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ABSTRACT 

The present dissertation addresses the topic of reconfigurability from the paradigm of High-Performance 
Manufacturing (HPM). It especially focuses on the interconnections between production programs (i.e.., 
technology management, manufacturing strategy, reconfigurable technology, JIT, TQM, HR and TPM), 
and their effects on multidimensional operational performance (included, but not limited to 
responsiveness) of manufacturing plants. We call production programs to sets of common production 
practices that have become the standard way of doing things and are composed of methods, technologies, 
capabilities, initiatives, and techniques preferred by manufacturers and managers because their outcomes 
are more efficient and effective than any other alternative. The focus of this research is three-fold: (1) the 
impact of technology management and manufacturing strategy on performance, especially 
responsiveness; (2) flexibility as a basis for reconfigurability, which is provided by interconnections 
among manufacturing strategy with a structured decision-making approach for technology management 
and other production programs such as JIT, TQM, HR and TPM, and how these enhance performance in 
terms of cost, quality and responsiveness; and (3) achieving plant responsiveness from reconfigurable 
technology, manufacturing strategy and technology management linkage and the intervening role of SCM 
between such linkage and responsiveness 

Hence, it is intended to facilitate that, both the Spanish industry as well as the international industry, can 
make the transition to reconfigurability, considering technological systems such as Reconfigurable 
Manufacturing System (RMS), which can enhance a company's technological ability to respond to market 
requirements by quickly adjusting production capacity and functionality reconfiguring its products and 
processes. To do so, the starting point is the consideration of today flexibility environments as a platform 
for the implementation of technological "reconfigurability". 

Persistent crises and the dynamism of the global business environment encourage companies to make 
constant changes to adapt to changing requirements of markets. Given that the RMSs, which provide the 
functionality and capacity needed at any time, are being developed so that plants can adapt quickly to 
changes in market requirements, interest in the RMS, especially its potential effect on competitiveness, is 
increasing. However, RMS research has a narrow focus, particularly since it is being considered as a 
physical competitive resource. Moreover, there seems not to be stablished the basis in production and 
operations for the proposition that the RMSs could have a competitive value as part of a holistic structure 
within factories. Studies pay little or no attention into the interconnections of production programs that 
would be involved in the possible adoption of RMSs. In addition, existing research does not pay enough 
attention to the multidimensional nature of competitiveness. However, ahead of the market crisis, 
manufacturers may be looking for competitiveness through greater responsiveness to indeterminate and 
sudden changes. Thus, there must be room for RMSs, especially in contexts where flexibility (e.g., it may 
be derived from manufacturing strategy and technology, among other production programs) may be 
currently playing a key role. However, if the RMS is the next step toward competitiveness in flexibility, 
these RMSs must be connected to the production programs which are currently being implemented in 
plants. 

Accordingly, the foundation that will guide this thesis is the following proposition: Is it possible, and not 
improbable, that there are plants exceeding their competitors simultaneously both on responsiveness as 
well as on various measures of performance such as cost, quality, flexibility, etc. (these plants will be 
identified as high performers), adjusting to changing requirements of the market through production 



 
 

programs in environments of flexibility, especially in aspects related to technology and manufacturing 
strategy? 

To verify this proposition, the overall objective is to investigate how manufacturing plants make use of 
different manufacturing practices and/or their programs to develop certain sets of flexibility capabilities 
(as a platform for reconfigurability), or even sets of reconfigurability, with the “ultimate” goal of adjusting 
to market requirements. This aims to increase the understanding of the role of production and operations, 
as well as its immediate impact on manufacturing competitiveness. Following the overall research 
objective, three areas are identified to be of particular interest to investigate: (1) relationships among 
responsiveness and other different dimensions of operational performance; (2) the way responsiveness 
and other different performance dimensions are affected by certain manufacturing practices and/ or their 
programs; and (3) whether there are contingencies that may help explain the relationships between 
dimensions of flexible or reconfigurable capabilities or the effects of manufacturing practices or their 
programs toward operational performance. This leads out to a number of sub objectives: (i) to perform an 
analytical review of the research on the relationship between high performance programs (e.g. JIT, TQM, 
etc.) and their practices, with particular attention to performance in responsiveness, as an integrative 
framework; (ii) to establish if there are aspects and practices of technology and manufacturing strategy 
that influence different dimensions of performance, especially in responsiveness; and (iii) to check if the 
levels of implementation of production programs related to flexibility (e.g. JIT, TQM, etc.) are connected 
with competitiveness (that is, to assess whether they are necessary for high performance). 

The empirical elements from the present research were constructed as part of the data from the Spanish 
High-Performance Manufacturing (HPM) project, which in turn is part of an international project, 
involving three industries and different countries from around the world (with research groups of different 
specialties from 21 countries in three different geographic areas: America, Asia, and Europe).  

This thesis contributes to several insights to the areas of reconfigurability (e.g., reconfigurable 
technology, market enablers, among others), flexibility, technology, manufacturing strategy, as well as to 
practitioners and academics in production and operations. The research develops measurements for and 
evaluates the effects of several manufacturing practices and their programs on operational performance. 
The results are aimed at providing guidance for decision making in manufacturing plants. The different 
frameworks present a contribution to both theory and practice. They offer novel insights into the programs 
and production practices involved in transitioning from flexibility to reconfigurability in the pursuit of 
responsiveness and provide a basis for future research. Some of the most prominent implications for 
researchers to consider, when studying production and operations, are threefold: (1) the manifestation of 
responsiveness as one of the most important competitive dimension; (2) plants should consider the joint 
implementation of production programs (and their practices), since their interdependencies may affect 
competitiveness, outweighing the possible differences between industries in which plants operate; and (3) 
the research confirms not only the importance of practice linkages that do not only include technology as 
the launch pad for reconfigurability, but also that in their pursuit of responsiveness it is vital for plants to 
implement practices in the technology programs as well as to link them to organizational programs.  

 

DISSERTATION OUTLINE 

This research entitled “A Strategic Platform for Reconfigurability: Interconnections between 
Reconfigurable Technology, JIT, TQM, HR, TPM, and Responsiveness” is a doctoral dissertation in 



 
 

Production and Operations Management at the Universidad de Sevilla. The dissertation is constituted by 
two parts, where the first is the structure of the compendium of publications and the second provides a 
collection of three publications. The first part has six sections, where the first is an introductory section, 
to justify the topic, sustained with the context, background, with the purpose of positioning the problems 
treated in the papers, by relating them to earlier work, as a basis for the objectives of this dissertation. 
Hence, Section 1 presents the background, included but not limited to eight papers published by the author 
of this dissertation, while the PhD student was still part of the Doctoral Program of the Engineering 
School. It comprises the previous research done as the foundation for this thesis, which started before 
transferring to the current Doctoral Program of “Gestión Estratégica y Negocios Internacionales (GENI).”  

The Section 2 displays the objectives to be achieved. Section 3 presents the basis for the global results: 
theoretical foundation and methodology of the thesis. Section 4 overviews the global results. Section 5 
shows the discussion of results as a summary of papers. The conclusions are presented in Section 6, 
summing up the combined contribution of the main high impact papers and envisions future research 
directions and possible extensions.  

Lastly, the second part provides a collection of three papers after transferring to the GENI Doctoral 
Program. This part includes the papers listed below, showing the foundation and the current state of 
publication. 

Research line for this Thesis: Compendium of three papers 

Paper 1, JCR/SCOPUS Q1 

Pedro Garrido-Vega, Cesar H. Ortega Jimenez (Corresponding Author), José Luis Díez Pérez de los 
Ríos, Michiya Morita. 2015. Implementation of technology and production strategy practices: 
Relationship levels in different industries. International Journal of Production Economics 161, 201-216. 
doi:10.1016/j.ijpe.2014.07.011.  

Paper 2, JCR/SCOPUS Q1 

Cesar H. Ortega Jimenez (Corresponding Author), Jose A.D. Machuca, Pedro Garrido-Vega, Roberto 
Filippini. 2015. The pursuit of responsiveness in production environments: from flexibility to 
reconfigurability. International Journal of Production Economics 163, 157–172. 
http://dx.doi.org/10.1016/j.ijpe.2014.09.020. 

Paper 3, JCR/SCOPUS Q1 

Cesar H. Ortega-Jimenez (Corresponding Author), Pedro Garrido-Vega, Cristian Andrés Cruz Torres. 
2020. Achieving plant responsiveness from reconfigurable technology: Intervening role of SCM. 
International Journal of Production Economics 210, 195-203. 
https://doi.org/10.1016/j.ijpe.2019.06.001. 
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1. INTRODUCTION 

With current global and persistent crisis, the general and primary aim of all plants is long time resilience 
and the ability to produce competitive and responsively according to changing market needs. In plants, 
the expected results are usually products supplied to customers resulting in earnings divided by its 
titleholders. One area of Production and Operations Management studies how plants deploy their probable 
limited resources within the process of transforming inputs into a value-added product/service. In this, 
technology, manufacturing/production strategy , flexibility, reconfigurability, and other non-
technological production programs offer a structured approach to decision making in facilitating a 
competitive and responsive production (Slack and Brandon-Jones, 2019). Production/Operations 
Management (POM) is defined as “the process, which combines and transforms various resources used 
in the production/operations subsystem of the organization into value added product/services in a 
controlled manner as per the policies of the organization” (Suresh and Kumar, 2008), which clearly 
corresponds to the managing role of production. POM is subordinated by manufacturing strategy since 
strategy should lead management. While manufacturing strategy is concerned with providing long term 
guidelines, POM is more concerned with the production/manufacturing programs, such as 
reconfigurability, flexibility, technology, and others, taken to plan, schedule and control the value adding 
activities that contribute to higher competitiveness manifested through multidimensional performance. 

 

1.1. Context 

Since the first paper on reconfigurable manufacturing in 1990, this field has established itself as a well-
defined research area (Liles and Huff, 1990). Adaptability through reconfigurable manufacturing has 
since received much attention, both within the academic communities but also from practitioners involved 
in technology. Some of the purposes of research on reconfigurable manufacturing started as with the 
identification of key components to enable short changeover times between the manufacture of different 
products. Since then, trends in flexibility have been towards reconfigurability. In 1999, Yoram Koren 
formally originated the term " Reconfigurable Manufacturing System (RMS)” when he opened an 
Engineering Research Centre (ERC) to conduct research into systems capable of allowing quick changes 
to be made to their structures and their components (both hardware and software) and rapid adjustments 
to be made to their production capacity and functionality to respond to sudden changes in a part family 
(Koren et al., 1999). The RMS paradigm was formally recognized when U.S. patents were granted for 
the following: (1) reconfigurable machine tool, filed in 1997 and issued in 1999 (Koren and Kota, 1999); 
and (2) reconfigurable manufacturing system, filed in 1998 and issued in 2002  (Koren and Ulsoy, 2002). 
RMSs are technological capabilities that provide exactly the functionality and capacity needed, exactly 
when needed (Bader et al., 2014).This is achieved by the equipment being specifically designed to be 
reconfigurable. As a result, manufacturers can achieve reconfigurability through technology and so 
increase the responsiveness of their production systems, which will thus be able to play a critical role in 
the success of their plants in the face of the new challenges of global competitiveness. RMSs incorporate 
basic hardware and software process modules that can be rearranged or replaced quickly and reliably. 

