
 

 

TO CITE THIS ARTICLE: Wiech, M., Boffelli, A., Elbe, C., Carminati, P., 

Friedli, T., & Kalchschmidt, M. (2020). Implementation of big data analytics 

and Manufacturing Execution Systems: an empirical analysis in German-

speaking countries. Production Planning & Control, DOI: 

https://doi.org/10.1080/09537287.2020.1810766 
 

Implementation of Big Data Analytics and Manufacturing Execution 

Systems – an Empirical Analysis in German-Speaking Countries 

Michael Wiecha, Albachiara Boffellib, Christian Elbea*, Paolo Carminatib, 

Thomas Friedlia and Matteo Kalchschmidtb 

aInstitute of Technology Management, University of St.Gallen, Switzerland; bDepartment 

of Management, Information and Production Engineering, University of Bergamo, Italy 

*Christian Elbe, christian.elbe@unisg.ch, Institute of Technology Management, 

University of St. Gallen, Dufourstrasse 40a, 9000 St. Gallen, Switzerland 

Michael Wiech is a Research Associate at the Institute of Technology Management at the 

University of St. Gallen, Switzerland. He holds an MSc in Industrial Engineering from the 

Technical University of Darmstadt. As a project leader, he gained practical experience in 

operations and global manufacturing. His research, which focuses mainly on coordination in 

international manufacturing networks, has been published in Procedia Manufacturing and has 

been presented at several international conferences. 

Albachiara Boffelli is a PhD Candidate in a joint program between the Department of 

Management, Information and Production Engineering of the University of Bergamo (Italy) and 

the Department of Economics and Management of the University of Pavia (Italy). She has been 

a visiting researcher at the Department of Industrial Management and Logistics of Lund 

University (Sweden). She holds an MSc in Management Engineering from the University of 

Bergamo. Her research focuses on the topic of manufacturing relocation, with a focus on the 

reshoring phenomenon. She is also interested in topics related to sustainability and the impact of 

new technologies. Her research has been presented at national and international conferences (e.g. 

EurOMA, Academy of Management, EDSI) and published in national and international journals. 

[https://orcid.org/0000-0001-9110-9658] 

https://doi.org/10.1080/09537287.2020.1810766
mailto:christian.elbe@unisg.ch
https://orcid.org/0000-0001-9110-9658


 

 

Christian Elbe is a Research Associate at the Institute of Technology Management at the 

University of St. Gallen, Switzerland. He holds an MSc in Mechanical Engineering from the 

Swiss Federal Institute of Technology (ETH Zurich) and an MBA from the Collège des Ingénieurs 

in Paris, France. His research focuses on international manufacturing networks and the impact of 

digital technologies on their strategy, configuration and coordination. He is particularly interested 

in examining the use of manufacturing execution systems on a network level. He has presented a 

peer-reviewed paper at the EurOMA 2019 conference and published his research in magazines 

such as Die Volkswirtschaft and Zeitschrift fuer wirtschaftlichen Fabrikbetrieb (ZWF). 

[https://orcid.org/0000-0002-8318-6415] 

Paolo Carminati is a PhD student at the Department of Management, Information and Production 

Engineering at the University of Bergamo (Italy) in a joint PhD program developed together with 

the University of Naples Federico II (Italy). He holds an MSc in Management Engineering from 

the University of Bergamo. His research focuses mainly on international manufacturing networks, 

with a particular focus on the sub-network perspective. His previous research has focused on 

supply chain management in the context of private equity. He has presented his research at 

national and international conferences.  

Thomas Friedli is an Associate Professor and Senior Lecturer of Management with a special 

focus on Production Management at the University of St. Gallen, Switzerland. As a director at 

the university’s Institute of Technology Management, he leads the division of Production 

Management. He holds a post-doctoral (habilitation) and doctoral degree in Business 

Administration from the same university. His main research focus is the management of 

manufacturing enterprises. His area of expertise is in operational excellence in the pharmaceutical 

industry, collaboration management, management of industrial services and management of 

global production. Thomas Friedli is an associate member of the International Academy for 

Quality (IAQ), a member of the advisory council of the Swiss Association for Quality and 

Management Systems (SAQ), and works with the U. S. Food and Drug Administration (FDA) on 

quality metrics for pharmaceutical production plants. He teaches in several executive programs 

and was a visiting lecturer at the Business School of Bordeaux as well as an Adjunct Associate 

Professor at Purdue University in West Lafayette, Indiana, USA. His publications have appeared 

in various journals, including the International Journal of Production Economics, the Journal of 

Pharmaceutical Innovation and the International Journal of Operations & Production 

Management. 

Matteo Kalchschmidt received his PhD in Management Engineering from Politecnico di Milano 

and is currently Full Professor of Project and Innovation Management at the University of 

Bergamo, Italy. His research interests have been focused on operations management, with a 

https://orcid.org/0000-0002-8318-6415


 

 

specific emphasis on demand management and forecasting, global supply chain management and 

sustainable supply chain management. He is the author of more than 100 publications, among 

which are several in international journals. He is a member of several international associations, 

such as the European Association of Operations Management (EurOMA) and Production and 

Operations Management Society (POMS). [https://orcid.org/0000-0001-7997-8535] 

https://orcid.org/0000-0001-7997-8535


 

 

Implementation of Big Data Analytics and Manufacturing Execution 

Systems – an Empirical Analysis in German-Speaking Countries 

Many firms have started Industry 4.0 (I4.0) initiatives in recent years, without 

having a sound understanding of the effects generated by the technologies 

introduction. This research provides indications of what to expect from the 

implementation of two key technologies for I4.0: big data analytics and 

manufacturing execution systems. The study explores the relationships between 

these technologies’ implementation and a set of performance effects. Additionally, 

it analyses the influence of the organisational structure. A set of hypotheses derived 

from literature builds the basis for the quantitative analysis of an industry survey 

with 116 participants from German-speaking countries. The results show that these 

technologies have distinct, partially unexpected, performance effects. 

Furthermore, this research provides evidence that the organisational structure of 

technology implementation plays no significant role in the attainment of higher 

technology implementation levels. 

Keywords: Industry 4.0; organisational structure; technology implementation; 

firm performance; internal enablers 

1 Introduction 

Many companies implement digital technologies to cope with today’s multifaceted 

challenges in production, especially in high-wage or high-cost countries, which are 

characterised by a ‘high Gross Domestic Product (GDP) per capita’ (Ketokivi et al. 2017, 

20). Companies face a growing competitive pressure caused by globalisation effects, 

increasing complexity and higher demands for flexibility (Spath 2013; van Laar et al. 

2017). The digitalisation of production provides an answer to this growing need for agility 

(Lu 2017). Overall, numerous scholars (Bauernhansl, ten Hompel, and Vogel-Heuser 

2014; Forstner and Dümmler 2014; Kagerman, Wahlster, and Helbig 2013) and 

practitioners (Brown, Sikes, and Wilmott 2013) associate opportunities and vast 

performance expectations with the current trend towards digitalisation. 



 

 

Despite the euphoria, digitalisation related decisions are costly (Y. Chen 2017) 

and require solid concepts for firms to initiate their ‘digital transformation journey’ 

(Berman 2012, 18). Decision-makers in the industry can choose from a broad range of 

digital technologies such as sensors, cloud computing, manufacturing executions systems 

(MES), big data analytics (BDA), or robotics. All of these are associated with the Industry 

4.0 (I4.0) paradigm (B. Chen et al. 2018; Kang et al. 2016; Lu 2017). Prerequisites, 

implementation patterns and performance effects may differ for each technology. Hence, 

it is highly relevant to refer to particular technologies when answering the question of 

‘[…] how typical manufacturers can achieve organisational, operational, technical and 

legal readiness in preparation for the Industry 4.0’ (Ghobakhloo 2018, 930). Empirical 

evidence for the implementation and effects of I4.0 technologies is available in the 

literature, but Industry 4.0 is a wide-ranging and ill-defined concept  (Rossini et al. 2019; 

Frank, Dalenogare, and Ayala 2019). Empirical studies focusing on the impacts of 

specific performance remain limited, despite the broad call for a higher focalisation of 

Industry 4.0 research (Papadopoulos et al. 2017; Rossini et al. 2019). Hence, the primary 

objective of our study is to assess if the impacts of technology implementations are 

technology dependent. 

To address the study’s primary aim, we developed a research model by adopting 

the resource-based-view (RBV) (Barney 1991) and dynamic capabilities theoretical 

lenses (Teece, Pisano, and Shuen 1997). In a recent study, Dubey et al. (2019) have built 

on the RBV theory to prove the relevance of resources in building capabilities in the use 

of technology (in their specific case, they were focusing on BDA), thus positively 

affecting firm performance. However, Torres, Sidorova, and Jones (2018) argue that RBV 

can be limiting in the study of the dynamic environment typically faced by a company 

introducing new technologies since the RBV assumes a static view of resources. Hence, 



 

 

some scholars have proposed considering the dynamic capabilities theory, which is a 

more dynamic view of resources and capabilities (Torres, Sidorova, and Jones 2018; 

Wamba et al. 2017). In particular, the dynamic capabilities theory assumes that the ‘firm’s 

ability to integrate, build, and reconfigure internal and external competencies to address 

a rapidly changing environment’ allows it to achieve a competitive advantage (Teece, 

Pisano, and Shuen 1997). 

In this study, we decided to focus on the performance effects of BDA and MES, 

which can be considered key technologies to secure the competitiveness of manufacturing 

companies (das Neves et al. 2015; Ghobakhloo 2018; Yadegaridehkordi et al. 2018; Seibl 

and Theobald 2017; Gilchrist 2016). 

