines flexibility as part of responsiveness, whereas [17] categorizes responsive-
ness as part of flexibility. While flexibility is a mature concept, responsiveness is still
lagging a clear conceptualization [4]. Based on a literature review, [4] conceptualizes
flexibility as the “ability of a system to change status within an existing configuration.”
Accordingly, [4] defines responsiveness as the “propensity for purposeful and timely
behavior change in the presence of stimulating stimuli.”

Another example of such a controversy is the subsumption of flexibility as part of
agility (see [17-19]), whereas [20] categorizes agility as part of flexibility. [4] defines
agility as the “ability of the system to rapidly reconfigure.” Furthermore, agility is seen
by [1] as a concept on network level to establish changeability.

Changeability as a concept is often referred to as “actions to adjust flexibility limits”
[21]. The concept incorporates flexibility and rapidity and can be categorized as “a part
of adaptability” [22]. According to [22] and [16] adaptability describes the ability of a
system to change due to change events.

So far, scholars limited their research to the detailed definition of one concept (e.g.
see [4]) or the distinction between a small number of specific concepts (e.g. see [5]).

3 Research approach

3.1 Taxonomy development process

We have adopted the approach developed by [9] for the development of our taxon-
omy. The method provides a rigor process and has been used in high-ranking journal
articles and conference proceedings [8]. It consists of three stages: first, meta-charac-
teristics and ending conditions are defined. Meta-characteristics depend on the purpose
of the taxonomy. Objective and subjective ending conditions are provided by [9]. Dur-
ing the second stage, dimensions and characteristics of the taxonomy are developed:
empirical-to-conceptual (E2C) and conceptual-to-empirical (C2E). During the E2C ap-
proach the researcher identifies subsets of objects and common characteristics. The
C2E approach guides the researcher to develop dimensions and characteristics based
on their own notions. The last stage compares the taxonomy to the ending conditions.

3.2  Taxonomy development

Meta-characteristic: Our contribution aims to provide a sound basis for future re-
search and discussion by enabling the classification of a resistance concept based on its
constituent factors. The meta-characteristics are “key-characteristics of concepts for
MNs to withstand internal and external change events.”

Ending conditions: For our taxonomy, we use the objective and subjective ending
conditions from [9], as they provide a sound approach to evaluate the taxonomy.



First Iteration (E2C): To get a comprehensive overview of the concepts to describe
resistance in MNs, we conducted an exhaustive systematic literature review. Literature
reviews provide a vital and qualified mean [23] to summarize and progress the current
state of knowledge in a certain field [24]. We chose the methodology from [25] because
of its recipe alike process, which covers all important phases of a literature review.

To ensure a certain quality, the results were limited to peer-reviewed articles in sci-
entific journals or conference proceedings [24]. The search was conducted using the
three major databases Emerald, EBSCOhost and Science Direct and yielded 1369 re-
sults. After the removal of duplicates and the screening of titles and abstracts for rele-
vance, the number of articles was reduced to 64. A forward and backward search iden-
tified 46 articles. 28 relevant articles remained after a full text analysis.

Table 1. Contributions of scholars to different terms and concepts

2 ﬁ & S > c 8 3 E Z §
2 8 5 8 < 3|3 9 & g
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[26],[17], | [31],[13], | [21],[22], | [3][11], [171, | [26], | [1] [15] -
| 20111, [20], (1], | [1], [18], | [1],35], [361, | [1],
g [18], [6], | [14],(32], | [19],[28], | [15], (7] [371, | [15],
8| [27],115], | [15],[12], | [34], [7] [28], | [16]
[28],[29], | [33],[7] [7]
[30], [7]

First, we clustered the articles according to their contributions to different concepts
(see Table 1). For the taxonomy development, we initially focused on the six concepts
that were mentioned most often: flexibility, robustness, changeability, resilience, agil-
ity, and responsiveness. At this point we were able to identify a pattern: The definitions
and descriptions often follow a systems perspective. They describe a form of input —a
change event — which is mitigated by some form of capabilities of the network, in order
to reach a desired system state. This is in consensus with the findings of [38]. We thus
defined the meta-dimensions as input, capabilities, and output/objectives.

Second Iteration (E2C): We used a coding book (MS Excel) to extract and evaluate
the information in more detail. We identified the constituent factors severity of change,
anticipation of change, pace of reaction, range of reaction and system state.

Third Iteration (C2E): The extensive knowledge and experience of the researchers
led to the development of the categories area of reaction and measurement level.