More recently, there is a growing global trend in production to use practices such as manufacturing 
strategy, technology, JIT, HR, TPM, which are geared towards greater flexibility  (Agarwal et al., 2013; 
Arana-Solares et al., 2019; Chang et al., 2013; Machuca et al., 2011; Ortega-Jimenez et al., 2011, 2012; 
Purvis et al., 2014; Roh et al., 2014). To a certain extent this trend is driven by the hypothesis that their 
use will result in improvements in competitiveness in certain performance measures, such as greater 
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responsiveness. This is not a new trend (Slack, 1987; Upton, 1994), but the demands are growing as the 
markets become more competitive.  

Over the years many production programs related to improving responsiveness have been advocated and 
put forward as the solution and the key to improve not only responsiveness but also other dimensions of 
performance and a sustainable competitive advantage. However, like the idiosyncrasy of people, plants 
are not a homogeneous group that responds equally to certain actions. Hence, there are no action plans, 
improvement programs or manufacturing concepts that are universally applicable (Ortega Jiménez et al., 
2017). Hence, the research reported in this thesis examines how current production environments may be 
used as basis for transitioning towards reconfigurable production systems from two perspectives (Ortega-
Jiménez et al., 2014): (1) production environments geared towards flexibility; and (2) production 
environments geared toward reconfigurability. 

 

1.1.1. Toward flexibility 

The relationships among production practices in flexible contexts have been the focus for much attention 
in POM research. Although the area has received much attention, there still exist differences in opinion 
within the academic community as to the differences between concepts. Hence some definitional issues 
are considered next. Responsiveness may be seen as an outcome of, or related to both flexibility 
(Kalchschmidt et al., 2009) and reconfigurability (Koren, 2006). However, these three terms are 
sometimes used interchangeably, even though they do not necessarily represent the very same concept. 
This results in a certain amount of ambiguity and confusion in their use, not only on the practical level, 
but even in the literature (Reichhart and Holweg, 2007). The fuzziness surrounding the differences and 
similarities between these terms may lead to conclusions that do not enable theory building or support it. 
To avoid this, this introduction will clarify the way that these terms will be used in this thesis based on a 
range of publications that have addressed the topic. 

Flexibility is a concept that has been widely discussed in the literature according to different approaches 
and considering the various dimensions. In the work reported in our thesis, flexibility is considered as an 
operational feature, a property inherent in the production system itself, which can be defined as the "ability 
of a system to change status within an existing configuration of pre-established parameters” (Santos 
Bernardes and Hanna, 2009). Although this ability should respond to both internal and external 
environmental uncertainty, affecting the value produced, it is seen to be wanting regarding external 
changes, especially those that have not been anticipated. Flexibility for internal change can be both short 
term (i.e., the required operational process consisting of the flexibilities of machines, product, material 
handling, routing, and volume) and medium term (i.e., in the tactical process, such as operations, material 
and program flexibilities). To support external changes, manufacturing systems should be contextualized 
for the long term to achieve competitive flexibility regarding strategic aspects, in terms of production, 
expansion, and market  (Gunasekaran and Reichhart, 2007). However, as will be explained below, the 
systems currently used to achieve flexibility fall short of achieving this goal. 

1.1.2. Toward reconfigurability 

Reconfigurability is also a property of the production system and can be defined as the ability of 
manufacturing systems to respond quickly to market changes (both expected and unexpected) through 
efficient, effective, fast configurations optimally fit for various purposes  (Koren, 2006). Some similarities 
could be found between this concept and the concept of agility by different authors. For instance, (Santos 
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Bernardes and Hanna, 2009) define agility as the ability of the system to rapidly reconfigure (with a new 
parameter set). Swafford et al. (2008) consider agility as a measure of reaction time, while flexibility is a 
measure of reaction capabilities, and consequently, flexibility is antecedent of agility. In this thesis, 
reconfigurability also includes some reaction capabilities and therefore surpasses the “inflexibility” of 
current manufacturing contexts, as it enables the rapid reconfiguration of a system with a new set of 
parameters. Reconfigurability may be inserted in a broader context of a manufacturing program with both 
responsive capabilities as well as market-responsive initiatives. Since (Wiendahl et al., 1999) first 
introduced reconfigurability as an important capability for manufacturing systems, many papers have 
been published on this topic. 

Responsiveness is regarded here as a performance capability at the business level and refers to the 
behavior or result of the system with respect to tasks being performed in a timely fashion (Gläßer et al., 
2009). Much of the literature regarding responsiveness come from time-based competition, but there are 
also from other management areas, such as business process reengineering, flexible manufacturing, agile 
manufacturing, and mass customization (Kritchanchai and MacCarthy, 1999). It can be defined as the 
"propensity for purposeful and timely behavior change in the presence of modulating stimuli” (Santos 
Bernardes and Hanna, 2009). Although responsiveness may require functions of several abilities within 
plants (Swafford et al., 2008), this thesis centers on the technological aspects from Koren (2006)'s 
proposal of involving existing systems being able to launch new products rapidly and to react quickly, 
efficiently, and effectively to changes (e.g., in markets/customers, regulations, failures, etc.). Market 
changes might occur in product specifications, mix, volume, and delivery (Gunasekaran and Reichhart, 
2007). Other changes can come from regulations on safety and the environment, for example, or from 
machine failures, and keeping production running despite these.  Accordingly, responsiveness can be 
achieved through both flexibility and reconfigurability (Ortega-Jiménez et al., 2014). 

1.2. Background 

The background includes the eight following papers (chronological order) into the two lines below (lines 
1 & 2), which converged into the research line for this Thesis with its three papers. 

Line 1: Interrelations between manufacturing strategy, technology, and performance 

Paper 1, JCR/SCOPUS Q1 

Iván Andrés Arana-Solares, César H. Ortega-Jiménez, Rafaela Alfalla-Luque, José Luis Pérez-Díez de 
los Ríos, 2019. Contextual factors intervening the relationship between manufacturing strategy and 
technology management on performance. International Journal of Production Economics, 207, 81-95. 
ISSN 0925-5273.  

Paper 2, JCR/SCOPUS Q1 

Cesar H. Ortega, Pedro Garrido‐Vega, Jose Antonio Dominguez Machuca, 2012. Analysis of interaction 
fit between manufacturing strategy and technology management and its impact on performance. 
International Journal of Operations & Production Management 32 (8), 958-981  

Paper 3, JCR/SCOPUS Q1 

César H. Ortega Jiménez, Pedro Garrido-Vega, José Luis Pérez Díez de los Ríos, Santiago García 
González, 2011. Manufacturing strategy–technology relationship among auto suppliers, International 
Journal of Production Economics 133 (2), 508-517. 



 

4 
 

Paper 4, JCR/SCOPUS Q1 

José A.D. Machuca, Cesar H. Ortega Jiménez (Corresponding Author), Pedro Garrido-Vega, José Luis 
Pérez Diez de los Ríos, 2011. Do technology and manufacturing strategy links enhance operational 
performance? Empirical research in the auto supplier sector, International Journal of Production 
Economics 133(2), 541-550. 

Paper 5 

Cesar H. Ortega Jimenez, 2009. Operating strategy, technology, and performance of operations in the 
Honduran industry: proposal of a universal model. Science and Technology Journal, 5 (2), 47-65 (ISSN 
1995-9613). http://dx.doi.org/10.5377/rct.v0i5.519. (Spanish) 

Paper 6 

Cesar H. Ortega Jimenez, 2008. Operations Strategy-Technology Link in the Honduran Industry: 
Selection fit. Science and Technology Journal, 2, 93-111. (ISSN 1995-9613) 
http://dx.doi.org/10.5377/rct.v0i2.1821 (Spanish) 

Line 2: Reconfigurability and responsiveness: Technology, manufacturing strategy, and other 
production programs 

Paper 7 

Cesar H. Ortega Jimenez, Jose A.D. Machuca, Pedro Garrido-Vega, 2014. From lean to reconfigurability: 
systematic review of High-Performance Manufacturing. The International Journal of Management 
Science and Information Technology (IJMSIT) 12, 99-131. Editorial: The North American Institute of 
Science and Information Technology (NAISIT). SSN: ISSN 1923-0265 (Print) - ISSN 1923-0273 
(Online) - ISSN 1923-0281 (CD-ROM) https://www.econstor.eu/handle/10419/178776?locale=de  

Paper 8 

Cesar H. Ortega Jimenez, 2010. Reconfigurable manufacturing system and industrial competitiveness. 
Economics and Administration (E&A) 1 (2), 97-113. ISSN: 2219-6722; e-ISSN: 2222-2707 (Spanish). 
http://www.iies-https://doi.org/10.5377/eya.v1i2.4352.  

 

1.2.1. Flexibility 

Contexts of flexibility can be studied from many different perspectives. The theories presented in this 
thesis are based on POM literature with some instances of reconfigurability. 

The extent of this thesis is concerned with operational performance of plants and the relationships between 
on the one hand, different dimensions of operational performance and on the other, how certain practices 
or programs (i.e., bundles of practices) impact operational performance. Four basic dimensions of 
operational performance are treated initially in this thesis: quality performance, delivery performance, 
cost performance, and flexibility performance (Ortega Jiménez, 2009). The thesis also investigates 
structural and strategic contingencies, which may influence the impact on relationships between programs 
and operational performance dimensions. 

http://dx.doi.org/10.5377/rct.v0i5.519
http://dx.doi.org/10.5377/rct.v0i2.1821
https://www.econstor.eu/handle/10419/178776?locale=de
http://www.iies-unah.org/Revista/index.php/EyA/article/view/5/pdf
http://www.iies-unah.org/Revista/index.php/EyA/article/view/5/pdf
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One of the (Hopp and Spearman, 2008) factory physics laws states that "increasing variability always 
degrades the performance of a production system” and they observe that flexibility is a way of combating 
this by reducing the amount of variability buffering required. However, Ashby (1958)´s Law of Requisite 
Variety states that, for a system to be stable, the number of control mechanism states must be greater than, 
or equal to, the number of states in the system being controlled. Given the previous limitations, it could 
be said that current flexible contexts do not satisfy requirements in terms of this law, making it necessary 
to move on to systems that are able to manage a greater number of states. Thus, despite still not being 
readily and widely available, Reconfigurable Manufacturing Systems (RMSs) could be the answer. 

Unlike current flexible contexts, the RMSs of the future will enable the lead time for bringing new systems 
into operation or reconfiguring existing systems to be shortened by the rapid modification and integration 
of recent technology and/or new functions. RMSs are responsive production systems with a capacity that 
can be adjusted according to changes in market demand, and functionality adaptable to new products 
(Koren, 2006). 