In the literature, two distinct perspectives on digitalisation impacts exist. On the 

one hand, several contributions focus on the potential internal improvements in 

production efficiency and productivity that digitalisation of manufacturing or I4.0 could 

provide (B. Chen et al. 2018; Kagerman, Wahlster, and Helbig 2013; Kang et al. 2016; 

Lu 2017; Lee, Kao, and Yang 2014). A study from the Boston Consulting Group, for 

example, draws an optimistic picture of such productivity gains through I4.0. They 

estimate an improvement of conversion costs between 15 to 25 per cent for the German 

manufacturing industry during the next five to ten years (Rüßmann et al. 2015, 7). On the 

other hand, an external perspective of digitalisation recognises developments of new 

business models as well as the optimisation of existing products and services (Yoo et al. 

2012; Kagerman, Wahlster, and Helbig 2013). 

Furthermore, this analysis also investigates the effects of the different 

organisational structures that firms can apply to introduce digitalisation into their 

manufacturing entities. 



 

 

We base our analysis on a survey involving manufacturing companies located in 

the German-speaking area (Austria, Germany, Liechtenstein, and Switzerland), a region 

known for its pioneering role in I4.0 (Kagerman, Wahlster, and Helbig 2013). They 

operate in several industries. The results support managers in their decisions about I4.0 

technology investments and provide them with guidance for implementations. 

Additionally, our research contributes to the theoretical discussion on how to achieve I4.0 

readiness (Ghobakhloo 2018), especially concerning the organisational setup. Our 

statistical analysis complements the yet mainly qualitative discussion on I4.0 technology 

implementation (Frank, Dalenogare, and Ayala 2019). 

We have structured our paper as follows. Section 2 presents the literature related 

to BDA and MES as selected technologies. It also introduces the hypotheses and model. 

Section 3 describes the methodological approach, while section 4 presents the results of 

our research. Finally, section 5 concludes the paper with limitations and outlines future 

research opportunities. 

2 Related literature and hypothesis development 

We begin with an introduction to the related literature and present the research hypotheses 

with the underlying model. In particular, this section consists of four parts. The first part 

introduces BDA and MES. The second derives the relationships between technology and 

firm performance. In the third, we provide the literature that considers the effect of 

organisational structure on technology implementation. Finally, we present the model and 

the three hypotheses about technology implementation of BDA and MES. 

2.1 MES and BDA 

Both MES and BDA are key technologies for the digitalisation of manufacturing. The 

MES provides vital features associated with I4.0 (Seibl and Theobald 2017). It monitors, 



 

 

optimises, and controls production. Moreover, it can autonomously execute short-term 

production planning (Sabina Jeschke et al. 2016; Cottyn et al. 2011; Saenz de Ugarte, 

Artiba, and Pellerin 2009). Although MES are not a new phenomenon and existed before 

I4.0 (Almada-Lobo 2015; Saenz de Ugarte, Artiba, and Pellerin 2009), several scholars 

refer to MES as a key or base technology of I4.0 (Frisk and Bannister 2017; Sabina 

Jeschke et al. 2016; Dalenogare et al. 2018; Mittal et al. 2017; Frank, Dalenogare, and 

Ayala 2019). Frank et al. (2019), for example, present a framework of adoption patterns 

for I4.0 and state that companies need to implement MES in the first stage of I4.0. Their 

framework for MES connects the digital and physical world in the sense of cyber-physical 

systems (CPS) (Pereira and Romero 2017, 1207) since it combines data gathered at the 

machine or shop floor level with data from enterprise resource planning (ERP) (Frank, 

Dalenogare, and Ayala 2019, 16f.). Thus, MES are a prerequisite for other I4.0 

technologies such as BDA. Companies should not introduce the latter one before the third 

(and last) phase of I4.0 implementation (Frank, Dalenogare, and Ayala 2019). 

Additionally, Almada-Lobo (2015) sees data analytics as one of the four main pillars of 

future MES. 

Scholars define BDA and related applications as a set of methods and technologies 

to gain valuable information and insights through the analysis of large amounts of data 

(Zhou, Liu, and Zhou 2016; H. Chen, Chiang, and Storey 2012). Use cases for BDA 

applications in manufacturing companies stem from quality control, process 

improvement activities, active maintenance, or product design (B. Chen et al. 2018; 

Yadegaridehkordi et al. 2018). All in all, researchers widely regard BDA technology as 

one key supportive element in the context of I4.0 (Pereira and Romero 2017; Zhou, Liu, 

and Zhou 2016; Lu 2017; Dalenogare et al. 2018; Gilchrist 2016; Kang et al. 2016; Lamba 

and Singh 2017). As we have seen, big data and advanced analytics are also key drivers 



 

 

and enablers for the Industrial Internet of Things (IIoT) as they provide for historical, 

predictive, and prescriptive analysis, which can provide insight into what is happening 

inside a machine or a process. (Gilchrist 2016, 5). In recent years, BDA has received 

considerably more attention than MES in the manufacturing-related literature (Bokrantz 

et al. 2017; Liao et al. 2017; Mittal et al. 2017; Yadegaridehkordi et al. 2018; Lu 2017; 

Dalenogare et al. 2018; Ghobakhloo 2018; Lamba and Singh 2017). 

However, both technologies appear to be mutually related: MES provide the data 

input for BDA concepts (Seibl and Theobald 2017), and BDA provide information for 

the planning and optimisation features of MES (Seibl and Theobald 2017; Noh and Park 

2014). Decision-makers should consider the effects of and prerequisites for each 

technology before investing to benefit from the full scope of potentials through 

implementing both technologies. 

2.2 Relationship between technology and performance 

We expect both MES and BDA to contribute to firm performance. Studies do not provide 

a consensus about the performance effects of MES. Several studies indicate a positive 

effect of MES on operational firm performance (das Neves et al. 2015; Cottyn et al. 2011; 

Almada-Lobo 2015). ‘Manufacturing Execution Systems have been pivotal in the 

performance, quality and agility needed for the challenges created by globalized 

manufacturing business and will most likely continue to be’ (Almada-Lobo 2015, 18). 

Similarly, das Neves et al. (2015, 449) find that ‘[…] the MES significantly contributed 

to the manufacturing related to improvement of cost, quality, flexibility, conformity and 

reliability’. In contrast, the findings by Dalenogare et al. (2018) provide evidence that 

firms do not have high expectations regarding the performance benefits of MES 

implementations. 



 

 

On the other hand, more clarity exists concerning the potential performance and 

productivity effects of BDA applications (Andrew McAffee and Brynjolfsson 2012; 

Yadegaridehkordi et al. 2018; Addo-Tenkorang and Helo 2016; Côrte-Real et al. 2019; 

Popovič et al. 2016; Wamba et al. 2017; Dubey et al. 2019). Scholars and practitioners 

both expect significant operational benefits through the implementation of BDA 

(Dalenogare et al. 2018; Gupta and George 2016). BDA is associated with cost-saving 

potential and thus should enhance operational efficiency (Zhou, Liu, and Zhou 2016; 

Dubey et al. 2019). Furthermore, the application of BDA provides additional information 

to increase decision quality in manufacturing firms (Popovič et al. 2016; Frisk and 

Bannister 2017). Scholars also point to the opportunities on the market side – the 

aforementioned external perspective of digitalisation – through, for example, improved 

product design or service innovations by BDA (Lee, Kao, and Yang 2014). As such, BDA 

is (unlike MES) not only associated with internal but also business performance effects 

(Gupta and George 2016). 

Hence, the implication we derive from the literature is a direct relationship 

between technology implementation and firm performance. This implication leads to the 

following hypotheses: 

H1a. The level of BDA implementation has a significant effect on a firm’s 

performance. 

H1b. The level of MES implementation has a significant effect on a firm’s 

performance. 

2.3 Effect of the organisational structure on technology implementation 

Apart from evaluating internal readiness and potential performance effects before an 

investment (Ghobakhloo 2018), decision-makers also need to consider how to implement 

a novel technology into a network of globally dispersed manufacturing plants. Scholars 



 

 

point to the importance of organisational structure in the context of I4.0 (Horlacher, 

Klarner, and Hess 2016; Cottyn et al. 2011; Ghobakhloo 2018; Hirsch-Kreinsen 2016; 

Sun et al. 2016; Brown, Sikes, and Wilmott 2013). Sun et al. (2016, 2), for example, state 

that ‘the process of diffusion of information technology is thus not only closely related to 

its unique ability to solve technical issues but is also associated with the internal 

organisational structure […]’. 

In order to achieve organisational readiness for I4.0 (Ghobakhloo 2018, 930), 

firms can choose from two forms of organisational structures to implement digital 

technologies. The implementation can either be guided by a central function (Horlacher, 

Klarner, and Hess 2016) or by each plant and function autonomously and decentralised. 

Setting the right degree of centralisation has become an issue since the beginning of the 

debate on I4.0. Scholars from the domain of global operations have been investigating 

the question of plant autonomy and responsibility for several decision areas (Feldmann 

et al. 2013; Olhager and Feldmann 2018; Friedli, Mundt, and Thomas 2014; Maritan, 

Brush, and Karnani 2004). However, new decision areas have arisen due to I4.0. It is 

unclear whether each plant should undertake the decision regarding where and how to 

implement a digital technology autonomously or whether it should be a centrally-located 

management function which takes the decision. According to Horlacher et al. (2016), 

centralisation provides the necessary power ‘[…] to effectively pursue digital 

transformation initiatives’ (Horlacher, Klarner, and Hess 2016, 9). However, there is no 

consensus about the ideal organisational structure for different I4.0 technologies. 

Concerning MES, for example, Scholten (2009, 99) states that ‘[…] it’s more logical to 

install the system locally’. Thus, the implementation responsibility remains decentralised 

within the local authority of the plant. 



 

 

As outlined before, technology implementation may influence firm performance. 

However, the implications for the organisational structure are generally vague. We 

consider central organisational structures to be moderators for the performance effects of 

technology implementation. Our second hypothesis is: 

H2. Central (vs decentral) organisational structures moderate the performance 

effects of BDA or MES implementation. 