Fourth iteration (E2C): We applied definitions from related research areas, i.e. OM
and SCM, since not all ending conditions were fulfilled after the third iteration. This
step was necessary due to two factors: 1) The literature on different concepts is rather
scarce and different understandings are not sufficiently discussed. 2) Concepts and def-
initions are discussed in more detail in OM and SCM (e.qg. flexibility [5]). The OM area
is suited for this application as it can be considered superordinate to MN research. De-
pending on the understanding of MNSs (i.e. intra-firm networks or inter-firm networks),
SCM can be considered a part of those [10]. We used review articles to ensure the
rigorousness of the results.

Fifth iteration (E2C): Adding new dimensions in the fourth iteration required a
fifth iteration [9]. We tested the taxonomy, using all existing definitions and description
of concepts and found no dimensions or characteristics to add.



Ending conditions: After the fifth iteration, the taxonomy fulfilled all ending con-
ditions proposed by [9]: 1) All articles from the literature review and additions from
OM and SCM literature have been examined. 2) We did not split or merge objects in
the last iteration. 3) Each characteristic of each dimension was classified with at least
one object. 4) We did not add any new dimensions or characteristics in the last iteration.
5) Neither did we merge or split dimensions or characteristics. 6) There are no dimen-
sion duplications and each dimension is unique. 7) Similar, no characteristic duplica-
tions exist within one dimension. 8) Each combination of characteristics is unique;
however, the various definitions may be broadly similar. 9) The taxonomy includes no
unnecessary dimensions or characteristics and the number of dimensions falls into the
proposed number of nine. 10) The existing dimensions and characteristics allow to dif-
ferentiate every object. 11) It is comprehensive because all objects can be classified
(see also iteration five). 12) The taxonomy can easily be extended by adding new di-
mensions or characteristics. 13) The taxonomy provides valuable and non-redundant
information for the characterization of resistance concepts in MNs.

4 A taxonomy to describe concepts for MN resistance

The taxonomy consists of three meta-dimensions, eight dimensions with twenty-
three characteristics (see Table 2). The column on the far-right provides additional in-
formation on whether a characteristic of a dimension is exclusive (E) or non-exclusive
(N). We opted for a morphological box to visualize the taxonomy. This allows us to
illustrate the set of relationships contained in a complex problem in an intuitive way.

4.1  Meta-dimension: Input

The first meta-dimension, input, considers the dimensions and characteristics of
change events, which influence the MN. We identified the two dimensions severity of
change and anticipation of change as constituent features.

The dimension severity of change describes possible impacts of an internal or exter-
nal event that a MN must be able to withstand. [1] describe that robustness has to mit-
igate “disruptive internal and external changes.” [7] characterize resilience as the ability
of a system to “tolerate disturbances.” They establish a dependency between the nature
of change events and the appropriate mitigation actions. [3] describe resilience as the
“speed of reaction to disruptions.” Hence, resilience is the ability to react to high sever-
ity events, which is indicated by the term “disruptions.” The severity of change is char-
acterized for agility as well. [7] state that “agility enables for adoption to bigger dis-
turbances.” Flexibility, however, is seen as the ability to deal with small changes [18].
Based on those definitions and descriptions, we derived the characteristics of low, me-
dium, and high. The characteristics are non-exclusive, as a concept can be constructed
to handle different severities.

The dimension anticipation of change refers to a second category of characteristics
to describe change events. It differentiates between foreseeable and unforeseeable
change events, which is based on the following definitions: [1] and [35] describe resil-
ience as a concept reacting to unforeseeable events. Similar, [6] (flexibility), [19]



(changeability), [22] (changeability) and [17] (agility) use this dimension to describe
change events. [16] characterizes a responsive system as able to react to “predictable
and unpredictable changes.” Therefore, we termed the dimension non-exclusive. Alt-
hough there are different categorizations to characterize change events (see [3] and [7]),
the chosen dimension is in conformance with all analyzed definitions.

Table 2. Taxonomy for manufacturing network resistance concepts visualized as a morphologi-

cal box
Dimension Characteristics E/N
Severity of . .
change Low Medium High N
AT € Foreseeable Unforeseeable N
change
Pace of reaction Rapid Purposeful
Rang;g; reac- Persist Adapt Transform E
Level of reac- Micro Meso Macro
tion
Avrea of reaction Strategy Configuration Coordination
Stability/
System state Equilib- Bounce I\_Iew NOt N
fium back optimum applicable
Meals:\fglment Operational Tactical Strategic N

4.2  Meta-dimension: Capabilities

The second meta-dimension, capabilities, contains five dimensions. It describes
how, to what degree, and where the MN reacts to change events.

