
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

  

 

 

Capabilities and 

consequences of supply 

chain resilience: the 

moderating role of digital 

technologies  

MASTER THESIS 

THESIS WITHIN: Business Administration 

NUMBER OF CREDITS: 30 ETCS   
PROGRAMME OF STUDY: International Logistics and 

Supply Chain Management 
AUTHOR: Scholz, Anna Lena 
JÖNKÖPING June 2021 

 



 

 i 

Master Thesis 

 

Title:  Capabilities and Consequences of supply chain resilience: the moderating role of 

digital technologies 

Author:  Scholz, Anna Lena 

Tutor:  Mohammad Eslami 

Date:  2021-06-28 

 

Key terms: Supply chain resilience; digital technologies; supply chain integration, supply 

chain agility, operational performance, manufacturing industry  

 

 

  

Abstract 

 

Background:  The current COVID-19 crisis that caused supply chain disruptions raised 

the importance in supply chain resilience. In this context, the application 

of digital technologies is still not fully exploited.  

Purpose:    The purpose of this study is to investigate the impact of supply chain 

integration and supply chain agility as capabilities of supply chain 

resilience within the manufacturing industry. Additionally, the 

consequences that supply chain resilience has on operational performance 

constitutes the second part of this study. All these relationships are 

investigated under the influence of digital technologies as moderator in 

order to assess the importance for firms to apply digital technologies in the 

context of supply chain resilience. 

Method:   Through a positivistic approach, questionnaires were sent out to 

 manufacturing firms in Germany. A factor analysis confirmed the validity 

and reliability of the data set. Finally, a regression analysis tested the 

previously established hypotheses. 

Conclusion: By examining the relationships between the individual factors in the 

proposed model, the findings of the study demonstrate that supply chain 

agility and integration are capabilities of supply chain resilience. 
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Furthermore, the importance of supply chain resilience is emphasized by 

confirming the positive effect that supply chain resilience has on the 

operational performance. Additionally, this study points out that deploying 

digital technologies in the field of supply chain resilience is beneficial for 

manufacturing firms, since digital technologies enhance some of the 

positive relationships.   
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1 Introduction 

___________________________________________________________________________ 

This chapter introduces the reader to the importance of the topic and the underlying reasons 

behind the research and discusses the problems and challenges within this research area. 

Furthermore, the purpose of this study as well as the research questions are defined. 

___________________________________________________________________________ 

 Importance of Topic in Research and Industry 

Globalization increased the probability of supply chains being exposed to several kinds of 

disruptions since supply chains are becoming more complex due to the increasing amount of 

global sourcing. Therefore, supply chain resilience gains in importance (Ribeiro & Barbosa-

Povoa, 2018), addressing how to mitigate or more commonly respond to supply chain 

disruptions (Kochan & Nowicki, 2018). The current COVID-19 crisis caused disruptions 

especially in manufacturing companies’ supply chains, as production plants were temporarily 

shut down or cross-border transports were restrained. This caused, among other things, 

shortages in supplies which hindered ongoing manufacturing processes. In addition, companies 

are lacking knowledge on how to cope with the COVID-19 crisis and render their supply chains 

resilient (Behaldi, et al., 2021). This is due to the fact that data about how to address the effects 

that COVID-19 has on supply chains in the long-term is still lacking (Ivanov & Dolgui, 2020b). 

This is where the capabilities of supply chain resilience come into effect in order to cope with 

the disruptions caused by the COVID-19 crisis.  

So far, the responses to supply chain disruptions caused by COVID-19 in the manufacturing 

industry are manifold. Overall, the use of digital technology including industry 4.0 and big data 

analytics (Behaldi, et al., 2021) contributes to supply chain resilience, for instance, through 

real-time disruption data provision as well as transparency throughout the processes (Ivanov & 

Dolgui, 2020a). According to Ivanov et al. (2019), digital technologies positively influence the 

responsiveness of demand as well as flexible adjustments in capacities, which could mitigate 

the current disruptions. Consequently, this emphasizes the importance of supply chain agility 

in order to be capable of quickly reacting and flexibly adapting to changes in the business 

environment (Blome, Schoenherr, & Rexhausen, 2013) as it is the case during the COVID-19 

crisis. Tukamuhabwa, Stevenson, Busby, & Zorzini (2015) identified supply chain agility as a 

relevant capability of ensuring supply chain resilience. According to Christopher & Peck 
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(2004), supply chain agility comprises visibility throughout the supply chain and current 

deliveries as well as velocity, meaning that the supply chain can be adjusted flexibly. Even 

though agility contributes to supply chain resilience (Juettner & Maklan, 2011), it is considered 

to be a reactive capability which implies that supply chain agility is employed as response after 

a supply chain disruption occurred (Li, Holsapple, Wu, & Goldsby, 2017). In turn, supply chain 

integration is considered being a proactive supply chain resilience enabling capability (Altay, 

Gunasekaran, Dubey, & Childe, 2018) as it is characterized by strategic partnering as well as 

collaboration and leads to transparency throughout supply chain processes. This transparency 

facilitates to detect supply chain disruptions, such as those resulting from COVID-19, at an 

early stage (Arsalan Zahid, Mohezar, & Jaafar, 2020). A study conducted by Juettner & Maklan 

(2011) about supply chain resilience supports a positive relationship between supply chain 

integration and resilience by showing that collaboration capabilities between supply chain 

partners positively influence supply chain resilience.  

Overall, manufacturing companies have an interest in ensuring their long-term existence 

(Ivanov & Dolgui, 2020b). Thus, firms are required to establish and sustain a competitive 

advantage that ensures a superior operational performance compared to other firms (Peteraf & 

Barney, 2003). Carvalho, Barroso, Machado, Azevedo, & Cruz-Machado (2012) proposed 

measures to assess the operational performance which incorporate the delivery as well as supply 

and procurement flexibility, on-time delivery as well as the conversion flexibility 

responsiveness to urgent deliveries. Consequently, the impact that supply chain resilience under 

the effect of COVID-19 and the application of digital technologies has on the operational 

performance is evaluated as part of this study.  

 

 Problem Discussion 

The contemporary business environment exposes supply chains to various challenges including 

globalized markets, hyper-competition, market turbulence, continuous product and service 

innovations (Wamba, Dubey, Gunasekaran, & Akter, 2020) as well as supply chain disruptions 

caused by the rapid outbreak of the COVID-19 pandemic (Ivanov & Dolgui, 2020b). In order 

to counteract these present challenges, manufacturing firms are required to maintain and further 

develop new ways of strengthening both reactive and proactive supply resilience capabilities 

that ensure a successful operational performance in the long-term (Behaldi, et al., 2021).  
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In fact, digital technologies can provide support in decision making processes regarding the 

configuration of supply chain operations by providing and analyzing accurate real-time data 

(Tao, Qi, Liu, & Kusiak, 2018). Additionally, since digital technologies create interfaces with 

supply chain partners that results in a higher integration, potential disruptions can be detected 

before they propagate (Ivanov & Dolgui, 2020b). In turn, firms can respond to changes by 

adjusting their supply chain operations in a timely and thereby agile manner which mitigates 

negative implications on the operational performance (Al-Shboul, 2017). To sum up, digital 

technologies are applied as part of both - proactive and reactive - supply chain resilience 

capabilities (Behaldi, et al., 2021). 

In research, the impact of the previously explained capabilities – including supply chain agility 

and supply chain integration - on supply chain resilience have only been studied independently 

before (Piprani, Mohezar, & Jaafar, 2020; Gunasekaran, Dubey, Altay, & Childe, 2018). 

However, to the best of our knowledge, the impacts of the two capabilities supply chain agility 

and integration on supply chain resilience have not yet been studied under the influence of 

digital technologies. Additionally, the impact of supply chain resilience on the operational 

performance under the influence of digital technologies has also not been investigated before 

in academic research. In order to fill this research gap, it is important to study these capabilities 

and consequences as well as the special impact of digital technologies in the same research 

setting to extend the knowledge within the research field of supply chain resilience. 

Due to these benefits that the implementation of digital technologies was found to bring along, 

the motivation of this study is to find out whether digital technologies would also enhance the 

effect of proactive and reactive capabilities towards supply chain resilience as well as the effect 

of supply chain resilience towards an improved operational performance. The problem is, 

however, that many firms are not aware of the benefits and influence that digital technologies 

can bring in the context of ensuring supply chain resilience (Ivanov, Dolgui, & Sokolov, 2019). 

Therefore, if firms would not apply digital technologies even though it would enhance the 

influence of proactive and reactive capabilities towards ensuring supply chain resilience, it 

could result in a missed opportunity for strengthening resilient supply chains and consequently 

good operational performances. Hence, counteracting a disruption in a supply chain that lacks 

resilience would require more costs and time than for a resilient supply chain (Bodendorf & 

Zimmermann, 2005). Consequently, it is of vital importance to provide manufacturing firms 

with knowledge concerning the impact of digital technologies on the relationships between 

capabilities, supply chain resilience as well as the operational performance. Without this 
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knowledge as basis for decision-making, firms might lose capital due to imprudent investments 

or they will not accomplish the intended operational performance outcomes.  

 

 Purpose and Research Question 

Up to now, quite some research was conducted about supply chain agility and supply chain 

integration as reactive and proactive supply chain resilience capabilities as well as about the 

operational supply chain performance as consequence of supply chain resilience (Behaldi, et 

al., 2021; Tukamuhabwa, Stevenson, Busby, & Zorzini, 2015; Piprani, Mohezar, & Jaafar, 

2020). However, in the current literature there is a lack of study concerning the impact of digital 

technologies in the context of supply chain resilience as well as its capabilities and 

consequences (Ivanov, Dolgui, & Sokolov, 2019).  

 

In order to close this research gap, the purpose of this study is to investigate the capabilities and 

consequences of supply chain resilience under the influence of digital technologies within the 

manufacturing industry. Thereby, supply chain agility and integration as capabilities and 

operational performance as consequence of supply chain resilience are examined in the same 

research setting, making their individual quantitative impacts comparable. The resulting 

findings are expected to contribute to the importance of supply chain resilience, its capabilities 

and consequences as well as the influence of digital technologies as moderator in the context 

of supply chain resilience. Therefore, this study aims to respond to the following research 

questions:  

 

RQ1: How do supply chain resilience capabilities such as supply chain integration and agility 

under influence of digital technologies impact supply chain resilience within the manufacturing 

industry? 

 

RQ2: How does supply chain resilience influence the operational performance under the 

influence of digital technologies within the manufacturing industry? 

 

 Study outline 

The first chapter of this study gives insights into the background of the study and introduces 

the purpose as well as the research questions. The theoretical context of the research is provided 

in the second chapter by reviewing the dynamic capabilities theory and the specific factors 
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analyzed in this study. Based on the findings of previous literature, hypotheses are developed 

concerning the relationships between the factors. The third chapter describes the methodology 

applied in the study which demonstrates the methodological approach, the data collection as 

well as the analytical approach. Subsequently, the fourth chapter reveals the research findings 

and discloses whether the developed hypotheses are supported or rejected. These findings are 

then discussed in chapter five. The last chapter of this study contains a conclusion that answers 

the research question and points out theoretical and managerial contributions in this field of 

study. This research is then finalized by presenting limitations and pointing out potential future 

research topics.  
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2 Literature Review  

___________________________________________________________________________ 

This chapter introduces the theoretical background of the research. Moreover, a model 

concerning the relationships between the supply chain resilience factors incorporating seven 

hypotheses is suggested. 

___________________________________________________________________________ 

 

 Dynamic Capabilities Theory 

Originally, the dynamic capability theory is derived from the resource-based theory (Blome, 

Schoenherr, & Rexhausen, 2013) according to which resources define a company’s competitive 

advantage (Wernerfelt, 1984), whereas capabilities go even further and combine and use these 

resources in order to realize benefits (Day, 1994; Teece D., 2007; Teece D., 2014). By 

definition, the dynamic capabilities theory reflects a company’s potential of understanding and 

transforming its surroundings as well as its business model in order to deal with upcoming 

challenges and prospects arising from changing business environments (Teece, Pisano, & 

Shuen, 1997). Consequently, dynamic capabilities imply the company’s potential of innovating, 

embracing changes and realize changes which are beneficial for its customers but 

disadvantageous for its competitors (Teece, Peteraf, & Leih, 2016). This procedure of deployed 

dynamic capabilities is also referred to as sensing, seizing and transforming the threats and 

opportunities of the changing business environment in order to become or remain competitive 

(Teece D., 2007). Therefore, it is essential to deploy dynamic capabilities on a long-term basis 

in accordance with the company’s strategy. Especially strong dynamic capabilities enable 

companies to more effectively identify upcoming advancements (Teece, Peteraf, & Leih, 2016). 

However, in a steady business environment, Wilden & Gudergan (2015) warn about not sensing 

too often since this could lead to disproportionately high costs which are not justified by the 

relatively low profits resulting from incorporating dynamic capabilities.  

 

The dynamic capabilities theory is applied in the supply chain management scope of this study 

by statistically investigating the connection between supply chain agility and integration which 

represent the dynamic capabilities of supply chain resilience. In turn, supply chain resilience 

constitutes a dynamic capability towards operational performance. Companies with powerful 

dynamic capabilities incorporate a competent leadership group on one side, as well as a stable 

and reliable enterprise structure on the other side (Teece, Peteraf, & Leih, 2016). In a supply 
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chain context, resilience represents a dynamic capability that responds to unexpected alterations 

as innovations occur (Yu, Jacobs, Chavez, & Yang, 2019). Therefore, agility as dynamic 

capability within the supply chain was found to be directly beneficial for the operational 

performance in terms of being capable of flexibly delivering the correct product at the 

predefined quality, quantity and time (Blome, Schoenherr, & Rexhausen, 2013) particularly for 

worldwide operations (Teece D., 2014). Hence, supply chain agility also constitutes a 

competitive advantage by being capable of quickly reacting and adapting to changes in the 

business environment (Blome, Schoenherr, & Rexhausen, 2013). Agility as dynamic capability 

also supports applying recent digital technologies, for instance by facilitating a quick 

implementation (Warner & Wäger, 2019). In turn, digital technologies itself are also considered 

being a facilitator of integrated supply chains. Using the same IT systems and sharing 

knowledge represent parts of supply chain integration which itself constitutes a dynamic 

capability (Fawcett, Wallin, Allred, Fawcett, & Magnan, 2011) that improves performance 

(Beske, Land, & Seuring, 2014).  