Overall, few sources guide the discussion on the selection of an optimal 

organisational structure to implement technologies such as BDA or MES in an 

international manufacturing firm. Additionally, these studies do not provide a consensus 

regarding the optimal organisational structure. Eventually, we expect an effect of 

organisational structures on the technology implementation of BDA and MES. Hence, we 

examine another effect: 

H3. Central (vs decentral) organisational structures influence the degree of 

implementation of BDA and MES. 

2.4 Research model 

We build our research model based on RBV and dynamic capabilities as theoretical 

lenses. It provides a framework for our research. As recently proposed by Dubey et al. 

(2019), we rely on the RBV to explain how a company can achieve a competitive 

advantage (i.e. improved business but also operational performance) by creating bundles 

of strategic capabilities (i.e. improved implementation of technologies). The dynamic 

capabilities theory, instead, highlights that in order to achieve a competitive advantage, 

merely possessing dynamic capabilities is not enough (Helfat et al. 2007; Eisenhardt and 

Martin 2000; Ambrosini and Bowman 2009). The failure to use them successfully could 

create a negative impact for the firm due to ‘opportunity costs, the cost of maintaining 

the capability, and the penalty for the selection of an inferior strategy’ (Torres, Sidorova, 



 

 

and Jones 2018, 824). Hence, many elements might influence a firm’s ability to exploit 

dynamic capabilities to create competitive advantages (Torres, Sidorova, and Jones 

2018). Previous research focusing on I4.0 attributes a high relevance to the organisation 

both at the macro-level (i.e. organisational structure) and at the micro-level (i.e. job 

design and skills) (Cimini et al.; Cagliano et al. 2019). Thus, we decided to explore the 

role played by the organisational structure in the relationship between technology 

implementation (i.e. dynamic capabilities) and firm performance (i.e. competitive 

advantage). 

 

Figure 1Errore. L'origine riferimento non è stata trovata. presents the 

underlying model to test the three hypotheses about technology implementation of BDA 

and MES. The model integrates the relationship between technology implementation, 

organisational structure and firm performance. By considering the effect of technology 



 

 

implementation on performance, it highlights the expected direct effect (H1). Besides, 

 

Figure 1 depicts the ambiguous role of organisational structures in technology 

implementation. On the one hand, the organisational structure moderates the effect of 

technology implementation on performance (H2). On the other hand, there is a direct 

effect of the organisational structure on the level of technology implementation (H2). 

 

Figure 1. Hypotheses model –implementation of BDA and MES. 

3 Methodology 

To address the hypotheses, we designed a survey instrument as part of a Swiss-based 

benchmarking project. The main goal was to investigate the challenges and decisions 

concerning digitalisation and digital activities of manufacturing companies with plants in 



 

 

German-speaking high-wage locations (i.e. Austria, Germany, Liechtenstein, and 

Switzerland). The study assessed the productivity gains and the impacts of digitalisation 

and new applications on these companies’ competitiveness. In the first phase of the study, 

ten large manufacturing companies from the considered countries provided their support 

by discussing the survey instrument with the research team. To increase internal validity, 

we ran a pre-test with these industry partners. Their feedback also provided valuable input 

for revising the survey instrument. In the end, peer researchers and senior academics 

reviewed the questionnaire in an iterative process following Forza (2002). This process 

was of tremendous importance in order to define the specific items connected to the 

constructs identified from literature (namely, levels of technology implementation, 

performance and organisational structures). Hence, we derived the items used in this 

study from discussions with practitioners and other senior academics. This procedure 

follows the suggestions for exploratory survey research by Forza (2002). Finally, we 

implemented the questionnaire as an online survey structured into five main sections: 

(1) General information: including general data about each participating company, 

such as the company size, industry, organisational structure and preliminary 

insights concerning its digitalisation activities; 

(2) Technology: assessing the actual status of digitalisation in each company and the 

adopted technologies;  

(3) Strategy: analysing the purposes, approaches, and the short-term as well as long-

term strategies;  

(4) Stakeholders: evaluating the data exchange with stakeholders, their contribution 

and their satisfaction with digitalisation practices; 

(5) Investment & performance: assessing the economic expenses, contributions and 

effects of digital technologies within each company in previous years. 



 

 

In March 2018, we invited potential participants via email. The email included 

instructions for the survey and explanations of the academic purpose. During data 

collection, participants had the option to ask questions via e-mail or phone for a better 

understanding of the questionnaire. In total, 1514 companies received a survey invitation. 

The sample’s geographical focus was the German-speaking area. After a few weeks, we 

sent two e-mail reminders. In the end, 163 companies clicked on or partly completed the 

survey. One hundred and twenty-four companies completed the survey, with an overall 

response rate of 8.19%. The newness of digitalisation in the context of manufacturing 

companies and the exploratory nature of the research could have caused the rather low 

response rate. Other recent contributions related to I4.0 have similar response rates (e.g. 

Arnold and Voigt 2019; Durana et al. 2019). Moreover, the sample size is considered 

acceptable for our kind of exploratory research (Isaac and Michael 1995). Additionally, 

we assessed the representativeness of the sample concerning the population in Errore. 

L'origine riferimento non è stata trovata.. 

The participants were top management level executives (e.g. Chief Executive 

Officer (CEO), Chief Financial Officer (CFO), Chief Technology Officer (CTO) and 

President) as well as representatives of operative functions (such as operations or 

technical directors, and heads of procurement or manufacturing). Furthermore, 

participants had to state at the beginning of the questionnaire, whether they were 

responsible for a single plant, a division or the entire firm. Overall, more than 70% of the 

replies concerned a single plant level. For the analyses conducted in the course of this 

work, we take the plant as a unit of analysis, since we assume that even decisions taken 

at a higher level (i.e. at the division or the overall firm levels) affect each plant. This 

assumption relates to less than 30% of our sample. In random confirmatory interviews 

with respondents who answered at the division or overall firm levels, we found that all 



 

 

these respondents answered specific questions with one of their plants in mind. However, 

regardless of the unit of analysis level considered, all the single respondents’ answers 

about internal enablers, technology implementation and performance are provided at the 

same level. Hence, the answers for each participating company are internally consistent. 

We excluded all responses in which companies stated they were purely providers of 

digital activities and technologies. Therefore, we focused on companies using digital 

technologies in manufacturing. We controlled all responses for missing data and 

transferred them into a distinct database. Depending on the variables considered, we used 

different numbers of observations for the analyses because of missing data. Missing data 

in survey answers particularly applies to performance variables, probably because they 

are considered sensitive data by the replying companies. Due to the limited sample size, 

we decided to include incomplete responses that only missed the answers to some 

different variables. 

The final sample used for the evaluation in this paper consists of 116 replies from 

17 different industries. Large companies (>250 employees) represent most of the sample 

(62%), but small and medium-sized companies are also part of the sample. In the 

questionnaire, we asked for the number of employees in full-time equivalents (FTE). 

Errore. L'origine riferimento non è stata trovata. summarises the main characteristics 

of the sample. 

 

 

 

 

Table 1. Main characteristics of the sample. 

 Sample Population 



 

 

Size in FTE N % % 

Small (less than 50 employees) 19 16.38 83.17 

Medium (50 to 249 employees) 22 18.97 10.24 

Large (250 and more employees) 72 62.07 2.58 

No data 3 2.59 4.01 

Total 116 100.00 100.00 

Industry (NACE Rev. 2, 10-33) N % % 

Food and animal feed 3 2.59 8.93 

Textiles 2 1.72 2.02 

Pulp and paper products 1 0.86 0.98 

Chemical products 2 1.72 2.98 

Pharmaceutical 3 2.59 1.02 

Rubber and plastic products 5 4.31 3.98 

Other non-metallic mineral products 2 1.72 4.03 

Metal production and processing 3 2.59 1.50 

Metal products 13 11.21 18.83 

Computer and electronics 8 6.90 6.22 

Electrical equipment 7 6.03 3.86 

Mechanical engineering 19 16.38 10.40 

Automotive 14 12.07 1.40 

Other transport equipment 4 3.45 0.99 

Furniture 2 1.72 3.06 

Production of other goods 19 16.38 7.94 

Other 9 7.76 21.86 

Total 116 100.00 100.00 

We based the industries on the European industry classification Nomenclature 

statistique des activités économiques dans la Communauté (NACE) Revision (Rev.) 21. 

The population includes all active companies in the NACE Rev. 2 industries 10-33 

(manufacturing) in the German-speaking area with at least one employee. It was taken 

from the ORBIS2 database. 

3.1 Measures of dependent and independent variables 

We investigated the technology implementation level by evaluating the implementation 

status of selected technologies within the participating companies. The survey 

participants had to rate their technology implementation level on a Likert scale 1–7 (1 = 

implementation failed; 2 = not relevant; 3 = observing; 4 = researching and developing, 

5 = working on the implementation (prototyping); 6 = already in first use; 7 = fully 

 

1 https://ec.europa.eu/eurostat/web/nace-rev2 [Retrieved on 15/06/19] 

2 https://www.bvdinfo.com/en-gb/our-products/data/international/orbis [Retrieved on 15/06/19] 

https://ec.europa.eu/eurostat/web/nace-rev2
https://www.bvdinfo.com/en-gb/our-products/data/international/orbis


 

 

implemented). The option to answer ‘I don’t know’ was also made available to 

respondents. The questionnaire included 15 technologies supporting manufacturing 

through I4.0 and digitalisation activities. Most of the respondents perceived some 

technologies (e.g. drones or blockchain) as irrelevant in the manufacturing context. The 

technologies selected for this study (BDA and MES), were among the most adopted 

technologies in our sample. 

We use the term organisational structure to describe how a company organises 

its digitalisation activities and responsibilities. The survey question regarding the current 

organisational structure within each participating company was based on six options (1 = 

I don’t know; 2 = decentralised; 3 = functional; 4 = project team; 5 = centre of excellence 

(competence); 6 = lead factory). For our analysis, we clustered these answer options into 

two categories. First, organisational structures with a central authority that organises and 

coordinates digital activities include the project team, centre of excellence, and lead 

factory answer options mentioned above. Second, decentralised organisations with 

digitalisation specialists spread over different functions or departments include the 

decentralised and functional answer options mentioned above. Appendix 1 provides a 

more detailed overview of the organisational structures presented to the survey 

participants. 