The first dimension, pace of reaction, indicates the speed at which a certain concept
reacts to the impact of change events. A majority of the concepts are characterized as
rapid or fast (i.e. [3, 7] — resilience, [15] — responsiveness, [17, 29] — flexibility, [22] —
changeability, [7, 17] — agility). [16] adds that a responsive system should make a “bal-
anced response.” As a result, we differentiate between the characteristics rapid and
purposeful. Rapid expresses the absolute need for a quick reaction of the system. On
the contrary, purposeful expresses the need for a system to react in an acceptable time
period to reach its objectives. The dimension is exclusive.

The dimension range of reaction describes to what extent the capabilities of the sys-
tem can be altered in case of change events. The capabilities can persist, describing a
reaction without significantly changing the capabilities. [28] describe agility as a con-
cept that functions “without changing the network structure itself.” However, the capa-
bilities can also adapt, which describes the readjustment of capabilities within prede-
fined limits. See for example the definitions from [18] and [22], where flexibility cor-
ridors and enablers of change can be adapted. Transform refers to the adjustment of
capabilities without predefined limits. [28], for example, state that “transformability is



the tactical ability to adapt, i.e. the ability of an entire factory structure (physical, or-
ganizational, etc.) to switch to another product family.” The dimension is exclusive.

The level of reaction refers to the production level where a reaction of the system’s
capabilities will occur. Flexibility can for example occur on the “micro level (single
resources of a system) or macro level (whole system)” [30]. Related to MNs, the char-
acteristics ranging from micro to macro level can be put into comparison with the range
from workstation level to network level perspective. For a more precise classification,
we added a meso level, describing e.g. flexibility on plant level [27, 29]. Since reactions
can occur on several levels, the dimension is non-exclusive.

The dimension area of reaction allows to classify the reaction into an area of a MN.
We grouped the areas following [2]: strategy, configuration, coordination. A classifi-
cation into one or more areas can be found in the works of several authors, such as [1,
7,16, 26, 29, 36]. [1], for example, locate the adaptation of capabilities into the config-
uration area, whereas [7] locate it to the entire network; however, with a focus on co-
ordination. Hence, the dimension is non-exclusive.

4.3  Meta-dimension: Output/Objective

The third meta-dimension is output/objective. It allows for the characterization of
the output from a reaction of the capabilities to change events.

The outcome, which results from the application of a certain concept is described by
the dimension system state. Some authors detailed a post-disruption system state in their
definitions, i.e. [1, 5, 7, 11, 12, 15, 18]. According to [7, 12] robustness describes “the
stability against different varying conditions.” [1] however, applied the stability para-
digm to resilience. [7] understands resilience more extensively and names three system
states depending on the severity of the change event: stable performance, fast regain of
the initial performance, and adaptation of a new optimal state. This leads to the charac-
teristics stability/equilibrium, bounce-back, and new optimum. Several authors did not
specify an outcome or used a vague description, such as [39] (“achieve its goals in the
presence of disturbances”) or [15] (“dampen the effects of demand changes”). Although
we advise to define a system state, we included the characteristic not applicable to ac-
count for definitions without one. The dimension is non-exclusive, following [7].

The measurement level classifies the aggregation level of the KPIs, where the
achievement ratio of the concept is measured. We developed the following character-
istics: operational [28], tactical [17], and strategic [7, 13, 17, 28, 32, 33]. An example
for strategic KPIs are the site roles, which determine the level of robustness [32, 33].
Flexibility can be measured on all levels. The dimension is thus non-exclusive.

5 Conclusion

We developed a taxonomy for MN resistance concepts, following the method from
[9]. It consists of eight dimensions and twenty-three characteristics. Our work allows
for a deeper and more transparent understanding of individual concepts, hence contrib-
uting to scientific progress in the field of MNs. It enables to clearly differentiate



between various concepts. The results of this research can be the basis for the develop-
ment of sound methods and processes for the increase of resistance in MNs. Manage-
rial contributions of this study are the usage as an instrument to analyze and describe
concepts. It can support practitioners by facilitating a better understanding and differ-
entiation as a basis for the shift towards more resistance in MNs.

