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Contextual factors intervening in the manufacturing 
strategy and technology management-performance 
relationship 
 
 

Abstract 
The relationship between technology management (TM) and manufacturing strategy 
(MS) can be an important factor for increasing operational performance (OP) and 
contextual variables may affect this relationship. The purpose of this study is to 
empirically verify whether MS or/and TM improve OP and whether contextual 
variables influence OP in the electronics and machinery industrial sectors. A total of 
231 firms from fourteen countries have been studied. Hierarchical regression analysis 
has been applied to test the formulated hypotheses. The findings show that MS 
significantly improves OP in both sectors, but TM only in the machinery sector. 
However, the MS-TM relationship is shown to have a significant interaction effect on 
OP in both types of industries. Additionally, the inclusion of contextual variables does 
not indicate any significant direct effect on OP. Finally, analysis results show that the 
greatest improvement in OP occurs in both sectors when MS, TM and contextual 
variables are included in the model. The evidence suggests that these industries should 
implement MS and TM to improve OP, while simultaneously considering contextual 
variables (indirect effect). Therefore, this paper also proposes that significant 
differences in OP are determined not only by the implementation of MS and TM 
practices, but also by contextual variables intervening in the relationships between these 
practices and OP. Overall, MS and TM should be considered important manufacturing 
practices by managers, who should take into account the interaction effects of 
contextual variables if they wish to be competitive in the global, dynamic market. 
 
Keywords: Manufacturing strategy, Technology Management, Performance, 
Machinery sector, Electronics sector 
 
 
1. Introduction 
 
Manufacturers are under unprecedented pressure from new product introduction by 
competitors, rapid technological innovation, shorter product life cycles, constant 
changes to customer requirements, and advances in manufacturing and information 
technology. As a consequence, companies have taken to implementing operations 
programmes that have been successful in other firms. Operations programmes are sets 
of practices, techniques, improvements, etc., joint together for a common goal or a 
function of the plant for higher competitiveness (Koufteros et al., 2014; Lee et al., 2015; 
Schroeder and Flynn, 2001; Wang et al., 2015; Whybark and Vastag, 1993). The 
international high performance manufacturing (HPM) project considers operations 
programmes such as Lean Manufacturing, Technology Management (TM), 
Manufacturing Strategy (MS), Total Quality Management (TQM), Human Resources, 
Information Systems and others, in the belief that the roll out of these practices should 
lead to superior performance (Flynn et al., 1999; Schroeder and Flynn, 2001). However, 
superior performance requires the alignment of the manufacturing function and business 
strategy (Amoako-Gyampah and Acquaah, 2008). The strategic potential of the 
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manufacturing function can be realized through the formulation of the MS, which can 
lead to superior competitiveness (Thun, 2008).Therefore, MS is commonly seen as an 
important operations programme that could enable a firm to attain high performance. 
For example, several studies have found a positive relationship between MS and 
operational performance (OP) in different types of industries and countries (e.g., Morita 
and Flynn, 1997; Devaraj et al., 2004; Corbett, 2008; da Silveira and Sousa, 2010, 
Acquaah et al., 2011; Machuca et al., 2011; Lee, 2014). So, MS is perceived as an 
operations programmes which, when implemented, improves both business and the 
relationships between MS and other operations programmes, working as a lever to 
further boost operational performance (OP) (Schroeder and Flynn, 2001). 

In addition, TM is an immensely important operations programmes for companies 
today due to constant technological changes to both products and processes and their 
necessary management for business success. This practice comprises both hardware 
systems and human and organizational aspects (Heim and Peng, 2010). Nowadays, 
manufacturers are increasingly using advanced technologies. This trend is driven by the 
assumption that the use of TM will lead to improvements in OP. In the literature, there 
is evidence that TM has a positive effect on OP (Boyer et al., 1996; Flynn and Flynn, 
1999; Maier and Schroeder, 2001; Tsai, 2004; Raymond, 2005; Machuca et al., 2011). 
However, there are also studies that conclude that the implementation of TM is not 
significantly related to improvements to OP (e.g., Beaumont and Schroeder, 1997; 
Boyer et al., 1997; Swamidass and Kotha, 1998; Cagliano and Spina, 2000; Das and 
Jayaram, 2003) as the link between TM and OP could be influenced by contingent 
factors (Malhotra et al., 2001) such as plant size, organization structure and plant focus 
(Das and Jayaram, 2003).  

In spite of TM being able to provide a company with the required core competence 
(product and process technologies) in such a vastly changing world, it nonetheless 
requires an MS to be developed that links business strategy and manufacturing. Without 
such a strategy, it is highly likely that an organization’s core competencies could 
fragment, leaving business objectives unmet (Banerjee, 2000). MS implementation may 
help to identify the technologies needed to fulfill business needs. In fact, the MS-TM 
relationship may be an important factor in enhancing OP; for example, Machuca et al. 
(2011) show that the MS-TM relationship positively affects OP in the automotive 
components sector. 

Thus, on its own, just implementing TM is not enough; it must be coherent with the 
MS and contingent variables in order to be effective (Schroeder and Flynn, 2001). From 
this it can be deduced that the impact of the MS-TM relationship on OP might depend 
on the context or conditions in which the company is operating. Consequently, 
companies should align these two practices (MS and TM) in order to achieve high 
performance manufacturing, and also adapt them to their own circumstances, which 
may vary from one industry to another, or depend on company size, amongst other 
things. Not only MS and TM, but also contextual factors may contribute to the 
explanation of performance variation, (Kotha and Orne, 1989).  

MS, TM and OP interrelationships have only been studied to a limited extent (e.g., 
Machuca et al., 2011; Garrido et al., 2015) and there is still a lack of empirical work, 
especially regarding the inclusion of contextual variables (Heine et al., 2003). In other 
words, MS and TM have been studied as the contribution of individual practices to 
performance on the one hand and the interaction between MS and TM on the other, but 
few studies have focused on the relationships between MS, TM and OP and contextual 
variables. As such, a research gap exists as to the impact that contextual variables have 
on the relationships between MS, TM and OP, and it is this gap that this paper seeks to 
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fill. It is important to understand whether contextual variables have any effects on MS, 
TM and OP relationships, and whether their outcomes are positive or not. 

There are several possible contextual variables, but this research focuses on plant 
size, environmental complexity, plant focus and plant description (see Annex F), which 
are all related to internal manufacturing processes and have been used in earlier 
research. For example, Das and Jayaram (2003) found a plan focus (make to stock 
(MTS) / make to order (MTO)) effect in relation to TM and OP. Likewise, Machuca et 
al. (2011) in the automotive components sector, and Garrido et al. (2015) in the 
machinery, electronics and automotive components sectors, found that plant size has no 
effect on MS, TM and OP relationships. Meanwhile, Garrido et al. (2015) found that 
environmental complexity and plant description differed in the machinery, electronics 
and automotive components sectors, which may explain the differences found in TM 
and MS implementation in their study. These authors suggested that implementing 
operations programmes can mask contextual effects on industries, so future studies 
should investigate the possible holistic effects of industrial contexts and production 
practices in technology, production strategy and other production programs on 
performance. 

The main purpose of this study is, therefore, to empirically explore whether either 
MS or TM, or a combination of the two, improves OP, and whether contextual variables 
may also influence OP. This investigation focuses on two industrial sectors, the 
electronics and machinery industries, which were selected for four reasons: first, they 
are industries in transition and operate in global environments; second, they are 
industries with a substantial number of plants in America, Asia and Europe, the three 
geographical areas on which the HPM research project focuses; third, the two industries 
operate in different competitive environments; and fourth, they are industries with 
different characteristics in terms of products; for example, product life cycles are shorter 
in the electronics industry than in the machinery industry. 

The results should provide a better understanding of MS and TM relationships and 
contextual variables, and guide practitioners who wish to pinpoint the manufacturing 
practices that are most relevant for their particular operating environment. This study 
also contributes to contingency theory (Lawrence and Lorsch, 1967) in Operations 
Management (Sousa and Voss, 2008) by showing that the effects of MS and TM 
practices on OP can depend on contextual factors. 

The remainder of this paper is organized as follows. Section 2 analyzes the prior 
literature on this topic. Section 3 describes the methodology and hypotheses. Section 4 
sets out the analysis and discussion of the results. Finally, conclusions and further 
research are presented, along with the implications of this study for practitioners and 
academics. 
 
 
2. Theoretical background and hypotheses 
 
2.1. Manufacturing strategy and operational performance 
MS has come to play a major role in manufacturing companies due to constant changes 
in process technology, the need to address turbulent markets and the obligation for 
greater customer-supplier collaboration. This has led business units to become more 
aware of MS’ importance in improving the company’s competitive position. As such, 
operations managers have to juggle constant improvements to manufacturing processes 
with prudent investments in new processes, using capital and human resources to 
maintain their competitive position in the market. Consequently, for MS to be properly 
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implemented and well-aligned in a plant, aspects should be included such as the 
anticipation of new technology, the link between MS and business strategy, the formal 
strategic planning process that involves the plant’s management, and the right MS 
implementation (Schroeder and Flynn, 2001; Machuca et al., 2011). The implications of 
these dimensions of MS may require integrating the functional areas of the company 
and being consistent with the business strategy, as well as anticipation of new 
technologies that could lead to improving competitiveness and operational performance 
(Sardana et al., 2016; Yarbrough et al., 2011; Bates et al., 1995; Skinner, 1969).  