 

 Supply Chain Resilience 

Supply chain resilience can be defined as “the adaptive capability of a supply chain to prepare 

for and/or respond to disruptions, to make a timely and cost-effective recovery, and therefore 

progress to a post-disruption state of operations - ideally, a better state than prior to the 

disruption” (Tukamuhabwa B., Stevenson, Busby, & Zorzini, 2015, p. 5599). There are similar 

definitions, however, whereas Brandon-Jones, Squire, Autry, & Petersen (2014) omits the cost 

factor that implies a cost-effective recovery, Christopher & Peck (2004) additionally neglect 

the time aspect of a quick recovery. Hence, the existing definitions imply that a consensus over 

the definition of resilience is still missing (Purvis, Spall, Naim, & Spiegler, 2016; 

Tukamuhabwa, Stevenson, Busby, & Zorzini, 2015).  

 

The importance of supply chain resilience becomes obvious when considering the various 

internal as well as external - environmental or human-induced - disruptions a supply chain is 

exposed to (Tukamuhabwa B., Stevenson, Busby, & Zorzini, 2015) due to their increasing 

complexity arising from global interactions (Gunasekaran, Subramanian, & Rahman, 2015). 

Potential disruptions include environmental catastrophes, technological transformations, 

critical suppliers (Pavlov, Ivanov, Dolgui, & Sokolov, 2018), terrorism, political turbulences 

and others (Gunasekaran, Subramanian, & Rahman, 2015) which may lead to monetary and 
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operational harm or entire shutdown of the supply chain (Tukamuhabwa B., Stevenson, Busby, 

& Zorzini, 2015). Furthermore, these consequences of a supply chain disruption have further 

implications which are referred to as ‘ripple effect’ (Kinra, Ivanov, Das, & Dolgui, 2020). This 

is exactly where supply chain resilience is supposed to intervene in order to reduce the 

vulnerability of supply chains (Gunasekaran, Subramanian, & Rahman, 2015) and minimize 

the ripple effect (Dubey R. , et al., 2021). 

 

The advantages of a high level of supply chain resilience are manifold. At first, it helps to sense 

a disruption from earlier on, giving it more time to react to it (Purvis, Spall, Naim, & Spiegler, 

2016). After a disruption happened, resilient supply chains a characterized by a fast recovery 

from the disruption (Tukamuhabwa B., Stevenson, Busby, & Zorzini, 2015) by absorbing its 

impact on the supply chain. Furthermore, supply chain resilience minimizes the likelihood of 

getting disrupted (Ponomarov & Holcomb, 2009). Through these advantages, supply chain 

resilience may become a competitive advantage (Gunasekaran, Subramanian, & Rahman, 

2015).  

 

There are two possible strategies that render supply chains more resilient. The approaches are 

mainly divided into proactive and reactive strategies (Belhadi, et al., 2021; Tukamuhabwa, 

Stevenson, & Busby, 2017; Wieland & Wallenburg, 2013). Proactive supply chain resilience 

strategies are applied before a disruption in order to reduce its potential effect or even to prevent 

it from setting in, whereas reactive strategies deal with a disruption after it has occurred 

(Tukamuhabwa, Stevenson, & Busby, 2017). Ali, Mahfouz, & Arisha (2017) also mention 

concurrent supply chain resilience strategies which refer to immediate reaction as the disruption 

occurs (Altay, Gunasekaran, Dubey, & Childe, 2018). In order to serve these strategies, 

capabilities need to be established which imply a long-term positive effect on supply chain 

resilience (Behaldi, et al., 2021). Capabilities of proactive strategies include integration, 

robustness, reserve capacity and redundancy (Altay, Gunasekaran, Dubey, & Childe, 2018) for 

instance, by sourcing at multiple suppliers (Gunasekaran, Subramanian, & Rahman, 2015). 

Purvis, Spall, Naim, & Spiegler (2016) and Brandon-Jones, Squire, Autry, & Petersen (2014) 

also emphasizes a necessity for supply chain visibility with regard to information sharing which 

can be reached through permanent tracking by help of digital technologies such as Big data or 

the Internet of Things (IoT) (Gunasekaran, Subramanian, & Rahman, 2015; Belhadi, et al., 

2021). Leanness represents another capability implying that needs are met with a minimum 

amount of leftovers (Purvis, Spall, Naim, & Spiegler, 2016). Last but not least, these capabilities 
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should be adapted to the risk management culture of the respective supply chain (Christopher 

& Peck, 2004). Based on capabilities such as integration and information sharing, several 

proactive supply chain resilience strategies were identified, including digital connectivity as 

well as an integrated supply chain risk management between supply chain partners (Belhadi, et 

al., 2021). Therefore, this study focuses on supply chain integration as representative of 

proactive supply chain resilience capabilities. 

 

In turn, flexible capabilities such as agility, rapidity and reconstruction are considered being 

reactive capabilities (Altay, Gunasekaran, Dubey, & Childe, 2018), whereas in this study only 

supply chain agility is analyzed as reactive capability. Carvalho, Barroso, Machado, Azevedo, 

& Cruz-Machado (2012) refer to reactive capabilities also as responsiveness capabilities. 

Thereby, adaptability (Purvis, Spall, Naim, & Spiegler, 2016) in form of supply chain 

reengineering serves as fundamental capability for increasing supply chain resilience 

(Christopher & Peck, 2004; Pavlov, Ivanov, Dolgui, & Sokolov, 2018; Tukamuhabwa B., 

Stevenson, Busby, & Zorzini, 2015).  

 

However, the decision which capabilities and thereby strategies to implement depends on the 

specific environment a supply chain is operating in (Purvis, Spall, Naim, & Spiegler, 2016) as 

well as on individual perceptions. Additionally, the cost of implementing a supply chain 

resilience strategy should be taken into account when choosing a strategy (Tukamuhabwa B., 

Stevenson, Busby, & Zorzini, 2015).  

 

 Supply Chain Agility  

Supply chain agility relates to a firm’s reactive capability to anticipate changes in the external 

markets (Cheung, Cheung, & Kwok, 2012; Wang, Tiwari, & Chen, 2017) and respond quickly 

to these changes by adjusting current supply chain operations (Eckstein, Goellner, Blome, & 

Henke, 2015). An agile response requires quick changes in the delivery time, design, product 

improvements, product introduction and production capacities that meet the customer’s demand 

as cost-efficiently as possible (Al-Shboul, 2017). Therefore, supply chain agility relies on 

continuous information exchange and alignment with other supply chain partners in order to 

obtain valuable information about changing market requirements (Braunscheidel & Suresh, 

2009; Fayezi & Zomorrodi, 2015). 
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When firms operate in volatile markets, supply chain agility is considered as a main source of 

long-term success regarding the operational performance (Al-Shboul, 2017; Whitten, Green, & 

Zelbst, 2012; Eckstein, Goellner, Blome, & Henke, 2015). Therefore, Shin, Lee, Kim, & Rhim 

(2015) refer to supply chain agility as a strategic component that integrates agile business 

practices not only in operational processes, but also in products, services, technologies and 

management techniques. Embodied as an overreaching strategy, supply chain agility 

accelerates the implementation of the customer’s changing needs by improving delivery 

dependability (Al-Shboul, 2017) and faster product introduction (Giannakis & Louis, 2016). 

This results in a competitive advantage that ensures the survival of firms in volatile markets 

(Yang, 2014; Wu, Tseng, Chiu, & Lim, 2017).  

 

Despite the positive impacts of supply chain agility, challenges concerning the configuration of 

an agile supply chain still remain (Shin H., Lee, Kim, & Rhin, 2015; Gunasekaran, et al., 2019; 

Aravind Raj, 2013). As noted by Fayezi & Zomorrodi (2015), supply chain agility requires a 

high degree of collaboration with supply chain partners concerning the exchange of 

information. However, individual firms might feel endangered that their own self-interest is 

undermined by sharing information with other supply chain partners. Consequently, the sharing 

of valuable information is disturbed and thus impedes an agile response to novel customer 

demands (Aitken, Christopher, & Towill, 2002). Furthermore, the effective sharing of 

information can only be realized through the application of technologies. As every firm has a 

unique business environment, several possibilities of applying such methods and technologies 

exist (Arrais-Castro, et al., 2018). Hence, the respective scope of deployment needs to be 

explored in order to ensure that the potential investments are done in the most suitable 

application (Gunasekaran, et al., 2019). Due to the multitude of applications, it is challenging 

for firms to identify the best option that creates the desirable interface to other supply chain 

partners (Aravind Raj, 2013).  

 

 Supply Chain Integration  

Supply chain integration relates to the level of collaboration between various supply chain 

partners with the aim of increasing the customer satisfaction by aligning business processes 

across the supply chain network (Danese & Bortolotti, 2014). Scholars agree on the equal 

importance of incorporating supply chain integration on both the operational level and the 

strategical level (Danese & Bortolotti, 2014; Prajogo & Olhager, 2012; Leuschner, Rogers, & 
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Charvet, 2013). The operational level refers to the configuration of information and material 

flows both upstream and downstream whereas the strategic level refers to the building of long-

term relationships (Flynn, Huo, & Zhao, 2010a). As argued by Prajogo & Olhager (2012) and 

Cagliano, Caniato, & Spina (2005) the intensity of the strategic relationship strongly affects the 

operational integration in terms of sharing valuable information and knowledge. In fact, 

information sharing has two dimensions which are of technical and qualitative nature. The 

technical dimension ensures the mere process-oriented functionality of exchanging data 

through IT-systems, whilst the quality dimension relies upon the supply chain partner’s 

capabilities of how benefits are derived efficiently from the shared information (Prajogo & 

Olhager, 2012). In particular, the qualitative dimension can only be accomplished through 

collaborative learning between supply chain partners which is an iterative process (Chavez, Yu, 

Gimenez, Fynes, & Wiengarten, 2015) 

 

The literature on supply chain integration has found positive impacts on a firm’s performance 

regarding the internal integration within its own company borders as well as external integration 

with suppliers (Danese & Bortolotti, 2014; Leuschner, Rogers, & Charvet, 2013; Wiengarten, 

Humphreys, Gimenz, & McIvoer, 2016; Wong, Snacha, & Thomsen, 2017). Potential benefits 

concerning the internal integration comprise, for instance, transparent inventory management 

and integration of real-time production data between departments (Flynn, Huo, & Zhao, 2010a). 

On the other hand, external benefits emerge from sharing production schedules, demand 

forecasting and collaborative problem-solving (Wiengarten, Pagell, Ahmed, & Gimenez, 

2014). Furthermore, from a strategic perspective, the external integration of suppliers allows 

the focal firm to capture intraorganizational competencies (Petersen, Handfiled, & Ragatz, 

2003) that enable joint product development and leverage innovation opportunities (Schoenherr 

& Swink, 2012; Singh & Power, 2014). Accordingly, close-working relationships based on 

continuous knowledge sharing with supply chain partners can grow unique capabilities which 

results in a distinct competitive advantage that firms seek compared to competitors (Zhu, 

Krikke, & Caniels, 2018).  

 

Nonetheless, apart from the positive implications, the literature uncovered the challenges of 

supply integration faced by firms (Fawcett, McCarter, Fawcett, Webb, & Magnan, 2015; 

Danese & Bortolotti, 2014). Firstly, collaborative partnerships can fail due to a low level of 

mutual trust (Day, Fawcett, Fawcett, & Magnan, 2013). The study by Fawcett, McCarter, 

Fawcett, Webb, & Magnan (2015) has shown that relationships with suppliers often display a 
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great lack of trust which is grounded in the absence of trust-building behavior. In fact, the 

relationship between large focal firms and smaller suppliers tend to become asymmetric, which 

poses conflict potential (Rokkan & Haugland, 2002). Naturally, this leads to a dysfunctional 

relationship whereby information is intentionally withheld from sharing with the supply chain 

network (Fawcett, McCarter, Fawcett, Webb, & Magnan, 2015). Secondly, supply chain 

integration relies highly upon seamless continuous information sharing across company 

boarders which requires IT-linkages that facilitate the transmission of information amongst the 

supply chain partners (Jitpaiboon, Dobrzykowski, Ragu-Nathan, & Vonderembse, 2013). 

Although most firms have established electronic data interchange and XML links with their 

supply chain partners, only a few firms provide online access to their enterprise resource 

management systems (ERP). Consequently, the sharing of information is limited as it does not 

include real-time data that reflects the potential changing needs of the supply chain (Bagchi, 

Ha, Skjoett-Larsen, & Soerensen, 2005). 

 

 Digital Technologies  

The simultaneous use of different technologies which are connected to the internet has 

promoted the concept of digital technologies (Ghobakhloo, 2019). Digital technologies relate 

to the set of intelligent technologies such as Cyber-Physical-Systems (CPS), Internet of Things 

(IoT), Big Data Analytics (BDA) and Cloud Computing, that facilitate connectivity, integration 

and automatization within business operations (Ivanov, Dolgui, & Sokolov, 2019; Li, Dai, & 

Cui, 2020). Digital technologies allow companies to base their strategies on systematically 

assessed data obtained throughout the product lifecycle including process parameters and 

product properties (Tao, Qi, Liu, & Kusiak, 2018). Hence, the emergence of these digital 

technologies comes along with the rise of new business models which disrupt the business 

approach of conventional factories and offer new opportunities of value creation in 

manufacturing (Ardolino, Saccani, Adrodegari, & Perona, 2020). In fact, the mentioned digital 

technologies are considered to be the enabling technologies for I4.0 (Li, Dai, & Cui, 2020). I4.0 

refers to smart factories whereby digital technologies are combined synergistically into the 

underlying architecture of the production system (Zheng, Ardolino, Bacchetti, & Perona, 2020) 

intending to create interoperability that allows for seamless interaction between systems 

regardless of the applied hardware and software (Čolaković & Hadžialić, 2018). More 

precisely, digital technologies vertically and horizontally integrate manufacturing systems 
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based on real-time data exchange and highly flexible production processes that facilitate 

customized manufacturing (Jabbour, Foropon, & Filho, 2018). 

 

In the context of supply chain management, the enhanced information processing capabilities 

of digital technologies create novel possibilities regarding the design of supply chain 

operations. As argued by Shou, Li, Park, & Kang (2017), the adoption of digital technologies 

in supply chain operations creates interfaces between manufacturing firms and their suppliers 

that enhance the quality and quantity of information flows from the raw material supply to the 

delivery of the end product. In that sense, by increasing the visibility in supply chain operations, 

digital technologies provide decision support regarding demand forecasting, pricing and 

development of products that meet the customers’ demand more efficiently (Joshi & Gupta, 

2019; Kagermann, Helbig, Hellinger, & Wahlster, 2013). For instance, due to the synchronized 

real-time data exchange with supply chain partners concerning changed orders or production 

breakdowns, manufacturing firms can improve the speed of adjusting their assembly lines and 

manage inventories accordingly (Raji, Shevtshenko, Rossi, & Strozzi, 2020). As a matter of 

fact, that not only reduces the lead-time along the supply chain (Dalenogare L. , Benitez, Ayala, 

& Frank, 2018), but also reinforces supplier integration by aligning company spanning 

processes (Arrais-Castro, et al., 2018).  