In the literature, the search for reconfigurable manufacturing goes back as far as the 1990s with (Liles 
and Huff, 1990). The idea of agile manufacturing was formulated in 1991 by the Iacocca Institute to 
enable short changeover times between the manufacture of different products (Nagel and Dove, 1991). 
One of the agile production system trends in flexibility since then has been towards reconfigurability 
(Ortega-Jimenez et al., 2015; Sheridan, 1993). 

However, to date just few empirical models for reconfigurable practices (i.e., production practices that 
are an intrinsic part of production systems designed for reconfigurability, such as RMS) have been 
proposed and tested in the production literature, since RMS is still at different stages of fully working 
full-scale prototypes, with few models implemented in plants used to support research focusing on a range 
of issues (Niroomand et al., 2012). All reconfigurability research seems to be characterized by having a 
limited focus, particularly about it being conceived mostly as a physical competitive resource (Abdi, 
2009). At the same time, extant reconfigurability research does not pay enough attention to the 
multidimensional nature of competitiveness, and focuses on RMS’ main characteristic, responsiveness, 
while omitting other dimensions, such as quality and cost. In addition, studies pay little or no attention to 
current production practice linkages that should be considered in the selection and adoption of 
reconfigurable practices. 

On the other hand, many researchers have proposed and tested models for production practices currently 
implemented for greater flexibility, but they are still isolated representations rather than cumulative 
studies that systematically build upon each other for reconfigurable practice deployment (Ateekh-Ur-
Rehman and Subash Babu, 2013). This thesis is the first to assess empirically flexibility-related 
production practices, but nonetheless crucial step in the process of developing a theory for near-future 
reconfigurable practice deployment. Even if reconfigurable practices are not yet readily available, there 
must be some signs that show that plants are seeking responsiveness in their performance dimensions, 
especially in current production environments where flexibility exists. Here, it is important to remember 
that flexibility is a feature of a plant-environment relationship and not a feature of the plant itself, i.e., the 
measurement of its implementation is contingent to a plant’s environment (contingency theory contends 
that each company is unique and individual)  (Goyal et al., 2013). In the context where a plant operates, 
the internal environment (i.e., within the boundaries of the plant (e.g., machines, performance teams, 
resources, workplace, etc.)) plays an important role (Jin et al., 2014). 
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1.2.2. Beyond reconfigurability  

Responsiveness is currently considered a critical performance metric of competitive capabilities  
(Moradlou et al., 2017) and customer responsiveness is one of the end-goals of an end-to-end Supply 
Chain (SC). So, as important parts of the SC, plants must respond to product and market changes. Plant 
Responsiveness (PR) therefore plays a crucial role in achieving SC customer responsiveness (Santos 
Bernardes and Hanna, 2009) as the ability to quickly adjust to any such changes in production plants (Um 
et al., 2017). PR can be measured as the combinations of time, dependability and flexibility with which 
plants respond to customer demands (Ortega-Jimenez et al., 2015). In this context, the newly developed 
reconfigurable production technologies, RT (a set of computer numerical control (CNC) machines that 
can be rearranged to execute different machining functions required in dynamic manufacturing) could be 
instrumental in achieving Plant Responsiveness. Therefore, organizations implement RT to improve 
responsiveness in their plants (Abdi and Labib, 2017). Indeed, extant research states that RT 
implementation is essential for gaining a competitive advantage, as it not only enhances PR (Koren et al., 
2017), but also Supply Chain Responsiveness (Chandra and Grabis, 2016) 

However, empirical study of RT as a source of plant responsiveness has been limited, presenting a first 
literature gap. Effective RT implementation needs to be supported with adequate in-plant technology 
management (TM) and an adequate Manufacturing Strategy (MS) (Ortega-Jimenez et al., 2015). This 
RT-TM-MS fit/integration is referred to here as a strategic reconfigurable system (SRS), since it is 
reconfigurability-based and yields strategy-focused PR as a mechanism to guide plants’ RT management, 
a distinctive competency that generates SC competitive advantage. In this context, plant SCs can be 
considered the vehicle that extends Plant Responsiveness to customers; so adequate SCM should favor 
this process. The study of SCM dimensions in plants is therefore considered important as it equips plants 
with the innovative strategies that they require to build broad responsiveness (Stevens and Johnson, 2016). 
The strategic view of SCM dimensions in plants could be crucial for enhancing PR, extending it along 
the SC, and so gaining a competitive advantage (Barney, 2012). However, few studies exist on this topic, 
leaving a second literature gap: i.e., whether SCM dimensions implemented in reconfigurable plants have 
a positive impact on PR.  

This thesis therefore analyzes whether specific SCM dimensions intervene/mediate the SRS→PR 
relationship. As a third literature gap, there are mixed results regarding the impact of the SCM and 
strategy program on customer responsiveness, and therefore on performance and PR (Roh et al., 2014). 
As this thesis is focusing on Plant Responsiveness and not on responsive SC, one sub-gap would be the 
lack of empirical literature discussing the question of the production programs and practices that are 
important for both SCM and PR, and how they give support. It is also important to identify which PR-
enhancing production programs are likely to be mediated by SCM. Likewise, no prior empirical study 
exists of these relationships. In a research effort to respond to the above questions and address the 
mentioned gaps, this thesis will analyze SCM's intervening role in the SRS-PR relationship. Plant 
Responsiveness may be a key that can be measured as an outcome of these relationships due to two main 
reasons: (1) Plant Responsiveness has become essential for industry competitiveness (Uskonen and 
Tenhiälä, 2012); and (2) the functionality and production capacity that plants require for these 
relationships may make them responsive to increasingly interconnected markets (Koren, 2013; Koren et 
al., 2000); i.e., one main purpose of this study is to investigate the interrelationships among three 
variables: SRS, SCM and PR.  
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1.3. Empirical data 

Finally, the empiricism of this thesis is based upon the data from the High-Performance Manufacturing 
(HPM) project, which is based on an international survey of many production plants worldwide. The 
project is focused to plants within three industries, auto suppliers, electronics, and machinery. 

Hence, the HPM database is very comprehensive and covers most of the research areas important in 
flexibility, reconfigurability, technology, manufacturing strategy, and other production programs, thus 
offering a multitude of possibilities. Hence, during this study the database content has never posed any 
restrictions whatsoever, as to the research ideas put forward in this thesis. As matter of fact, just a small 
portion of the available data has been used to explore the questions raised in the three empirical papers in 
question for this thesis of compendium. Instead, the research opportunities that have arisen through the 
author’s participation in the HPM project have been acknowledged and appreciated, by including his 
proposals of flexibility, reconfigurability and responsive measures, which are a part of the last round of 
the project that were not on previous rounds. 

2. OBJECTIVES 

This dissertation considers two internal environments, one is geared towards flexibility and the other 
toward reconfigurability. Both types of environments comprise a set of production programs1. and their 
practices implemented internally in plants The thesis focuses first on whether there are differences when 
implementing practices from manufacturing strategy (MS) and technology management (TM) in different 
contexts, as both programs are basis for both flexibility and reconfigurability. However, the research goes 
beyond technology, as it includes not only practices that are technological in nature, but also 
organizational-managerial practices (Anand and Ward, 2009; Mishra et al., 2014; Schroeder and Flynn, 
2001). Hence, it addresses three main research questions with multiple levels:  

1. MS, TM, and performance (Paper 1) 
1.1. Do plants need to implement the same production practices from MS and TM regardless of their 

industry? 
1.2. Are high performers in all industries implementing the production practices from MS and TM in 

the same way? 
1.3. Are contextual factors the key to industry differences in the implementation of TM and MS 

practices? 
1.4. Are there any links between practices from manufacturing strategy and practices from 

technology? 
2. Flexible contexts, reconfigurability and responsiveness (Paper 2).  

2.1. How production programs, practices, and linkages in currently implemented programs in flexible 
environments should be considered to support the future adoption of practices aimed at 
reconfigurability?  

2.2. Are plants worldwide currently interrelating production practices and programs to achieve 
responsiveness as part of their performance? and if so, how they are doing this?  

3. Beyond reconfigurability: effects of SCM on Reconfigurable technologies, with the latter as part of a 
more holistic view, Strategic Reconfigurable System (SRS) that includes Technology Management 
and Manufacturing Strategy (Paper 3). 

 
1 A program is made up of a bundle of production practices being implemented for the same purpose. 
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3.1. Does Reconfigurable Technologies contribute to achieving Plant Responsiveness (PR) and 
whether this benefits from the fit with Technology Management and Manufacturing Strategy, 
thus forming SRS? 

3.2. Is there an effect of SCM mediation in the SRS → PR relationship?  

Three framework references are then proposed to help to untangle each of the three groups of research 
questions:  

1. One with a single analytical framework for Paper 1, to assess empirical interrelationships between 
production/manufacturing strategy and technology with two major building blocks of practices. These 
two blocks are combined along a contextual factor block to determine the effectiveness of production 
plants. 

2. A second framework considers a simple theoretical model for Paper 2, with two different major blocks 
of focus adoption to assess the current flexible production environment as a platform for adopting the 
technological ability to make the progression to reconfigurability. The first block is devoted to the 
Technology program, whose three areas (i.e., product, process, and information), with their flexibility-
linked practices, are organized into two sub-blocks with different focuses (a technological practices 
sub-block, and a mixed technological and organizational sub-block). The second block is devoted to 
other production programs that are more organizational and that might also contribute to 
responsiveness (Reiner, 2009). The technological practices sub-block has structural features and 
investments more closely related to equipment in the technology program (e.g., proprietary 
equipment, group technology, cellular manufacturing, and RMS). The technological–organizational 
mixed practices sub-block includes technological practices that intrinsically require organizational 
methods, because investments in technology and specific hardware and software systems may not 
only require changes on their own level, but also organizational-managerial modifications. The 
organizational programs block includes programs that are primarily of a managerial/infrastructural 
type (e.g., TQM, HR, JIT, HR, and MS). In order to provide a better program implementation 
outcome: (1) technological practices must also be internally interconnected; (2) technology must have 
linkages to JIT, TQM, HR, TPM and MS; and (3) the highest holistic integration of both should show 
signs of the strongest relation- ships with performance (i.e., more competitive results), especially with 
responsiveness. 

3. The third framework for Paper 3 will analyze Supply chain management (SCM)'s intervening role in 
the strategic reconfigurable system (SRS)-plant responsiveness (PR) relationship. PR may be a key 
that can be measured as an outcome of these relationships due to two main reasons: (1) Plant 
Responsiveness has become essential for industry competitiveness (Uskonen and Tenhiälä, 2012); 
and (2) the functionality and production capacity that plants require for these relationships may make 
them responsive to increasingly interconnected markets (Koren, 2013, 2010; Koren et al., 2000). 
Therefore, i.e., the main purpose of this framework study is to investigate the interrelationships among 
three variables: SRS, SCM and PR.  