Several studies in the literature that evaluates the effects of MS on OP have shown 
that MS is associated with a significant positive effect on OP (e.g., Milling et al., 1999; 
Devaraj et al., 2004; Amoako-Gyampah and Acquaah, 2008; Thun, 2008; da Silveira 
and Sousa, 2010; Machuca et al. 2011; Lee, 2014; Sardana et al., 2016). Annex A 
summarizes the main previous research on this topic. Except for Machuca et al., 2011, 
and Garrido et al., 2015, these empirical studies have not paid much attention to the 
contextual variables or the sector type. Consequently, empirical evidence is needed on 
this topic and the following hypotheses will be tested: 

Hypothesis 1a: MS implementation is positively associated with OP 
Hypothesis 1b: MS implementation is positively associated with OP in the presence 
of contextual variables 

 
2.2. Technology management and operational performance 
Many companies have identified that manufacturing plays a critical role in effective 
process and product innovation. In order to bring products to market more quickly and 
cost-efficiently, it is important for manufacturing to understand product requirements, 
ensure that products are manufacturable (manufacturing and supplier involvement in 
product design), and provide suitable and capable process technologies. In addition, 
customers generate product customization, which implies the need for organizations to 
increase their product portfolios (Starr, 2010). In this context, product modularization is 
one possible strategy for increasing an organization’s competitiveness (Piran et al., 
2016). In light of the above, product modularization, manufacturing involvement in 
product design, and supplier involvement can all be considered key TM dimensions 
affecting OP (Schroeder and Flynn, 2001; Machado et al., 2017). 

However, not all companies have effectively involved their production personnel or 
modified their manufacturing practices to support process and product innovation 
(Henderson and Clark, 1990; Utterback, 1994, Prajogo, 2016). Despite the fact that both 
have a positive effect on business performance (Prajogo and Ahmed, 2007), there is 
only a limited understanding of the contextual variables under which these two different 
forms of innovation could be beneficial. While TM studies have shown the 
effectiveness of product and process innovation to be a competitive strategy, they also 
suggest that this effectiveness is influenced by the environmental context in which the 
firm operates and competes (Barney, 2001; Jansen et al., 2006; Katila and Shane, 2005; 
Tsai and Yang, 2013). The reason for this is that although TM can be effective in 
improving performance in certain environments, it may not be as effective in others. 
This could be why the previous literature presents no conclusive findings as to the 
effects of TM on performance (see Annexes B and C). Some researchers have found 
that TM has positive and significant direct effects on OP (e.g., Boyer et al., 1996; Flynn 
and Flynn, 1999; Fawcett and Myers, 2001; Maier and Schroeder, 2001; Tsai, 2004; 
Raymond, 2005; Fang, 2016; Prajogo, 2016) (see Annex B). However, empirical 
evidence also exists that does not support the TM–OP relationship (e.g., Beaumont and 
Schroeder, 1997; Boyer et al., 1997; Swamidass and Kotha, 1998; Cagliano and Spina, 
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2000; Das and Jayaram, 2003, Machuca et al., 2011; Jayaram et al., 2014.; Bello et al., 
2015) (see Annex C). Some researchers have linked this pattern of inconclusive or 
varying results to the influence of contingency factors, such as plant size, manufacturing 
process type, work organization methods and competitive strategy (Sun and Gertsen, 
1995, Swamidass and Kotha, 1998; Cagliano and Spina, 2000).  

As a result, there is a need for more empirical evidence on the TM - OP relationship 
and the effects of contextual variables in said relationship. Therefore, the following 
hypotheses will be tested: 

Hypothesis 2a: TM implementation is positively associated with OP 
Hypothesis 2b: TM implementation is positively associated with OP when contextual 
variables are present 

 
2.3. The relationships between MS and TM and operational performance 
Organizations behave differently in stable and dynamic environments. Also, when they 
implement operations programmes to improve their competitive positions, organizations 
should not only consider contextual factors but also any interconnections among 
operations programmes (Schroeder and Flynn, 2001). Morita et al. (2001) assert that the 
interrelationship between practices must have a strategic objective. The strength of the 
relationship between practices will depend on how practices relate to each other and on 
how each is individually improved. If practice coverage and integration are appropriate, 
a plant will attain high performance. 

Additionally, if capabilities for designing and managing the interrelationship are 
high, a plant will be able to realign the links between practices, even if the competitive 
situation changes. From this perspective, the effect of the MS - TM relationship on OP 
has been approached by different studies in the literature, as is shown in Annex D (e.g., 
Matsui, 2002; Sonntag, 2003; Ketokivi and Schroeder, 2004; Machuca et al., 2011; 
Ortega et al,. 2012; Garrido et al., 2015). In the same way, the presence or absence of 
contextual variables could materially affect the influence of MS and TM on OP 
outcomes (Im and Lee, 1989; Primrose, 1992; Groenevelt, 1993; Boyer et al., 1997, 
Cagliano and Spina, 2000; Ahmad et al., 2003). 

Although the literature on this topic has studied the joint effect of MS and TM on 
OP, only Machuca et al. (2011) have undertaken research on the impact that the 
presence of contextual variables has on the relationship. This study suggests that MS is 
positively related to OP and that this continues to be the case when contextual factors 
are present. In the case of TM, their study showed no relationship with OP, even when 
contextual variables were included. While, the study focused on only one specific 
industry, namely, automotive components suppliers, it paved the way for future studies 
in other industries to address the question of whether the influence of both of the 
practice sets in question remains significant even after the inclusion of contextual 
variables.  

This study continues this line of research and, therefore, the following hypotheses 
will be tested: 

Hypothesis 3a: MS and TM in conjunction are positively associated with OP 
Hypothesis 3b: MS and TM in conjunction are positively associated with OP when 
contextual variables are present 
 
In other respects, it is possible that any relationship between TM and MS constitutes 

an interaction. In this sense, the most important reason why Japanese manufacturing 
companies have generated competitive advantages in the global market may be 
technological development in conjunction with an advanced MS (Matsui, 2002). This 
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combination enables technological development to bring a set of competitive weapons 
to the plant (Itami and Numagami, 1992; Zahra and Covin, 1993). It can therefore be 
said that, in a way, a firm’s technological resources regulate its failure or its competitive 
success, as TM is a manufacturing practice that could interact in the relationship 
between MS and OP. To the best of our knowledge, no studies found in the literature 
address the MS - TM interaction effect on OP or whether contextual variables 
contribute to improving this relationship. Thus, based on the arguments above, the 
following hypotheses are formulated: 

Hypothesis 4a: MS -TM interaction positively affects OP 
Hypothesis 4b: MS -TM interaction positively affects OP when contextual variables 

are present 
 

2.4. Contextual variables and operational performance 
When they seek to attain high performance manufacturing, companies should adopt the 
operations programmes that (adapted or not) jointly set the production plant on the path 
to high OP. The link between operations programmes and performance is highly 
influenced by contingent factors (Malhotra et al., 2001; Schroeder and Flynn, 2001, 
Lam et al., 2016). As Ketokivi and Schroeder (2004) mentioned, other contextual 
variables besides manufacturing practices can affect performance. Thus, the mere 
existence of operations programmes is not enough; they must be coherent with the 
contingent variables in order to be effective (Heine et al., 2003, Schroeder and Flynn, 
2001). 

Notwithstanding, few studies have focused on the relationship between contextual 
variables and OP. Consequently, to date no research has been conducted into the 
influence of contextual variables on OP in the context of the electronics and machinery 
sectors. The environmental complexity, plant focus, plant size and plant description 
variables can have different impacts depending on the industry’s distinctive features. 
This could be the case of the machinery and electronics sectors, where processes and 
product characteristics differ widely. For example, in the case of plant description, the 
machinery sector is characterized by low or single unit production volumes, whereas 
volumes are high in the electronics sector. Similarly, plant size could limit a company’s 
flexibility to respond to any changes required to lot size.  

Some empirical studies have considered contextual factors that influence the 
effectiveness of operations programmes, for instance: MS, TM practices and plant size; 
environmental complexity and plant description (e.g., Machuca et al., 2011; Garrido et 
al., 2015); and TM with plant size and plant focus (Das and Jayaram, 2003). Thus, 
contextual variables can have a significant effect on OP. The following hypothesis is 
therefore formulated: 

H5.Contextual variables are positively associated with OP. 
 