Although digital technologies are found to have various positive implications, the potentials of 

digital technologies are not fully exploited yet (Buer, Semini, Strandhagen, & Sgarbossa, 2020). 

As stated by Schlechtendahl, Kenert, Kretschmer, Lechler, & Verl (2015) only a small 

percentage of the existing manufacturing systems display a high degree of interconnectedness. 

This is mainly due to challenges regarding the complex application in a manufacturing setting 

(Nudurupati, Tebboune, & Hardman, 2016; Warner & Wäger, 2019). Especially in the context 

of supply chain management, supply chain partners differ significantly in their level of digital 

maturity and thus in their data management capabilities (Wu, Cegielski, Hazen, & Hall, 2013). 

As revealed in the study by Tyagi, Darwish, & Khan (2014) the computational infrastructure of 

many firms is inadequate for the efficient processing of data that is generated by digital 

technologies. This is, for instance, due to technological incompatibilities linked to IoT standards 

and interfaces on both the focal firm and the supplier level (Fatorachian & Kazemi, 2018). Since 

IoT captures data from various sources within a production system, the information needs to be 

streamlined into a decision-making support system that further evaluates and provides the 

important data to supply chain partners. In order to approach this challenge, agreements 
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concerning such IoT standards have to be reached within the supply chain network (Brousell, 

Moad, & Tate, 2014). 

 

 Operational Performance 

The advanced reaction of a company to a dynamic business environment compared to its 

competitors is defined as that company’s operational performance (Liu, Ke, Wei, & Hua, 2013). 

Therefore, Shin H., Lee, Kim, & Rhim (2015) also refer to operational performance as 

responsiveness. In order to reach a good operational performance, the company is required to 

define and set up detailed objectives, for instance, concerning the quality of their products 

(Geyi, Yusuf, Menhat, & Abubakar, 2020). Overall, operational performance concerns not only 

companies’ enhancements with regard to their products quality but also regarding on-time 

delivery and service level (Eckstein, Goellner, Blome, & Henke, 2015). Prajogo & Olhager 

(2012) also refer to flexibility, in terms of being able to alter the production between different 

products as well as the production volume, and production costs as components of operational 

performance. Reliability (Buer, Semini, Strandhagen, & Sgarbossa, 2020) and innovation also 

have a positive impact on a company’s operational performance (Geyi, Yusuf, Menhat, & 

Abubakar, 2020). Furthermore, entering new markets and introducing new products or services 

also increases a company’s operational performance (Liu, Ke, Wei, & Hua, 2013). By assessing 

these individual components, their influence on operational performance can be evaluated 

(Buer, Semini, Strandhagen, & Sgarbossa, 2020). In case a company scores higher in one of the 

operational performance components due to a strategic resource, it is considered being their 

competitive advantage, which is almost used as substitute term for operational performance 

(Chahal, Gupta, Bhan, & Cheng, 2020).  

 

 Hypotheses Development  

Prior research has investigated the factors supply chain agility, supply chain integration, digital 

technologies, supply chain resilience and operational performance. The following paragraphs 

develop hypotheses based on potential relationships between the mentioned factors which are 

graphically represented in Figure 1. 
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2.7.1 Supply chain integration and supply chain resilience  

Firms not only engage in supply chain integration activities for economic viability, but also 

with the aim of decreasing supply chain risks in order to avoid disruptions (Jajja, Chatha, & 

Farooq, 2018). Since supply chain risks relate to risks that propagate amongst supply chain 

partners, they should be considered and dealt with as joint risks by the entire supply chain 

network in order to find end-to-end solutions (Rao & Goldsby, 2009; Purvis, Spall, Naim, & 

Spiegler, 2016). Supply chain resilience can therefore be strengthened by integrating business 

operations between different tier-levels of the suppliers, resulting in a higher visibility along 

the entire supply chain (Pettit, Fiksel, & Croxton, 2010). This includes not only the sharing of 

information regarding demand forecasting and changing needs (Wiengarten, Pagell, Ahmed, & 

Gimenez, 2014) but also common long-term planning and goal setting activities. For instance, 

by promoting close-working relationships with supply chain partners, common goals and 

measures regarding the proactive prediction and prevention of potential risks can be established 

(Belhadi, et al., 2021). As a consequence, the continuous development of integrated risk 

management capabilities enables an accelerated response to omnipresent supply chain 

disruptions (Munoz & Dunbar, 2015; Burnhard & Bhamra, 2011). These findings lead to the 

following hypothesis: 

 

H1: Supply chain integration positively affects supply chain resilience  

 

2.7.2 Supply chain agility and supply chain resilience  

Supply chain agility implies, for instance, the ability to quickly adjust the delivery time in case 

the needs have changed (Al-Shboul, 2017), which is required in order to perform alternative 

delivery plans that are necessary for ensuring a resilient supply chain. Furthermore, supply 

chain resilience is represented by a supply chain architecture that is adaptive (Um & Han, 2021). 

This ability can be derived from an agile supply chain that is capable of adjusting to varying 

demands by adapting the supply chain design (Al-Shboul, 2017) to unexpected developments 

in the business environment. Since supply chain agility involves visibility (Christopher & Peck, 

2004) that can be obtained through sharing information, in turn the competence to comply with 

disruptions in the supply chain is supported (Um & Han, 2021). Additionally, agile supply 

chains support in detecting and counteracting disruptions (Juettner & Maklan, 2011). Therefore, 

due to an increased end-to-end visibility across supply chain operations, the network can 

provide an agile response to potential disruptions that strengthens the supply chain resilience 



 

 16 

(Purvis, Spall, Naim, & Spiegler, 2016). Supply chain agility is even considered being one of 

several strategies of how to render a supply chain resilient (Tukamuhabwa B., Stevenson, 

Busby, & Zorzini, 2015). These findings lead to the following hypothesis:  

 

H2: Supply chain agility positively affects supply chain resilience  

 

2.7.3 Supply chain resilience and operational performance 

The definition of supply chain resilience applied in this study implies a timely recovery of the 

supply chain, meaning that the operational performance of the supply chain is quickly recovered 

at least to its original state before the disruption or an even better one (Tukamuhabwa B., 

Stevenson, Busby, & Zorzini, 2015). Additionally, supply chain resilience is supposed to 

counteract the negative effects of a supply chain disruption (Gunasekaran, Subramanian, & 

Rahman, 2015), whereas such a disruption would most likely result in capacity shortages as 

well as delivery delays (Tukamuhabwa B., Stevenson, Busby, & Zorzini, 2015). Therefore, it 

can be expected that supply chain resilience positively impacts the operational performance in 

terms of ensuring a certain service level and on-time delivery (Eckstein, Goellner, Blome, & 

Henke, 2015), by being prepared to counteract a disruption with proactive and reactive 

resilience capabilities (Behaldi, et al., 2021). 

 

In this turn, it is also important to consider that supply chain integration as proactive resilience 

capability and supply chain agility as reactive resilience capability, were both proven to have a 

direct impact on operational performance (Prajogo & Olhager, 2012; Eckstein, Goellner, 

Blome, & Henke, 2015; Shin H., Lee, Kim, & Rhim, 2015; Blome, Schoenherr, & Rexhausen, 

2013) for instance through ensuring on-time delivery or short lead-times in general (Flynn, Huo, 

& Zhao, 2010b). Additionally, as hypothesized in chapter 2.7.1 and 2.7.2, supply chain 

resilience is expected to be positively influenced by supply chain agility through quickly 

counteracting disruptions (Juettner & Maklan, 2011) and by supply chain integration between 

different suppliers (Pettit, Fiksel, & Croxton, 2010). Consequently, based on these connections, 

supply chain resilience is expected to positively influence the operational performance by 

preventing disruptions from occurring or at least keep its impact low (Tukamuhabwa, 

Stevenson, & Busby, 2017). Thereby, supply chain resilience which is characterized by the 

adaptability and the skill to realign the supply chain (Um & Han, 2021), results in a superior 
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operational performance caused by the ability to adjust to changes in market demand (Flynn, 

Huo, & Zhao, 2010b). These findings lead to the following hypothesis: 

 

H3: Supply chain resilience positively affects operational performance 

 

2.7.4 Digital Technologies as Moderator of Supply Chain Integration and Supply Chain 

Resilience  

Digital technologies can realize various business processes in a more efficient manner, such as 

timely-processing and autonomous adjustment of supply chain operations, for instance 

forecasting, warehousing, distribution and information transmission throughout the supply 

chain (Wiengarten, Pagell, Ahmed, & Gimenez, 2014; Wang, Lin, Xie, & Zhang, 2020).  

 

Since supply chain integration comprises the sharing of information between partners, for 

instance, with regard to demand forecasting and changing requirements (Wiengarten, Pagell, 

Ahmed, & Gimenez, 2014), the joint value creation resulting from the merged competences of 

the involved supply chain partners is supposed to facilitate coping with supply chain disruptions 

and ensure a resilient functioning. Thereby, one specific aspect of supply chain integration, 

namely the quality of integration between the partners, can enhance the resilience of a supply 

chain by jointly managing disruption threats as well as their resources available to counteract 

disruptions (Ju & Hou, 2021). At that point, the impact that an integrated supply chain has 

towards supply chain resilience, by collaborating (Wiengarten, Pagell, Ahmed, & Gimenez, 

2014) as well as sharing information and competences between partners, can be expected to be 

facilitated and thus strengthened by digital technologies (Ju & Hou, 2021). Thereby, digital 

technologies such as Clouds support in converging supply chain partners’ processes and 

consequently allow an extensive supply chain risks detection whereby the resilience of a supply 

chain is presumably improved (Arrais-Castro, et al., 2018). Additionally, based on the 

integrated supply chains that are supposed to proactively render supply chains more resilient, 

digital technologies such as Big Data or tracking and tracing technologies further support the 

ability of supply chains to be prepared for disruptions, for instance through synchronized 

capacity plans of supply chain partners that are adapted to the demand (Ivanov, Dolgui, & 

Sokolov, 2019). Due to the increased transparency and accuracy, digital technologies can 

provide data-driven decision support for the supply chain network regarding measures and 

potential strategies that counteract potential disruptions (Ivanov & Dolgui, 2020b). These 
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digitally developed recommendations can then be considered by all partners of integrated 

supply chains (Zhu, Krikke, & Caniels, 2018), who adapt their supply chain operations 

accordingly in order to enhance the supply chain resilience (Ralston & Blackhurst, 2020). These 

findings lead to the following hypothesis:  

 

H4: Digital technologies moderate the relationship between supply chain integration and supply 

chain resilience.  

 

2.7.5 Digital Technologies as Moderator of Supply Chain Agility and Supply Chain 

Resilience  

In an interconnected supply chain network, digital technologies can access and accumulate data 

from multiple sources along the supply chain in real-time (Soroor, Tarokh, & Shemshadi, 2009; 

Ivanov & Dolgui, 2020a) that contain valuable information regarding changing market 

requirements (Jagtap & Duong, 2019). For instance, digital technologies such as tracking and 

tracing tools, IoT sensors as well as big data analytics help to quickly detect sources of 

disruptions based on the gathered real-time data and flexibly establish a suitable action plan 

with short-term measures on how to keep the supply chain operating (Ivanov & Dolgui, 2020a; 

Ivanov, Dolgui, & Sokolov, 2019). Thereby, the benefit of applying digital technologies in 

order to gather and analyze real-time supply chain data, may intensify the positive impact that 

an agile response, in terms of quickly adapting the supply chain to a disruption, has on ensuring 

supply chain resilience (Ivanov, Dolgui, & Sokolov, 2019). Since supply chain agility requires 

visibility throughout the supply chain as well as quick reactions to disruptions in order to ensure 

resilience (Christopher & Peck, 2004), digital technologies such as big data can be expected to 

advance this relationship by combining and analyzing all this information that stem from 

different points of the supply chain and reveal crucial business insights (Jagtap & Duong, 2019). 

Based on this evaluated data that reflects the market activities accurately, firms can react more 

agile to changes regarding the product design or delivery time in order to meet the customer’s 

demand (Tao, Qi, Liu, & Kusiak, 2018). This is especially crucial in volatile markets, in which 

customer demands can change quickly and the rapid and targeted adjustment of products or 

supply chain operations is vital for ensuring the firm’s supply chain resilience in the long-term 

(Tukamuhabwa B., Stevenson, Busby, & Zorzini, 2015). These findings lead to the following 

hypothesis:  
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H5: Digital technologies moderate the relationship between supply chain agility and supply 

chain resilience. 

 

2.7.6 Digital Technologies as moderator of SC Resilience and operational performance  

Supply chain resilience is argued to proactively counteract disruptions before setting in and to 

reactively counteract disruptions after occurring. Thereby, a resilient supply chain positively 

influences the operational performance by restricting the impact a disruption has on the supply 

chain (Tukamuhabwa, Stevenson, & Busby, 2017). However, in order to more resiliently adjust 

to a disruption by sharing information (Um & Han, 2021), digital technologies such as Cloud 

platforms are required to efficiently exchange relevant data throughout the supply chain 

partners. Through the shared information, Big Data Analytics can help to find a way to reduce 

the lead time which results in an improved operational performance (Raji, Shevtshenko, Rossi, 

& Strozzi, 2020). Additionally, these data analytics systems can be applied as digital learning 

systems that continuously improve proactive and reactive measures on disruptions in order to 

positively enhance the impact supply chain resilience has on the operational performance 

(Ivanov, Dolgui, & Sokolov, 2019). Consequently, the implementation of digital technologies 

is expected to reinforce the positive relationship between supply chain resilience and 

operational performance, which leads to the following hypothesis: 

 

H6: Digital technologies moderate the relationship between supply chain resilience and 

operational performance. 

 

 

Figure 1: Proposed Model  
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3 Methodology 

___________________________________________________________________________ 

This chapter represents the research methodology. It explains the research philosophy, 

approach, method, design and literature review procedure. Moreover, the data collection 

method is outlined including the sampling approach, the design of the survey and the ways of 

data gathering. Finally, the data analysis based upon a factor analysis, common method bias 

evaluation, validity and reliability analysis as well as regression analysis is elaborated. Lastly, 

the model fit indices applied in this research are presented. 