Following the above, the overall objective of this thesis is to investigate how plants make use of different 
programs as bundles of manufacturing practices starting out but not limited to technology and strategy, 
with the goal of supporting responsiveness and other performance dimensions. In doing so, this thesis 
describes the current state in plants, tests theories and enhances the collective body of knowledge by 
developing conceptual models. The research objective encompasses several research areas of importance 
in technology management, manufacturing strategy, flexible contexts, reconfigurability, responsiveness, 
among others. From such areas, the subobjectives of this thesis as a compendium of three papers are three-
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fold: (a) In Paper 1 is to examine whether there are differences in how TM & MS are implemented in 
different sectors, whether such implementation is linked to performance, including responsiveness, and 
whether contextual factors explain the differences; (b) in Paper 2 is to empirically show which other 
production programs and practices, besides MS and TM, as well as linkages in currently implemented 
programs in flexible environments should be considered to support the adoption of practices aimed at 
responsiveness; and (c) in Paper 3 is to analyze whether Reconfigurable Technologies benefits from the 
fit with Technology Management and Manufacturing Strategy, thus forming a Strategic Reconfigurable 
System (SRS), to achieve Plant Responsiveness (PR), and the possible effect of SCM mediation in the 
SRS→PR relationship.  

Following the overall research objective and its sub-objectives, three areas are identified to be of interest 
in this thesis. The three parts to investigate are as follows: (1) the relationship among different dimensions 
of operational performance, including responsiveness; (2) the way manufacturing practices or programs 
impact responsiveness and other performance dimensions; (3) whether there are contingencies that may 
help explain the relationships between practices/programs, or the effects of manufacturing practices or 
programs on responsiveness and other dimensions of operational performance. 

 

3. THEORY AND METHODOLOGY  

3.1. Theoretical foundation of the thesis 

This section will provide an introduction into the theoretical foundation upon which the thesis is built 
upon. Theory on technology management, manufacturing strategy, as well as responsiveness and other 
dimensions from operational performance, considered within flexible or reconfigurable environments, are 
next discussed. 

3.1.1. Technology management (TM) 

Since technology is always a sparkling term, it must be clarified here first and foremost as the means to 
accomplish objectives for the production function through either one or both ways: (1) knowledge 
initiatives by means of practices, processes, techniques, methods, etc.; and/or (2) the harder based 
initiatives with machines run by humans, who may not necessarily know the machines internal operations. 
Hence, the general trend towards an increase in the use of technology in manufacturing plants exists on 
the premise that it will impact on effectiveness and efficiency (Torkkeli and Tuominen, 2002). However, 
these investments are often criticized for not providing the desired results, i.e., technology initiatives often 
lead to neither effective deployment of new practices nor the desired competitiveness being reached as 
quickly as desired. For this to be understood, it is necessary to consider that the performance effects of 
technology are influenced by several factors, some of which can be controlled, and others which cannot, 
but nonetheless they are all important for the final result. Thus, plants need to have an even more 
progressive and dynamic vision of the management of technologies in production by going beyond merely 
following the universal recommendation of simply increasing technology use, by also considering in the 
“equation,” the various aspects of its production practices.  

The specialized literature on reconfigurability suggests that global economic competition and rapid social 
and technological changes may force industries in general to target production responsiveness (Ortega 
Jiménez et al., 2017; Uskonen and Tenhiälä, 2012). Therefore, it is important to know what plants around 
the world are now doing to meet the technological requirements of responsiveness (i.e., the main 
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characteristic offered by RMS) with the production practices that are available to them  (Ateekh-Ur-
Rehman and Subash Babu, 2013). 

The pursuit of better performance and competitive advantage force production plants not just to acquire 
the latest equipment, but also to develop resources and capabilities that cannot be easily duplicated, and 
for which ready substitutes are not available (Flynn and Flynn, 2004; Flynn, 1994). However, even if all 
industries were to experience ever-changing environments, it is very unlikely that all plants would be 
forced to reassess their production programs (especially in the short term) to allow an innovative 
technology system, such as RMS, to be designed and operated efficiently. It would simply not be feasible 
for all plants to abandon many of their production programs to adopt RMS. Reconfigurable technology 
cannot “be an end in itself,” since it must be linked to other practices and areas of a plant on the path 
towards high performance. 

Internal production environments geared towards flexibility, in which plants can simultaneously obtain a 
low per unit cost and a high degree of flexibility (Rahman and Mo, 2012), can be considered the starting 
point for the current platform for reconfigurability (Barad, 2013; Mehrabi et al., 2002). These plants use 
advanced integrated hardware and software systems that enable a predefined variety of products to be 
automatically designed and produced. There are various other practices within these contexts of 
flexibility. Since practices designed to allow reconfigurability are considered the next step on from 
practices designed to allow flexibility, they must also be framed where the latter are currently 
implemented. 

The foundations of internal flexible production environments include components from all three areas of 
the technology management program (Ortega Jiménez, 2009; Schroeder and Flynn, 2001). 

1. Process/production technology, i.e., the equipment and processes for making products. 
2. Product technology, i.e., the equipment and processes for designing and building new products. 
3. Information technology (IT), i.e., the processes and equipment for processing information. 

 

In addition, the success of any technological system is influenced by a plant's production programs 
(including JIT, TQM, among others), and effectiveness, (i.e., competitiveness) of all production programs 
is closely interrelated with technology in both directions. That is, technology management and other 
production programs together affect performance. Therefore, a possible missing link between technology 
and other programs implemented in a plant may be a cause of failure (Khanchanapong et al., 2014; 
Ortega-Jimenez et al., 2012; Schroeder and Flynn, 2001).  

Going back to the TM program, when practices from technology aspects, such as product and process are 
widely applied in a factory, plants are more likely to steer towards a path to competitiveness, through this 
more complete view of technology. Hence, an open definition of technology comprises not only of 
hardware systems, but also human and organizational aspects of the way that the plant operates (Heim 
and Peng, 2010). Consequently, this part of the study focuses on the following four production practices 
considering two of the three main aspects of technology mentioned above: process and product2 (Fang et 
al., 2013). These TM practices should have a significant impact on the effectiveness of production and 
product technology and, hence, should lead to competitive advantages: group technology-cellular 
manufacturing, proprietary equipment, anticipation of new technologies, modularization of products, 

 
2 For its immense importance in flexible contexts such as automation. 
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manufacturing involvement in product design, effective process implementation, inter-functional design 
efforts, new product introduction cooperation, supplier involvement. 

 

3.1.2. Manufacturing strategy (MS) 

The concept of manufacturing strategy (MS), also universally known as production strategy or operations 
strategy (i.e., this term may refer to both manufacturing and service), was first acknowledge by Skinner 
(1969), referring to it as to manage certain properties of the manufacturing function to achieve competitive 
advantages. Hayes and Wheelwright (1984) go beyond by describing it as a consistent pattern of decision 
making in manufacturing functions linked to business strategies. Even further, Swamidass and Newell 
(1987) consider MS as a tool for effective use of production strengths as a competitive weapon for 
achievement of business and corporate goals.  

Manufacturing strategy (MS) determines how production supports the general objectives of the plant for 
competitiveness, through the appropriate design and use of production resources and capacities (Demeter, 
2003). For this, plants continuously make decisions regarding the deployment of resources, to succeed 
with the goal of long-term survival and the ability to produce useful short-term output. Since conscious 
and/or unconscious decisions determine how plants are operated, MS may play an integral part in shaping 
over time the competitive position of plants, by actively taking charge over the decisions.  

To achieve this support and thus taking charge, it is essential for MS to be aligned with both marketing 
strategy and business strategy in general (Bates et al., 2001). Furthermore, there is still insufficient broad 
empirical research in the documented production literature that clearly addresses a well- implemented MS 
based on its practices (Hill, 2000; da Silva Gonçalves Zangiski et al., 2013). Consequently, this sub-
section focuses on the fact that for a properly implemented and well-aligned MS, plants should consider 
five of its practices: MS Formulation, anticipation of new technology; manufacturing-business strategy 
linkage; formal strategic planning involving plant management; and communication of manufacturing 
strategy (Schroeder and Flynn, 2001). Logically, these five aspects (practices) do not represent the whole 
content of MS, but they are sufficiently significant to have been studied in previous research. 

 

3.1.3. Responsiveness and other dimensions from operational performance  

Establishing links between an initiative and a performance outcome is the most critical and interesting 
aspect of a study of production practices, particularly in situations where plants need to perform well on 
a multidimensional level. However, most of the existing literature often ignores the role of manufacturing 
goals and uses a one-dimensional performance measure in models and empirical tests. On the other end, 
for instance, Kritchanchai and MacCarthy (1999) included both strategic and operational viewpoints on 
their framework of responsiveness; and later, Ketokivi and Schroeder (2004) argue that both the multi-
dimensionality of performance and the strategic goals must be included in analysis of competitiveness. 

Operational performance dimensions may be seen as cumulative (Ferdows and Meyer, 1990). Plants that 
manage their strategy by pursuing competitive priorities in a specific sequence will be more successful 
than those that do not. In other words, quality, specifically, provides the foundation for dependability, 
which provides the foundation for speed. Only after speed capabilities have been developed should cost 
be addressed. The reason for this is the infrastructure that is developed as each of these dimensions is 
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pursued, with quality management practices at its foundation. Thus, quality provides the base for long-
term improvements in other dimensions of competitive performance.  

Dimensions of performance such as manufacturing cost, speed, and flexibility (i.e., adjustability) are 
relatively invisible to customers (if they are inferior, however, it will be tough for a plant to compete), 
but quality, responsiveness, and delivery dimensions are directly evaluated by them. Therefore, 
organizations are motivated to improve the visible measures to survive competitive threats, without 
disregarding the invisible ones. See Table 1 for detail on the six performance dimensions. 

Therefore, in order to examine the relationship between production programs and performance, this study 
focuses not only on the two competitive performance priorities in production that the literature  (Koren 
et al., 1999) claims that RMS will provide, cost and responsiveness, but also on quality, since all three 
are closely linked to plant production. However, the main competitive contribution that RMS will make 
in the future is responsiveness and therefore such a specific scale (dimension) has been devised for its 
measurement. 