The limitations of our research are the number of publications in the field of MNs.
To account for this deficiency, we included publications from OM and SCM. The data
collection itself is open to interpretation, meaning that other researchers might derive
other dimensions and characteristics depending on personal preferences. Furthermore,
our taxonomy is a time-bound snapshot that needs to be updated to remain relevant.
This is important due to the evolving nature of research on resistance in MNSs.

Future research avenues are the development of archetypical patterns for different
terms to establish a sound and distinguishable understanding. Second, dimensions and
characteristics to describe solutions that might dissolve or prevent a performance de-
crease due to a change event could be added.

References

1. Lanza, G., K. Ferdows, S. Kara, D. Mourtzis, G. Schuh, J. Vancza, L. Wang, and H.-P.
Wiendahl, "Global production networks: Design and operation”, CIRP Annals, 68(2), pp. 823—
841, (2019).

2. Friedli, T., A. Mundt, and S. Thomas, Strategic Management of Global Manufacturing Net-
works, Springer Berlin Heidelberg, Berlin, Heidelberg, (2014).

3. Niknejad, A. and D. Petrovic, "Analysis of impact of uncertainty in global production net-
works’ parameters", Computers & Industrial Engineering, 111, pp. 228-238, (2017).

4. Holweg, M., "The three dimensions of responsiveness”, International Journal of Operations
& Production Management, 25(7), pp. 603-622, (2005).

5. Bernardes, E. and M.D. Hanna, "A theoretical review of flexibility, agility and responsive-
ness in the operations management literature™, International Journal of Operations & Produc-
tion Management, 29(1), pp. 30-53, (2009).

6. Fredriksson, A. and C. Wanstrom, "Manufacturing and supply chain flexibility — towards a
tool to analyse production network coordination at operational level”, Strategic Outsourcing:
An International Journal, 7(2), pp. 173-194, (2014).

7. Stricker, N. and G. Lanza, "The Concept of Robustness in Production Systems and its Corre-
lation to Disturbances”, Procedia CIRP, 19, pp. 87-92, (2014).

8. Gelhaar, J., T. GroB, and B. Otto, "A Taxonomy for Data Ecosystems", Proceedings of the
54th Hawaii International Conference on System Sciences, (2021).

9. Nickerson, R.C., U. Varshney, and J. Muntermann, "A method for taxonomy development
and its application in information systems", European Journal of Information Systems, 22(3),
pp. 336-359, (2013).



10. Rudberg, M. and J. Olhager, "Manufacturing networks and supply chains: an operations
strategy perspective"”, Omega, 31(1), pp. 29-39, (2003).

11. Palmer, C., E.N. Urwin, A. Niknejad, D. Petrovic, K. Popplewell, and R.1.M. Young, "An
ontology supported risk assessment approach for the intelligent configuration of supply net-
works", Journal of Intelligent Manufacturing, 29(5), pp. 1005-1030, (2018).

12. Stricker, N., A. Pfeiffer, E. Moser, B. Kéadar, G. Lanza, and L. Monostori, "Supporting
multi-level and robust production planning and execution”, CIRP Annals, 64(1), pp. 415-418,
(2015).

13. Treber, S., R. Breig, M. Kentner, B. Héfner, and G. Lanza, "Information Exchange in
Global Production Networks: Increasing Transparency by Simulation, Statistical Experiments
and Selection of Digitalization Activities", Procedia CIRP, 84, pp. 225-230, (2019).

14. van Grunsven, L. and F.E. Hutchinson, "The evolution of the electronics industry in Johor
(Malaysia): Strategic coupling, adaptiveness, adaptation, and the role of agency", Geoforum,
74, pp. 74-87, (2016).

15. Kristianto, Y., A. Gunasekaran, and P. Helo, "Building the “Triple R” in global manufactur-
ing", International Journal of Production Economics, 183, pp. 607-619, (2017).

16. Saad, S.M. and N.N.Z. Gindy, "Future shape of the responsive manufacturing enterprise",
Benchmarking: An International Journal, 14(1), pp. 140-152, (2007).

17. Lin, B.-W.,, "Original equipment manufacturers (OEM) manufacturing strategy for network
innovation agility: the case of Taiwanese manufacturing networks", International Journal of
Production Research, 42(5), pp. 943-957, (2004).

18. Lanza, G. and R. Moser, "Strategic Planning of Global Changeable Production Networks",
Procedia CIRP, 3, pp. 257-262, (2012).