The research model has been represented in Figure 1. 
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Figure 1 - Research model 

 

 

3. Research methodology 
 
3.1 Sampling and data collection 
The empirical analysis was based on the current database of the fourth round of the 
international HPM (High Performance Manufacturing) project database (2016), which 
includes 309 manufacturing plants (auto supplier, machinery and electronics). The 
research technique used for data collection was the survey. The analytical unit was the 
plant. The HPM database covers the machinery and electronics industries in fourteen 
countries (Austria, Brazil, China, Finland, Germany, Israel, Italy, Japan, Korea, Spain, 
Sweden, Taiwan, UK and Vietnam), with data taken from 231 plants with 100+ 
employees, divided into 116 plants from the machinery sector and 115 plants from the 
electronics sector (see table 1).  
 

Table 1 – Sample profile. 
Country  Electronics 

Plants 
Machinery 

plants 
Total 

Austria 1 6 7 
Brazil 5 7 12 
China 10 17 27 
Finland 6 6 12 
Germany 6 13 19 
Israel 21 5 26 
Italy 7 17 24 
Japan 6 7 13 
Korea 8 5 13 
Spain 8 7 15 
Sweden 4 4 8 
Taiwan 19 10 29 
UK 4 5 9 
Vietnam 10 7 17 
Total 115 116 231 
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Each questionnaire in this research study was tailored to the expertise of the focal 
informant following the key informant method (Bagozzi et al., 1991). The items used in 
the present research were responded to by at least two different managers/workers (plant 
accounting managers, direct labor, human resource managers, inventory managers, 
process engineers, plant managers, quality managers, supervisors) in the plant for 
information to be triangulated. A total of 23 respondents per plant submitted their 
surveys. All the scales and measures of manufacturing practices considered in the HPM 
project were included in these questionnaires. Three different researchers developed and 
reviewed items for the scales to ensure the content validity of the questionnaires. The 
questionnaires were piloted using industry experts and academics, and items were 
included in at least two different questionnaires so information could be triangulated for 
greater reliability. This provided a cross-sectional image of the plants that prevented 
individual bias (Van Bruggen et al., 2002; Sakakibara et al., 1997) while 
simultaneously increasing validity.  
 
3.2 Reliability of the scales 
The items and questions in each scale were randomly listed in each of the questionnaires 
in order to prevent any respondent bias. The items were reviewed by a panel of experts, 
bibliographical review and structured interview, and piloted in several plants to improve 
content validity (Nunnally, 1967). The questionnaires were reviewed during the first, 
second and third rounds of the HPM project on the basis of the data collected and 
lessons learned from analyses, with invalid scales eliminated or modified to improve 
their reliability and validity. Other scales were also added to evaluate new concepts. The 
questionnaires were translated to local languages in non-English speaking countries and 
then back-translated by different individuals to check their accuracy. Any differences 
identified during this process were resolved before the surveys were launched. 
Questionnaires were also analyzed for reliability and construct validity using the usual 
statistical tests (including inter-correlation matrixes, Cronbach's alpha (Cronbach, 
1951), factor analysis and canonical correlation). As a result, internal consistency, 
content validity and construct validity all achieved high values on the scales eventually 
used (Sakakibara et al., 1999; Amahad and Schroeder, 2002; Schroeder and Flynn, 
2001; Flynn et al., 1995, Machuca et al., 2011).  

Additionally, Harman’s single factor test was used to test the common method bias. 
This method is the most widely used in the literature (Podsakoff et al, 2003). For 
electronics the total variance explained by the first component was 30.919% and for 
machinery it was 25.754%. As the percentage of total variance explained was below 
50% in both cases, nonsignificant common method bias effects existed. 

MS and TM were measured perceptually on a seven-point Likert scale from 1= 
strongly disagree to 7 = strongly agree. Reliability was measured by Cronbach’s alpha 
(Cronbach, 1951) and values were above 0.6 (Hair et al., 2011), implying that they were 
internally consistent. Tables 2 and 3 show the Cronbach's alpha values obtained for each 
scale and industry and their confidence intervals (Koning and Franses, 2003). The MS 
construct achieved Cronbach's alphas of 0.732 and 0.822 in the machinery and 
electronics sectors, respectively.TM achieved Cronbach’s alphas of 0.742 and 0.738 in 
the machinery and electronics sectors, respectively. The items corresponding to each of 
these subscales are given in Annex E. Additionally, convergent validity was tested for 
the average variance extracted (AVE). All AVE values were above the recommended 
threshold value of 0.5 (Fornell and Larcker, 1981). 

OP was measured through 5 items (Tables 2 and 3). Respondents were asked to rate 
their plant's performance against its primary competitor in the industry on a five-point 
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Likert scale from "poor, low end of industry" (1) to "superior" (5). The OP construct 
achieved Cronbach’s alphas of 0.834 and 0.829 respectively in the machinery and 
electronics sectors. In case of the AVE, all the values were above 0.5. 

Composite reliability (CR) also was calculated and all the MS, TM and OP values 
were higher than the minimum recommended value for acceptable internal consistency 
(CR above 0.70) (Kline, 2011). 

The contextual variables used in this research were: plant size (PS); environmental 
complexity (EC); plant focus (PF); and plant description (PD). Annex F lists the item 
measures for each of these contextual variables. Table 4 shows the average values of the 
contextual variables by sector. 

Table2 – Reliability of scales in machinery sector 

  Variable / Dimension 
Load 

Factor 

Cronbach’s α 
(Confidence 
intervals) 

AVE CR 

  MS    
0.732 

(0.639 – 0.801) 
 0.599 0.851 

MS1 Formal strategic planning 0.852     
MS2 Anticipation of new technologies 0.488     

MS3 
Implementation of manufacturing 
strategy 

0.871     

MS4 
Manufacturing-business strategy 
linkage 

0.821     

  TM   
0.742 

(0.771 – 0.871) 
0.664 0.855 

TM1 Modularization of products 0.763     

TM2 
Manufacturing involvement in product 
design 

0.829     

TM3 Supplier involvement 0.850     

  OP   
0.834 

(0.778 – 0.875) 
0.607 0.885 

  Conformance to product specifications 0.744     
  Product capability and performance 0.790     
  On-time new product launch 0.738     
  Product innovativeness 0.823     
  Customer support and service 0.797     

 
Table 3 – Reliability of scales in electronics sector 

  Variable / Dimension 
Load 

Factor 

Cronbach’s α 
(Confidence 
intervals) 

AVE CR 

  MS    
0.822 

(0.689 – 0.842) 
0.677 0.891 

MS1 Formal strategic planning 0.878     
MS2 Anticipation of new technologies 0.570     

MS3 
Implementation of manufacturing 
strategy 

0.900     

MS4 
Manufacturing-business strategy 
linkage 

0.896     

  TM   
0.738 

(0.640 – 0.809) 
0.656 0.851 

TM1 Modularization of products 0.827     

TM2 
Manufacturing involvement in product 
design 

0.788     
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TM3 Supplier involvement 0.815     

  OP   
0.829 

(0.771 – 0.872) 
0.600 0.882 

  Conformance to product specifications 0.689     
  Product capability and performance 0.829     
  On-time new product launch 0.750     
  Product innovativeness 0.839     
  Customer support and service 0.756     

 
Table 4 - Descriptive information on the contextual variables 

Variable 
Machinery 

Mean 
Electronics 

Mean 

PS: Plant size 5.918 6.104 

EC: Environmental complexity 3.171 3.348 

PF: Plant focus (type of plants) 2.853 3.336 

PD: Plant description 2.627 3.124 
 
3.3 Model evaluation 
Hierarchical regression analysis was used to test the hypothesis. This analysis allows the 
researcher to identify the percentage of variance explained by each independent variable 
in a separate mode (Pedhazur and Schmelkin, 1991; Cagliano, et al., 2006). Division of 
variance by hierarchical regression analysis is the most appropriate methodology when 
there are correlations between the independent variables. Hierarchical regression 
analysis is also recommended over structural equations modeling (SEM) when the 
sample size is under 200 (Kline, 2011; Barrett, 2007). In this research, the samples are: 
115 for electronics sector; and 116 for machinery sector. 

Correlations between the variables considered in the analysis are shown in Table 5 
(machinery plants) and Table 6 (electronics plants). It must be noted that significant 
correlations exist between contextual variables MS, TM and OP. These correlations 
should be considered for further analysis. 
 

Table 5 - Correlation results for machinery plants 
  Mean S.D. PS EC PF PD MS TM OP 
PS 5.918 1.200 1 0.1 -0.059 0.065 0.170 0.259** -0.150 

EC 3.171 0.909   1 0.119 0.349*** 0.024 0.030 -0.054 

PF 2.853 0.831     1 0.131 -0.149 0.086 0.071 

PD 2.627 1.188    1 0.182 0.089 0.050 

MS 3.923 0.473        1 0.340*** .519*** 

TM 3.738 0.655          1 .380*** 

OP 3.713 0.644            1 
*P≤0.1; **P≤0.05; ***P≤0.01 

 
Table 6 - Correlation results for electronics plants 

  Mean S.D. PS EC PF PD MS TM OP 
PS 6.104 1.161 1 0.100 -0.041 -0.080 0.451*** 0.087 0.118 

EC 3.348 0.771   1 -0.045 0.510*** 0.087 0.128 0.026 

PF 3.336 0.928     1 -0.062 0.129 0.051 0.042 

PD 3.124 1.100    1 -0.049 0.085 -0.030 
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MS 4.004 0.542        1 0.376*** 0.535*** 

TM 3.789 0.564          1 0.288*** 

OP 3.807 0.626            1 
*P≤0.1; **P≤0.05; ***P≤0.01 

 
The independent variables were included one by one to test the hypotheses, and in 

two stages depending on whether the contextual variables were present or not. In the 
first stage (not considering contextual variables), MS was included in isolation (Model 
1; H1a); subsequently TM was included in isolation (Model 2; H2a); next both variables 
were included together (Model 3; H3a) and lastly the interacting effect of TM on the 
MS-OP relationship was included (Model 4; H4a). 