 

Table 1. Performance dimension: improving competitiveness 
(Ortega-Jimenez et al., 2015) 

 Affects 
Speed 
 

Affects Cost  Affects 
Dependability 

Affects Flexibility 
performance/ 
adjustability 

Quality 
Internal: error free products/ External: 
conformance quality  

Improves 
Response 

Reduces cost Improves it  

Speed 
Internal: fast throughput/ 
 External: faster customer response 

Speed of 
response 

Reduces 
inventories and 
risks 

Improves it  

Dependability  
Internal: reliable processes/ External: on time 
delivery 

Improves 
fast 
response 

Saves time, 
reduces costs, 
gives stability 
and thus 
efficiency  

  

Flexibility performance/ 
adjustability  
Internal: ability to change/ External: wider 
variety (wide product/service range); more 
customization; more innovation (frequent 
new products); cope with volume fluctuations 
(volume & delivery adjustments) 

Speeds up 
response 

Saves time Maintain 
dependability 

 

Cost 
External: Low price, high margin, or both/ 
Internal: High total productivity 

 Lower prices 
and or higher 
profits 

  

Responsiveness 
Internal: launch new products rapidly and to 
react quickly, efficiently, and effectively to 
changes (e.g., in markets/customers, 
regulations, failures, etc.)/ External: Market 
changes might occur in product 
specifications, mix, volume and delivery 

To react to 
changes 
rapidly 

Cost effectively  Scalable to produce 
more products; easily 
convertible from one 
product to another 

 

In line with contingency theory, the level of responsiveness that every firm needs is different and depends 
on firms' individual business strategies  (Uskonen and Tenhiälä, 2012; Williams et al., 2013). Hence, the 
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basis for competitiveness must be designed individually according to the company's own circumstances. 
In accordance with this, the company selects and modifies the production practices (that lead to overall 
high performance) in keeping with its internal and external environments, which may vary according to 
country, industry, company size or other contingencies. Depending, on both the industry and the market, 
it is also true that this competitive capacity, responsiveness, might be an order-winner for some 
companies, whilst for others it might act as an order qualifier (Hill and Hill, 2012)- 

 

3.1.4. Three views to achieve responsiveness 

3.1.4.1. Fit: linkages among technology, strategy, contextual effects, and performance   
Many industries face open, global markets with requirements for rapid response and low costs. Given the 
key role that technology plays in business competitiveness, proper technology management (TM) in 
combination with a good manufacturing strategy (MS), is important to address current challenges. This 
research analyzes the nature of TM & MS implementation in different industrial contexts to examine 
whether there are differences in how TM & MS are implemented in different sectors, whether 
implementation is linked to performance, and whether contextual factors explain the differences. Cost, 
quality, and responsiveness are used to observe overall multidimensional competitiveness for a more 
objective analysis to distinguish between two plant types based on performance classification in all three 
performance measures considered here: high performer (HP) for higher-than-average in all measures, 
and standard performer (SP) for lower-than-average (Garrido-Vega et al., 2015) . 

 

3.1.4.2. Internal environments for flexibility: toward reconfigurability 
Many production plants are pursuing responsiveness (i.e., timely purposeful change guided by external 
demands) as one of their main performance priorities and are looking for ways for their responsiveness 
to be improved. One of the ways that they are currently trying to do this is through the flexibility provided 
by production practices. On the other hand, other systems are also being now developed based on 
reconfigurability (such as reconfigurable manufacturing systems (RMSs)) which can enhance a company's 
technological ability to respond to market requirements by reconfiguring its products and processes. This 
research analyses how current production programs can be a prior step to achieving reconfigurability. The 
analysis uses a holistic framework that considers a few linkages or combinations of practices from not 
only technology and manufacturing strategy, but also JIT, TQM, HR, and TPM and how these enhance 
performance in terms of cost, quality, and responsiveness (Ortega-Jimenez et al., 2015). 

 

3.1.4.3. Supporting production programs for reconfigurability: MS, TM, RT, and intervening role of 
SCM 

Supporting practices are conceptualized as infrastructure practices that create an environment that is 
conducive for reconfigurability to be effective in a plant. Thus, this research examines relationships 
between the following production programs that lead to the greater plant responsiveness-PR necessary 
for market needs: strategic reconfigurable system-SRS (reconfigurable technology-RT supported by 
manufacturing strategy-MS and technology management-TM), with the emphasis on SCM's intervening 
role (Ortega-Jimenez et al., 2020).  
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3.2. Research design  

This thesis presents research which investigates relationships between characteristics and constructs of 
production and operations management, by both theorizing and conceptual modelling, as well as using 
two large-scale surveys based empirical methods to assess and construct knowledge. Frequently, one of 
the first steps when conducting any type of research (descriptive, exploratory, or confirmatory) is the 
development of conceptual models (Meredith, 1993). In such development, researchers go beyond 
theories already established, to use them to be: (1) combined, (2) intertwined, and/or (3) extended, into 
models that help better explain problems in question. Therefore, in such modelling, researchers build on 
current theories to assess derived hypotheses, which may lead to the formation of knowledge. 

All three papers are mixed, from established theory to develop conceptual models, as well as based on 
data from a multi-industry, multi-country survey, the High-Performance Manufacturing (HPM) project. 
The project and the survey study are next presented. The data used in the empirical papers are treated 
using several statistical methods, e.g., correlation analysis, subgroup analysis, path analysis and structural 
equation modelling. These methods are briefly described in section 3.2.4. 

 

3.2.1. High-Performance Manufacturing (HPM) project 

There are still many important unanswered questions or with little empirical research regarding how to 
achieve a sustainable competitive advantage through continuous improvement of manufacturing capacity 
and what is the relationship between performance and production programs to apply to increase it (Dubey, 
Gunasekaran & Chakrabarty, 2015). It was precisely the above and the observation that management 
approaches transcend national borders that led to the creation of the international research project on 
High-Performance Manufacturing (HPM) in 1991 (Schroeder and Flynn, 2001). The research is based on 
the development of an international survey, currently coordinated by Dr. Barbara Flynn, to obtain an 
intercontinental database (America, Asia, and Europe) of the automotive, electronics and machinery 
sectors, which allows empirically evaluating different critical factors for the HPM. The HPM research 
was started in Spain in 2006 for the third round and continued with the 4th round. However, the research 
presented in this thesis use data from either round (i.e., data that were available on the third round for 
papers 1 or 2, and on fourth round for paper 3). 

 

3.2.2. Survey instrument, data collection, and sample 

This thesis uses, either the third or the fourth-round datasets of the international High-Performance 
Manufacturing survey. In both rounds, twelve questionnaires were targeted at twelve specific 
management positions of the production plants, from General Manager to supervisors or workshop 
managers (third round included direct laborers), through those responsible for accounting, human 
resources, process engineering, product development, chain of supply, or sustainability / environment, 
among others, to minimize the risk of common method bias-CMB. Besides, the common latent factor test 
found no indications for CMB since delta differences were < 0.2 when estimations were compared  
(MacKenzie and Podsakoff, 2012; Podsakoff et al., 2003). 

The design of these questionnaires has been conducted by experts from the different research groups 
participating in the international HPM project, based on the existing literature, and they have been 
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validated, refined, and updated through the different rounds of surveys conducted since the beginnings of 
the international project (90s). The variables and constructs that are studied are measured through 
questions or items, distributed in different questionnaires addressed to the mentioned positions within 
each plant. These questions or items include both objective data of the plant (on performance, 
characteristics of the plant, and various exogenous variables), and subjective information (normally 
measured on Likert scales). Many items of the latter type are included in two or more different 
questionnaires, to be able to triangulate the information and thus minimize the possible biases of the 
informant. The questionnaires are originally designed in English, the official language of the HPM 
project, and translated into the languages of the participating countries. In Spain, our team conducted this 
task, initiated by the author of the thesis. To minimize translation errors and interpretation problems, not 
only back-translation was used, but also a pilot test was conducted with executives from the different 
sectors analyzed. 

As major differences exist between practices, performance and contextual factors in plants owned by the 
same company, the unit of analysis is the plant. Also, as some of the analyzed practices may not apply to 
small plants, it was determined that sample plants should have a minimum of 100 workers  (Machuca et 
al., 2011; MacHuca et al., 2015). In each country plants were stratified into three industries (auto 
suppliers, electronics, and machinery) that face global but different market competition (Garrido-Vega et 
al., 2015). Countries were selected for their mix of HP and standard plants, manufacturing strength, and 
diverse national cultural and economic characteristics to ensure variability in the database. This survey is 
updated and modified in a series of successive rounds; the 4th, currently the last one, having been 
completed in 2017 with 330 plants, with more than 25 research groups from 10 developed countries 
(Germany, Austria/Switzerland, Spain, Finland, Italy, Japan, Sweden, UK, and USA) and 6 emerging 
(Brazil, China, Israel, South Korea, Taiwan, and Vietnam). For the third round, 2010, there were 314 
plants in 11 countries (Austria, China, Finland, Germany, Italy, Japan, Spain, Sweden, and North America 
(USA and Canada)). 

A stratified design was used to randomly select an equal number of plants in each country and each 
industry. They were therefore distributed evenly between three industrial sectors. Additionally, about half 
of the plants were randomly selected from lists of “world class reputation” plants that had been extolled 
as leaders in the literature or by industry experts. This was done to ensure that the sample contained a 
good representation of some of the best (high performing) plants in the world. The other half of the plants 
were selected at random from the lists of remaining plants. This provided a comparison group consisting 
of the more standard plants. 

In other words, when conducting the survey, the plants were pre-classified as high or standard performers 
according to opinions in the sector, such as the company's position in national rankings. However, this is 
just initial information and is not objective, as it does not come from real performance measurement data 
(this would be the initially declared status). This aim of this information is, therefore, to function as an 
initial guide to obtain a certain number of the two types of plant. Subsequently, and precisely to meet the 
various research objectives, papers that use the database should provide objective confirmation as to 
which plants are really, high performers, regarding the performance measures considered in the research. 
This can only be done using the real performance measures obtained in the survey and this is what any 
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research does in this respect (work with the real empirical data and not with information taken from lists 
and external opinions).  

Despite the stratification of the sample, it is not the aim of this research to make cross-comparisons 
between countries and/or industries. Furthermore, although the sampling selection sought to include 
representation from both high and standard performers, the rationale of the paper is not to compare the 
two types. In general, the sample exhibits high variety and seems appropriate for examining the research 
questions in the papers in this dissertation. 

 

3.2.3. Role of the author in High Performance Manufacturing (HPM) 

Spain entered the HPM project in late 2006. By then, the survey instruments were already developed, and 
pilot evaluated by the project leaders in USA. The Spanish team, directed by Prof. J.A.D. Machuca, 
conducted the actual data collection using the readily available questionnaires during 2006/2007. Early 
2006, the author of this thesis was invited to coordinate technically the universities part of the Spanish 
HPM project. Since then, the role of the author has been to coordinate information with other countries 
participating in the study and to respond to questions related to the Spanish data. The study has also 
provided the author with the opportunity to spend a semester with Prof. Forza at University of Padova 
and another semester with Prof. Gupta at Florida International University. Finally, the author provided 
the constructs of reconfigurability and responsiveness for the international HPM project, which were 
included in the fourth round of the intercontinental data collection and are fundaments for this dissertation. 