___________________________________________________________________________ 

 

 Research Philosophy  

It is important for researchers to understand the philosophy within their own research since the 

underlying philosophical factors determine the methodology of how a study is conducted and 

hence the final results. Additionally, researchers have a special duty to demonstrate their own 

reflexive role in the research methods pursuant to the given research philosophy (Easterby-

Smith, Thrope, Jackson, & Jaspersen, 2018, p. 107). In general, the research philosophy is 

defined by two related key concepts which are ontology and epistemology. Ontology represents 

the elementary perceptions that the researcher makes about the nature of reality. Researchers 

can adopt four different ontologies including realism, internal realism, relativism and 

nominalism. These ontologies range from the perception that only one single truth exists 

whereby facts can be observed (realism) towards the perception that no truth exists, and all facts 

are conceived by humans (nominalism) (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, 

p. 115). The present research adopted a realist ontology since realism focuses on measurable 

observations of real phenomena and facts, for instance performance outcomes (Easterby-Smith, 

Thrope, Jackson, & Jaspersen, 2018, p. 118). Accordingly, the research investigates the impact 

of supply chain resilience on operational performance. By applying this ontological position, 

the research reflects the objective truth which was observed independently from human 

assumptions. 

 

Furthermore, the epistemology is specified by the chosen ontology. Epistemology addresses the 

ways of how knowledge about the reality is captured (Gómez & Mouselli, 2018, p. 17). The 

two distinct and contradicting epistemological viewpoints are positivism and social 

constructionism. Positivism is associated with the assumption that the reality exists externally 
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and can be objectified. Accordingly, acquired knowledge is only considered if it empirically 

substantiates observations of the external reality (Hair, Page, & Brunsveld, 2019, p. 307). 

Therefore, positivistic research requires the definition of concepts that allow for quantitative 

measurements proving the existences of causal relationships (Easterby-Smith, Thrope, Jackson, 

& Jaspersen, 2018, p. 120 f.). On the contrary, social constructionism is grounded in the 

assumption that the reality does not exist externally. Instead, the reality is rather defined by 

people and not by objective facts (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 122). 

This research adopted a positivistic position, as it developed a conceptual model about the 

external reality on the basis of assumptions that reflect the reality with objective facts. The aim 

of this research was therefore to identify causal relationships between variables within the 

conceptual model. The developed model included and reviewed concepts from previous studies 

that showed causality between variables in order to ascertain their validity. In that way, this 

research intended to reveal the independent experiences of the respondents in order to identify 

patterns and developments of digital technologies and supply chain capabilities such as supply 

chain agility and supply chain integration within the context of supply resilience. 

 

 Research Approach  

The relationship between theory and data is developed by the research approach. The research 

approach is discussed in the matters of induction, deduction and abduction (Kennedy, 2018, p. 

49 f.). This research followed a deductive approach. Therefore, in contrast to induction, this 

research did not reveal newly occurring phenomena. Instead, the existence of causal 

relationships between variables that have been studied before were investigated within a new 

empirical context (Kennedy, 2018, p. 50). In accordance with deductive reasoning, the 

following steps were undertaken as represented in Figure 2. At first, applying the lens of 

dynamic capabilities, a literature review was conducted that developed a conceptual model 

based on prior studied causal relationships. Secondly, hypotheses were deduced pursuant to the 

relationships. Then, data was gathered by sending out surveys to companies within the German 

manufacturing industry. The survey incorporated questions that were examined in previous 

studies. Ultimately, the hypotheses were tested with the data collected from the survey. Herein, 

the statistical software SPSS was used to analyze and verify the data.  
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Figure 2: Research Approach 

 

 Research Method  

Two possible research methods that can be selected for carrying out a research are represented 

by a qualitative or quantitative research method (Easterby-Smith, Thrope, Jackson, & 

Jaspersen, 2018, p. 125). The chosen epistemology and ontology have an influence on which 

research method should be applied. Whereas a nominalist ontology comes along with a 

constructionist epistemology and requests a qualitative research method, a realist ontology 

implies a positivist epistemology and consequently indicates a quantitative research method 

(Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 111 f.). A qualitative research method 

is based upon data in form of texts or illustrations which is usually gathered through observing 

or interviewing in an unstructured manner. In contrast, a quantitative research method collects 

data that can either be measured in numbers or at least be rated objectively in order to 

statistically analyze the data for existing trends. Therefore, a quantitative research method is 

applied in order to test hypotheses. Quantitative data can for instance be gathered from financial 

company reports, surveys or sales reports. The advantages of applying a quantitative research 

method are manifold (Hair, Page, & Brunsveld, 2019, p. 161 f.). Since quantitative data is 

retrieved from a large sample (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 129) 

and can easily be structured, the study results are deemed to be representative (Hair, Page, & 

Brunsveld, 2019, p. 161). Therefore, the results of quantitative studies are often taken into 

account for introducing policies (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 129). 

Given that data is directly collected in numbers or ratings from the respondents and does not 

require any interpretation by the researcher, as it would be the case for a qualitative research 

method, quantitative data is considered being objective. Consequently, objectivity is favorable 

for testing hypothesis (Hair, Page, & Brunsveld, 2019, p. 161 f.) as it is considered being 
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irrelevant how researchers would assess certain actions (Easterby-Smith, Thrope, Jackson, & 

Jaspersen, 2018, p. 129). In this research, a quantitative research method was applied as the 

purpose of this research is to investigate the effect of supply chain integration and agility under 

the influence of digital technologies on supply chain resilience as well as the effect of supply 

chain resilience on operational performance under the influence of digital technologies. 

Therefore, the hypotheses developed in chapter 2.7 are to be tested and aim for identifying 

trends regarding the capabilities and consequences of supply chain resilience based upon 

analyzing quantitative data. Thus, statistical tests are carried out based on the hypotheses that 

are derived from the variable relationships that are visualized in a model (Hair, Page, & 

Brunsveld, 2019, p. 174). In this study, the relationships that are tested in this study later on, 

are envisaged in Figure 1. Due to the representative large sample surveyed and the objectivity 

of the gathered data, conclusions are drawn upon the whole population represented by German 

manufacturing firms (Hair, Page, & Brunsveld, 2019, p. 161).  

 

 Research Design  

Within the research design it is defined how the research is carried out in order to fulfill the 

purpose of the study (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 152 f.; Hair, 

Page, & Brunsveld, 2019, p. 160). There are three possible types of research designs that can 

be applied – an exploratory, descriptive or causal research design. This study applies a causal 

research design which tests if one parameter causes another one (Hair, Page, & Brunsveld, 

2019, p. 162 f.). Thereby, it is analyzed whether a variation in one parameter implies a 

respective alteration in another parameter, which it is referred to as causality (Hair, Page, & 

Brunsveld, 2019, p. 169 f.). Which research design to select for a specific study also depends 

on the research method (Hair, Page, & Brunsveld, 2019, p. 203 f.) as well as the epistemological 

viewpoint of the study (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 124). Whereas 

a qualitative research method implies a research design that is exploratory, a quantitative 

research method comes along with either a descriptive or a causal research design based on a 

quantitative data gathered from surveys sent out to a large sample size (Hair, Page, & 

Brunsveld, 2019, p. 203 f.). Consequently, a positivist epistemology suggests a causal research 

design, while social constructionism represents an exploratory research design (Easterby-

Smith, Thrope, Jackson, & Jaspersen, 2018, p. 124). As this study applies a positivist 

epistemology and thereby a quantitative research method based on a survey that is addressed to 

a large sample size of 1.000 German manufacturing firms, it is once again advocated to select 
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a causal research design. Being the purpose of this research, the causality between supply chain 

agility and integration on supply chain resilience as well as the causality between supply chain 

resilience and operational performance under the influence of digital technologies is tested 

statistically through hypotheses.  

 

 Literature Review Procedure 

The quality of this research was ensured by conducting a literature review. For developing a 

comprehensive literature review, a systematic procedure was designed which followed the 

search methods suggested by Easterby-Smith, Thrope, Jackson, & Jaspersen (2018). A 

systematic approach only takes peer-reviewed academic articles into account that were found 

in bibliographic databases which are in accordance with predefined search criteria. Every search 

was filtered with keywords and Boolean operators in order to subsequently narrow down the 

scope of research. Furthermore, the key word searches were documented in order to avoid the 

selection of articles due to individual preferences (Easterby-Smith, Thrope, Jackson, & 

Jaspersen, 2018). 

 

In the Web of Science database which comprises peer reviewed journals, several search strings 

were applied in order to identify relevant literature. Therefore, the following individual 

keywords were combined with each other: supply chain agility, supply chain integration, digital 

technologies, supply chain resilience, operational performance, dynamic capabilities. These 

keywords were combined with the Boolean operator “AND” in order to consider only articles 

that include both factors. This resulted in 12 search strings as listed in Table 1. The number of 

hits was then further refined for articles that were written after 2011 with the intention of 

focusing on the most recent research. Furthermore, only articles with a journal ranking 

according to the ABS list of three and higher were selected, resulting in a total of 89 articles. In 

turn, the resulting articles were further refined on the basis of their abstract, leading to a final 

use of 37 articles (see Table 1). In order to further retrace the development of the research within 

a certain topic, the snowballing approach was used (Easterby-Smith, Thrope, Jackson, & 

Jaspersen, 2018). 
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Table 1: Search strings 

 

Source: Own table  

 

 Data Collection 

For a quantitative study, data can be gathered as primary data and secondary data. Primary data 

can be collected by means of surveys or observations that are personally carried out by the 

researcher. In contrast, secondary data was gathered beforehand and is captured from 

preexisting databases (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 410 f.). For this 

study primary data was collected by help of a web-based survey through which the data is stored 

straight away (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 411 f.). This method is 

classified as a self-completion method, where the respondents fill in the survey by themselves 

(Hair, Page, & Brunsveld, 2019, p. 220; Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, 

p. 411). Gathering primary data brings the advantages of deciding about the sample as well as 

which data to ask for that would perfectly suit the aim of the study (Easterby-Smith, Thrope, 

Jackson, & Jaspersen, 2018, p. 411). These advantages were the reason why this study applied 

a primary data collection.  

 

3.6.1 Sampling and Collection of Data  

In a perfect research scenario, data would be gathered from the entire population. As in the 

majority of cases this is technically not practicable due to cost, time and accessibility 

constraints, a sample is extracted from the population. The conclusions arising from the 

gathered data of the sample are then drawn upon the whole population. Therefore, the sample 

must have an adequately high sample size (Hair, Page, & Brunsveld, 2019, p. 179 f.). In this 

study, the target population is represented by any kind of German manufacturing firms. German 
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manufacturing firms were selected since Germany is the initiator of the fourth industrial 

revolution “Industry 4.0” which incorporates applying digital technologies in company 

processes (Kagermann, Lukas, & Wahlster, 2011). Furthermore, Germany is considered being 

an industrialized economy that is familiar with realizing Industry 4.0 enhancements (Veile, 

Kiel, & Mueller, 2020). In order to ensure a certain level of digital technologies, only 

manufacturing firms with more than 50 employees were targeted in the sample. Consequently, 

for the purpose of this study, a list that contains all German manufacturing firms was extracted 

from a database named Amadeus that is published by Bureau Van Dijk (2021). According to 

the European University Institute (2021), this database contains trustworthy business 

information on public and private companies of 43 European countries that can be used, 

amongst others, for University research. In detail, information such as the number of 

employees, number of shareholders and revenue is gathered from company reports and updated 

on a weekly basis. In order to ensure that the list contains only manufacturing firms, the NACE 

code, representing the statistical classification of economic activities within Europe, was 

filtered to firms being classified to the categories 10 to 32 (EUROSTAT, 2008, pp. 63-69). 

Consequently, the total number accounted for 18.496 manufacturing firms.  

 

Out of these 18.496 manufacturing firms, the sample of 1.000 firms was selected by probability 

sampling which is a common approach for quantitative studies in order to choose a 

representative sample (Hair, Page, & Brunsveld, 2019, p. 179). Thereby, the researcher 

predefines the probability for elements of the target population to get picked for the sample 

(Hair, Page, & Brunsveld, 2019, p. 183 f.). More specifically, stratified sampling is applied, 

which is one option of probability sampling. The advantage of this approach is that the data 

gained from the sample is more accurate, even though the costs for stratified sampling are not 

higher than for other approaches. In a stratified sampling approach, the target population is first 

divided into clearly separable subsets (Hair, Page, & Brunsveld, 2019, p. 188 f.). Therefore, in 

this study, the 18.496 manufacturing firms were differentiated by their number of employees 

and thereby assigned to their group of business size classification. As shown in Table 2, for the 

purpose of this study, manufacturing firms were divided into four groups: firms with 50-250 

employees, 251-500 employees, 501-1000 employees and more than 1000 employees. 

Stratified sampling can be applied proportionately or disproportionately. In this study, a 

proportionately stratified sampling approach is applied. This means that the quantity of 

elements selected for the sample of each subset is determined by the percentage to which a 

subset is represented in the target population, which is then multiplied by the total 
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predetermined sample size. Thus, the sum of the quantity of elements of each subset represents 

the total sample size (Hair, Page, & Brunsveld, 2019, p. 189). Accordingly, in this study the 

number of firms of each particular subset was calculated as percentage of the total number of 

manufacturing firms as represented in Table 2. Consequently, the number of manufacturing 

firms of the first subset with 50-250 employees represents 79,5 % of all German manufacturing 

firms. This means that for a total sample of 1000 firms, 795 firms of the sample were selected 

from companies with 50-250 employees. 111 manufacturing firms were selected from firms 

with 251-500 employees, 53 from firms with 500-1000 employees and 41 firms from those that 

have more than 1000 employees. Within each particular subset, the elements for the sample are 

picked by applying random sampling (Hair, Page, & Brunsveld, 2019, p. 189), meaning that 

every element in a subset has the same probability to be chosen (Hair, Page, & Brunsveld, 2019, 

p. 185). The advantage of this approach is to reach for objective data and choose a representative 

sample (Hair, Page, & Brunsveld, 2019, p. 179).  

 

Table 2: Number of manufacturing firms in the sample classified per company size 

 

Source: Own table  

 

The data collection was carried out through the cloud-based web survey ESMaker (Entergate, 

2021). In general, web-based surveys have the advantage of cutting costs to a minimum 

(Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 412). The benefits of using ESMaker 

as web-based survey tool consist in its characteristics of being modern, user-friendly as well as 

adjustable to individual requirements (Entergate, 2021). With the intention of ensuring a high 

response rate of the web survey, all 1000 manufacturing firms were called first in order to 

present the purpose of the study as well as the rough content of the survey. In order to receive 

information from all angles of a supply chain, we targeted for managers in logistics, purchasing, 

production and distribution who have an overview over most processes. After the called persons 

expressed their interest in answering the survey, an individual link to the questionnaire was sent 

to their email through ESMaker to ensure that only the recipient of the email is able to respond 

and that the link is not distributed further. The email introduced the receiver to the topic, 
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purpose and aim of the study and contained the general conditions of filling in the online 

questionnaire, such as the approximate time required as well as a confidentiality statement. 638 

out of the 1000 could be reached by phone of which 348 had no interest in answering the survey. 