For performance, we relied on exploratory factor analysis (a principal component 

analysis with varimax rotation). We used a set of ten items (cf. Errore. L'origine 

riferimento non è stata trovata.) related to the economic, productive and service 

performance of the company. The items stem from discussions with practitioners and 

senior academics. A multiple-item, 7-point Likert-type scale (1 = much worse; 4 = no 

change; 7 = much better) indicates how the company’s performance had changed during 

the last three years in comparison with its competitors. A factor analysis (a principal 



 

 

component analysis with varimax rotation) identified four factors. For each factor 

obtained, we calculated the average of the associated items and used them in the analyses. 

Errore. L'origine riferimento non è stata trovata. shows these factors that we 

interpreted as business performance, adaptive performance, product-enhancing 

performance, and internal process performance. The four factors explain 76% of the total 

variance and all the loadings are significantly higher than 0.65. 

Cronbach’s alpha is higher than 0.7 for the factors that have more than two items 

(Nunnally, Bernstein, and Berge 1967), while it is lower for product-enhancing and 

internal process performance. As the lower value is for two-item constructs, which can 

lead to lower values of the Cronbach’s alpha, we calculated inter-item correlations. For 

all the two-item factors, the inter-item correlations were significant at the 1% level. 

Furthermore, we tested other models with a different number of factors, but they proved 

to be less reliable and hardly interpretable. Therefore, these findings do not represent a 

concern for the following analyses. 

Table 2. Performance factors loadings and Cronbach’s alpha. 

Variable Business Adaptive 
Product 

enhancing 

Internal 

process 

Turnover 0.910    

Market share 0.833    

EBIT 0.795    

Flexibility design  0.906   

Flexibility volume  0.838   

Innovative ability  0.667   

Sustainability   0.806  

Services    0.757  

Delivery speed and 

reliability 
   0.854 

Product quality    0.768 

Cronbach's alpha 0.857 0.742 0.544a 0.647b 

a Inter-item correlation 0.4212 (p-value<0.005) 
b Inter-item correlation 0.4920 (p-value<0.001) 



 

 

Additionally, we controlled for common method bias for perceptive measures. We 

performed a one-factor analysis on all the perceived items applying Harman’s single-

factor test (Podasakoff et al. 2003). The one-factor solution explains only 21% of the total 

variance; thus, the test confirms that common method bias is not a cause for concern with 

our sample data. 

3.2 Measurements of control variables 

In all the regressions, we considered the company size as a control variable, measured as 

the logarithm of the number of employees. This procedure is coherent with previous 

studies that identified company size as a relevant contingent variable when considering 

technology implementation (Côrte-Real et al. 2019; Beach 2004). 

Moreover, the implementation of digital technologies, such as BDA and MES, 

builds on various firm internal enablers (Côrte-Real et al. 2019; Yadegaridehkordi et al. 

2018). We also decided to control for internal enablers to accommodate the possibility 

that technology implementation is a dependent variable. Several studies identify internal 

enablers for BDA, such as data management or standardisation (Gölzer and Fritzsche 

2017; Yadegaridehkordi et al. 2018; Côrte-Real et al. 2019; B. Chen et al. 2018). 

Accordingly, Gupta and George (2016, 1055) have referred to a ‘data-driven culture’ as 

an intangible resource driving a firm’s BDA capability. Furthermore, other scholars have 

identified similar internal enablers as antecedents for BDA implementation (B. Chen et 

al. 2018). 

For MES, scholars highlight standardisation as an enabling factor as it enforces a 

‘[…] standardised way of working’ (Cottyn et al. 2011, 4410). Furthermore, scholars 

regard organisational and cultural factors as relevant for the implementation of both 

technologies, BDA and MES (das Neves et al. 2015; Côrte-Real et al. 2019; 

Yadegaridehkordi et al. 2018). The model by Yadegaridehkordi et al. (2018) also 



 

 

highlights that enabling factors might directly affect firm performance. Based on a 

multiple-item, 7-point Likert-type scale (1 = unimportant; 7 = crucially important), the 

survey participants were asked to rate the importance of several internal enablers for 

technology implementation. We developed these items through iterative discussions with 

practitioners and senior academics, aimed at testing and refining the survey instrument. 

The following eight internal enablers were considered particularly relevant for the 

conducted analysis on digitalisation: availability of data, fitting infrastructure, data 

harmonisation, top management support, receptive culture, employee commitment, 

established lean concept, and high level of standardisation. 

In order to reduce the number of variables, we performed an exploratory factor 

analysis (a principal component analysis with varimax rotation). The model suggested a 

three-factor solution (considering eigenvalues above 0.6) that we defined as data 

management, company’s culture, and standardisation (cf. Errore. L'origine riferimento 

non è stata trovata.) in alignment with literature. The reliability of the three-factor 

solution was assessed by the total variance explained (68%) and by the loadings higher 

than 0.6. Cronbach’s alpha was higher than 0.7 for data management and companies’ 

culture (Nunnally, Bernstein, and Berge 1967) and equal to 0.6 for standardisation. As 

discussed above, the lower value was for two-item constructs. We also calculated inter-

item correlations. For all the two-item factors, the inter-item correlations were significant 

at the 1% level. Furthermore, we tested other models with a different number of factors 

but they proved to be less reliable and were hardly interpretable. 

 

 

 

 



 

 

Table 3. Enabler factors loadings and Cronbach’s alpha. 

Variable 
Data 

management 

Company’s 

culture 
Standardisation 

Availability of data 0.847   

Fitting infrastructure 0.830   

Data harmonisation 0.771   

Top management support  0.766  

Receptive culture  0.762  

Employee commitment  0.718  

Established lean concept   0.833 

High level of 

standardisation 
  0.811 

Cronbach’s alpha 0.7940 0.686 0.586a 

a Inter-item correlation 0.4185 (p-value<0.001). 

4 Results 

Based on our research framework in 

 

Figure 1, we divided the analysis into two parts. First, we analysed potential direct effects 

of the implementation of technology on performance (H1a and H1b) and the potential 

moderation effects of the organisational structure (H2). Second, we analysed the potential 

direct effect of organisational structures on technology (H3). 

4.1 Direct effects of technology on performance (H1a and H1b) and 

moderation effects of the organisational structure (H2) 

In order to identify the direct effect of technology (BDA and MES) on performance and 



 

 

the moderation effect of organisational structure, we evaluated the coefficients and the 

corresponding p-values resulting from the Ordinary Least Squares (OLS) regressions for 

both considered technologies (BDA and MES). We adopted a three-step hierarchical 

approach by adding the variables one by one in order to isolate the differential effect of 

each variable on the performance factors (dependent variables). First, we added only the 

control variable, i.e. the logarithmic transformation of the companies’ sizes, as an 

independent variable. Second, we included the technological variable, i.e. either MES or 

BDA. Third, we added the interaction effect of the organisational structure evaluated by 

multiplying the technological variable and the organisational structure dummy variable 

(cf. Errore. L'origine riferimento non è stata trovata.). 

To assess the robustness of the result, we also tested the relations by using an 

ordered logistic regression where the technology variable was the dependent variable 

since we measured technology adoption on an ordinal scale. However, we did not find 

different results than the OLS regression solution. Moreover, for each regression, we 

checked all the assumptions regarding OLS regressions and ensured that we did not 

violate them. 

We also checked the R-squared change from one model to the following in order 

to assess whether the models with more variables had more explanatory power than the 

others. 

Errore. L'origine riferimento non è stata trovata. presents the overall results 

of the regression analyses. We indicate the standardised beta coefficients and the 

corresponding p-values. 

Table 4. Results from the regression analyses of technologies on performance. 



 

 

Independent variables Dependent variable: business perf. 

Hypothesis 

supported/ 

not 

supported 

Company size 0.128 0.095 0.097 0.027 0.030  

BDA  0.105 0.085   
H1 not 

supported 

BDA*Central 

org. structure  
  0.022   

H2 not 

supported 

MES    
0.299 

** 

0.266 

** 

H1 

supported 

MES*Central 

org. structure 
    0.097 

H2 not 

supported 

# Observations 86 86 85 78 77  

R-squared 0.016 0.026 0.026 0.097 0.105  

Independent variables Dependent variable: adaptive perf. 

Hypothesis 

supported/ 

not 

supported 

Company size 0.019 -0.009 0.009 0.042 0.051  

BDA  0.101 0.024   
H1 not 

supported 

BDA*Central 

org. structure  
  0.146   

H2 not 

supported 

MES    0.029 -0.033 
H1 not 

supported 

MES*Central 

org. structure 
    0.170 

H2 not 

supported 

# Observations 91 91 89 83 81  

R-squared 0.000 0.010 0.025 0.003 0.028  

Independent variables Dependent variable: product enhancing perf. 

Hypothesis 

supported/ 

not 

supported 

Company size 
0.234 

** 
0.151 

0.221 

** 
0.148 

0.203 

* 
 

BDA  
0.245 

** 
0.030   

H1 

supported 

BDA*Central 

org. structure  
  

0.436 

*** 
  

H2 

supported 



 

 

MES    
0.236 

* 
0.041 

H1 

supported 

MES*Central 

org. structure 
    

0.448 

*** 

H2 

supported 

# Observations 81 81 80 73 72  

R-squared 0.055 0.108 0.254 0.110 0.278  

Independent variables 
Dependent variable: internal process perf. 