 

3.2.4. Statistical methods for research models 

3.2.4.1. Canonical correlation analyses (CCA) 
Canonical correlation analyses (CCA) were found to be appropriate for Papers 1 and 2 to assess the fit, 
i.e., link, between the variables in the propositions. This technique has been used for research on the 
economics of modern production practices (Chaharsooghi and Heydari, 2010; Droge et al., 2012) and is 
suitable for the type of research question addressed in this research. This technique is also considered the 
most general of the multivariate techniques to evaluate for linkages between practices and programs, and 
between these  and performance (Hair et al., 2010). CCAs enable the relationships between the two groups 
of variables to be analyzed, with one being dependent, or not. They also identify whether and how two 
sets of variables relate to each other. This is best considered a descriptive technique or a screening 
procedure rather than a hypothesis-testing procedure (Tabachnick and Fidell, 2019). 

First, intra-relationships between practices in the technology program and interrelationships between 
these and other programs and are analyzed. In a second step, the performance measure set is considered 
to determine if and how implementations of different program and practice environments relate to 
performance. CCA constructs a weighted linear combination of the variables in each of the two sets being 
correlated, with weights selected to maximize the correlation between the two weighted vectors, or 
canonical variates. One of the advantages of canonical correlation analysis is that it requires only 
multivariate normality of the variables in the data sets. 

This research considers six sets of canonical correlation models (i.e., configurations of links as flexible 
environments) in the analysis, distributed in two stages. The first stage, with three sets, revolves around 
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different combinations of fit (linkages environments) between practices, taking technological practices as 
the basis. The first set model uses the two technological practices and the three mixed practices. The 
second set model takes the two technological practices and five organizational programs, JIT, TPM, TQM, 
HR, and MS. The third set model takes all five practices together from the technology program and the 
five organizational programs. The models represent a progression from the least holistic (Model 1), taking 
technology alone, to the most holistic view (Model 3), considering all programs and practices. 

The second stage has three set models focusing on different combinations of practice-performance 
relationships that take both technological and production performance as their basis. As in the first stage, 
they go from the least (Model 4) to the most holistic view (Model 6). The first model with one set uses 
technological practices and production performance. The second model with one set is made up of all the 
practices from the technology program and production performance. The third model takes the technology 
program with its five practices combined with five organizational programs and production performance. 
The second stage reviews models 4–6 to check whether responsiveness is the performance dimension 
with the strongest relationships with the programs and practices. 

The analyses with the specific practices from the technology program (especially technological practices) 
and organizational programs enable us to determine any interconnections. Meanwhile, the analysis with 
specific practices from the technology program, organizational programs and production performance 
enable us to determine whether practices from the technology program (mainly technology- based) 
provide a positive contribution to a number of performance priorities, but especially responsiveness, and 
whether the combinations of these practices with organizational programs provide a better explanation of 
relations with performance priorities (mainly responsiveness). The differences in the correlations between 
all three priorities will show which stands out (Hofer et al., 2012). 

 

3.2.4.2. Multivariate multiple regression analysis (MMR): MS to TM linkages across industries 
A multivariate focus congruence model is used with multivariate multiple regression analysis (MMR) for 
Paper 1. Fit has been widely measured through regression coefficients in the congruence/selection 
perspective (Umanath and Kim, 1992). Regression analysis not only shows the general direction of the 
association, but also provides the degree to which the independent variables affect the dependent variable. 
The multivariate part of the regression is due to the four outcome variables from each of the production 
programs (MS and TM). The multiple part of the regression is because there are four predictor variables 
for the other corresponding program. It is important to note that this method is not being suggested for 
simultaneous equations, since it may cause the regression coefficients to be biased. Therefore, each of the 
two tests (i.e., MS practices to TM practices and TM practices to MS practices) tests industry differences. 

Simple correlation coefficients are reviewed between the production practices for TM and MS. Next, a 
model that simultaneously analyses two or more dependent variables that are to be predicted from two or 
more predictor variables is used. For the analysis, the scales for each practice are considered as dependent 
or independent variables depending on the test that is being performed. In the first MMR analysis, the 
technology scales depend on production strategy scales. In the second MMR analysis, the strategy scales 
function as dependent variables and the technology scales as independent variables. The independent 
variables that are significant in the multivariate tests (Pillai's Trace, Wilks' Lambda, Hoteling’s Trace and 
Roy's largest root) will be shown with the level of significance. The dependent variables that are 
significant will be shown with the coefficient of determination (adjusted R²). 
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3.2.4.3. Multiple correspondence analysis (MCA): Relationship between TM and MS practice 
implementation and performance 

Multiple correspondence analysis (MCA) is used to assess for the performance impact of both sets of 
practices: MS and TM in Paper 1. Plants are classified by competitive position as high and standard 
performers. Although the sample was originally designed to include both high and standard performing 
plants, this research decided not to rely on their initially declared statuses, as it was sometimes based on 
subjective information. Instead, a more objective analysis was performed to distinguish between two plant 
types based on performance classification in three performance measures considered here (cost, quality, 
and responsiveness): high performer (HP) for higher-than-average in all measures, and standard 
performer (SP) for lower-than-average. To confirm the importance of linkages between practices in both 
groups, multiple correspondence analysis (MCA) was proposed. MCA is a technique for nominal 
categorical data used to detect and represent underlying structures of practice linkage in the resulting 
groups. Depending on their scores, plants were classified as high implementation and low implementation 
for each of the MS and TM practices. 

Measurement of the plant's operating performance level is next included to gain further insight into TM 
and MS practice implementation in the 3 sectors under analysis. With the performance measures included, 
the plants are classified as HP: if cost, quality, and responsiveness are greater than their respective means, 
and SP: otherwise. This classification is conducted considering the joint mean for the industries and 
considering the mean of each of the industries for each industry.  

TM and MS practices are also classified into two levels of implementation. A practice is considered either 
“above average” or “below average,” depending on whether its value is higher or lower than the mean for 
each industry individually. An MCA is then performed to see whether the implementation of TM and MS 
practices is linked to the HP/SP classification considered. The correspondence analysis graphs for each 
of the industries will be shown with the resulting Burt table showing the structure. 

 

3.2.4.4. One-way ANOVA: Contextual factors 
A one-way ANOVA is used in Paper 1, to compare the means of the contextual variables to confirm the 
results of the contextual variables as differentiators of industry differences.  

For this, a test for the homogeneity of variance (Levene's statistic) is performed previously. Next, if there 
are significant F-values in the ANOVA, multiple comparisons are used to confirm that all the means are 
not equal, with pairwise comparisons by Tukey's HSD. Finally, confirmation is achieved by testing for 
homogeneous subsets, which reflected the previous information. This is done by means of grouping 
together industry results; both those that did not differ from each other in a common group, as well as 
others that did not differ from each other, but are different from other groups.  

Finally, there may be some contextual factors that contribute to the explanation of some industry 
differences between MS and TM practices. Contextual factors that are believed to affect the common 
implementation of TM and MS practices differently between industries are considered here. These are: 
geographic market focus (exports), degree of vertical integration, size, and scale of operations (number 
of employees), process structure, product line customization, parts per product line, workplace design, 
and equipment and processes. A series of one-way ANOVA tests with Tukey's HSD to compare means 
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between contextual variables between industries may show which one, if any, of eight contextual 
variables function as the industry differentiator, by showing different results between industries. The 
Levene tests may indicate which contextual variables have a homogeneity of variances that cannot be 
accepted. Accordingly, the ANOVA F should not be used but robust Welch and Brown–Forsythe tests 
instead. Similarly, the post-hoc comparisons for these cases should be performed with Games–Howell 
test. These tests may show which contextual variables are differentiated in the industries. 

 

3.2.4.5. Covariance-based structural equation modelling (CB-SEM)  
Structural equations modelling (SEM), used in Paper 3, is a technique to specify, estimate and evaluate 
models of linear relationships among a set of observed variables in terms of a smaller number of 
unobserved variables (Shah and Goldstein, 2006), having the ability to examine multiple relationships 
simultaneously and allowing for measurement errors (Bollen, 1989). Besides, covariance-based SEM 
(CB-SEM) is a flexible and compelling data analysis method, with reflective measurement, where 
hypothetical constructs are estimated as common factors that are assumed to cause their indicators (i.e., 
observed, or manifest variables). In the data of the thesis, the Hausman test (Hausman, 1978), which 
satisfies the requirements to be trustworthy (Ketokivi and Mcintosh, 2017), indicated that almost 85% of 
the variables showed a p value>0.01, showing then a small degree of endogeneity. Relationships between 
observable variables were also evaluated in the exploratory analysis (Haans et al., 2016) and no quadratic 
relationship was found. Therefore, they can be assumed to be linear, which justifies adopting CB-SEM. 

Two steps are required to evaluate the research model in the PR context:  

(1) verification that RT, MS, and TM are correctly aligned with the SRS framework, and with SCM–I, 
SCM–Q and SCM–H as the SCM framework. Second-order and third-order CFA is considered the best 
analysis technique for testing in this first step. Starting with RT, MS and TM, results should show the 
integrated SRS framework, and the SCM fit for the three practices. If values from path coefficients are 
significant, there may be consistency among the practices or capabilities involved, thereby making both 
SRS and SCM conceptually equal to an effect construct (Polites et al., 2012; Venkatraman, 1989). 
Further, to assess the relationships between SRS, SCM, and PR, the significance of the results may give 
an insight into the model and if it supports it. It is expected that both programs (SRS and SCM) have 
direct effects on PR, as does SRS on SCM.  

(2) to assess for the possible mediation effect of SCM in the SRS→PR relationship and to analyze whether 
the environmental complexity (EC) contextual factor is the key to interaction in the above relationship. 
SEM analysis with bootstrapping is used for mediation and interaction in the remaining steps. In addition, 
FIML (Full information maximum likelihood) from the R Lavaan package is used as the estimation 
method. 

The methodology used for the mediation hypotheses is assessment of indirect effects with the BK method 
(Baron and Kenny, 1986) from bootstrapping SEM. However, this study will go further than simply 
theorizing for mediation processes with BK and will include a post hoc analysis. So, following 
Rungtusanatham et al. (2014), a more explicit procedure to evaluate for mediation processes will be used: 
bootstrapping. For this, a practice rule recommended by Nitzl, Roldan, and Cepeda  (Carrión et al., 2017; 
Nitzl et al., 2016) will be followed, using the VAF (variance accounted for) ratio to verify whether there 
is little (< 0.2), partial (0.2≤x < 0.8) or full mediation (> 0.8). 
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The interactive effect of context and SRS will have implications for SCM. In other words, the 
implementation level of the SRS effect on SCM is contingent with the form and/or strength of plant 
context; at the same time, the form and/or strength of plant context on SCM is contingent on the SRS 
implementation level (Bergeron et al., 2001). When interaction fit is adopted, subsample correlations are 
one of the appropriate methods to use (Venkatraman, 1989). 

 

4. OVERVIEW OF GLOBAL RESULTS 

In Table 2, an overview of the papers in the thesis is presented. The papers are categorized according to 
their relationships to thesis objective, methodology and method. 