Reasons for not taking part in the survey included that they did not have the required time (due 

to short work caused by the COVID-19 pandemic or due to a higher workload caused by the 

Brexit), their supplier management is outsourced and that they do not deploy digital 

technologies. Consequently, the survey was sent to the remaining 290 respondents. Thereof, 71 

manufacturing firms responded to the survey representing a respondent rate of 24,5%, around 

16 after having received one or two reminder emails and phone calls. However, those potential 

participants who were called shortly before the final date of data collection were called as a 

reminder instead of sending an email, since we expected the personal contact to be more 

promising for receiving further responses. In total, the data collection was carried out between 

February and May 2021.  

 

3.6.2 Questionnaire  

A questionnaire comprises a series of questions which is propounded to the respective 

respondents (Raudeliūnienė, 2018, p. 59). Each respondent answers to the same series of 

questions which have a predefined chronology (Raudeliūnienė, 2018, p. 54). The application of 

a structured questionnaire was chosen for this research as it offers several advantages. Firstly, 

a survey gathers a huge amount of data from a high number of respondents within a short 

timeframe. Secondly, the findings of the questionnaire are easily quantifiable with the support 

of suitable statistical software. Lastly, compared to other research methods, the findings can be 

evaluated with more objectivity (Raudeliūnienė, 2018, p. 54). In business research, there are 

two different types of survey questions which are open-ended or closed-ended questions. In 

quantitative research, close-ended questions are drafted to offer the respondents predetermined 

responses that are either standardized or categorized into defined alternating responses (Dalati 

& Gómez, 2018, p. 184).  

 

The questionnaire for this research is subdivided into two parts. The first part includes some 

general questions concerning the respondent and the respective company, such as contact 

details, the job title, company size, years of employment and the company’s revenue of the last 

fiscal year. Whereas the job title, years of employment and the company’s revenue of the last 

fiscal year were asked with open-ended questions, the company size had four predetermined 
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responses categorized according to the previously defined categories. The indicated company 

size and the company’s revenue of the last fiscal year simultaneously represent the control 

variables of this study. The second part comprises close-ended questions corresponding to the 

mentioned factors such as digital technologies, supply chain agility, supply chain integration, 

supply chain resilience and operational performance. Herein, the questions (items) for each of 

these factors were taken from previous studies that used structural equation modeling to ensure 

content validity, so that the selected items can be used to confirm existing relationships. The 

respondents were asked to answer these questions according to a five-point Likert scale ranging 

from 1=”Strongly disagree” to 5=”Strongly agree”. The Likert scale is an ordinal scale that 

includes five possible responses ranging from strong disagreement, over a neutral midpoint to 

strong agreement (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 440 f.). 

Furthermore, since the research was conducted within the German manufacturing industry, the 

questions were translated into German to attain the respondents’ full understanding. Before the 

questionnaire was sent out to the companies, a German professor from Jönköping International 

Business School reviewed the translation of the questionnaire. The review uncovered further 

translation improvements regarding the diction and phrasing. Some wordings were modified in 

order to avoid ambiguity. For instance, the questions regarding supply chain agility were 

changed. Instead of beginning every sentence with “Our supply chain responds quickly to…” 

which would indicate that the supply chain has the capacity to react to changing conditions 

without human intervention, it was changed to “We can adjust our supply chain to…”. 

Considering the fact that translation always leaves a scope for interpretation, a back translation 

of the questionnaire was carried out (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 

301). In fact, back translation is a widely used method to ensure translation quality within 

international research. Thereby, the researchers translate the original text into another language 

which is then back translated into the source language by a translator who is a specialist within 

the field of research. In case the back translation reveals divergences between the original text 

and the translator’s version, the researchers have to adjust the translation errors (Tyupa, 2011). 

For this research, a bilingual supply chain manager was asked to back translate the 

questionnaire in order to ensure high translation quality.  

 

Table 3 shows the finalized items which were used for the regression analysis. Some items were 

unsatisfactory regarding their validity or reliability and have therefore been removed from the 

latter after the analysis. This will be outlined in more detail in chapter 0. The complete 

questionnaire with all items included can be found in Appendix 1. 
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Table 3: List of Items 

Factor Items Reference 

Supply Chain 

Resilience  

Please assess to which degree you approve the following statements 

regarding your company's supply chain resilience capabilities.  
Um & Han, 2021 

  
1) Our company has the ability to adapt to the supply chain disruption easily 

through information sharing 
 

  
2) Our company has the ability to deploy adaptive capability and alternative 

plans  
 

  
3) Our company has an adaptive supply chain structure to cope with changes 
brought by the supply chain disruption 

 

Supply Chain 

Agility 

Please assess to which degree you approve of the following statements 

regarding the agility of your supply chain. 
Al-Shboul, 2017 

  
1) Our supply chain responds quickly to our changing requirements of 

delivery time 
 

  2) Our supply chain responds quickly to our changing requirements of design  

  
3) Our supply chain responds quickly to offer/introduce new products to the 

market 
 

Supply Chain 

Integration 

Please assess to which degree you approve of the following statements 

regarding the level of integration within your key supply chain partners. 

Wiengarten, Pagell, Ahmed, & 

Gimenez, 2014 

  
1) We share production planning and demand forecast information with key 

supply chain partners  
 

  
2) We and our key supply chain partners inform each other in advance of our 

changing needs 
 

  
3) We include our key supply chain partners in our planning and goal setting 

activities 
 

Digital 

technologies  

Please assess to which degree you approve of the following statements 

regarding the adoption of Industry 4.0 technologies within your supply 

chain operations 

Tortorella, Giglio, & Dun, 2019 

  
1) We incorporate digital services into products (Internet-of-Things or Product 
Service Systems) 

 

  
2) We use digital automation with sensors for products and operating 

conditions identification as well as flexible line 
 

  
3) We use remote monitoring and control of production through systems such 
as Manufacturing Execution and System and Supervisory Control and Data 

Acquisition  

 

Operational 

Performance 

Please assess to which degree you approve the following statements 

regarding your operational performance.  
Flynn, Huo, & Zhao, 2010b 

  1) Our company can quickly respond to changes in market demand   

  
2) Our company has an outstanding on-time delivery record to our major 
customer 

 

  
3) The lead time for fulfilling customers' orders (the time which elapses 
between the receipt of customer's order and the delivery of the goods) is short 

 

Source: Own table  
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3.6.3 Research Ethics  

With the purpose of conducting ethical research, the researcher is required to treat participants 

in a respectful manner. This indicates that participants should be informed in detail about how 

exactly they contribute to the study as well as about the necessary time to participate (Hair, 

Page, & Brunsveld, 2019, p. 64). Potential participants in this study were called first and they 

were given information about the purpose of the study, details about the data collection process 

as well as the required time to fill in the questionnaire. Additionally, thanks to the personal 

contact via phone, participants had the chance to ask any question they had before giving their 

agreement to participate. Even after they received the mail including the link to the survey as 

well as the researchers’ phone and e-mail contact details, they had the chance to contact us in 

case any questions would still arise.  

 

According to Hair, Page, & Brunsveld (2019, p. 68), an ethical environment also implies that 

the researchers protect the participants’ privacy. As written in the email that the potential 

participants received, this study treats every kind of participants‘ data anonymously. Responses 

were not analyzed individually but evaluated as a whole with the responses of all other 

participants.  

 

Furthermore, participants need to have the right to refuse participating in the survey in order to 

ensure that their participation is voluntary which enhances an ethical setting of the study (Hair, 

Page, & Brunsveld, 2019, p. 73). In this study, potential participants could refuse to respond to 

the questionnaire on the phone as well as after receiving the email with the online link to the 

survey. Moreover, the online questionnaire of this study did not contain any obligatory 

questions, implying the participants‘ right to only respond to those questions that the participant 

is confident about answering and leave those of which the knowledge is limited.  

 

3.6.4 Classification of Variables  

Inferential surveys aim to reveal causal relationships between variables. Therefore, researchers 

have to understand which variable causes another variable. This means it is required to 

determine the dependent variables and the independent variables. An independent variable 

causes the observed effect on dependent variables. Thus, the value of the dependent variable is 

the outcome that the researchers want to predict (Easterby-Smith, Thrope, Jackson, & 

Jaspersen, 2018, p. 169). Additionally, in more complex statistical models, it is advisable to 
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investigate whether a third variable, a so-called moderator variable, might enhance the strength 

of the relationship between an independent and dependent variable (King, 2013).  

 

This research consists of two parts. In the first part, the impact of supply chain capabilities 

which are supply chain agility and integration on supply chain resilience is investigated. 

Therefore, supply chain agility and integration are the independent variables whereas resilience 

is the dependent variable. Additionally, the influence of digital technologies as a moderator 

variable on the relationship between supply chain agility and supply chain resilience as well as 

on the relationship between supply chain integration and supply chain resilience is investigated. 

In the second part, the impact of supply chain resilience on operational performance is 

investigated, whereby supply chain resilience is the independent variable and operational 

performance is the dependent variable. Herein, the influence of digital technologies as 

moderator variable on the relationship between supply chain resilience and operational 

performance is investigated as well.  

 

Furthermore, control variables were introduced. For the examination of casual relationships, 

control variables are utilized in order to reduce the probability of confounded findings that limit 

the validity of the developed model (Atinc, Simmering, & Kroll, 2012). During the statistical 

testing procedure, control variables are not changed as they represent characteristic aspects of 

a company’s activity that influence a company’s performance (Pervan, Pervan, & Ćurak, 2017). 

This research used company size, revenue from the last fiscal year and the firm age as control 

variables which were applied in the regression analysis. Scholars often used company size and 

revenue as control variables in previous studies. The larger companies are, the higher the 

probability that sufficient resources and capabilities are available that facilitate investments in 

digital technologies or supply chain related activities (Li, Dai, & Cui, 2020). The values for 

both the number of employees and the revenue were indicated in the questionnaire by the 

respondents and logarithmised for the further analysis. Another control variable was the 

companies’ age as it is an additional indicator for business success. Over the years, companies 

allocate knowledge regarding different business aspects, such as the appropriate use of 

technologies, technical expertise and human resources (Pervan, Pervan, & Ćurak, 2017) that 

ensure smooth supply chain operations and potentially favor the application of digital 

technologies. The companies’ age was retrieved from the Amadeus database.  
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 Data Analysis  

The process of data analysis systematically assesses the gathered primary data from the 

questionnaire by deploying statistical methods. Two types of data analysis are considered which 

are descriptive and inferential statistics. The aim of descriptive statistics is to provide an 

overview and summarize the data of the study. In this research, descriptive statistics were used 

to review the data (e.g., data screening) and depict the characteristic aspects of the sample size 

through tables (Aboujaoude, Feghali, & Kfouri, 2018, p. 42f.). Furthermore, due to the 

quantitative research method, inferential statistics were applied in order to draw conclusions 

from the sample size to a broader population. Inferential statistics aims to identify trends, 

patterns and potential relationships between variables by developing a model and testing the 

related hypotheses (Aboujaoude, Feghali, & Kfouri, 2018, p. 42f.). Initially, a factor analysis 

was conducted to decrease the large amount of the observed variables into a smaller number of 

factors (Yang H. , 2012, p. 480). For testing the established hypotheses, a regression analysis 

was conducted (Aboujaoude, Feghali, & Kfouri, 2018, p. 43). All statistical procedures were 

carried out in the statistics software SPSS. 

 

3.7.1 Data Screening  

After the data was collected, it is advisable to screen the data and identify any exceptional 

responses before analyzing the data. There are several screening methods that can be applied. 

Firstly, the dispersion of how each item got classified should be taken into account in order to 

detect extreme values by applying descriptive statistics (DeSimone, Harms, & DeSimone, 

2015). In this study, responses that did not belong to the 50% that were answered quite similarly, 

were considered as extreme values. Simultaneously, this study excluded specific items whose 

response rate was lower than 25%. However, individual missing values were replaced by the 

mean value of all other values of this specific item. Secondly, responses from participants who 

only responded to some items and where responses for other items are missing should be 

removed from the data set (DeSimone, Harms, & DeSimone, 2015). For this study, this means 

that participants who did not respond to more than 25% of the items were excluded for the data 

analysis.  
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3.7.2 Factor Analysis  

A factor analysis is applied in order to merge the data and thereby simplify the following 

analysis. Therefore, several interrelated items are combined into fewer items (Hair, Page, & 

Brunsveld, 2019, p. 468). The most prevalent factor analysis approaches are represented by the 

principal components analysis (PCA) and the common factor analysis (Easterby-Smith, Thrope, 

Jackson, & Jaspersen, 2018, p. 445 f.), of which the first one is applied in this study. The 

principal components analysis decreases the number of items into a lower number of items that 

are summarized under so-called principal components. Consequently, these fewer items of 

principal components are expected to explain the largest realizable share of the initial variance 

(Hair, Page, & Brunsveld, 2019, p. 428). In this study, these items are represented by the 

individual questions in the questionnaire, which were categorized under the principal 

components “supply chain resilience”, “supply chain agility”, “supply chain integration”, 

“digital technologies” as well as “operational performance”. The remaining items of this study 

after having carried out the factor analysis, are represented in Table 3. Applying the principal 

components analysis is advantageous, since this approach incorporates not only the common 

variance but also the unique as well as error variance. This fact renders the result more 

consistent, which is why the principal component analysis is frequently deployed for business 

studies (Hair, Page, & Brunsveld, 2019, p. 428) 

 

3.7.3 Common Methods Bias  

Common Methods Bias (CMB) are common methods variances (CMV) that arise in data 

gathered by surveys, because there is a correlation between the independent and dependent 

variables based on the respondent’s answers. Since the independent and dependent variable are 

responded simultaneously and depend on the individual cognition of respondents, CMV are 

expected to exist. One approach to analyze the gathered data for CMB is the Harman’s single-

factor method (Hair, Page, & Brunsveld, 2019, p. 293 f.), which is also applied as part of this 

study. In order to carry out the Harman’s single-factor method, a factor analysis is performed 

which contains every item of every factor included in the study (Podsakoff, MacKenzie, Lee, 

& Podsakoff, 2003). Based on Table 3, this study included five factors to apply the Harman’s 

single-factor method - supply chain resilience, supply chain agility, supply chain integration, 

digital technologies and operational performance. Thereof, each factor is represented by three 

items, summing up to a total of 15 items included in the analysis. Consequently, the Harman’s 

single-factor method examines if one general factor can explain most of the variance. Even 
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though this approach is criticized, for instance, for not controlling for method variance, it still 

represents a very commonly applied approach in this field (Podsakoff, MacKenzie, Lee, & 

Podsakoff, 2003) which is expected to deliver relevant insights (Hair, Page, & Brunsveld, 2019, 

p. 294). 