In the second stage, first the control variables were included (Model 5; H5); then MS 
was included in isolation (Model 6; H1b); subsequently TM was included in isolation 
(Model 7; H2b); and lastly the two independent variables were included together 
(Model 8; H3b). Finally, Model 9 (H4b) included the MS - TM interaction effects. The 
contribution of each set of variables was evaluated by determining the significance of 
the F-statistic associated with the change in adjusted R2 after including each set 
(Pedhazur and Schmelkin, 1991; Cagliano et al., 2006). 

The required sample size for testing an overall regression model is 50+8k (k is the 
number of predictors or independent variables). In models 1, 2 and 4 there is one 
predictor (k=1), thus requiring a sample of 50+8k=58 in order to contrast the regression 
model in full. For model 3, there are two predictors (k=2), resulting in a minimum 
sample of 66 companies, while model 5 requires four predictors (k=4) and a minimum 
sample of 82 companies. For models 6, 7 and 9 there are five predictors (k=5), which 
requires a sample size of 90. Finally, model 9 has six predictors (k=6) and requires a 
sample size of 98. For testing individual predictors, the required sample size is 104+k 
(Tabchnick and Fidell, 2013). According to individual predictors, the minimum sample 
in this research should be 110 because k = 6, considering the maximum number of 
independent variables to test (PS, EC, PF, PD, MS and TM). Therefore, the samples 
used of 115 for the electronics sector and 116 for machinery sector meet the minimum 
requirements satisfactorily. 
 
 
4. Results and discussion 
 
4.1. The machinery sector 
The results obtained for the machinery sector using hierarchical regression analysis are 
given in Tables 7 and 8. In the first stage, when the contextual variables were not 
considered, the results showed that both MS and TM have relationships with OP that are 
positive and significant. Therefore, H1a and H2a are accepted. When both variables 
were included, results were again positive and significant for OP, with Model 3 
achieving better results (adjusted R2 = 0.302, F = 22.021, p <0.01) than the previous two 
models, thereby supporting H3a. This highlights the importance of having both of these 
advanced manufacturing practices implemented to improve OP in the machinery sector. 
Model 4, which included the interaction effect, was positive and significant for OP 
(adjusted R2 =0.271, F = 37.016, p <0.01). H4a is therefore accepted. However, Model 
3 was better with the joint inclusion of the two variables than when their interaction 
effect was analyzed (Model 4).  
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Table 7 – First stage: MS, TM and OP in machinery sector 
OP 

Factor  Model 1 Model 2 Model 3 Model 4 

MS 0.519***   0.441***  

TM  0.380*** 0.233**  

MS*TM    
 0.528*** 

         
F 35.668*** 16.186*** 22.021*** 37.016*** 

R2 0.269 0.144 0.317 0.278 

Adjusted R2 0.261 0.135 0.302 0.271 
 P≤0.1; **P≤0.05; ***P≤0.01 

 
Contextual variables were added in the second stage. Model 5, which included only 

contextual variables, did not show any significant effect. Only environmental 
complexity presented a significant negative influence on OP; therefore, H5 is not 
supported. When MS was added to the linear regression (Model 6), the results showed a 
significant effect on OP while contextual variables continued to show no effect 
(adjusted R2=0.261, F=5.095, p<0.05). In Model 7, TM showed a significant positive 
effect. This was not the case of any of the contextual variables (adjusted R2 =0.180, F= 
3.548, p < 0.01) except for EC, which presented a significant negative effect on OP. 
These results lend support to H1b and H2b. When MS, TM and the contextual variables 
were analyzed in conjunction (Model 8), MS and TM showed a significant positive 
effect on OP (adjusted R2=0.348, F=6.155, p<0.01). The contextual variables continued 
to be non-significant except for EC, which had a significant negative effect. Therefore, 
H3b is supported. Finally, when the interacting effects of MS-TM were included 
(Model 9), the results showed a positive effect on OP (adjusted R2=0.335, F= 6.847, 
p<0.01), supporting H4b. The highest adjusted R2 level was in Model 8. This means that 
Model 8 predicts OP better than the other models and the contextual variables affect this 
improvement. 

The results of the second stage in machinery plants showed that the presence of 
contextual variables influenced the improvement of OP, except for EC, which had a 
significant negative effect in the model. In other words, the contribution of the 
contextual variables (except EC) examined is, in general, a positive but non-significant 
effect on OP, which results in an increase in the coefficients that measure the MS - OP 
relationship (Model 1, β = 0.519 vs. Model 6, β = 0.538) and TM (Model 2, β = 0.380 
vs. Model 6, β = 0.430). Likewise, TM made a greater contribution to OP in the 
presence of the contextual variables and MS (Model 3, β = 0.233 vs. Model 8, β = 
0.322). The impact of the TM interaction effect on the MS-OP relationship was 
observed to increase in the presence of the contextual variables (Model 4, β = 0.528 vs. 
Model 9, β = 0.590). These results show that joint MS and TM implementation and 
interaction have an effect on OP even in the presence of contextual variables. This 
means that in the joint implementation model (8), both of the independent variables, MS 
and TM, have effects on OP that are not conditional on the value of the other 
independent variables, and the value of the independent variable itself is not conditional 
on OP or on any other independent variable. In the case of the interaction model (9), it 
is implied that the form and/or strength of the effect that a plant’s MS has on its 
effectiveness is contingent on TM and, at the same time, the form and/or strength of the 
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effect that a plant’s TM has on its effectiveness is contingent on MS. In simpler terms, 
the interactive effect of a plant’s MS and TM will impact OP. 

Therefore, machinery plants have to implement both operations programmes 
together. This means that joint and interactive implementation of the two practices will 
result in higher performance than the implementation of either of the two practices 
individually. In other words, when the two practices are implemented in interrelation 
with one another, they result in higher performance when the company context is 
considered in terms of PS, PF and PD.  

Hierarchical regression analysis results showed that the variable EC has a significant 
negative effect on OP. One possible explanation for this is that machinery plants that 
opt for jobbing and project processes are often found in the engineer to order (ETO) or 
make to order (MTO) sectors. Thus, these plants seek the ability to customize and to 
reduce their operating expenses. This is particularly difficult in this sector, as these 
firms are not always able to adopt mass production processing efficiencies (Hendry, 
2010).  
 

Table 8 – Second stage: contextual variables, MS, TM and OP in machinery sector 
OP 

Factor  Model 5 Model 6 Model 7 Model 8 Model 9 

PS 0.034 -0.131 -0.074 -0.186 -0.138 

EC -0.283** -0.218 -0.308** -0.247** -0.270** 

PF 0.063 0.156 0.050 0.132 0.112 

PD 0.095 0.040 0.133 0.077 0.097 

MS   0.538***   0.454***  

TM   0.430*** 0.322***  

MS*TM      
 .590*** 

           
F 1.154 5.095** 3.548*** 6.155*** 6.847*** 

R2 0.079 0.325 0.251 0.415 0.392 

Adjusted R2 0.011 0.261 0.180 0.348 0.335 
P≤0.1; **P≤0.05; ***P≤0.01 

 
4.2. The electronics sector 
The first stage results for the electronics sector with the inclusion, first of MS in 
isolation, and subsequently of TM in isolation, are given in Table 9. First (Model 1) the 
effect of MS on OP was tested and the result was positive and significant (adjusted R2 = 
0.279, F = 36.976, p <0.01), so H1a is supported. Next (Model 2) the effect of TM on 
OP was tested and a significant positive relationship was also obtained (adjusted R2 = 
0.072, F = 7.610, p <0.01). Hence H2a is supported. Then, the combined effect of the 
two variables was tested; MS was observed to remain positive and significant, whereas 
TM had a positive but non-significant effect on OP (adjusted R2 = 0.272, F = 16.913, p 
<0.01). Finally (Model 4) the interaction effect of the two variables was tested, resulting 
in a significant positive effect on OP (adjusted R2 = 0.230, F = 26.352, p <0.01). 
Therefore, H3a is not supported while H4a is. 
 