Table 2. Papers, research objective, methodology and method 

                                                                  Papers 
Categorization 

1 2 3 

Research objective     
TM & MS implementation is linked to performance, including responsiveness, and even if 
contextual factors explain differences 

   

Production programs and practices, besides MS and TM, as well as linkages in currently 
implemented programs in flexible environments to support the adoption of practices aimed at 
responsiveness 

   

Reconfigurable Technologies benefits from the fit with Technology Management and 
Manufacturing Strategy, thus forming a Strategic Reconfigurable System (SRS), to achieve Plant 
Responsiveness (PR), and the possible effect of SCM mediation in the SRS → PR relationship 

   

Research methodology    
Descriptive    
Exploratory    
Confirmatory    
Research method    
Conceptual modelling    
Empirical    

 

The objective of this thesis is threefold, as stated in Section 2. The first part of the objective tests if MT 
& MS implementation is linked to performance, including responsiveness, and if contextual factors 
explain differences. Paper 1 takes on manufacturing strategy, technology, contextual factors, and 
performance that includes responsiveness and considers them both conceptually and empirically. Further, 
paper 2 is devoted to conceptually and empirically studies relationships between manufacturing strategy, 
technology, JIT, TQM, HR, and TPM as a flexible configuration toward reconfigurability in the pursuit 
of responsiveness and other performance dimensions. Finally, Paper 3 aim on exploring how a 
reconfigurable technology needs to be configured with MS and T as a system along SCM for faster plant 
responsiveness. 

The second part of the thesis objective concerns the way production programs and practices, besides MS 
and TM, as well as linkages in currently implemented programs in flexible environments, support the 
adoption of practices aimed at responsiveness. A structured methodology for the pursuit of responsiveness 
through manufacturing strategy, technology, JIT, TQM, HR, and TPM as a step of flexibility toward 
reconfigurability is presented in Paper 2. In Paper 3 reconfigurable technology is linked to manufacturing 
strategy and technology management as a system to improve plant responsiveness, while verifying the 
mediation of SCM. 
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The third part of the thesis objective is concerned with the investigation of how Reconfigurable   
Technologies benefits from the fit with Technology Management and Manufacturing Strategy, thus 
forming  a  Strategic Reconfigurable System (SRS), to achieve Plant Responsiveness (PR), and the  
possible  effect of SCM  mediation in the SRS→PR relationship. Paper 3 investigates whether plant 
responsiveness is achieved from the fit of reconfigurable technology, MS, and TM, as well as the 
intervening role of SCM. 

In summary, the three papers touch parts of the thesis objective in several ways as seen next. Together 
the objective is covered in the collection of papers that constitute the second part of this thesis. Although 
an overview of the results of each paper is next presented, the discussion of such results is followed in 
Section 5. 

Paper 1 overview 

In this paper, the findings are analyzed in the three industrial sectors according to the hypotheses, the data 
of the international survey described above, and prior studies on the interrelationships (linkages) between 
MS and TM. Reviews of analyses and discussions of results are in the same order that the hypotheses 
were developed. 

A) MS to TM linkages across industries 

The results show some similarities among industries such as:  

1. Dependence 

a. Effective process implementation (T1) is positively affected by communication of 
manufacturing strategy (S3) in all three industrial sectors.  

b. Manufacturing-business strategy linkage (S4) affects T1significantly in both electronics and 
machinery. 

c. Anticipation of new technologies (S2) has a significant effect on inter-functional design efforts 
(T2) in all three industries. 

d. Communication of manufacturing strategy (S3) has significant effects on T2 in both 
electronics and auto supplier.  

e. S3 affects T2 significantly in electronics and auto sectors.  

f. Anticipation of new technologies (S2) is the only MS practice that impacts on new product 
introduction cooperation (T3) in all industries. 

2. No dependence 

a. Formal strategic planning (S1) has no significant impact on any of the TM practices in all 
industries. This is surprising, since it shows that TM practices do not consider strategic 
formalization for their implementation to any great extent. This may be caused by ever-
changing global markets, making TM practices more responsive and less rigid to long-term 
planning.  

b. Supplier involvement (T4) is not affected by any MS practices in any industry. This is 
probably because technology suppliers are external and not under plant control. 
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B) Dependence of TM practices to MS practices 

We see the following similarities in dependence: 

1. Effective process implementation (T1) impacts all MS production practices significantly in all 
industries, but S3 in electronics. 

2. T4 impacts significantly S1 both in electronics and in auto supplier.  

3. S2 is affected significantly by T3 in all three industries. 

4. S3 has the same TM practices impacting it significantly in the following industries  

a. T2 in electronics and auto supplier  

b. T1 in machinery and auto supplier  

5. T4 affects significantly S4 both in electronics and auto supplier. 

There are some minor differences in some dependence cases. For instance, only in machinery, T2 affects 
S1 and S2, and T3 impacts S4. 

Regarding cases where dependence was not found:  

• Similarities in all three industries: T3 did not affect S1; T4 did not affect S2 or S3; T2 did not affect 
S4.  

The only difference between industries was that T4 did not impact any of the MS practices in machinery 
significantly. This shows that the MS practices under consideration are implemented in this industry 
without considering technology supplier involvement. This may be due to industry plants either buying 
standardized technology or making their own technology, which makes them independent from 
technology suppliers. 

 

C) Reciprocal interdependence of MS and TM practices  

On a general level it can be mentioned that MS practices have relationships with TM practices in all three 
industrial sectors, by a common implantation of their practices. A bi-directional effect could therefore 
exist between practices from both programs, except for T4 for auto supplier only. 

D) Contextual insights from TM-MS common implementation and industry environment 

As proposed, there may be some contextual factors that contribute to the explanation of some industry 
differences between practices from MS and TM. Contextual factors, such as geographic market focus 
(exports), degree of vertical integration, size, and scale of operations (number of employees), process 
structure, product line customization, parts per product line, workplace design, and equipment and 
processes are believed to affect the common implementation of TM and MS practices differently between 
industries. 

A series of one-way ANOVA tests with Tukey’s HSD to compare means between contextual variables 
between industries shows three of eight contextual variables (product line customization, process design 
and parts per product line) as industry differentiators, since they show that all have different results 



 

23 
 

between industries. Therefore, we found that, except for these three variables, there are no significant 
differences in the contextual variables among industries 

 

Paper 2 overview 

The argument that forms the basis for Paper 2 is whether internal flexible environments (as the platform 
for transition to reconfigurability) with several different configurations of production programs and their 
practices, have linkages (i.e., fits), and if so, whether these linkages are stronger in configurations of 
higher systemic integration. Finally, it assesses whether the highest holistic integration has better/stronger 
relationships with performance (especially responsiveness, key to progressing from flexibility to 
reconfigurability). 

A) Fits between different blocks of production practices 

The canonical correlation results in Model 1 indicate a significant multivariate relationship across all 
variable sets. Specifically, proprietary equipment (PE) takes the most prominent position to account for 
the first canonical variable of technological scales. However, mixed scales, anticipation of new 
technologies (ANT) and effective process implementation (EPI) show the highest correlations with the 
first technological scales canonical variable.  

Model 2 summarizes results of the canonical correlation analysis between the two technological scales 
and measurement scales in the five production programs highlighted: HR, TQM, JIT, TPM and MS. A 
pair of the first canonical correlation variables gives unmistakable evidence that technological scales in 
technology have a relationship on the super-scales, with PE as the most influential from technology and 
TPM from the super-scales.  

Model 3 results show a canonical correlation analysis between five production practices related to 
technology and five super-scales representing main production programs. The canonical correlation (close 
to 0.91) is quite high. Although there are no guidelines about the minimum acceptable value for the 
redundancy index, the higher the value of the index, the better. Thus, there is evidence of the impact 
between technology scales and super-scales sets, since the redundancy index shows that close to half of 
the variance in the TM-related practices set is explained by the first canonical variate of the five super-
scales set. The opposite is also true: that around half of the variance in the super-scales set is explained 
by the first canonical variate of TM related practices. These results indicate there is an extraordinarily 
strong relationship between TM scales and TM practices. Findings prove that ANT, Interfunctional design 
effort (IDE), and PE, in that order, are the most influential technology-related measurement scale in a link 
with super-scales. In addition, the first canonical variable of the technology-related measurement scales 
is highly correlated with such super-scales as TPM, MS and TQM, in that order. 

 

B) Interrelationships between blocks of production practices and performance 

A canonical correlation analysis between the two technological scales and the production performance 
priorities is Model 4. More specifically, the proprietary equipment (PE) technological practice has a 
greater influence on competitiveness than the other technological practice: group technology-cellular 
manufacturing (GT). In addition, the first canonical variable of the technological scale’s measurement 
has higher correlation with responsiveness, the key characteristic promised by reconfigurable practices. 
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Model 5 shows the result of a canonical correlation analysis between all five technology-related scales 
and the three performance priorities. A pair of the first canonical correlation variables provides 
unmistakable evidence that all five technology scales have a relationship with all performance priorities. 
There was an improvement in both canonical correlation and responsiveness rather than with just the 
technological scales, showing the importance of considering all technology scales to increase the most 
important reconfigurable characteristic (see Model 4). IDE has the highest loading from technology and 
responsiveness from performance. 

Furthermore, as shown in Model 6, all the JIT, TPM, TQM, HR, and MS super-scales, as well as all the 
five technology-related measurement scales, are correlated with all the performance priorities. The results 
reveal that the ANT technology scale, accompanied by sophisticated MS, is likely to be a more important 
reason of why some manufacturing companies have gained competitive advantages, especially in 
responsiveness. It is important to stress that the combination all of technology scales along with all super-
scales further improved not only the canonical correlation, but also both quality and responsiveness 
loadings more than technological scales (see Model 4) or all technology scales on their own (see Model 
5). This may show the importance of linking all technology scales individually with the rest of programs 
for a better reconfigurability stage. On the other hand, of all the production performance priorities 
responsiveness shows the highest correlation with the first canonical variable of the super-scales, with a 
clear improvement from Model 4 (just technological scales), or better than in Model 5 (all technology 
scales). This shows the importance of linking all programs for future reconfigurable practices for working 
better to improve the main feature that they offer: responsiveness. 

 

Paper 3 overview 

Specially, starting with RT, MS and TM, results in Paper 3 show the integrated SRS framework, and the 
SCM fit for the three practices. Since values from path coefficients are significant, there is consistency 
among the practices or capabilities involved, thereby making both SRS and SCM conceptually equal to 
an effect construct (Polites et al., 2012; Venkatraman, 1989). 

Besides, the significance of the results gives an insight into the model and supports it. Both programs 
(SRS, and SCM) have direct effects on PR, as does SRS on SCM. 

Furthermore, the result for environmental complexity (EC) on SRS (0.220) regarding its respective 
interaction with SCM is significant at p<0.05. The SRS relationship with SCM becomes weaker. 