 

3.7.4 Validity and Reliability 

Validity is defined as the degree to which a concept is measured accurately in a quantitative 

study (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 164). When a questionnaire is 

applied, researchers test the validity of the questionnaire by deploying content validity and 

factor validity. At first, content validity was tested. Content validity assesses whether the 

questionnaire fully measures the constructs which are intended to measure (Bolarinwa, 2015). 

In order to ensure the content validity, it is suggested to review the research findings from 

previous studies (Saunders, Lewis, & Thornhill, 2009, p. 373). Thus, only items from previous 

studies which were established in high-ranking journals (ABS-ranking>= 3) were used which 

were proven to measure the factors accurately.  

 

Secondly, the factor validity of all items was tested. Factor validity extends content validity by 

testing the items with the support of a statistical model that is referred to as factor analysis 

which was described in chapter 3.7.2 (Bolarinwa, 2015). An important outcome of the factor 

analysis is the so-called factor loadings. Factor loadings are used to reduce the data in order to 

describe the correlations between factors with a lower number of items (Yang H. , 2012, p. 

480). According to Hair, Page, & Brunsveld, (2019, p. 430 f.), as a general rule, factor loadings 

should have a value of at least 0.6 or greater in order to be kept for further analysis. In this case, 

at least 60 % of the total variance would be explained by the individual items. However, not all 

items with a factor loading lower than 0.6 need to be removed but can also be included in further 

analysis in case the content of the item justifies it to be kept. Additionally, the so-called 

discriminant validity is tested by help of a correlation matrix, implying that individual factors 

should not correlate with other factors that are different (Hair, Page, & Brunsveld, 2019, p. 264 

f.). Furthermore, within the scope of the factor loading analysis, the Bartlett’s test of sphericity 

(Bartlett, 1954) and the Kaiser-Meyer-Olkin (KMO) (Kaiser, 1970; Kaiser, 1974) test were 

performed. KMO test measures the sampling adequacy of the data in order to determine whether 

the observed items are appropriate for conducting a factor analysis (SAGE Research Methods, 

2012). For the KMO test, values below 0.5 are deemed unacceptable which indicates that the 
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items are not suitable for performing a factor loading analysis (Spicer, 2005, p. 186). The 

Bartlett test of sphericity measures whether the set of data is normally distributed. It also tests 

the null hypotheses whether the correlation matrix equals an identity matrix. Significant values 

of less than 0.05 which indicates that the correlation matrix is different from an identity matrix 

and therefore the data is suitable for additional analysis (Hadi, Abdullah, & Ilham, 2016). 

Following the mentioned recommendations, the KMO test, the Bartlett’s test of sphericity and 

the factor loadings were measured in SPSS. The results are outlined in chapter 4.3.2.  

 

Apart from the validity, it is advisable for researchers to measure the reliability of the constructs, 

which, in turn, add to the validity of the questionnaire (Bolarinwa, 2015). Reliability assesses 

the internal consistency of measurement within a set of items and can be tested by calculating 

Cronbach’s alpha (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 185). For this 

research, Cronbach’s alpha was measured with a reliability analysis in SPSS. The reliability 

analysis was carried out individually for all factors based upon the remaining items per factor 

determined by the factor analysis. According to the rule of thumb by Hair, Page, & Brunsveld 

(2019, p. 262), Cronbach’s alpha is excellent if the value ranges between 0.8 to < 0.9 which 

indicates a high reliability and therefore a high internal consistency within a set of items. Values 

from 0.7 to < 0.8 are considered as good reliability and values from 0.6 to < 0.7 are acceptable. 

Values below 0.6 are not acceptable as the internal consistency within a set of items is not given. 

Hence, items with a Cronbach’s alpha lower than 0.6 were removed as these items would not 

accurately measure the model and its constructs. The results are outlined in chapter 4.3.3. 

 

3.7.5 Regression Analysis  

Regression analysis is applied between two or more variables in order to assess their linear 

relationships. Thereby, the presence of a relationship and its strength are determined by the 

correlation of the variables (Hair, Page, & Brunsveld, 2019, p. 395). In order to evaluate 

whether a relationship exists between these variables, hypotheses are developed and 

consequently tested. In this case, the so-called null hypotheses state that no relationship exists 

between the variables. If the alternative hypothesis is significant, the null hypothesis is rejected 

and the other hypothesis is confirmed, stating that a relationship between the variables is present 

(Hair, Page, & Brunsveld, 2019, p. 383). A statistical significance is given when the p-value is 

less than 0.05 (Hair, Page, & Brunsveld, 2019, p. 403).  
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Whereas a bivariate regression analysis evaluates the linear relationship between one 

independent variable and one dependent variable, a multiple regression analysis evaluates the 

linear relationship between multiple independent variables that predict one dependent variable. 

Thereby, the impact of multiple independent variables on the dependent variable is assessed. 

Since the multiple regression analysis takes into account multiple independent variables, 

instead of one as it is the case for bivariate regression, the multiple regression considers a model 

that is more reasonable (Hair, Page, & Brunsveld, 2019, p. 401). This is also the reason why a 

multiple regression analysis is applied in this study. In such a model, the dependent variable 

corresponds to a continuous scale, while the independent variables are represented on scales 

that are either continuous or categorical (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, 

p. 521). As explained in chapter 3.6.4, the dependent variables of this study are represented by 

the factors supply chain resilience and operational performance, whereas supply chain agility, 

supply chain integration and supply chain resilience represent the independent variables of the 

model. Digital technologies are analyzed as independent variables which serve as moderator of 

the relationship between an independent variable and a dependent variable. 

 

3.7.6 Model Fit  

Researchers are required to assess the model fit of the developed model in order to evaluate the 

extent to which the hypothesized model fits the data (Xia, 2019). When a multiple regression 

analysis is used for the modelling, different model fit indices can be considered to assess 

different characteristics of the model (Easterby-Smith, Thrope, Jackson, & Jaspersen, 2018, p. 

522). In this research, the squared multiple correlation (R2), standard error, F-test and the beta 

coefficient were chosen. The overall quality of regression model is measured by R2 that shows 

the percentage of variance in the dependent variable which is explained by the independent 

variable. The values of R2 range between 0 and 1 whereby an R2 of 1 indicates a perfect model 

fit of the regression. The F-test is utilized for testing the null hypothesis to see whether the 

proportion of variance is explained by the independent variable is equal to zero compared to 

the alternative hypotheses which is higher than zero (Easterby-Smith, Thrope, Jackson, & 

Jaspersen, 2018, p. 522). A significant F-test confirms that R2 is reliable. Hence, the F-test 

shows if the hypothesized model has a significant amount variance (Iacobucci, 2010).  

A further model fit index is the standard error. The standard error is a measure of spread that is 

determined by the standard deviation and the sampling size. It indicates how much the sample 

means vary from the standard deviation of the sampling distribution (Altman & Bland, 2005). 
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The last model fit index is the beta coefficient that indicates the specific contribution of each 

independent variable to the change of the dependent variable (Easterby-Smith, Thrope, Jackson, 

& Jaspersen, 2018, p. 522). The values of beta coefficients can lie between -1 and 1 (Hair, Page, 

& Brunsveld, 2019, p. 402). The results of the model fit indices will be reported in chapter 4.4.1 

and 4.4.2. 

 

_ 
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4 Findings and Analysis  

___________________________________________________________________________ 

This chapter reports the data analysis as well as the results that could be derived from the 

study. Therefore, the chapter is introduced with descriptive information about the respondents 

of the questionnaire. Consequently, the study is analyzed for Common Method Bias. 

Furthermore, the validity and reliability of the findings is confirmed. This is followed by a 

regression analysis which is applied for testing whether the previously set up hypotheses are to 

be rejected or supported. Additionally, the values determining the model fit are reported. 

___________________________________________________________________________ 

 

 Descriptive Information  

The data gathered contains a total of 71 responses. Table 4 indicates that the majority of 

responses come from the General management and managers in the area of supply chain, 

procurement, logistics as well as production and plant. 84,5 % of all responses were gathered 

from managers that were employed in the company for over two years, which indicates a 

sufficient knowledge about the firm processes. Nearly 55% of these managers worked for firms 

with a size between 50 and 250 employees and nearly 24% for firms with more than 1 000 

employees. More than 40% accounted for a revenue between one and 49 million Euros in the 

previous year. An additional 32% reported a revenue that was higher than 10 000 million Euros 

in the previous year.  
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Table 4: Descriptive Statistics 

 

Source: Own table  

 

A summary statistic of all factors analyzed in this study is represented in Table 5, including the 

mean of each factor as well as the standard deviation. Thereby, the standard deviation values 

of each factor indicate how dispersed the sample is from the mean (Hair, Page, & Brunsveld, 

2019, p. 343). The mean values of the analyzed factors of the developed model in Figure 1 

range between 3.085 for digital technologies and 3.761 for supply chain resilience. This 

indicates that compared to supply chain resilience (mean value=3.761), digital technologies 

(mean value=3.085) represent a relatively low level of adoption. The mean values of the two 

supply chain resilience capabilities indicate that supply chain integration (mean value=3.643) 

is slightly stronger incorporated than supply chain agility (mean value=3.406) in the 

manufacturing firms that responded to this study’s survey.   
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Table 5: Summary statistics of factors 

 

Source: Own table  

 

 Common method bias 

In order to measure Common Method Biases (CMB) that can arise from common respondents 

for the independent and dependent variable or influences resulting from the specifics or contexts 

of items (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003), this study applied the Harman’s 

single-factor method. The results reveal that the general factor, which includes all 15 items of 

this study, explains 25.92% of total variance. Since this general factor does not explain most of 

the variance, CMB is insignificant in this study.  

 

 Validity and Reliability Analysis  

4.3.1 Correlation Matrix  

In order to assess the discriminant validity of this study, Table 6 represents the correlations 

between the factors applied. The values can range from -1 to 1, whereas -1 represents a perfect 

negative relation between the factors and 1 represents a perfect positive relation. Thereby, the 

statistically significant values with a probability of at least lower than 0.05 indicate that the 

specific results of this study are reliable (Hair, Page, & Brunsveld, 2019, pp. 385-387). This 

study only contains positive significant relations. Since no correlation between the factors in 

Table 6 is higher than 0.7, the discriminant validity of this study can be confirmed (Hair, Page, 

& Brunsveld, 2019, pp. 265, 384 f.).  
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Table 6: Correlation matrix 

 

 Source: Own table  

 

4.3.2 Factor Loadings, Kaiser-Meyer-Olkin and Bartlett’s test of sphericity 

As represented in Table 7, the factor loadings of all items were higher than 0.6, which is why 

they are kept for further analysis (Hair, Page, & Brunsveld, 2019, p. 430 f.).  

 

Analyzing the data for its sampling adequacy by determining the Kaiser-Mayer-Olkin value, 

Table 7 indicates that all factors used for the analysis appeared to have a value that is higher 

than 0.5. Consequently, the chosen items per factor are considered to be appropriate for the 

factor analysis. Additionally, with values of 0.000 being lower than 0.05, the Bartlett’s test of 

sphericity are considered being significant which means that the correlation matrix is differing 

from an identity matrix. As a result, the Kaiser-Meyer-Olkin measure and the Bartlett’s test of 

sphericity indicate that the analysis can be continued with these items.  

 

4.3.3 Cronbach’s aplha 

The reliability is assessed with help of Cronbach’s alpha, by which the internal consistency of 

measurement within a set of items is evaluated (Easterby-Smith, Thrope, Jackson, & Jaspersen, 

2018, p. 185). The Cronbach’s alpha values of the factors considered in this study ranged from 

0.617 for the factor Supply Chain Resilience to 0.799 for the factor Supply Chain Integration 

as it is represented in Table 7. As explained previously, values above 0.6 are considered as 

being acceptable whereas values above 0.7 represent a good reliability.  
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Table 7: Summary of Validity and Reliability 

Factor Items KMO Bartlett Loadings  

Supply Chain 

Resilience  

Please assess to which degree you approve the following 

statements regarding your company's supply chain resilience 

capabilities.  

0.614 0.000  0.617 

  
1) Our company has the ability to adapt to the supply chain 

disruption easily through information sharing 
  0.745  

  
2) Our company has the ability to deploy adaptive capability and 

alternative plans  
  0.826  

  
3) Our company has an adaptive supply chain structure to cope 

with changes brought by the supply chain disruption 
  0.703  

Supply Chain 

Agility 

Please assess to which degree you approve of the following 

statements regarding the agility of your supply chain. 
0.665 0.000  0.693 

  
1) Our supply chain responds quickly to our changing 

requirements of delivery time 
  0.755  

  
2) Our supply chain responds quickly to our changing 

requirements of design 
  0.806  

  
3) Our supply chain responds quickly to offer/introduce new 

products to the market 
  0.802  

Supply Chain 

Integration 

Please assess to which degree you approve of the following 

statements regarding the level of integration within your key 

supply chain partners. 

0.698 0.000  0.799 

  
1) We share production planning and demand forecast 

information with key supply chain partners  
  0.860  

  
2) We and our key supply chain partners inform each other in 

advance of our changing needs 
  0.869  

  
3) We include our key supply chain partners in our planning and 

goal setting activities 
  0.806  

Digital 

technologies  

Please assess to which degree you approve of the following 

statements regarding the adoption of Industry 4.0 

technologies within your supply chain operations 

0.585 0.000  0.714 

  
1) We incorporate digital services into products (Internet-of-

Things or Product Service Systems) 
  0.675  

  
2) We use digital automation with sensors for products and 

operating conditions identification as well as flexible line 
  0.890  

  

3) We use remote monitoring and control of production through 

systems such as Manufacturing Execution and System and 

Supervisory Control and Data Acquisition  

  0.820  

Operational 

Performance 

Please assess to which degree you approve the following 

statements regarding your operational performance.  
0.616 0.000  0.666 

  
1) Our company can quickly respond to changes in market 

demand  
  0.658  

  
2) Our company has an outstanding on-time delivery record to 

our major customer 
  0.834  
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3) The lead time for fulfilling customers' orders (the time which 

elapses between the receipt of customer's order and the delivery 

of the goods) is short 

  0.835  

Source: Own table  

 

 Hypotheses Testing  

The statistical tool SPSS was used in order to test the hypotheses elaborated in the model 

represented in Figure 1. Therefore, regression analysis was applied as statistical method. Based 

on the theoretical findings gathered from other literature, this study derived in total six 

hypotheses. In order to separately carry out the analysis for each dependent variable – supply 

chain resilience and operational performance - the model was divided into two separate parts. 

As results, direct relations as well as moderations by digital technologies were evaluated. The 

logarithmized revenue of the previous year, the logarithmized firm size as well as the age of the 

firm served as control variables for the model. 

 

4.4.1 Regression Analysis and Model fit for Supply Chain Resilience as dependent variable  

In total, supply chain resilience as dependent variable comprises four hypotheses to be tested. 