 

Hypothesis 

supported/ 

not 

supported 

Company size 0.005 -0.087 -0.073 -0.086 -0.086  

BDA  
0.319 

*** 

0.254 

** 
  

H1 

supported 

BDA*Central 

org. structure  
  0.140   

H2 not 

supported 

MES    
0.296 

** 

0.251 

** 

H1 

supported 

MES*Central 

org. structure 
    0.160 

H2 not 

supported 

# Observations 89 89 87 81 79  

R-squared 0.000 0.093 0.107 0.076 0.105  

(* 0.05 < p-value < 0.10, ** 0.01 < p-value < 0.05, *** p-value < 0.01) 

 

If we consider the relationships between the evaluated technologies and 

performance, it appears that both technologies significantly affect at least two 

performance factors (cf. Errore. L'origine riferimento non è stata trovata.). In 

particular, we found significant results for BDA on product-enhancing and internal 

process performance as well as for MES concerning business, product-enhancing, and 

internal process performance (cf. Errore. L'origine riferimento non è stata trovata.). 

Two considerations need to get highlighted in the R-squared analysis. First, the 

hierarchical process proved to be consistent since the R-squared values increased in the 

complete models (those which included all the variables) for both technologies. Second, 

the R-squared values were quite low. Concerning the latter one, we note that literature on 



 

 

factors potentially influencing both technologies and performance is enormous, and we 

consider just one variable (i.e. the organisational structure). Low R-squared values mean 

many other variables may exist that may explain the relationships. 

4.2 Direct effects of the organisational structure (H3) 

In order to consider the effect of the (centralised or decentralised) organisational structure 

on the constructs identified in the model (cf. 

 

Figure 1), we performed hierarchical regression analyses in which the organisational 

structure was the independent variable and the technology, either BDA or MES, was the 

dependent variable (H3). In these analyses, we added company size and internal enabling 

factors (data management, company’s culture, and standardisation) as control variables. 

Errore. L'origine riferimento non è stata trovata. shows the results of the analyses. 

We indicate the standardised beta coefficients and the corresponding p-values. 

Table 5. Results from the regression analyses exploring the direct effect of the 

organisational structure. 

Independent 

variables 
Dependent variable: BDA 

Hypothesis supported/ 

not supported 

Company size 
0.319 

*** 

0.294 

*** 
 

Data management 
0.303 

*** 

0.304 

*** 
 



 

 

Company’s culture -0.092 -0.072  

Standardisation 0.154 0.179  

Central org. 

structure 
 

0.152 

* 
H3 supported 

# Observations 99 97  

R-squared 0.246 0.272  

Independent 

variables 
Dependent variable: MES 

Hypothesis supported/ 

not supported 

Company size 
0.336 

*** 

0.328 

*** 
 

Data management 0.144 0.127  

Company’s culture -0.050 -0.046  

Standardisation 0.147 
0.181 

* 
 

Central org. 

structure 
 0.075 H3 not supported 

# Observations 90 88  

R-squared 0.183 0.186  

(* 0.05 < p-value < 0.10, ** 0.01 < p-value < 0.05, *** p-value < 0.01) 

 

We only found slightly significant results for the relationship between a central 

organisational structure and BDA, suggesting that the implementation of this 

technology tends to be higher in the case of a centrally managed organisation. The 

previous observations regarding the R-squared analysis remain valid. 

5 Discussion 

The conducted analyses show a nuanced picture. The results strongly depend on the 

considered technology, BDA or MES. Thus, the following discussion considers each 

technology separately. 



 

 

The obtained performance results are only partially congruent with other studies 

in the case of BDA. Our analysis suggests that BDA helps companies achieve both 

product-enhancing and internal process performance but has no significant effect on 

business and adaptive performance (cf. 

 

Figure 2). Dubey et al. (2019, 354) focused their investigation on big data and 

predictive analytics and found ‘… significant and positive effects on cost and operational 

performance’. Furthermore, other scholars have indicated that operational and internal 

benefits from BDA implementation could be expected (Dalenogare et al. 2018; Popovič 

et al. 2016). However, in order to compare these performance expectations with our study, 

one needs to carefully examine the performance factors (cf. Errore. L'origine 

riferimento non è stata trovata.). 

The positive effect of BDA implementation on the internal process dimension 

certainly supports the expectations regarding operational and internal performance 

benefits. It has a significant as well as positive effect on delivery speed and product 

quality. Flexibility is also an operational performance indicator (Miller and Roth 1994). 

We assigned two items that measure flexibility to the adaptive performance factor, which, 

according to our analysis, is not affected by BDA at all. Thus, our findings provide an 



 

 

equivocal picture. While our study does not confirm that BDA has any effect on the 

adaptive elements of operational performance, it does substantiate that BDA has a 

positive effect on internal process performance. The latter implies enhanced delivery 

speed and quality performance, which leads to cost improvements. Hence, the results 

confirm, at least indirectly, the positive cost effect of BDA observed by Dubey et al. 

(2019). 

Furthermore, 

 

Figure 2 depicts a positive effect on product-enhancing performance (service and 

sustainability). Several studies have pointed to the potential of digital technologies in 

optimising products and services (Yoo et al. 2012; Lee, Kao, and Yang 2014). These 

findings illustrate that firms can expect to leverage on BDA for this customer-oriented 

purpose, reflecting an external perspective of digitalisation. 

From the RBV perspective, these results support the assertion that BDA 

implementation capabilities help in creating a competitive advantage through an increase 

in product-enhancing and internal process performance. 

The findings on organisational structure regarding BDA are somewhat surprising. 

First, the results highlight that a centrally organised technology implementation has a 



 

 

significant and positive moderating effect on the relationship between technology 

implementation and product-enhancing performance. This effect means that in the case 

of BDA implementation, a central organisational structure fosters the performance 

improvements connected with service and sustainability. However, this result does not 

hold for internal process performance. Therefore, we can conclude that the role played by 

the type of organisational structure varies depending on the type of performance a 

company expects. Thus, the results only partially support hypothesis H2. 

One of the most evident findings emerging from this analysis is that the 

organisational structure does not have any direct effect on technology implementation 

(H3). 

The relevance of these results is enhanced when viewed from the perspective of 

dynamic capabilities: The results demonstrate that the organisational structure can 

support the exploitation of BDA implementation capabilities with increased product-

enhancing performance if defined correctly. However, this is not supported when 

considering internal process performance, highlighting that BDA implementation 

capabilities have a dynamic nature also concerning the surrounding contexts, in this case, 

the chosen organisational structure. 

 



 

 

Figure 2 visually reports the results from our analyses conducted with BDA as the 

investigated technology. 

 

Figure 2. Visual representation of the analysis results for big data analytics (BDA). 

+ = positive beta coefficient, - = negative beta coefficient 
* 0.05 < p-value < 0.10, ** 0.01 < p-value < 0.05, *** p-value < 0.01 

 

It is important to note that MES generally get adopted on a broader scale than 

BDA (Frank, Dalenogare, and Ayala 2019; Frisk and Bannister 2017; Sabina Jeschke et 

al. 2016; Mittal et al. 2017). This fact also becomes evident from the higher level of 

adoption of MES compared with BDA among the sample companies (cf. Table A2 in 

Appendix 2). 

An MES commonly supports internal processes. It allows real-time visibility of 

flows and materials as well as a reduction of inventories and scraps. Hence, MES 

generally contribute to improving ‘cost, quality, flexibility, conformity and reliability’ 

(das Neves et al. 2015, 449). Contrary to these expectations, our study did not find any 

direct relationship between MES implementation and adaptive performance. This finding 

is consistent with Dalenogare et al. (2018), who observed rather pessimistic expectations 

about MES investments by Brazilian firms. 



 

 

Nevertheless, the analysis provides evidence that MES positively and 

significantly affect internal process performance. These influences include delivery speed 

and reliability as well as product quality. All relate to the essential tasks of MES, such as 

scheduling or quality management (Saenz de Ugarte, Artiba, and Pellerin 2009; Helo et 

al. 2014). 

As stated above, MES are mainly associated with internal performance 

expectations. Therefore, one unanticipated finding of MES was a positive effect on 

business performance. To explain this result, we can consider that the impact on business 

performance might be an indirect result of internal process effects, which can lead to 

business performance improvements in the long run. Finally, we found a slightly 

significant relationship with product-enhancing performance. 

Once again, the RBV perspective allows the development of a more valuable 

explanation for the results. In this case, MES implementation capabilities allow the 

achievement of competitive advantage through increased business, product-enhancing 

and internal process performance. Of course, when considering a different technology, 

the results change, because the capabilities required to implement it properly, differ. 

Scholten (2009) stated that a centralised organisational structure best implements 

MES. However, the results do not support a direct effect of organisational structure on 

the level of technology implementation (H3 is not supported). A rather significant 

moderation effect on the relationship between MES implementation and performance 

only exists when considering product-enhancing performance (H2 is partially supported). 

As in the case of BDA, the chosen organisational structure moderates the 

relationship between MES implementation and firm performance only in specific cases. 

In particular, a central organisation fosters the positive effect of MES implementation 

capabilities on product-enhancing performance. Instead, the organisational structure does 



 

 

not appear to be relevant as a booster of competitive advantages as a result of business 

and internal processes.  

Figure 3 visually reports the results from our analyses conducted with MES as the 

investigated technology. 

 

Figure 3. Visual representation of the analysis results for manufacturing execution 

system (MES). 

+ = positive beta coefficient, - = negative beta coefficient 

* 0.05 < p-value < 0.10, ** 0.01 < p-value < 0.05, *** p-value < 0.01 

 

What stands out from the results of both I4.0 related technologies, BDA and MES, 

is their similarity regarding two points. First, the results for both technologies showed no 

effect on adaptive performance. It is somewhat surprising that both technologies seem 

not to be related to operational flexibility, which is the main component within the 

adaptive performance factor (cf. Errore. L'origine riferimento non è stata trovata.). A 

note of caution is necessary here since innovation ability is also part of the adaptive 

performance factor and possibly interferes with the effects on flexibility. Hence, one 

needs to interpret these results carefully. 