Finally, Paper 3 gives the mediation analysis results using the BK method. Hence, the partial mediation 
hypothesis is supported, as the value of the direct/mediator effect is between zero and the direct effect’s 
value. Further, results from bootstrapping empirically confirm partial mediation. 

 

 

 

5. DISCUSSION OF RESULTS: SUMMARY OF PAPERS 

The three papers in this dissertation are summarized below to give the reader a brief understanding of 
their respective aims and results. Although there are some contributions and managerial implications here, 
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they are better explained in Section 6.1 For more details and limitations, you may read each of the three 
papers, which are appended in full in the second part of the thesis. For each of the three papers that are 
coauthored, there is a brief statement to clarify the contributions and responsibilities of the author of this 
thesis.  

 

5.1. Paper 1: Implementation of technology and production strategy practices: Relationship levels 
in different industries  

Paper 1 analyzes the nature of TM & MS implementation in different industrial contexts to examine 
whether there are differences in how TM & MS are implemented in different sectors, whether 
implementation is linked to performance, and whether contextual factors explain the differences. The 
findings show some differences between the TM and MS practice modes in the three industries. TM and 
MS implementation is observed to be related to performance, but not in the same way. Three of the eight 
contextual factors are found to differ in the three sectors, which may explain the differences found in TM 
and MS implementation. The results imply that plants should consider the joint implementation of TM 
and MS as their interdependencies may affect performance, outweighing the possible differences between 
industries in which plants operate. However, when implementing a specific technology practice, not all 
plants necessarily consider the same MS practices across industries. Likewise, when adopting a certain 
MS, it is not necessarily influenced by the same technology practices across industries. 

This paper was co-authored with Profs. Pedro Garrido Vega, and José Luis Díez Pérez de los Ríos, 
Michiya Morita. The basic scientific idea, data analysis and results were developed by the author of this 
thesis, who also wrote it. The author of this thesis and Prof. Garrido-Vega jointly edited and commented 
the paper on the contributions of the author of this thesis. Prof. Diez helped with the statistics of the paper, 
and Prof. Morita commented on some contextual issues of the paper. Although, strategically, it was 
decided to put the authors of this thesis as the second author, he is the corresponding author of the paper. 

 

5.2. Paper 2: The pursuit of responsiveness in production environments: From flexibility to 
reconfigurability  

Paper 2 analyses how current production programs can be a prior step to achieving reconfigurability. The 
analysis uses a holistic framework that considers several linkages or combinations of practices 
(technology, JIT, TQM, HR, TPM and production strategy) and how these enhance performance in terms 
of cost, quality, and responsiveness. The results confirm not only the importance of practice linkages that 
do not only include technology as the launch pad for reconfigurability, but also that in their pursuit of 
responsiveness it is vital for plants to implement practices in the  technology program as well as to link 
them to organizational programs.  

The paper was co-authored with Profs. Jose A.D. Machuca, Pedro Garrido Vega, and Roberto Filippini. 
The basic idea, data analysis and results were developed by the author of this thesis, who also wrote it. 
The author of this thesis and Profs. Machuca and Garrido-Vega jointly edited and commented the paper 
on the contributions of the author of this thesis. Prof. Filippini commented on some contextual issues of 
the paper. 
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5.3. Paper 3: Achieving plant responsiveness from reconfigurable technology: Intervening role of 
SCM   

Paper 3 examines relationships between the following production programs that lead to the greater plant 
responsiveness-PR necessary for market needs: strategic reconfigurable system-SRS (reconfigurable 
technology-RT supported by manufacturing strategy-MS and technology management-TM), with the 
emphasis on SCM's intervening role. First, RT, MS and TM together form SRS, with a significant impact 
on PR. Second, when theorizing for mediation processes, SCM intervenes the relationship between the 
SRS program and PR. Third, the intervening role of SCM is also confirmed by testing for mediation 
processes. Fourth, environmental complexity interacts with the SRS program in its relationship with 
SCM. Research implications are twofold: (1) more responsive plants need a more holistic view in which 
SCM must be deployed in conjunction with SRS; and (2) SCM supports the execution of SRS by playing 
a key role in improving PR, even when contextual factors are present. Applied implications are that plants 
can achieve greater responsiveness if they match their production resources around RT through SRS 
programs. Further, due to SCM's intervening role, SC practitioners should link SCM dimensions to SRS 
to improve PR. 

The paper was co-authored with Profs. Pedro Garrido Vega, and Cristian Andrés Cruz Torres. The basic 
idea, data analysis and results were developed by the author of this thesis, who also wrote it. The author 
of this thesis and Prof. Garrido-Vega jointly edited and commented the paper on the contributions of the 
author of this thesis. Prof. Cruz helped with the statistics of the paper. 

 

6. CONCLUSIONS 

6.1. Research contribution 

As an overall thesis contribution, an enhanced understanding of operations management is sought for and 
provided. The thesis contribution is touching several areas of technology management (TM), 
manufacturing strategy (MS), and responsiveness, especially showing that a TM in combination with a 
good MS, is important to address current industries challenges such as open, global markets with 
requirements for rapid response and low costs, thus confirming the major role that technology plays in 
business competitiveness, including responsiveness. As said above, although Paper 1 shows that there 
may be some contextual factors that contribute to the explanation of some industry differences between 
MS and TM practices, plants should consider the joint implementation of TM and MS as their 
interdependencies may affect not only responsiveness but also other performance dimensions, 
outweighing the possible differences between industries in which plants operate. Further, when 
implementing a specific technology practice, not all plants necessarily consider the same MS practices 
across industries; as well as when adopting a certain MS, it is not necessarily influenced by the same 
technology practices across industries.  

The thesis contributes to the existing body of knowledge by taking a novel perspective on the fit among 
and between different operational programs. As stated above, Paper 2 presents a holistic framework that 
considers a few linkages or combinations of practices (technology, JIT, TQM, HR, TPM and strategy) 
and how these enhance performance in terms of cost, quality, and responsiveness. The framework presents 
a contribution to both theory and practice. It offers novel insights into the program and production 
practices involved in transitioning from flexibility to reconfigurability in the pursuit of responsiveness 
and provide a basis for future research. The results of the analysis show that the link between the 
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technology practices and organizational programs seek to improve costs, quality, and responsiveness. 
This implies that future RMS technological practices can contribute to obtaining greater responsiveness, 
but that they should be integrated not only with other technology program practices, but also with the 
organizational practices used by the plant. For theory this indicates that obtaining responsiveness requires 
a holistic vision of all the practices involved, not just the technology practices. As far as practice is 
concerned, contrary to what some authors seem to suggest (Koren, 2006), it shows that plants that obtain 
responsiveness require more than what the reconfigurability capacity of RMS can provide. Thus, the 
holistic framework proposed here, suitable for both qualitative and quantitative studies, provides novel 
insights into responsiveness in the program and production practices involved in transitioning from 
flexibility to reconfigurability. This is important since the implication for managers of plants that do not 
evolve to reconfigurable practices such as RMS when they are technologically accessible, is that this is 
likely to put them at a performance disadvantage compared to the international competitors that do. 

On the other hand, Paper 3 defines a new concept, as strategic reconfigurable system (SRS), as 
reconfigurable technology-RT supported by manufacturing strategy-MS and technology management-
TM. Thus, a fuller SRS is defined and its impact on PR is empirically evaluated. In addition, SCM fit 
logic is developed theoretically with empirical evidence of its intervention in the relationship between 
SRS and PR. This research has discussed several literature gaps regarding theoretical and empirical 
confirmation of reconfigurability using plant data. Plant managers should adopt RT to obtain greater 
responsiveness; however, for it to be effective, an adequate SRS (acting simultaneously on TM and MS) 
should be created, as its implementation is a key factor in gaining a competitive advantage through PR 
enhancement. Besides, plant managers should improve their SCM dimensions to achieve responsiveness 
more quickly, both through their direct effects on PR, and their mediating effects (intervening role) on 
the direct relationships between SRS and PR. Further, when going beyond theorizing for mediation, by 
testing for mediation processes, SRS-PR is shown to be partially mediated by SCM. Several further 
contributions can be highlighted. First, the SRS holistic framework (where RT is not isolated but used in 
a fit with MS and TM) is assessed for the first time and proven to be effective. Second, we theorize for 
mediation processes by examining how such a framework is supported by SCM. Specifically, by 
theoretically considering two of the main underlying concepts of the High-Performance Manufacturing 
research (program integration and contingency) and the mediation fit, the study outlines an understanding 
of how the relationship between SRS, on the one hand, and plant operational responsiveness on the other, 
are mediated by the fit between the SCM integration, SCM quality, and SCM senior management support 
dimensions. This was done by assessing mediation processes theory. Third, this study started with two 
unconnected literature strands (i.e., reconfigurability's and SCM's individual influence on responsiveness) 
and has combined them in the proposed analytical framework. Fourth, since results are limited to the 
programs and PR in question, researchers should be cautious with respect to the generalization of SCM 
intervening effects for two reasons: (1) when testing for mediation processes, the relationships between 
other programs (such as TQM, HR, TPM, lean, etc.) and PR may not be mediated by SCM; and (2) 
program composition measures of different practices may present differences. Finally, the paper reveals 
how important SCM relationships are, even when contextual factors are present. 

 

6.2. Ideas for future research 

Since the three papers were sequential, Paper 2 did some of the proposed future research in Paper 1, and 
Paper 3 did so of the Paper 2. In the future research into the management and development of 
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manufacturing operations it would be most interesting to answer further research from Paper 3. First, 
although mediation theory was significant for SCM intervening role, and even when complementing with 
further testing for mediation processes, the SRS-PR relationship mediated by SCM was confirmed, and 
future research can expand responsiveness and other programs apart from SRS by further testing the 
intervening role of SCM suggested in this study, as well as expanding toward a framework for SRS 
mediations in other relationships. Second, this study has been conducted at the plant level, which is not 
the entire SC. Future research could involve other supply chain informants. Third, future research could 
consider other contingent factors (e.g., market information) as other combinations of SCM and SRS 
practices may be more successful in enhancing responsiveness. Similarly, service industries might obtain 
different findings regarding the SC practices that support SRS. In addition, this study reports a cross-
sectional questionnaire survey, focusing solely on testing correlations between variables. Thus, it might 
not show dynamic trends or changes and an awareness of fallacies may be required (e.g., correlation does 
not imply causation, spurious correlations, omitted-variable bias (OVB), coincidental correlation and 
false causality). So, further research could include longitudinal data to assess causal effects. Furthermore, 
although the use of subjective data from surveys is commonly used in empirical research, well-established 
and highly credible archive and secondary data sources offer many benefits (Ellram and Tate, 2016) and 
provide the opportunity to perform complementary tests on the present research model. As the research 
results suggest that the integrated implementation of manufacturing practices can mask the effects of 
contextual factors on SCM, future studies should further investigate any interactions.  
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