Thereof, two direct effects are tested from supply chain integration towards supply chain 

resilience (H1) and from supply chain agility towards supply chain resilience (H2). 

Additionally, a moderation effect of digital technologies between each of these two direct 

relationships is tested (H4 and H5 in Figure 1). As stated before, a hypothesis is supported if 

there is a statistical significance which is given when the p-value is lower than 0.05 (Hair, Page, 

& Brunsveld, 2019, p. 387/403).  

 

This study found a positive significant influence (ß=0.329, p<0.02) of supply chain integration 

on supply chain resilience as indicated in Table 8. The same applies for the influence of supply 

chain agility on supply chain resilience (ß=0.275, p<0.02). Consequently, both independent 

variables – supply chain integration and supply chain agility – contribute to a change in the 

dependent variable supply chain resilience. However, the contribution of supply chain 

integration towards supply chain resilience was found to be higher, since the beta coefficient of 

this relationship resulted in a higher value than the beta coefficient of the relationship between 

supply chain agility and supply chain resilience. Concerning the moderating effect that the 

factor digital technologies has on the relationship between supply chain integration and supply 

chain resilience, a positive significant effect was found (ß=0.302, p<0.02). However, digital 
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technologies were found not to be significantly moderating the relationship between supply 

chain agility and supply chain resilience due to a p-value higher than 0.05.  

 

In order to assess the overall quality of the regression model, this study determined the R2 model 

fit index in SPSS. For supply chain resilience as dependent variable, it was found that a 

significant amount of variance in the dependent variable can be explained by the independent 

variables (R2=0.328) as represented in Table 8. Furthermore, the F-test is applied to test whether 

the proportion of the variance explained by the independent variables is zero for the null 

hypothesis or higher than zero for the alternative hypothesis. Since the F-test value for supply 

chain resilience as dependent variable is higher than 0 (F=3.787) as represented in Table 8, this 

implies that the proportion of the variance is explained by the alternative hypothesis, which 

states that there is a relation between the independent variables and supply chain resilience as 

dependent variable. Consequently, the F-test value was found to be significant (p<=0.001) 

which indicates that the R2 value for supply chain resilience as dependent variable is reliable. 

The standard error values with supply chain resilience as a dependent variable imply how much 

the sample means differ from the standard deviation of the sample distribution. All independent 

variables for supply chain resilience as dependent variable are in the range between 0.059 and 

0.078 as shown in Table 8. These values indicate a low standard error which implies that the 

sample means do not vary greatly from the standard deviation of the sampling distribution.  
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Table 8: Regression Analysis and Model fit for Supply Chain Resilience as dependent variable 

 

Source: Own table  
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4.4.2 Regression Analysis and Model fit for Operational Performance as dependent variable 

For operational performance as dependent variable, two hypotheses were tested. One of them 

represents the direct effect that supply chain resilience has on operational performance (H3). 

Moreover, it was tested whether digital technologies serve as moderator of the effect that supply 

chain resilience has on operational performance (H6). 

 

As represented in Table 9, the analysis found a positive significant effect of supply chain 

resilience towards operational performance (ß=0.370, p<0.02). Moreover, the results indicate 

that digital technologies significantly and positively (ß=0.271, p<0.02) moderate the effect that 

supply chain resilience has on the operational performance of a supply chain.  

 

Concerning the quality of the regression model for operational performance as dependent 

variable, Table 9 shows that the independent variables were found to explain a significant 

amount (R2=0.261) of variance in the dependent variable operational performance. The F-test 

value for operational performance as dependent variable indicates a value higher than zero 

(F=3.770), meaning that the proportion of the variance is explained by the alternative 

hypothesis. Thereby, the 26.1% of the variance are explained by the hypothesis that there is a 

relation between the independent variables and operational performance as dependent variable. 

Moreover, since the F-test value was found to be significant, the R2 value for operational 

performance as dependent variable is reliable. The standard errors in this part of the model 

range from 0.088 to 0.157. These values still represent a low standard error which implies a 

good model fit.  
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Table 9: Regression Analysis and Model fit for Operational Performance as dependent 

variable 

 

Source: Own table  

 

To conclude the analysis, Table 10 comprises a summary of all relationships tested in this study 

and indicates, whether the established hypotheses are supported or rejected. Hypothesis 1 

(p=0.006) and Hypothesis 2 (p=0.014), which indicate a direct effect of supply chain integration 

and supply chain agility towards supply chain resilience, can be supported based on the findings 

of this research. Additionally, the third direct relationship which is represented by Hypothesis 

3 in Figure 1, could also be supported and therefore indicates a significant (p=0.002) as well as 

positive effect of supply chain resilience towards operational performance. As to what concerns 

the moderating effect of digital technologies towards supply chain resilience as dependent 

variable, the findings were twofold. On the one hand, this study reveals that digital technologies 

significantly (p=0.010) serve as moderator of the relationship between supply chain integration 

and supply chain resilience. Therefore, Hypothesis 4 is supported. However, on the other hand, 

this study found that digital technologies do not represent a moderator (p=0.792) in the 

relationship between supply chain agility and supply chain resilience, which is why Hypothesis 

5 needs to be rejected. The last hypothesis tested shows that the direct relationship between 

supply chain resilience and operational performance is significantly (p=0.016) enhanced by 

digital technologies as moderator. Therefore, Hypothesis 6 needs to be supported.   
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Table 10: Summary of Regression Analysis and Model fit results 

 

Source: Own table  
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5 Discussion of Findings  

___________________________________________________________________________ 

In this chapter the study discusses the findings concerning the hypotheses with reference to 

conclusions drawn from previous studies. 

___________________________________________________________________________ 

 

Since this study found that supply chain integration as proactive capability significantly and 

positively impacts supply chain resilience, it became evident that sharing real-time information, 

planning jointly and the alignment of business processes contribute to a smooth and resilient 

supply chain operation (Prajogo & Olhager, 2012). Thereby, it is essential to discuss changing 

needs and to set goals together with supply chain partners (Wiengarten, Pagell, Ahmed, & 

Gimenez, 2014) in order to be able to react adaptively in times of disruptions (Um & Han, 

2021). This study also discovered that the positive effect of integration on resilience in the 

German manufacturing industry is further enhanced by applying digital technologies such as 

Clouds and Big Data Analytics as the supply chain can be jointly supervised through shared 

real-time information. This finding is consistent with a study conducted by Ivanov, Dolgui, & 

Sokolov (2019) according to which proactive supply chain resilience capabilities that are 

supported by digital technologies lead to a higher responsiveness as well as flexibility.  

 

Supply chain agility as reactive capability was also found to be significantly and positively 

influencing supply chain resilience. This implies that agile supply chain characteristics, such as 

quickly adapting the lead times and product capacities as defined by Al-Shboul (2017), 

contribute to a resilient supply chain in the German manufacturing industry. Additionally, the 

findings of this study are in line with what Juettner & Maklan (2011) found, that supply chain 

agility through its characteristics flexibility and velocity supports in counteracting disruptions. 

In opposition to hypothesis H2, that digital technologies serve as moderator on the relationship 

from supply chain agility towards supply chain resilience, the moderation was found to be not 

significant. This indicates that the relationship between supply chain agility towards supply 

chain resilience is not intensified through the implementation of digital technologies. One 

reason for this could be that supply chain agility acts as reactive supply chain resilience 

capability, whereas the connectedness through digital technologies is often considered serving 

for proactive capabilities (Behaldi, et al., 2021). Another explanation for the insignificant 

moderation could result from the fact that manufacturing firms have not yet fully exploited the 

potential of digital technologies as to what concerns the benefits with regard to supply chain 
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agility (Buer, Semini, Strandhagen, & Sgarbossa, 2020), but have rather used it for integrating 

internally and with their supply chain partners. In order to ensure agility in the manufacturing 

industry it is recommended to not only focus on the application of digital technologies, but to 

additionally incorporate lean practices (Buer, Semini, Strandhagen, & Sgarbossa, 2020). 

Moreover, it was found that in general digital technologies were not yet sufficiently applied to 

flexibly display potential scenarios through virtual reality simulations that could intensify an 

agile response in order to quickly react to disruptions (Ivanov, Dolgui, & Sokolov, 2019). 

Currently, only around one fourth of the German manufacturing firms studied by Bogner, 

Voelklein, Schroedel, & Franke (2016) would have the ability to deal with disruptions because 

digital technologies are not only implemented for some processes rather than throughout the 

whole supply chain. Based on this study, another explanation for the insignificant moderation 

of digital technologies in the relation between supply chain agility towards resilience could be, 

that more than 78% of the responding manufacturing firms were either very small or very big 

firms. Whereas the small firms are likely not to have implemented these specific digital 

technologies to support agile responses, the very large firms can be expected to still be working 

on or having difficulties in digitally aligning all of their processes to support an agile response 

to supply chain resilience through digital technologies.  

 

Concerning the consequence of supply chain resilience, operational performance was found to 

be significantly and positively influenced by supply chain resilience in the German 

manufacturing industry. This confirms Ponomarov & Holcomb‘s (2009) findings that a resilient 

supply chain is able to absorb the effects a disruption has on the supply chain. Based on this 

study’s findings, the moderating effect of digital technologies on the relationship between 

supply chain resilience and operational performance is significant and positive. Dalenogare L., 

Benitez, Ayala, & Frank (2018), for instance, found that the application of digital technologies 

may reduce the lead-time of a supply chain. Thereby the relation between supply chain 

resilience and operational performance can be further enhanced by the application of digital 

technologies.  
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6 Conclusion 

___________________________________________________________________________ 

In this chapter the study sums up the research method as well as the analysis and findings and 

answers to the research questions. Further, the theoretical contribution is assessed, and 

practical implications are elaborated for managers. Nonetheless, limitations of the study and 

suggestions for future research are identified. 

___________________________________________________________________________ 

 

The goal of this research was to gain further knowledge in the research field of supply chain 

resilience under the assumption of the dynamic capabilities’ theory. Consequently, it was aimed 

to determine to what extent digital technologies moderate the effect that supply chain 

integration and agility as capabilities have on supply chain resilience as well as how digital 

technologies moderate the effect that supply chain resilience has on operational performance. 

Therefore, a realist positivistic approach was applied on a sample size of 71 respondents 

represented by managers from German manufacturing firms. Based on a factor analysis, the 

validity and reliability of the data set as well as a good model fit could be confirmed. The 

regression analysis then provided an explanation to the following research questions.  

 

RQ1: How do supply chain resilience capabilities such as supply chain integration and agility 

under influence of digital technologies impact supply chain resilience within the manufacturing 

industry? 

 

As a response to this research question, this study found that supply chain integration and supply 

chain agility positively directly influence supply chain resilience by sharing information and 

being adaptive in case of a disruption. These findings are consistent with Altay, Gunasekaran, 

Dubey, & Childe‘s (2018) study in which they argue that supply chain agility and supply chain 

integration are considered being reactive and proactive capabilities of supply chain resilience. 

Additionally, digital technologies were found to significantly enhance the positive relation 

between supply chain integration and supply chain resilience by serving as moderator, for 

instance, through the application of the Internet of Things or monitoring systems. However, 

digital technologies were found not to be moderating the influence of supply chain agility on 

supply chain resilience. This can be justified by companies lacking the knowledge on how to 

fully exploit digital technologies in terms of reacting flexibly and quickly to certain situations.  
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RQ2: How does supply chain resilience influence the operational performance under the 

influence of digital technologies within the manufacturing industry? 

 

This study found as result of the analysis that supply chain resilience directly and positively 

influences the operational performance, for instance by keeping lead times short and 

consequently ensure on-time delivery. Additionally, digital technologies were found to 

positively moderate the influence of supply chain resilience on operational performance 

through monitoring and control systems. 

 

 Theoretical Implications  

This study theoretically contributes to the current literature of supply chain resilience in two 

major ways. The first main achievement is that this study contributes to theoretical findings by 

uncovering whether proactive and reactive capabilities have an impact on supply chain 

resilience and evaluating whether digital technologies influence the impact of those capabilities 

towards supply chain resilience. The second major contribution provides theoretical insights 

into the consequences of supply chain resilience in terms of the operational performance under 

the influence of digital technologies. Thereby, this study provides an overall representation in 

the context of supply chain resilience with a special focus on digital technologies.  

 

As to what concerns the dynamic capabilities theory by Teece, Pisano, & Shuen (1997), this 

research confirmed that supply chain agility is a dynamic capability that is required to flexibly 

respond to the continuously changing business environments and thereby lead to a resilient 

supply chain. The same applies to supply chain integration which dynamically contributes to 

resilience by sharing real-time information and jointly reacting to disruptions. This study adds 

value to the existing theory by enhancing the effect of these dynamic capabilities on supply 

chain resilience by digital technologies. However, the constellation of analyzing one proactive 

capability (supply chain integration) and one reactive capability (supply chain agility) led to an 

unexpected finding. Whereas digital technologies were found to serve as moderator on the 

influence of supply chain integration on supply chain resilience, no moderation by digital 

technologies could be found on the influence of supply chain agility on supply chain resilience 

which rejects the expected hypothesis. The moderating effect of digital technologies in the 

relation between supply chain agility and resilience was specifically asked to be tested by Ju & 

Hou (2021), which can be negated based on the findings of this study.  
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The second main contribution of this study is represented by the consequences of supply chain 

resilience and the moderating role of digital technologies in this specific context. This 

moderation indicates that digital technologies would enhance the direct relationships between 

supply chain resilience and operational performance, adding to Dalenogare‘s L., Benitez‘, 

Ayala‘s, & Frank‘s, (2018) findings that digital technologies contribute to decreasing lead-

times. 

 

Previous studies conducted confirm the findings of this study with regard to the German 

manufacturing industry and state that proactive as well as reactive capabilities enable supply 

chain resilience (Behaldi, et al., 2021) and lead to a better operational performance (Thun & 

Hoenig, 2011). However, the moderating effect of digital technologies in the supply chain 

resilience context adds uniqueness to this study. 

 

 Managerial Implications  

In addition to the theoretical contribution, this study also provides practical implications for 

manufacturing firms in the context of supply chain resilience. Firstly, concerning the supply 

chain resilience capabilities agility and integration, managers are recommended to strengthen 

both of them in order to establish a resilient supply chain that effectively and efficiently prepares 

for and reacts to disruptions. In terms of supply chain agility, constantly changing market 

demands require managers to flexibly and quickly adjust for instance the delivery time and 

capacity. Therefore, in order to be able to react in an agile manner, managers are required to 

closely collaborate with their supply chain partners and share relevant data (Fayezi & 

Zomorrodi, 2015). This leads to the requirement of a well well-established supply chain 

integration, so that firms to real-time data is provided within the firm and its supply chain 

partners in order to collaboratively react to supply chain disruptions. Therefore, managers 

should increase the visibility and transparency throughout the supply chain in the long-term by 

commonly setting goals and implementing a joint risk management. This can be reached either 

through regular meetings or shared digital platforms such as Clouds to exchange data that is 

relevant for all supply chain partners.  