Table 9 – First stage: MS, TM and OP in the electronics sector 
OP 
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Factor  Model 1 Model 2 Model 3 Model 4 

MS 0.535*** 
 

0.495***  

TM  0.288***  0.092  

MS*TM    
 0.489*** 

         
F 36.976*** 7.610*** 16.913*** 26.352*** 

R2 0.287 0.083 0.290 0.239 

Adjusted R2 0.279 0.072 0.272 0.230 
P≤0.1; **P≤0.05; ***P≤0.01 

 
In this first stage, it was observed that in the case of the electronics industry the 

effects of the two studied variables independently had significant positive impacts on 
OP. Notwithstanding, when the two variables were included together, the effect of TM 
on OP decreased and ceased to be significant, while MS remained positive and 
significant. However, the interaction effect between the two variables showed a 
significant positive relationship with OP. One possible reason for these results could be 
industry-specific characteristics, such as short product life cycles, volatile markets and 
high global competition, all of which require an MS that guides these types of industries 
toward OP improvement and the preservation or generation of competitive advantages. 
Thus, it can be seen that TM must be present for the MS-OP interaction relationship to 
be competitive. 

Contextual variables were included in the second stage of the analysis (Table 10). In 
the first instance (Model 5), only the effects of the contextual variables were measured 
and a weak relationship with OP was observed. Therefore H5 is not supported. When 
MS was added to the analysis (Model 6), it significantly affected OP (adjusted R2 
=0.284, F=4.731, p<0.01), while the contextual variables did not (H1b supported). 
However, when TM was added to the analysis (Model 7), neither TM nor the contextual 
variables showed significant relationships with OP, so H2b is not supported. When MS, 
TM and the contextual variables were included together (Model 8), only MS continued 
to be significant (adjusted R2=0.229, F=3.176, p<0.05). These results do not support 
H3b. Finally, when the interaction effect was included (Model 9), the results showed a 
positive effect on OP (adjusted R2=0.162, F=2.703, p<0.05), supporting H4b. This 
provides some support for the assertion that there is an interaction relationship between 
the two practices. 

These results show that the effects of contextual variables are nuanced depending on 
the operations programmes with which they are associated. For example, in Model 6 the 
contribution of the contextual variables in the electronics sector can be observed to have 
nonsignificant negative coefficient values, which may result in an increase in the 
positive impact of the MS coefficients on OP (Model 1, β = 0.535 vs. Model 6, β = 
0.621). Similarly, the contribution of MS to OP increases in the presence of the 
contextual variables and TM (Model 3, β = 0.495 vs. Model 8, β = 0.571). This suggests 
that electronics companies must implement MS to improve OP, irrespective of PS, CE, 
PF and PD. To the contrary, TM’s contribution to OP decreases and ceases to be 
significant in the presence of the contextual variables (Model 2, β = 0.288 vs. Model 7, 
β = 0.251). However, the impact of the TM interaction effect on the MS-OP relationship 
is observed to decrease in the presence of the contextual variables (Model 4, β = 0.489 
vs. Model 9, β = 0.458). This means that TM is sensitive to plant characteristics such as 
plant size, type of manufacturing process, etc.  
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Table 10 – Second stage: contextual variables, MS, TM and OP in electronics sector  

OP 

Factor  Model 5 Model 6 Model 7 Model 8 Model 9 

PS 0.111 -0.153 0.106 -0.107 -0.020 

EC 0.013 -0.002 -0.003 0.012 -0.018 

PF -0.010 -0.062 0.004 -0.050 -0.020 

PD -0.212 -0.126 -0.241 -0.137 -0.188 

MS   0.621*** 
 

0.571***  

TM   0.251 0.018  

MS*TM      
 0.458*** 

           
F 0.661 4.731*** 1.313 3.176** 2.703** 

R2 0.058 0.360 0.144 0.334 0.257 

Adjusted R2 -0.030 0.284 0.034 0.229 0.162 
P≤0.1; **P≤0.05; ***P≤0.01 

Therefore, companies in the electronics sector should consider that MS has a greater 
impact on OP than TM. However, TM is considered a common practice in this type of 
industry, and its implementation can interact with the MS - OP relationship. 
Specifically, implementing an MS via strategic planning and anticipation of new 
technologies can provide the means to respond to rapidly evolving technology and short 
product life time in this type of industry and ultimately to improving OP (Liu and 
Liang, 2015). 
 
 
5. Conclusions and final considerations 
 
5.1 Empirical evidence and previous literature 
Organizations are increasingly implementing MS and TM practices to improve 
performance (e.g., Matsui, 2002; Ketokivi and Schroeder, 2004; Prajogo, 2016). 
However, the literature shows mixed results when examining the relationship between 
MS and TM practices and OP (Matsui, 2002, Machuca et al., 2011). Some studies have 
found that MS and TM practices together can lead to higher performance than when 
they are implemented individually (Matsui, 2002; Sonntag, 2003; Machuca et al., 
2011). However, joint MS and TM implementation is related to OP, but not in the same 
way in different industries (Garrido et al., 2015). Nevertheless, the literature has 
provided little explanation as to how the MS and TM relationship affects OP when 
different contextual factors exist. Drawing on contingency theory, this paper tests 
whether the relationship between MS and TM is affected by contextual factors in two 
industrial contexts, the electronics and machinery sectors. These sectors have different 
competitive environments and characteristics in terms of products and processes.  

The results show a positive effect of MS on OP for the two sectors studied and that 
this effect improves in the presence of contextual variables. These results corroborate 
earlier studies, such as Machuca et al. (2011), which concluded that MS has a positive 
relationship with performance in the automotive components sector and continues to do 
so even in the presence of contextual factors. Therefore, empirical evidence has been 
found that indicates that MS is an essential practice in the machinery, electronics and 
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automotive components sectors and that it must be implemented for OP to improve 
(Machuca et al., 2011; Garrido et al. 2015).  

With respect to TM, this practice significantly impacts OP in the machinery sector, 
but not in the electronics sector. The results obtained in the electronics sector are in line 
with Machuca et al. (2011), who did not find any empirical evidence for a positive TM-
OP relationship in the automotive components sector, either. These results seem to be 
incompatible with the characteristics of the electronics sector: for example, fast 
technological evolution and short product life time; or the automotive components 
sector, which needs to rapidly adapt to technological changes in the automobile 
industry. Furthermore, these two sectors have to contend with fierce global competition. 
According to these results, TM might be considered a practice that is a requisite for 
survival in the electronics and automotive components sectors, i.e., a minimum 
requirement, an order qualifier. As a result, TM has little influence on OP. However, in 
a sector such as the machinery industry, characterized by less repetitive processes, 
complex information exchanges with the customer, and sporadic customer orders, TM 
can be a differentiating practice capable of becoming an order winner. As such, the 
results reveal differences between sectors in the TM-OP relationship and this creates a 
new research gap with further evidence needed of the effect of TM on OP in other 
sectors. 

Likewise, when a plant seeks to implement only one of the two practices (MS or 
TM), the benefits are maximized when the plant also implements the basic techniques 
of the other practice, and this is even more pertinent in global markets, where there is a 
dynamic and highly competitive environment (Karim et al., 2008). In line with the 
above, the results of this research in the machinery sector show that the joint 
implementation of MS and TM practices and their interaction can produce a greater 
improvement to OP than implementing either of the two practices individually. 
However, the results reveal certain nuances in the improvements to OP in the 
electronics sector when either MS or TM is implemented in isolation compared to when 
the joint effect is analyzed or the two practices interact. In other words, MS is observed 
to make a greater individual contribution to OP than when it is linked with TM. This is 
in line with the Machuca et al. (2011) study on the automotive components sector, 
which shows that the joint MS - TM effect does not produce a significant improvement 
to OP. This creates a gap in research with research needed on these two practices’ joint 
and interaction effects in other types of industrial sector.  

In other respects, when contextual variables were included in the models, the results 
showed certain differences between sectors. Some contextual variables (PF and PD) did 
not have a positive relationship with OP in the electronics sector (Model 5) and none 
was significant. However, when they were included with MS, only Model 6 improved 
slightly on Model 2. In all other cases, none of the models considering contextual 
variables improved. In the case of the machinery sector, of all the contextual variables 
only environmental complexity had a significant negative effect and the model 
improved overall. Furthermore, the results of Models 6 through 9 showed improvements 
in the presence of the contextual variables compared to when they were not included 
(Models 1 through 4). 

In other respects, MS - TM interaction showed a significant positive effect on OP in 
both sectors, both in the presence of the contextual variables were present and when 
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they were not included (Models 3 and 8). The joint implementation of the two practices 
only had a significant positive effect on OP in the machinery sector (Model 4), and this 
was even greater when the contextual variables were included (Model 9). Therefore, this 
paper also posits that there are significant differences in performance that depend not 
only on the implementation levels of MS and TM practices in plants, but also, to a 
certain degree, by the contextual variables that are included in each specific case. 

 
5.2. Theoretical implications 
This paper looks beyond the challenges that plants face when implementing MS and 
TM. It considers the specific challenges to contingency theory in Operations 
Management with respect to the influence of contextual variables on MS and TM 
practices in two different industries, electronics and machinery, in 14 countries on three 
continents (America, Asia and Europe). Research proposals are developed through a 
survey of research questions, enabling this study to offer some theoretical contributions.  