Second, for both technologies, no relation between organisational structure and 

the level of technology implementation was found. Therefore, our study contributes to 



 

 

the substantial research undertaken on the role of organisational structure in the context 

of digitalisation (Horlacher, Klarner, and Hess 2016; Cottyn et al. 2011; Ghobakhloo 

2018; Hirsch-Kreinsen 2016). The findings point out that the I4.0 implementation 

progress of technologies is not related to the setup of the organisational structure. 

All in all, we tested three hypotheses. Our findings support the first hypothesis 

depending on the technology and performance factor considered. Furthermore, our 

findings partially support the second hypothesis. Finally, our findings do not support the 

third hypothesis. Thus, we can only partially confirm the proposed model based on 

evidence in the literature. However, it is notable that the results differ significantly for 

each technology. Our research demonstrates that it is crucial to treat each technology 

individually and on its own instead of treating all I4.0 technologies as a homogenous 

group. Future research may continue exploring effects related to specific I4.0 

technologies and their corresponding use cases. 

6 Conclusions 

I4.0, the fourth industrial revolution, is on everyone’s lips. Practitioners and academics 

face a multitude of digital technologies associated with the concept of I4.0. Expectations 

regarding the performance effects of these technologies are high. However, it remains 

unclear exactly what to expect performance-wise. Our investigation, based on a survey 

of 116 participants, aimed to answer these questions with a focus on two important I4.0 

related technologies, BDA and MES. In conclusion, our analyses of the two technologies 

indicate that: 

• BDA and MES have a positive impact on distinct performance categories. 

• Results sharply differ for each considered technology (either BDA or MES). 

• The organisational structure does not influence technology implementation. 



 

 

• The organisational structure has a positive moderating effect on specific 

technology-performance relationships. 

6.1 Managerial implications 

This research combines quantitative results with the existing knowledge base in literature, 

suggesting some managerial implications. First, it enhances the understanding of 

managers and decision-makers in manufacturing firms and equips them with some basic 

guidelines for action. Apart from action recommendations, managers can also utilise our 

analysis to support their decision-making processes. This evaluation of selected 

technologies proves a positive effect on performance in general. However, the results 

highlight that managers should not expect any adaptive performance improvements and 

should maintain realistic expectations regarding the business effects. Finally, we provide 

some guidance for firms that are unclear about their organisational setup for technology 

implementations. Based on our findings, it seems that the question of how to organise 

technology implementation is negligible. 

6.2 Limitations, scientific implications and outlook 

This research is subject to some inherent limitations. First, the response rate was relatively 

low. It may be that the length of the questionnaire deterred several participants. The 

survey was composed of five comprehensive sections to answer questions beyond the 

content of this analysis. However, as participants were mainly top-level managers or 

responsible for manufacturing-related functions, the sample complies with the quality 

demands and meets the target audience. Besides, the newness of the I4.0 topic might 

explain the reluctance of respondents in completing the survey. 

A potential source of bias for the study is the geographic focus on individuals and 

firms from German-speaking countries. Given that some scholars see the cradle of I4.0 



 

 

in Germany (Lu 2017; Zhou, Liu, and Zhou 2016; Liao et al. 2017; Ghobakhloo 2018), 

openness towards this topic and maturity in implementation of respective technologies 

might be higher there than in other regions. However, this focus also limits the study’s 

comparability with evidence from quantitative research conducted globally or in other 

regions. Nevertheless, we encourage other scholars to conduct similar research in other 

countries to gain a better understanding of differences and similarities; a similar 

exploration of emerging economies might be particularly interesting. 

This research enriches the current discussion in academia on digital technologies 

in the context of I4.0. First, it provides empirical evidence for the widespread expectation 

that I4.0 technologies have a positive performance effect. At the same time, our findings 

challenge the assumption that I4.0 technologies, such as BDA and MES, improve 

operational performance per se. Though our analysis confirmed a positive effect on, for 

example, internal process performance, it does not provide evidence for any effect on 

adaptive performance. Further research is necessary to understand these performance 

effects in a better way. Qualitative cases might provide a deeper understanding of the 

performance effects that can stem from implementing I4.0 technologies. 

Our research also highlights why there is a lack of consensus in the literature about 

the ideal organisational structure to implement I4.0 technologies. Both centralised and 

decentralised organisations show no significant effect on technology implementation. 

However, centralised organisations moderate the relationship between technology 

implementation and product-enhancing performance. 

However, although the MES-related literature prefers a centralised approach to 

implementing such systems, our analysis does not find empirical evidence to support this 

assumption. The choice for an organisational structure to implement digital technologies 

remains highly relevant, especially for manufacturing firms that operate globally 



 

 

dispersed plants. These firms are currently investing significantly in I4.0 technologies. If 

research continues to investigate the organisational questions linked to technology 

implementation, it could provide them with highly relevant results for practice. 

Acknowledgements 

We acknowledge the invaluable support provided by a consortium of ten manufacturing 

companies from the German-speaking area. They sponsored the study and helped us in 

shaping the survey questionnaire through multiple workshops and individual calls. 

References 

Addo-Tenkorang, Richard, and Petri T. Helo. 2016. ‘Big Data Applications in 

Operations/Supply-Chain Management: A Literature Review’. Computers & 

Industrial Engineering 101 (November). Pergamon: 528–543. 

doi:10.1016/J.CIE.2016.09.023. 

Almada-Lobo, Francisco. 2015. ‘The Industry 4.0 Revolution and the Future of 

Manufacturing Execution Systems (MES)’. Journal of Innovation Management 3 

(4): 16–21. 

Ambrosini, Véronique, and Cliff Bowman. 2009. ‘What Are Dynamic Capabilities and 

Are They a Useful Construct in Strategic Management?’ International Journal of 

Management Reviews 11 (1). Wiley Online Library: 29–49. 

Andrew McAffee, Andrew, and Erik Brynjolfsson. 2012. ‘Big Data: The Management 

Revolution’. 

Arnold, Christian, and Kai-Ingo Voigt. 2019. ‘Determinants of Industrial Internet of 

Things Adoption in German Manufacturing Companies’. International Journal of 

Innovation and Technology Management (IJITM) 16 (06). World Scientific 

Publishing Co. Pte. Ltd.: 1–21. 

Barney, Jay. 1991. ‘Firm Resources and Sustained Competitive Advantage’. Journal of 

Management 17: 99–120. doi:10.1177/014920639101700108. 

Bauernhansl, Thomas, Michael ten Hompel, and Birgit Vogel-Heuser. 2014. Industrie 



 

 

4.0 in Produktion, Automatisierung Und Logistik. Wiesbaden: Springer 

Fachmedien Wiesbaden. doi:10.1007/978-3-658-04682-8. 

Beach, Roger. 2004. ‘Adopting Internet Technology in Manufacturing: A Strategic 

Perspective’. Production Planning and Control 15 (1): 80–89. 

doi:10.1080/09537280410001662574. 

Berman, Saul J. 2012. ‘Digital Transformation: Opportunities to Create New Business 

Models’. Strategy and Leadership 40 (2): 16–24. 

doi:10.1108/10878571211209314. 

Bokrantz, Jon, Anders Skoogh, Cecilia Berlin, and Johan Stahre. 2017. ‘Maintenance in 

Digitalised Manufacturing: Delphi-Based Scenarios for 2030’. International 

Journal of Production Economics 191 (October 2016). Elsevier Ltd: 154–169. 

doi:10.1016/j.ijpe.2017.06.010. 

Brown, Brad, Johnson Sikes, and Paul Wilmott. 2013. ‘Bullish on Digital: McKinsey 

Global Survey Results: CEOs and Other Senior Executives Are Increasingly 

Engaged as Their Companies Step up Efforts to Build Digital Enterprises.’ 

Cagliano, Raffaella, Filomena Canterino, Annachiara Longoni, and Emilio Bartezzaghi. 

2019. ‘The Interplay between Smart Manufacturing Technologies and Work 

Organization: The Role of Technological Complexity’. Edited by Canterino 

Filomena. International Journal of Operations & Production Management 39 

(6/7/8). Emerald Publishing Limited: 913–934. doi:10.1108/IJOPM-01-2019-0093. 

Chen, Baotong, Jiafu Wan, Lei Shu, Peng Li, Mithun Mukherjee, and Boxing Yin. 

2018. ‘Smart Factory of Industry 4.0: Key Technologies, Application Case, and 

Challenges’. IEEE Access 6: 6505–6519. doi:10.1109/ACCESS.2017.2783682. 

Chen, Hsinchun, Roger Chiang, and Veda Storey. 2012. ‘Business Intelligence and 

Analytics: From Big Data to Big Impact’. MIS Quarterly 36 (4): 1165–1188. 

Chen, Yubao. 2017. ‘Integrated and Intelligent Manufacturing: Perspectives and 

Enablers’. Engineering 3 (5): 588–595. doi:10.1016/J.ENG.2017.04.009. 

Cimini, Chiara, Albachiara Boffelli, Alexandra Lagorio, Matteo Kalchschmidt, and 

Roberto Pinto. ‘How Do Industry 4.0 Technologies Influence Organisational 

Change? An Empirical Analysis on Italian SMEs’. Journal of Manufacturing 

Technology Management. 



 

 

Côrte-Real, Nadine, Pedro Ruivo, Tiago Oliveira, and Aleš Popovič. 2019. ‘Unlocking 

the Drivers of Big Data Analytics Value in Firms’. Journal of Business Research 

97 (April). Elsevier Inc.: 160–173. doi:10.1016/j.jbusres.2018.12.072. 

Cottyn, J., H. Van Landeghem, K. Stockman, and S. Derammelaere. 2011. ‘A Method 

to Align a Manufacturing Execution System with Lean Objectives’. In 

International Journal of Production Research, 49:4397–4413. 

doi:10.1080/00207543.2010.548409. 