19. Weber, J., M. Stébler, S. Thielen, and K. Paetzold, "Modularity as Key Enabler for Scala-
bility of Final Assembly Units in the Automotive Sector", Procedia CIRP, 57, pp. 224-228,
(2016).

20. Johansson, P.E.C., F. Delin, S. Jansson, L. Moestam, and A. Fast-Berglund, "Global Truck
Production — The Importance of Having a Robust Manufacturing Preparation Process", Proce-
dia CIRP, 57, pp. 631-636, (2016).

21. Buergin, J., P. Blaettchen, J. Kronenbitter, K. Molzahn, Y. Schweizer, C. Strunz, M. Alma-
gro, F. Bitte, S. Ruehr, M. Urgo, and G. Lanza, "Robust assignment of customer orders with
uncertain configurations in a production network for aircraft manufacturing", International
Journal of Production Research, 57(3), pp. 749-763, (2019).

22. Moser, E., A.K. Huss, C. Liebrecht, and G. Lanza, "A Portfolio Theory Approach to Iden-
tify Risk-efficient Enablers of Change in Global Production Networks", Procedia CIRP, 63,
pp. 768-773, (2017).

23. Baker, M.J., "Writing a Literature Review", The Marketing Review, 1(2), pp. 219-247,
(2000).



10

24. Rowley, J. and F. Slack, "Conducting a literature review", Management Research News,
27(6), (2004).

25. vom Brocke, J., A. Simons, B. Niehaves, K. Riemer, R. Plattfaut, and A. Cleven, "Recon-
structing the Giant: On the Importance of Rigour in Documenting the Literature Search Pro-
cess", ECIS 2009 Proceedings(161), (2009).

26. Andersen, T.J., "Multinational risk and performance outcomes: Effects of knowledge inten-
sity and industry context”, International Business Review, 21(2), pp. 239-252, (2012).

27. Szwejczewski, M., M.T. Sweeney, and A. Cousens, "The strategic management of manu-
facturing networks", Journal of Manufacturing Technology Management, 27(1), pp. 124-149,
(2016).

28. Mikusz, M., D. Heber, C. KatzfuB8, M. Monauni, and T. Tauterat, "Changeable Manufactur-
ing on the Network Level", Procedia CIRP, 41, pp. 27-32, (2016).

29. Mair, A., "Honda’s Global Flexifactory Network", International Journal of Operations &
Production Management, 14(3), pp. 6-23, (1994).

30. Toni, A. de and S. Tonchia, "Manufacturing flexibility: A literature review", International
Journal of Production Research, 36(6), pp. 1587-1617, (1998).

31. Nigro, G.L., S.N. La Diega, G. Perrone, and P. Renna, "Coordination policies to support de-
cision making in distributed production planning", Robotics and Computer-Integrated Manu-
facturing, 19(6), pp. 521-531, (2003).

32. Paulo Fusco, J. and M. Spring, "Flexibility versus robust networks: the case of the Brazilian
automotive sector”, Integrated Manufacturing Systems, 14(1), pp. 26-35, (2003).

33. Ferdows, K., "Making the Most of Foreign Factories", Harvard Business Review, (1997).

34. Wiendahl, H.-P., H.A. EIMaraghy, P. Nyhuis, M.F. Z&h, H.-H. Wiendahl, N. Duffie, and
M. Brieke, "Changeable Manufacturing - Classification, Design and Operation", CIRP Annals,
56(2), pp. 783-809, (2007).

35. Mella, P., "The ghost in the production machine: the laws of production networks", Kyber-
netes, 48(6), pp. 1301-1329, (2019).

36. Jin, B., "Achieving an optimal global versus domestic sourcing balance under demand un-
certainty", International Journal of Operations & Production Management, 24(12), pp. 1292—
1305, (2004).

37. Chatha, K.A. and I. Butt, "Themes of study in manufacturing strategy literature", Interna-
tional Journal of Operations & Production Management, 35(4), pp. 604—698, (2015).

38. Ebrahim, Z., N.A. Ahmad, and M.R. Muhamad, "UNDERSTANDING
RESPONSIVENESS IN MANUFACTURING OPERATIONS", in International Symposium
on Research in Innovation and Sustainability 2014 (ISoRI1S'14), Malacca, Malaysia. (2014).

39. Matson, J.B. and D.C. McFarlane, "Assessing the responsiveness of existing production op-
erations", International Journal of Operations & Production Management, 19(8), pp. 765-784,
(1999).