First, and most importantly, the paper identifies various degrees of MS and TM 
implementation that enhance OP for manufacturers in both of the studied industries. 
Thus, these findings contrast with previous widely accepted views that internal practices 
and techniques provide a better explanation of performance than the context in which 
plants operate by supporting an alternative view that the joint implementation of 
manufacturing practices and contextual factors contributes to the explanation of OP 
(Schroeder and Flynn, 2001; Sousa and Voss, 2008). In addition, further research is 
needed to identify whether a more holistic multivariate fit model with several operations 
programmes requires contextual factors to allow for industry constraints.  

The second contribution identifies that performance appears to be a function of 
interaction in the MS-TM relationship. This observation suggests that overcoming 
challenges may well involve studying these practices together on the bivariate level, 
which may help to identify and structure future understanding of the areas that 
researchers ought to consider when trying to understand the connection between MS-
TM and OP outcomes for other types of industries. In support of this suggestion, the 
study argues that decisions and activities are likely to be embedded in plants 
considering well-integrated practices that contribute to competitiveness in conjunction. 
Taking this broad, integrative perspective of the practices in question should enhance 
understanding of the way that manufacturers of different products implement such 
practices and overcome, or fail to overcome, key challenges as they attempt to 
manufacture. Manufacturing in both our selected industries is likely to involve MS 
processes that are based on, and linked to, TM processes. These processes run in 
parallel, with important points of contact between the practices involved in both 
processes that appear vital to successful product manufacture. Although this approach 
can generate some bureaucratic issues, in contrast to prior research (Sonntag, 2003), it 
appears to also possibly mean that firms adopt a common manufacturing process that 
plant employees understand, despite the potential change that the interaction brings. 
This common understanding may thus be an important factor in whether or not 
manufacturing practices or initiatives are successful. Managerial implications emerge 
with regards to the responses adopted to overcome key interaction challenges across two 
types of industries with differing products. This suggests that manufacturers should not 
uncouple their established MS-TM integration, despite some calls to do so (Matsui 
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2002). Instead, manufacturers with strong interactions should attempt to create new 
system fits in parallel with, and in support of, their other existing practices, recognizing 
that retaining one focused interaction may ultimately risk limiting their ability to 
successfully compete. If disruptive manufacturing threatens to destroy their existing 
market completely, then a more radical shift toward a more holistic focus may be 
preferable. Plants attempting to build new manufacturing models face challenges around 
key practices, needing to provide incremental support, while attempting to deliver step 
changes in OP. Plants may need to have lines of communication, reduce conflict, 
enhance learning, and understand issues to respond to these challenges. Structures also 
need to be put in place to support clearer interaction acknowledgement and to help with 
the constraints in many plants that hinder implementation efforts. This paper’s findings 
suggest that contextual factors do not improve OP when this interaction is implemented.  

The study’s third and final contribution focuses on the processes and actions 
identified in this research that clarify and deepen the evidence on the importance of the 
two relationships, MS and TM, with performance. Specifically, findings show that MS 
improves OP in both sectors. However, TM is only significant in the machinery sector. 
Furthermore, the empirical evidence clarifies the interplay among these practices and 
illustrates which are essential when seeking a universal fit between either MS or TM 
and OP. 

 
5.3 Managerial implications 
The outcomes of this paper can guide managers seeking to define TM and MS and their 
implementation options in their plants. Specifically, this paper provides valuable 
information for industrial plant managers by identifying some relevant practices that 
must be considered when integrating manufacturing programs. The usual 
implementation of MS and TM (joint implementation and interaction) results in 
significant differences in effectiveness outcomes in sectors with short life cycle 
products, such as the electronics sector, and those with longer life cycle products, such 
as the machinery sector. Further, although we initially agree and have discussed that 
contextual factors may also contribute to the explanation of competitiveness variation, 
they resulted few to none: contextual factors such as PS, CE, PF and PD were believed 
to affect performance, none did so. Moreover, any possible environmental effects 
(whether positive or negative) are minimized when MS and TM are integrated. 

For manufacturers at more mature stages of MS and TM implementation, these 
results may offer guidelines for reshaping their implementation in operations 
management. This part of the paper indicates that even in such different sectors as 
machinery and electronics, plants’ internal practices may provide a better explanation of 
their effectiveness than the context in which they operate. This also further supports the 
theory that well-integrated manufacturing programs can lead to significant 
improvements in competitiveness. Nevertheless, managers have to be aware that the 
different implementation options afforded by such programs are never free of 
contradictions. 

 
5.4. Limitations and further research  
The exploratory nature of this study means that limitations exist with regard to its 
generalizability. This paper has attempted to distinguish manufacturers with particular 
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approaches identified in the worldwide HPM project that have chosen to focus not only 
on MS and TM, but on several other practices, such as TQM, Total Productive 
Maintenance, Supply Chain Management, Lean Manufacturing, Information Systems, 
as well as on more of a “rifle approach”. Two specific industries (machinery and 
electronics) were selected rather than making an indiscriminate approach with data 
collected from a wide range of industries, since the results were expected to be more 
generalizable and readily interpretable. However, future research could consider 
additional variables and industries that might impact the effectiveness of responses to 
various fit approaches, such as interaction, combination, and universal fit (i.e., only one 
program influencing performance) in challenges to practice implementation, such as 
differences in gender or age or length of service. Future research should also test the 
impact and challenges posed by the implementation of the identified practices, and the 
types of responses adopted, using large samples of manufacturers in other industries. 
Another potential limitation relates to the heterogeneity of the industries. Although 
further exploration is required, the present paper’s approach has provided important 
insights into the commonality of practices across very different plants within industries 
and, thanks to its integrative approach to research, can be seen to also give interesting 
insights into common issues that many manufacturers face. 

Further studies in the future can approach and evaluate MS, TM and contextual 
variables for each OP scale separately to determine which variables have a direct effect 
on specific operational measures. This analysis of contextual variables should also 
provide guidance for researchers looking to increase the practical relevance of their 
research and the depth of their analysis by enabling them to focus sharply on the 
contextual variables that are of paramount importance. This study can also be extended 
to other contextual variables, manufacturing practices and industries to ascertain what 
effect they have on OP. Similarly, the intervening effects of contextual variables on MS 
and TM relationships or other manufacturing practices should be analyzed in detail 
using the fit concept; both the bivariate perspective, such as mediation and interaction, 
or the systems perspective, such as covariation, etc. Lastly, it would be interesting to 
conduct longitudinal studies to determine whether the interrelationships of advanced 
manufacturing practices must change or evolve in line with market changes. In this 
regard, projects such as the HPM project, with many iterations over a number of years, 
provide a good basis for research (Hallgren and Olhager, 2006). 
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Annex A - Studies on the relationship between MS and OP. 

Author Sample Objectives Results 
Morita and 

Flynn, 
1997 

46 Japanese 
factories in the 

machinery, 

To examine whether MS is 
related to best advanced 
manufacturing practices and 

Positive relationship found between 
implementation of best practices and 
performance.  
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Author Sample Objectives Results 
electronics and 

automotive 
industries. 

performance. 

Milling et 
al., 1999 

164 
machinery, 

electronics and 
automotive 
industries in 
Germany, 

Italy, Japan, 
the UK and the 

USA. 

To investigate the relationship 
between MS and plant 
performance. 

Timely delivery and MS have a weak 
relationship while cost efficiency and 
MS show a positive relationship. 

Bates et 
al., 2001 

164 
machinery, 

electronics and 
automotive 
industries in 
Germany, 

Italy, Japan, 
the UK and the 

USA. 

To analyze MS dimensions in 
their two perspectives (market-
based view (MBV) and 
resource-based view (RBV)). 

Focus on long-term investments in 
manufacturing process through the 
consistent adoption of MS. The authors 
suggest implementing initiatives to 
improve the manufacturing process. 

Ketokivi 
and 

Schroeder, 
2004 

164 
machinery, 

electronics and 
automotive 
industries in 
Germany, 

Italy, Japan, 
the UK and the 

USA. 

Having a better understanding 
of the contingency strategic 
argument in MS studies. 

Operations programmes and 
contingency arguments’ influence on 
OP; contingency has a greater impact.  

Devaraj et 
al., 2001 

164 
machinery, 

electronics and 
automotive 
industries in 
Germany, 

Italy, Japan, 
the UK and the 

USA. 

Comparative empirical study of 
two types based on process-
product matrix configuration 
and generic manufacturing 
strategies with the performance 
of the company.  

Generic manufacturing strategies are 
related to several measures of 
performance, such as cost, cycle time / 
inventory, quality and innovation. 

Devaraj et 
al., 2004 

143 
machinery, 

electronics and 
automotive 
industries in 
Germany, 

Italy, Japan 
and the USA. 

To examine the effects of the 
fit between generic 
manufacturing strategies and 
manufacturing objectives on 
higher levels of plant 
performance. 