Dalenogare, Lucas Santos, Guilherme Brittes Benitez, Néstor Fabián Ayala, and 

Alejandro Germán Frank. 2018. ‘The Expected Contribution of Industry 4.0 

Technologies for Industrial Performance’. International Journal of Production 

Economics 204 (October). Elsevier B.V.: 383–394. doi:10.1016/j.ijpe.2018.08.019. 

das Neves, Joze, Fernando A S Marins, Getulio K Akabane, Roberto Kanaane, and 

Manoel Souza. 2015. ‘Development of the MES Aiming to Improve Competitive 

Priorities of Manufacturing’. Independent Journal of Management & Production 6 

(2): 449–463. 

Dubey, Rameshwar, Angappa Gunasekaran, Stephen J Childe, Constantin Blome, and 

Thanos Papadopoulos. 2019. ‘Big Data and Predictive Analytics and 

Manufacturing Performance: Integrating Institutional Theory, Resource-Based 

View and Big Data Culture’. British Journal of Management 30: 341–361. 

doi:10.1111/1467-8551.12355. 

Durana, Pavol, Pavol Kral, Vojtech Stehel, George Lazaroiu, and Wlodzimierz Sroka. 

2019. ‘Quality Culture of Manufacturing Enterprises: A Possible Way to 

Adaptation to Industry 4.0’. Social Sciences 8 (4). Multidisciplinary Digital 

Publishing Institute: 124. 

Eisenhardt, K.M., and J.A. Martin. 2000. ‘Dynamic Capabilities: What Are They?’ 

Strategic Management Journal 21 (10–11): 1105–1121. doi:10.1002/1097-

0266(200010/11)21:10/11<1105::AID-SMJ133>3.0.CO;2-E. 

Feldmann, Andreas, Jan Olhager, Don Fleet, and Yongjiang Shi. 2013. ‘Linking 

Networks and Plant Roles: The Impact of Changing a Plant Role’. International 

Journal of Production Research 51 (19): 5696–5710. 

doi:10.1080/00207543.2013.778429. 



 

 

Forstner, Lisa, and Mathias Dümmler. 2014. ‘Integrierte Wertschöpfungsnetzwerke – 

Chancen Und Potenziale Durch Industrie 4.0’. E & i Elektrotechnik Und 

Informationstechnik 131 (7): 199–201. doi:10.1007/s00502-014-0224-y. 

Forza, C. 2002. ‘Survey Research in Operations Management: A Process-Based 

Perspective’. International Journal of Operations and Production Management. 

doi:10.1108/01443570210414310. 

Frank, Alejandro Germán, Lucas Santos Dalenogare, and Néstor Fabián Ayala. 2019. 

‘Industry 4.0 Technologies: Implementation Patterns in Manufacturing 

Companies’. International Journal of Production Economics 210 (January). 

Elsevier B.V.: 15–26. doi:10.1016/j.ijpe.2019.01.004. 

Friedli, Thomas, Andreas Mundt, and Stefan Thomas. 2014. Strategic Management of 

Global Manufacturing Networks. Management for Professionals. Berlin, 

Heidelberg: Springer Berlin Heidelberg. doi:10.1007/978-3-642-34185-4. 

Frisk, Jane Elisabeth, and Frank Bannister. 2017. ‘Improving the Use of Analytics and 

Big Data by Changing the Decision-Making Culture’. Management Decision 55 

(10): 2074–2088. doi:10.1108/MD-07-2016-0460. 

Ghobakhloo, Morteza. 2018. ‘The Future of Manufacturing Industry: A Strategic 

Roadmap toward Industry 4.0’. Journal of Manufacturing Technology 

Management 29 (6): 910–936. doi:10.1108/JMTM-02-2018-0057. 

Gilchrist, Alasdair. 2016. Industry 4.0 : The Industrial Internet of Things. Apress. 

Gölzer, Philipp, and Albrecht Fritzsche. 2017. ‘Data-Driven Operations Management: 

Organizational Implications of the Digital Transformation in Industrial Practice’. 

Production Planning & Control 28: 1332–1343. 

doi:10.1080/09537287.2017.1375148. 

Gupta, Manjul, and Joey F. George. 2016. ‘Toward the Development of a Big Data 

Analytics Capability’. Information & Management 53 (8): 1049–1064. 

doi:10.1016/j.im.2016.07.004. 

Helfat, C.E., S. Finkelstein, W. Mitchell, M. Peteraf, H. Singh, David J. Teece, and S.G. 

Winter. 2007. Dynamic Capabilities and Organizational Process. Dynamic 

Capabilities: Understanding Strategic Change in Organizations. 

Helo, Petri, Mikko Suorsa, Yuqiuge Hao, and Pornthep Anussornnitisarn. 2014. 



 

 

‘Toward a Cloud-Based Manufacturing Execution System for Distributed 

Manufacturing’. Computers in Industry 65 (4): 646–656. 

doi:https://doi.org/10.1016/j.compind.2014.01.015. 

Hirsch-Kreinsen, Hartmut. 2016. ‘Digitization of Industrial Work: Development Paths 

and Prospects’. Journal for Labour Market Research 49 (1): 1–14. 

doi:10.1007/s12651-016-0200-6. 

Horlacher, Anna, Patricia Klarner, and Thomas Hess. 2016. ‘Crossing Boundaries: 

Organization Design Parameters Surrounding CDOs and Their Digital 

Transformation Activities’. In Twenty-Second Americas Conference on 

Information Systems, 1–10. AMCIS 2016: Surfing the IT Innovation Wave - 22nd 

Americas Conference on Information Systems. San Diego. 

Isaac, Stephen, and William B Michael. 1995. Handbook in Research and Evaluation: 

A Collection of Principles, Methods, and Strategies Useful in the Planning, 

Design, and Evaluation of Studies in Education and the Behavioral Sciences. Edits 

publishers. 

Jeschke, Sabina, Christian Brecher, Tobias Meisen, Denis Özdemir, and Tim Eschert. 

2016. ‘Industrial Internet of Things and Cyber Manufacturing Systems’. In 

Industrial Internet of Things. Springer Series in Wireless Technology, edited by S. 

Jeschke, C. Brecher, H. Song, and D. Rawat, 3–19. Springer, Cham. 

doi:10.1007/978-3-319-42559-7_1. 

Kagerman, Henning, Wolfgang Wahlster, and Johannes Helbig. 2013. 

‘Recommendations for Implementing the Strategic Initiative INDUSTRIE 4.0’. 

Final Report of the Industrie 4.0 Working Group, 82. 

Kang, Hyoung Seok, Ju Yeon Lee, SangSu Choi, Hyun Kim, Jun Hee Park, Ji Yeon 

Son, Bo Hyun Kim, and Sang Do Noh. 2016. ‘Smart Manufacturing: Past 

Research, Present Findings, and Future Directions’. International Journal of 

Precision Engineering and Manufacturing-Green Technology 3 (1): 111–128. 

doi:10.1007/s40684-016-0015-5. 

Ketokivi, Mikko, Virpi Turkulainen, Timo Seppälä, Petri Rouvinen, and Jyrki Ali-

Yrkkö. 2017. ‘Why Locate Manufacturing in a High-Cost Country? A Case Study 

of 35 Production Location Decisions’. Journal of Operations Management 49–51 

(1): 20–30. doi:10.1016/j.jom.2016.12.005. 



 

 

Lamba, Kuldeep, and Surya Prakash Singh. 2017. ‘Big Data in Operations and Supply 

Chain Management: Current Trends and Future Perspectives’. Production 

Planning & Control 28 (11–12). Taylor & Francis: 877–890. 

doi:10.1080/09537287.2017.1336787. 

Lee, Jay, Hung-An Kao, and Shanhu Yang. 2014. ‘Service Innovation and Smart 

Analytics for Industry 4.0 and Big Data Environment’. Procedia CIRP 16: 3–8. 

doi:10.1016/j.procir.2014.02.001. 

Liao, Yongxin, Fernando Deschamps, Eduardo de Freitas Rocha Loures, and Luiz 

Felipe Pierin Ramos. 2017. ‘Past, Present and Future of Industry 4.0 - a Systematic 

Literature Review and Research Agenda Proposal’. International Journal of 

Production Research 55 (12). Taylor & Francis: 3609–3629. 

doi:10.1080/00207543.2017.1308576. 

Lu, Yang. 2017. ‘Industry 4.0: A Survey on Technologies, Applications and Open 

Research Issues’. Journal of Industrial Information Integration. Elsevier B.V. 

doi:10.1016/j.jii.2017.04.005. 

Maritan, Catherine A., Thomas H. Brush, and Aneel G. Karnani. 2004. ‘Plant Roles and 

Decision Autonomy in Multinational Plant Networks’. Journal of Operations 

Management 22 (5): 489–503. doi:10.1016/j.jom.2004.05.007. 

Miller, Jeffrey G, and Aleda V Roth. 1994. ‘A Taxonomy of Manufacturing Strategies’. 

Management Science 40 (3). INFORMS: 285–304. doi:10.1287/mnsc.40.3.285. 

Mittal, Sameer, Muztoba Ahmad Khan, David Romero, and Thorsten Wuest. 2017. 

‘Smart Manufacturing: Characteristics, Technologies and Enabling Factors’. 

Proceedings of the Institution of Mechanical Engineers, Part B: Journal of 

Engineering Manufacture, October 1. doi:10.1177/0954405417736547. 

Noh, Kyoo-Sung, and Sanghwi Park. 2014. ‘An Exploratory Study on Application Plan 

of Big Data to Manufacturing Execution System’. The Journal of Digital Policy 

and Management 12 (1). The Korea Society of Digital Policy and Management: 

305–311. doi:10.14400/JDPM.2014.12.1.305. 

Nunnally, Jum C, Ira H Bernstein, and Jos M F ten Berge. 1967. Psychometric Theory. 

Vol. 226. McGraw-hill New York. 

Olhager, Jan, and Andreas Feldmann. 2018. ‘Distribution of Manufacturing Strategy 



 

 

Decision-Making in Multi-Plant Networks’. International Journal of Production 

Research 56 (1–2): 692–708. doi:10.1080/00207543.2017.1401749. 