Analysis reveals a significant 
relationship between generic 
manufacturing strategies and plant 
performance.  

Amoako-
Gyampah 

and 
Acquaah, 

2008 

126 
manufacturing 
companies in 

Ghana. 

To examine the relationship 
between MS and competitive 
strategy and its influence on 
firm performance. 

Significant positive relationships found 
between competitive strategy and MS. 
Additionally, quality is the only MS 
component that influences performance. 

Corbett, 
2008 

10 
manufacturing 
companies in 
New Zealand. 

To examine the stability of MS 
in turbulent environments, with 
emphasis placed on 
improvement initiatives and the 
impact that these decisions 
have on OP. 

Strategy configurations were not stable 
and many firms moved towards a price-
based configuration. The most 
successful firms invested more in their 
operations strategy’s infrastructural 
categories in line with the resource-
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Author Sample Objectives Results 
based view. OP indicators showed some 
improvement in manufacturing costs but 
other indicators showed no real pattern. 

Rose et al., 
2008 

121 electrical 
and electronics 

firms in 
Malaysia. 

To investigate the effect of MS 
on organizational performance. 

Cost-based strategy shows a significant 
impact on firm performance, while 
speed strategies show a nonsignificant 
relationship with organizational 
performance.   

Thun, 2008 

235 
machinery, 

electronics and 
automotive 
industries in 

Austria, 
Finland, 

Germany, 
Italy, Japan, 
South Korea, 
Sweden and 

the USA. 

To close the gap between 
theoretical approaches 
concerning MS and empirical 
analysis. 

General implementation of an MS leads 
to better performance and fosters the 
implementation of special 
manufacturing strategies; i.e., a 
resource-based, a market-based, or an 
integrated manufacturing strategy. 

Oltra  and 
Flor,  2010 

76 Spanish 
ceramic 
companies. 

To examine the influence of 
business strategy on the 
relationship between MS and 
business results from the 
contingency perspective. 

Business strategy has a moderating 
effect in the relationship between MS 
and company results. 

da Silveira 
and Sousa, 
2010 

697 
manufacturers 

of metal 
products, 

machinery, 
equipment, and 
instruments in 
22 countries. 

To test relationships between 
performance improvements and 
three classical MS paradigms 
of fit, best practices and 
capabilities. 
 

Capability learning and best practices 
are positively related to performance 
improvements in quality, flexibility, and 
dependability, whereas internal fit 
appears to be negatively related to 
improvements in flexibility. 

Acquaah et 
al.et al., 
2011 

122 manufac-
turing firms in 

Ghana. 

To compare the relationship 
between MS, competitive 
strategy and performance in 
family and non-family firms. 

Family and non-family firms in Ghana 
use different manufacturing components 
to improve performance.  

Machuca et 
al., 2011 

90 auto 
supplier 

companies in 
Austria, 
Finland, 

Germany, 
Italy, Japan, 
South Korea, 

Spain, Sweden 
and the 

USA/Canada. 

To examine the relationship 
between MS and TM and its 
effect on OP; likewise in the 
presence of contextual 
variables. 

MS has a positive relationship with 
performance, and continues to do so 
even in the presence of contextual 
factors. However, TM does not have a 
positive relationship with performance 
in either case. 

Lee, 2014 

221 
machinery, 

automotive and 
electronics 

manufacturers 
in South Korea 

To examine the 
interrelationships between MS 
process manufacturing-
marketing integration and plant 
performance. 

Positive relationships were observed 
between the MS process, manufacturing 
marketing integration and plant 
performance. 
Although MS formulation does not 
directly affect plant performance, its 
influence on plant performance is 
transmitted through MS implementation 
and manufacturing marketing 
integration. 
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Author Sample Objectives Results 

Ang et al, 
2015 

163 
manufacturing 
plants in the 
machinery, 
electronics and 
auto supplier 
industries in 
Brazil, China, 
Germany, 
Japan, and the 
USA. 

To investigate the relationships 
between the competitive 
dimensions of manufacturing 
strategy and competitive 
performance in two clusters: 1) 
Brazil and China; 2) Germany, 
Japan and USA. 

The strategic orientation of the firm has 
a positive impact on competitive 
performance. 

Garrido et 
al., 2015 

267 auto 
supplier, 
machinery and 
electronics 
plants in 
Austria, 
Finland, 
Germany, 
Italy, Japan, 
South Korea, 
Spain, Sweden 
and the 
USA/Canada 

To examine whether there are 
differences in the ways that TM 
and MS are implemented in 
different sectors, whether 
implementation is linked to 
performance, and whether 
contextual factors explain the 
differences. 

Joint MS and TM implementation is 
related to OP but not in the same way in 
the three sectors because of the influence 
of contextual variables.  

Sardana et 
al., 2016 

58 Indian 
manufacturing 

firms. 

To examine the influence of 
manufacturing operations’ 
functioning, strategic alignment 
and responsiveness to market 
need for customization and 
firm performance. 

Manufacturing operations’ strategic 
alignment to the business plan positively 
and significantly improves the firm's 
performance. Plant technology 
capability shows a positive but 
nonsignificant relationship with firm 
performance. The presence of Strategic 
Alignment in the regression caused the 
solution to be positioned in such a way 
that the Plant Technology Capability 
was in a weaker significant, negative 
position. 

 
 

Annex B - Studies on the positive relationship between TM and OP. 

Author Sample Objectives Results 

Boyer et 
al., 1996 

202 US 
metallurgical 
companies. 

To examine whether investment 
in advanced manufacturing 
technology (AMT) improves 
performance. 

There is an important interaction 
between AMT and investment in 
infrastructure. Performance 
improvement in firms that implement 
both practices instead of one. 

Flynn and 
Flynn, 
1999 

164 
machinery, 

electronics and 
automotive 
industries in 
Germany, 

Italy, Japan, 
the UK and the 

USA. 

To evaluate the role of various 
alternatives for information 
processing in complex 
manufacturing environments. 

In a complex environment, information 
processing is related to improvement of 
OP. 
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Author Sample Objectives Results 

Fawcett 
and 

Myers, 
2001 

158 US 
manufacturing 

firms 

To examine interrelationships 
between four manufacturing 
practices: (1) integrated product 
development; (2) employee 
development; (3) just-in-time 
manufacturing; and (4) 
manufacturing automation and 
firm performance.  

All four manufacturing practices have 
significant, positive impacts on firm 
performance. 

Maier and 
Schroeder, 

2001 

164 
machinery, 

electronics and 
automotive 
industries in 
Germany, 

Italy, Japan, 
the UK and the 

USA. 

To analyze the impact of TM on 
competitive performance. 

Introduction of technology, 
anticipation of new technologies and 
effective implementation are the key to 
improving competitive performance. 
TM is an important manufacturing 
practice for achieving high 
performance. 

Tsai, 2004 
45 Taiwan 
electronics 

firms. 

To examine the impact of 

technological capability on firm 

performance. 

Technological capability has a 
significant effect on productivity 
growth and firm performance. 

Raymond, 
2005 

118 Canadian 
manufacturing 

firms. 

To examine the fit or alignment 
between the critical success 
factors (CSF) of operations 
management in small and 
medium–sized enterprises and 
their degree of AMT 
implementation. 

As the implementation levels of AMT 
and CSF increase, OP improves, but it 
decreases significantly when there is a 
mismatch between the two. 

Fang, 2016 

211 
manufacturing 

and service 
organizations 

in China. 

To investigate the role of 
organizational learning and 
process technology in the 
implementation of mass 
customization. 

This study confirms that process 
automation is significantly connected 
to throughput; however, process 
flexibility does not contribute to 
throughput.  

Prajogo, 
2016 

207 
manufacturing 

firms in 
Australia. 

To examine the role of business 
environments (in terms of 
dynamism and competitiveness) 
as contingency factors that affect 
the effectiveness of innovation 
strategies (such as product and 
process) in delivering business 
performance. 

Dynamic environments strengthen the 
effect of product innovation on 
business performance. Competitive 
environments strengthen the effect of 
process innovation on business 
performance and weaken the effect of 
product innovation on business 
performance. 

 
 

Annex B- Studies on no positive relationship between TM and OP. 

Author Sample Objectives Results 
Beaumont 

and 
Schroeder, 

1997 

962 
Manufacturing 

firms in 
Australia. 

To examine the links between 
AMT use, manufacturing 
performance and business 
performance. 

There is no relationship between AMT 
and performance. 

Boyer et al., 
1997 

202 
manufacturing 
plants in USA. 

To examine whether the 
investment in AMT improves 
performance. 

Interaction between AMT and 
infrastructure programs is significantly 
related to company performance but not 
flexibility. 

Swamidass 
and Kotha, 

1998 

160 
manufacturing 
firms in USA 

To examine the relationship 
between AMT, plant size and 
performance. 

AMT use shows no direct impact on 
business results. Plant size weakly 
moderates the AMT - performance 
relationship. 
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Author Sample Objectives Results 

Cagliano 
and Spina, 

2000 

392 
manufacturing 

firms in the 
metal-working 

industry 
operating in 20 

countries in 
Europe, North 

and South 
America, and 

Japan. 