Papadopoulos, Thanos, Angappa Gunasekaran, Rameshwar Dubey, and Samuel Fosso 

Wamba. 2017. ‘Big Data and Analytics in Operations and Supply Chain 

Management: Managerial Aspects and Practical Challenges’. Production Planning 

& Control 28 (11–12). Taylor & Francis: 873–876. 

doi:10.1080/09537287.2017.1336795. 

Pereira, A. C., and F. Romero. 2017. ‘A Review of the Meanings and the Implications 

of the Industry 4.0 Concept’. Procedia Manufacturing 13. Elsevier B.V.: 1206–

1214. doi:10.1016/j.promfg.2017.09.032. 

Podasakoff, Philip M, Scott B MacKenzie, Jeong-Yeon Lee, and Nathan P Podsakoff. 

2003. ‘Common Method Biases in Behavioral Research: A Critical Review of the 

Literature and Recommended Remedies’. Journal of Applied Psychology 63 (1): 

539–569. 

Popovič, Aleš, Ray Hackney, Rana Tassabehji, and Mauro Castelli. 2016. ‘The Impact 

of Big Data Analytics on Firms’ High Value Business Performance’. 

Rossini, Matteo, Federica Costa, Guilherme L. Tortorella, and Alberto Portioli-

Staudacher. 2019. ‘The Interrelation between Industry 4.0 and Lean Production: 

An Empirical Study on European Manufacturers’. International Journal of 

Advanced Manufacturing Technology 102 (9–12). The International Journal of 

Advanced Manufacturing Technology: 3963–3976. doi:10.1007/s00170-019-

03441-7. 

Rüßmann, Michael, Markus Lorenz, Philipp Gerbert, Manuela Waldner, Jan Justus, 

Pascal Engel, and Michael Harnisch. 2015. ‘Industry 4.0: The Future of 

Productivity and Growth in Manufacturing Industries’. 

Saenz de Ugarte, B., A. Artiba, and R. Pellerin. 2009. ‘Manufacturing Execution 

System – a Literature Review’. Production Planning & Control 20 (6).  Taylor & 

Francis Group : 525–539. doi:10.1080/09537280902938613. 

Scholten, Bianca. 2009. MES Guide for Executives: Why and How to Select, Implement, 

and Maintain a Manufacturing Execution System. 

Seibl, Felix, and Carolin Theobald. 2017. Impressum Industrie 4.0: MES-Voraussetzung 



 

 

Für Das Digitale Betriebs-Und Produktionsmanagement. 

Spath, Dieter, ed. 2013. Produktionsarbeit Der Zukunft - Industrie 4.0: Studie. Stuttgart: 

Fraunhofer-Verl. 

Sun, Shiwei, Casey G. Cegielski, Lin Jia, and Dianne J. Hall. 2016. ‘Understanding the 

Factors Affecting the Organizational Adoption of Big Data’. Journal of Computer 

Information Systems 58 (3). Taylor & Francis: 193–203. 

doi:10.1080/08874417.2016.1222891. 

Teece, David J., Gary Pisano, and Amy Shuen. 1997. ‘Dynamic Capabilities and 

Strategic Management’. Strategic Management Journal 18 (7): 509–533. 

doi:10.1002/(SICI)1097-0266(199708)18:7<509::AID-SMJ882>3.0.CO;2-Z. 

Torres, Russell, Anna Sidorova, and Mary C Jones. 2018. ‘Enabling Firm Performance 

through Business Intelligence and Analytics: A Dynamic Capabilities Perspective’. 

Information & Management 55 (7): 822–839. doi:10.1016/j.im.2018.03.010. 

van Laar, Ester, Alexander J A M van Deursen, Jan A G M van Dijk, and Jos de Haan. 

2017. ‘The Relation between 21st-Century Skills and Digital Skills: A Systematic 

Literature Review’. Computers in Human Behavior 72: 577–588. 

doi:10.1016/j.chb.2017.03.010. 

Wamba, Samuel Fosso, Angappa Gunasekaran, Shahriar Akter, Steven Ji-fan Ren, 

Rameshwar Dubey, and Stephen J. Childe. 2017. ‘Big Data Analytics and Firm 

Performance: Effects of Dynamic Capabilities’. Journal of Business Research 70 

(January): 356–365. doi:10.1016/j.jbusres.2016.08.009. 

Yadegaridehkordi, Elaheh, Mehdi Hourmand, Mehrbakhsh Nilashi, Liyana Shuib, Ali 

Ahani, and Othman Ibrahim. 2018. ‘Influence of Big Data Adoption on 

Manufacturing Companies’ Performance: An Integrated DEMATEL-ANFIS 

Approach’. Technological Forecasting and Social Change 137 (December). 

Elsevier Inc.: 199–210. doi:10.1016/j.techfore.2018.07.043. 

Yoo, Youngjin, Richard J Boland, Kalle Lyytinen, and Ann Majchrzak. 2012. 

‘Organizing for Innovation in the Digitized World’. Organization Science 23 (5): 

1398–1408. doi:10.1287/orsc.1120.0771. 

Zhou, Keliang, Taigang Liu, and Lifeng Zhou. 2016. ‘Industry 4.0: Towards Future 

Industrial Opportunities and Challenges’. 2015 12th International Conference on 



 

 

Fuzzy Systems and Knowledge Discovery, FSKD 2015. IEEE, 2147–2152. 

doi:10.1109/FSKD.2015.7382284. 



 

 

Appendix 1 Organisational structures in the survey questionnaire 

When asked for the organisational structure of their digitalisation activities, we provided 

the survey participants with the graphical representation shown in Figure A1 and the 

following definitions in the questionnaire: 

• Decentralised = integrated into functional units (specialists are scattered over 

different departments and work exclusively for their department) 

• Functional = integrated into a single functional unit (specialists are part of one 

functional area, which is responsible for all digitalisation related topics) 

• Project / Lead Team = organised as a project or lead team (team of digitalisation 

specialists with members from different departments, which is responsible for all 

digitalisation related topics) 

• Centre of Excellence (Competence) = organised as a centre of excellence 

(digitalisation specialists are allocated to functional units, and their activities are 

centrally coordinated) 

• Lead Factory = organised as a lead factory (one plant fulfils all digitalisation 

activities and provides solutions to other sites. It leads in terms of knowledge, 

competency and technology) 



 

 

 

Figure A1. Graphical representation of the organisation structures that we presented to 

the survey participants. 

 

As seen in Figure A1, we grouped the five different organisational structures into 

two categories: those that provide central coordination and those that do not provide 

central coordination of digitalisation activities, i.e. are decentralised. We characterise 

centralised coordination by at least one function with digitalisation responsibility above 

the level of individual departments. 
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Appendix 2 Descriptive statistics of the variables used in the analysis 

Table A2. Descriptive statistics of the variables used in the analysis: internal enablers, 

technologies, performance. 

Variable 
No. of 

observations 
Mean Std. Dev. Min. Max. 

BDA  114 3.394 1.392 2 6 

MES 107 4.037 1.742 1 6 

Business  87 4.978 1.013 2.33 7 

Adaptive  93 5.012 0.9537 3 8 

Product-

enhancing 
81 4.771 0.8102 3 6.5 

Internal process 90 4.883 0.8212 2 6.5 

SizeLn 113 6.074 2.093 0 10.9 

Data management 104 5.841 0.7877 3.33 7 

Company’s 

culture 
104 5.839 0.8564 2.67 7 

Standardisation 104 5.293 1.137 2.5 7 

  



 

 

Appendix 3 Relevant questions from the survey 

A3.1 Industry 

Which industry does your company operate in? 

Please tick the industrial sector in which your company is operating. If more than one 

category is correct, please choose the most dominant one. 

 10 - Manufacture of food and animal feed 

 11 - Manufacture of beverages 

 12 - Manufacture of tobacco products 

 13 - Manufacture of textiles 

 14 - Manufacture of clothes 

 15 - Manufacture of leather and related products and shoes 

 16 - Manufacture of wood and of products of wood and cork, except furniture; 

manufacture of articles of straw and plaiting materials 

 17 - Manufacture of pulp, paper and paper products 

 18 - Publishing, printing and reproduction of recorded media 

 19 - Manufacture of coke and refined petroleum products 

 20 - Manufacture of chemical products 

 21 - Manufacture of pharmaceuticals 

 22 - Manufacture of rubber and plastic products 

 23 - Manufacture of other non-metallic mineral products 

 24 - Metal production and metal processing 

 25 - Manufacture of metal products 

 26 - Manufacture of computer, electronic and optical products 

 27 - Manufacture of electrical equipment 



 

 

 28 - Mechanical engineering 

 29 - Manufacture of automotive and automotive components 

 30 - Manufacture of other transport equipment 

 31 - Manufacture of furniture 

 33 - Repair and installation of machinery and equipment 

 32 - Production of other goods, namely: _______________ 

A3.2 Company classification 

How would you classify your company? Are you user or provider (or both) of digital 

technologies/solutions? 

Please choose the appropriate answer. 

 Provider 

 User 

A3.3 Size / employees 

How many people are employed by your company as measured in full-time equivalents? 

If you do not have the exact number, please give your best estimate. Please provide a 

whole number and do not make use of a separator for thousands. 

_______________ [FTEs] 

A3.4 Organisational structure 

How has your company primarily organised its digitalisation activities/responsibilities 

and how does it plan to adapt it? What do you think is the optimal organisational 

structure? You can find an explanation for the organisational structures here (cf. 

information provided in Appendix 1). If no changes are planned, please select the same 

organisational structure for ‘current’ and ‘planned’. 
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A3.5 Technology implementation 

What is the current status of your company regarding the following technologies, which 

can be used for Industry 4.0 and digitalisation activities? 

Please choose one or more options from the list. 
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A3.6 Performance 

How has the performance of your company changed in comparison to one of its 

competitors during the last three years? 



 

 

Please indicate development with respect to the following factors. 
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