To investigate the 
relationship between the use 
and effectiveness of various 
technologies and OP. 

AMT per se does not imply higher OP. 

Das and 
Jayaram, 

2003 

309 
manufacturing 
plants in the 

USA. 

To evaluate a set of 
contingent variables that 
influence the AMT-OP 
relationship. 

Lean manufacturing and work 
organization practices are the primary 
contingency variables that affect the 
AMT-OP relationship. 

Machuca et 
al., 2011 

90 auto supplier 
companies in 

Austria, Finland, 
Germany, Italy, 

Japan, South 
Korea, Spain, 

Sweden and the 
USA/Canada. 

To examine the relationship 
between MS and TM and its 
effect on OP; likewise in the 
presence of contextual 
variables. 

MS has a positive relationship with 
performance, and continues to do so 
even when contextual factors are present. 
However, TM does not have a positive 
relationship with performance in either 
case. 

Jayaram et 
al., 2014. 

207 
manufacturing 

firms in 
Australia. 

To investigate the effect of 
product and process 
innovation strategy on 
product innovation 
performance and product 
quality performance. 

Product innovation strategy is positively 
related to product innovation 
performance, while process innovation 
strategy implementation positively 
affects product quality performance. 
Both strategies are found to positively 
affect business performance. 

Bello et al., 
2015 

301 
manufacturing 

firms in 
Argentina and 

Uruguay. 

To examine the effect of the 
relationship between AMTs 
and quality management 
practices on manufacturing 
performance. 

QM practices have a direct effect on 
manufacturing performance, while 
AMTs are significant only in the 
presence of QM practices. 

 
 

Annex D- Studies on the relationships of MS and TM on OP. 

Author Sample Objectives Results 

Matsui, 
2002 

164 machinery, 
electronics and 

automotive 
industries in 

Germany, Italy, 
Japan, the UK 
and the USA. 

To analyze the role of 
manufacturing departments in 
product and process technology 
development and their 
relationship with other main 
fields of production 
management. 

Involvement in technology development 
is strongly influenced by human 
resource management, information 
systems, quality management, and MS, 
and the fact that it plays a decisive role 
in determining the competitive 
performance of the manufacturing 
plants. 

Sonntag, 
2003 

21 interviews 
with technology 
users, suppliers 

and service 
providers in the 
countries of the 

European 
Union. 

To develop an MS model to 
explain how companies adapt 
to technological change and 
what the source of that change 
is. 

The MS model indicates that it is critical 
not only for companies to be able to 
adapt to technological change, but also 
for their ability to adapt to changes in 
the future. 

Ketokivi 
and 

164 machinery, 
electronics and 

To move toward better-
informed empirical inquiry of 

There is merit in best practice and 
strategic contingency arguments 
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Author Sample Objectives Results 
Schroeder, 

2004 
automotive 
industries in 

Germany, Italy, 
Japan, the UK 
and the USA. 

the strategic contingency 
argument in MS research. 

explaining OP; however, the 
contingency argument has stronger 
support. 

Machuca et 
al., 2011 

90 auto supplier 
companies in 

Germany, Italy, 
Japan, South 
Korea, Spain, 

Sweden and the 
USA/Canada. 

To examine the relationship 
between MS and TM and its 
effect on OP; likewise in the 
presence of contextual 
variables. 

MS has a positive relationship with 
performance, and continues to do so 
even when contextual factors are 
present. However, TM does not have a 
positive relationship with performance 
in either case. 

Ortega et 
al., 2012 

90 auto supplier 
companies in 

Austria, 
Finland, 

Germany, Italy, 
Japan, South 
Korea, Spain, 

Sweden and the 
USA/Canada. 

To examine the interaction fit 
between a set of MS 
managerial practices and a TM 
set and the link between this fit 
and OP. 

No significant deviation in OP from 
high and low implementation levels of 
the MS / TM relationship. 
 

Garrido et 
al., 2015 

267 auto 
supplier, 

machinery and 
electronics 
plants in 
Austria, 
Finland, 

Germany, Italy, 
Japan, South 
Korea, Spain, 

Sweden and the 
USA/Canada 

To examine whether there are 
differences in the ways that TM 
and MS are implemented in 
different sectors, whether 
implementation is linked to 
performance, and whether 
contextual factors explain the 
differences. 

MS and TM implementation is related 
to OP but not in the same way in the 
three sectors because of the influence of 
contextual variables.  

 
 

ANNEX E. Items related to MS, TM and OP scales. 
Manufacturing Strategy (MS) 

Adapted from: Schroeder and Flynn (2001), Matsui (2002), Machuca et al. (2011), Ortega et al. 
(2012) and Garrido et al. (2015). 

MS1: Formal strategic planning 
• Our plant has a formal manufacturing strategy process, which results in a written mission, 

goals and strategies. 
• This plant has a manufacturing strategy, which is put into writing. 
• Plant management routinely reviews and updates a long-range manufacturing strategy. 

 

MS2: Anticipation of new technologies 
• We pursue long-range programs in order to acquire manufacturing capabilities in advance 

of our needs. 
• We make an effort to anticipate the potential of new manufacturing practices and 

technologies. 
• Our plant stays on the leading edge of new technology in our industry. 
• We are constantly thinking about the next generation of manufacturing technology. 

 

MS3: Implementation of Manufacturing Strategy 
• The improvement programs that we pursue to improve operations are based on our 

manufacturing strategy. 
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• Improvement programs are an essential element of our manufacturing strategy. 
• Changes to the manufacturing strategy are deployed in the entire manufacturing area. 
• The plant’s performance measures clearly reflect the plant’s goals. 
• What the strategy says and what we pursue on the shop floor are two different things. 
• Corporate decisions are often made without consideration of the manufacturing strategy 

 

MS4: Manufacturing-business strategy linkage 
• We have a manufacturing strategy that is actively pursued. 
• Our business strategy is translated into manufacturing terms. 
• Potential manufacturing investments are screened for consistency with our business 

strategy. 
• At our plant, manufacturing is kept in step with our business strategy. 

 

Technology Management (TM) 
Adapted from: Schroeder and Flynn (2001), Matsui (2002), Machuca et al. (2011), Ortega et al. 
(2012) and Garrido et al. (2015). 

TM1: Product modularization 
• Our products are modularly designed so they can be rapidly built by assembling modules. 
• We have defined product platforms as a basis for future product variety and options. 
• Our products are designed to use many common modules. 

TM2: Manufacturing involvement in product design 
• Manufacturing engineers are heavily involved prior to the introduction of new products. 
• New product design teams have frequent interaction with the manufacturing function. 
• Manufacturing is involved at the early stages of new product development. 
• The manufacturing function is the key to improving new product concepts. 

TM3: Supplier involvement 
• Suppliers are involved early in product design efforts. 
• We partner with suppliers for the design of new products. 
• Suppliers are frequently consulted during the design of new products. 
• Suppliers are an integral part of new product design efforts. 

Operational Performance 
Adapted from: Miller and Roth (1994), McKone et al. (2001), Schroeder and Flynn (2001); 
Ketokivi and Schroeder(2004), Ahmad et al. (2010), Machuca et al.(2011), Phan et al. (2011) 
and Hilmola et al.(2015) 
• Conformance to product specifications. 
• Product capability and performance. 
• On-time new product launch. 
• Product innovativeness. 
• Customer support and service. 
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ANNEX F. Items on contextual variables scales. 
Contextual variables 

Adapted from: Schroeder and Flynn (2001), Ahmad et al. (2003), Das and Jayaram, (2003), 
Machuca et al. (2011) and Garrido et al. (2015) 

PS: Plant size (number of employees) 
PS = natural logarithm  (number of employees) 

EC: Environmental complexity.  
Percentage of production volume manufactured in each of the ways listed below. The sum of the 

five items must be 100%. 
• Dedicated flow line(s). 
• Assembly line. 
• Mixed model line(s). 
• Manufacturing cells. 
• Job shop. 
• Other ways. 

 
CE = 5/600 x (1 x “other ways” + 2 x “job shop” + 3 x “manufacturing cells” + 4 x “mixed 

model line” + 5 x “assembly line” + 6 x “dedicated flow line(s)”) 
PF: Plant focus (type of plant).  

Percent of plant production manufactured according to the strategies listed below (total sum 
must be 100%): 

• Engineer to order. 
• Make to order. 
• Assemble to order. 
• Make to stock. 

 
PF = 5/400 x (1 x “engineer to order” + 2 x “make to order” + 3 x “assemble to order” + 4 x 

“make to stock”) 
PD: Plant description.  

The production processes in this plant are best characterized as follows (total sum must be 
100%): 

• One of a kind. 
• Small batch. 
• Large batch. 
• Repetitive/line flow. 
• Continuous. 

 

PD = 1/100 x (1 x “one of a kind” + 2 x “small batch” + 3 x “large batch” + 4 x “repetitive/line 
flow” + 5 x “continuous”) 
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