 

Secondly, managers should focus on reaching supply chain resilience, by strengthening its 

capabilities such as supply chain agility and integration, since resilience represents the ability 
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to adapt and realign the supply chain which consequently results in an improved operational 

performance in terms of better product quality, higher service level and on-time delivery.  

 

Thirdly, the investment and implementation of digital technologies is recommended to firms 

since it further enhances the positive effect that supply chain integration has on supply chain 

resilience. Several digital technologies such as Cloud Computing increase the connectedness 

by sharing real-time information throughout the production and delivery processes and leads to 

a higher visibility in supply chain operations (Ivanov, Dolgui, & Sokolov, 2019). Therefore, 

managers should focus on adopting digital technologies which transfer a high quantity of (real-

time) information, for instance through tracking and tracing technologies, and contribute to 

decision making processes by automated data analysis as it is the case for Big Data Analytics 

(Behaldi, et al., 2021).  

 

Last but not least, another fact that recommends the application of digital technologies is that 

digital technologies also positively enhance the beneficial effect of supply chain resilience on 

the operational performance of a supply chain. For instance, Big Data Analytics can lead to a 

solution that reduces delivery lead times (Raji, Shevtshenko, Rossi, & Strozzi, 2020). However, 

managers should also pay attention, that the costs of enhancing supply chain resilience 

capabilities through the implementation of digital technologies do not exceed the value derived 

from it (Tukamuhabwa B., Stevenson, Busby, & Zorzini, 2015).  

 

To sum up, managers are recommended to dynamically adapt their firm’s supply chain 

resilience capabilities to their business environments. These dynamic actions can further be 

supported by the previously described digital technologies.  

 

 Limitations and Future Research  

Despite the fact that this study provides the reader with a deeper understanding concerning 

supply chain resilience and digital technologies that moderate the capabilities and 

consequences, this research is still limited in some concerns. 

 

The first limitation of the study is represented by the factors to which the study and its analysis 

is restricted, since it considers only two supply chain resilience capabilities – one proactive 

capability represented by supply chain integration and one reactive capability represented by 
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supply chain agility. However, Behaldi, et al. (2021) identified further proactive strategies 

represented by local sourcing, the implementation of an integrated supply chain risk 

management as well as human capabilities. Additional reactive strategies are represented by 

introducing inventories, applying supply chain simulation and deploying business continuity 

plans (Behaldi, et al., 2021). With regard to the consequences, Kinra, Ivanov, Das, & Dolgui 

(2020) considers not only the operational consequences that supply chain resilience can have, 

but emphasises the influence on the financial performance as well as the implications supply 

chain resilience has on the customers. The impact of all these further capabilities and 

consequences resulting from supply chain resilience should be addressed in future studies. 

Moreover, due to the fact that the effects of the COVID-19 crisis are not yet ultimately 

measurable, it would be interesting to specificly consider the short-term and long-term impacts 

that supply chain resilience had during the COVID-19 crisis.  

 

The second limitation of this research concerns the scope of this study, since only the German 

manufacturing industry is considered. Even though Germany fits well for this study as it 

represents a well industrialized country that takes advantage use of digital technologies (Veile, 

Kiel, & Mueller, 2020), it has to be considered that not all countries are on the same level as to 

what concerns the application of digital technologies. Additionally, this study focuses only on 

supply chain resilience in the manufacturing sector, even though the service sector could also 

benefit from deploying supply chain resilience (Behaldi, et al., 2021). Thus, it would be 

interesting to study the context of supply chain resilience under the influence of digital 

technologies in the service sector in a future research.  

 

The restricted number of respondents to the questionnaire represents the third limitation of this 

study which is not only caused by the time frame set for this study, but also by the consequences 

resulting from the COVID-19 crisis. Thus, manufacturing firms were in short work or struggled 

otherwise and consequently did not have the time to respond to the questionnaire. 

 

Another aspect that should be considered for future research concerns the moderation of digital 

technologies between supply chain agility and supply chain resilience that was found to be 

insignificant against the expectations. The causes for this insignificant relationship against the 

expectations should be examined in separately in more detail. Therefore, it should qualitatively 

be studied, whether the surveyed manufacturing firms of this study did not have sufficient 
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knowledge to apply their digital technologies so that it positively contributes to an enhancement 

of agility towards resilience or whether there are other causes present.  
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8 Appendix 

Appendix 1: Questionnaire 

 

 
 

 

This survey is part of a research project on how German manufacturing firms make use of 

digital technologies, supply chain integration, supply chain agility and supply chain innovation 

in order to ensure supply chain resilience. Further it will be investigated how supply chain 

resilience affects a firm’s operational performance and thereby its competitive advantage. 

 

The research project is examined by researchers in Jönköping International Business School. 

The questionnaire has been thoroughly designed and answering the questions should not take 

more than 15 minutes to finish. At any given time during the process, you can save your answers 

and continue to complete the questionnaire at a later time. All information that is provided will 

be kept strictly confidential. In case you have any questions concerning the survey, please 

contact 

 

Anna Lena Scholz - Master student in International Logistics and Supply Chain Management 

E-Mail: scan18uj@student.ju.se 

Phone number: +49 160 90521269 

 

Yvonne Amann - Master student in International Logistics and Supply Chain Management 

E-Mail: amyv19sz@student.ju.se 

Phone number: +49 1578 2248603 

 

Diese Studie ist Teil eines Forschungsprojekts in dem untersucht wird, wie deutsche 

Fertigungsunternehmen digitale Technologien, Lieferkettenintegration, -agilität und -

innovation nutzen, um die Belastbarkeit der Lieferkette sicherzustellen. Des Weiteren wird 

untersucht, wie sich die Belastbarkeit der Lieferkette auf die betriebliche Leistung eines 

Unternehmens und damit auf seinen Wettbewerbsvorteil auswirkt. 

 

Das Forschungsprojekt wird von Forschern der Jönköping International Business School 

untersucht. Der Fragebogen wurde sorgfältig entworfen und die Beantwortung der Fragen sollte 

nicht mehr als 15 Minuten in Anspruch nehmen. Während des Prozesses können Sie jederzeit 

Ihre Antworten speichern und den Fragebogen zu einem späteren Zeitpunkt weiter ausfüllen. 

Alle Informationen, die Sie uns zur Verfügung stellen, werden streng vertraulich behandelt. 

Sollten Sie Fragen zur Umfrage haben, wenden Sie sich bitte an 

 

Anna Lena Scholz - Masterstudentin im Studiengang International Logistics and Supply Chain 

Management 

E-Mail: scan18uj@student.ju.se 

Tel: +49 160 90521269 

 

Yvonne Amann - Masterstudentin Studiengang International Logistics and Supply Chain 

Management 

E-Mail: amyv19sz@student.ju.se 

Tel: +49 1578 2248603 
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A - Allgemeine Angaben  
 

 

1. Bitte geben Sie Ihre Berufsbezeichnung an. 
 

1) Please Indicate your job title 

 

 

 

 

 

2. Bitte geben Sie an, wie viele Vollzeitbeschäftige in Ihrem Unternehmen 

arbeiten. 
 

2) Please indicate how many employees (full-time equivalents) are working in your company 

 

 0-250  

 251-500  

 501-1000  

 >1000  

 

 

 

3. Bitte geben Sie an, wie lange Sie bereits in Ihrem Unternehmen beschäftigt 

sind. 
 

3) Please indicate how long you have worked for your company 

 

 

 

 

 

4. Falls Sie eine Kopie des Abschlussberichts erhalten möchten, geben Sie 

bitte Ihre Kontaktdaten an. 
 

4) If you are interested in receiving a copy of the final report, please provide your contact 

details. 
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5. Bitte geben Sie den Jahresumsatz Ihres Unternehmens im letzten 

Geschäftsjahr an. 
 

5) Please indicate the annual turnover of your company in the last fiscal year 
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B - Angaben zur Belastbarkeit und Agilität der Lieferkette  
 

Please assess to which degree you approve the following statements regarding your company's 

supply chain resilience capabilities. 

 

1. Bitte bewerten Sie, inwieweit Sie den folgenden Aussagen zur 

Belastbarkeit der Lieferkette in Ihrem Unternehmen zustimmen. 
 

 

 

 

Stimme 

überhau

pt nicht 

zu 

Stimme 

nicht zu 

Stimme 

weder 

zu noch 

lehne ab 

Stimme 

zu 

Stimme 

voll und 

ganz zu 

Our company has the ability to provide a 

quick response to supply chain 

disruption 

 

Unser Unternehmen ist in der Lage, 

schnell auf eine Unterbrechung der 

Lieferkette zu reagieren. 

     

Our company has the ability to cope with 

changes brought by the supply chain 

disruption through collaboration with 

partners to minimise uncertainty 

 

Unser Unternehmen ist in der Lage, die 

durch eine Unterbrechung der 

Lieferkette verursachten Veränderungen 

durch die Zusammenarbeit mit Partnern 

zu bewältigen. 

     

Our company has the ability to adapt to 

the supply chain disruption easily 

through information sharing 

 

Unser Unternehmen ist in der Lage, sich 

durch den Austausch von Informationen 

mit Partnern an die Unterbrechung der 

Lieferkette anzupassen. 

     

Our company has the ability to maintain 

high-risk awareness and evaluation at all 

times 

 

Unser Unternehmen ist in der Lage, das 

Risikobewusstsein aufrechtzuerhalten 

und Risiken jederzeit zu bewerten. 

     

Our company has the ability to maintain 

trust with partners to adapt to supply 

chain disruption 
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Unser Unternehmen ist in der Lage, das 

Vertrauen zu Partnern 

aufrechtzuerhalten, wenn 

Unterbrechungen der Lieferkette 

ausgeglichen werden müssen. 

Our company's supply chain allows 

increasing visibility over the supply chain 

 

Unser Unternehmen hat die Möglichkeit, 

die Transparenz über die Lieferkette zu 

erhöhen. 

     

Our company has the ability to adapt 

and cope with changes from the supply 

chain disruption through risk 

management culture embedded in the 

organisation 

 

Unser Unternehmen ist in der Lage, sich 

durch eine in der Organisation 

verankerte Risikomanagement-Kultur an 

Veränderungen durch die 

Unterbrechung der Lieferkette 

anzupassen und diese zu bewältigen. 

     

Our company has the ability to deploy 

adaptive capability and alternative plans 

 

Unser Unternehmen verfügt über die 

Fähigkeit, Anpassungen durchzuführen 

und Alternativpläne einzusetzen. 

     

Our company has an adaptive supply 

chain structure to cope with changes 

brought by the supply chain disruption 

 

Unser Unternehmen verfügt über eine 

anpassungsfähige Lieferkettenstruktur 

zur Bewältigung der durch die 

Unterbrechung der Lieferkette 

verursachten Veränderungen. 

     

Our company has the ability to cope with 

changes brought by the supply chain 

disruption through technologies 

 

Unser Unternehmen ist in der Lage, die 

durch die Unterbrechung der Lieferkette 

verursachten Veränderungen durch 

Technologien zu bewältigen. 
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2. Bitte beurteilen Sie, inwieweit Sie den folgenden Aussagen bezüglich der 

Agilität Ihrer Lieferkette zustimmen. 
 

Please assess to which degree you approve of the following statements regarding the agility of 

your supply chain. 

 

 

Stimme 

überhau

pt nicht 

zu 

Stimme 

nicht zu 

Stimme 

weder 

zu noch 

lehne ab 

Stimme 

zu 

Stimme 

voll und 

ganz zu 

Our supply chain responds quickly to our 

changing requirements of delivery time 

 

Wir können unsere Lieferkette schnell an 

veränderte Anforderungen anpassen. 

     

Our supply chain responds quickly to our 

changing requirements of design 

 

Wir können unsere Lieferkette schnell an 

wechselnde Designanforderungen 

anpassen. 

     

Our supply chain responds quickly to our 

changing requirement of costs 

 

Wir können unsere Lieferkette schnell an 

wechselnde Kostenanforderungen 

anpassen.   

     

Our supply chain responds quickly to 

introduce large numbers of product 

improvements 

 

Wir können unsere Lieferkette schnell an 

die Einführung einer großen Anzahl von 

Produktverbesserungen anpassen. 

     

Our supply chain responds quickly to 

offer/introduce new products to the 

market 

 

Wir können unsere Lieferkette schnell an 

neue Produkteinführungen auf dem 

Markt anpassen. 

     

Our supply chain responds effectively to 

adjust capacity in production 

 

Wir können unsere Lieferkette effektiv 

auf Kapazitätsanpassungen in der 

Produktion auslegen. 
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C - Angaben zu digitalen Technologien in Ihrer Lieferkette  
 

Please assess to which degree you approve of the following statements regarding the adoption 

of Industry 4.0 technologies within your supply chain operations 

 

1. Bitte beurteilen Sie, inwieweit Sie den folgenden Aussagen bezüglich Ihrer 

Fähigkeit, Industrie 4.0-Technologien innerhalb Ihrer Lieferkettenabläufe 

einzusetzen, zustimmen. 
 

 

 

 

Stimme 

überhau

pt nicht 

zu 

Stimme 

nicht zu 

Stimme 

weder 

zu noch 

lehne ab 

Stimme 

zu 

Stimme 

voll und 

ganz zu 

We have the technical ability to integrate 

product development and 

manufacturing through computer-based 

systems 

 

Wir haben die Fähigkeit, 

Produktentwicklung und Fertigung 

durch computerbasierte Systeme zu 

integrieren. 

     

We have the ability to use advanced 

processes that are related to Industry 4.0 

technologies (3D-printing, big data, 

additive manufacturing, Internet-of-

Things, sensor technologies, virtual 

models and cloud services) 

 

Wir haben die Fähigkeit, fortschrittliche 

Prozesse zu nutzen, die mit dem Einsatz 

von Industrie 4.0-Technologien 

verbunden sind (z.B. 3D-Druck, Big Data, 

additive Fertigung, Internet der Dinge, 

Sensortechnologien, virtuelle Modelle 

und Cloud-Dienste). 

     

We have the ability to engage in process 

automation programs (e.g. automated 

machine tools and 

handling/transportation equipment, and 

robots) 

 

Wir haben die Fähigkeit, 

Prozessautomatisierungsprogramme 

einzubinden (z. B. automatisierte 

Werkzeugmaschinen, Handhabungs-

/Transportgeräte und Roboter). 
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We have the ability to engage in 

product/part tracking and tracing 

programs (bar codes, RFID) 

 

Wir haben die Fähigkeit, Programme zur 

Produkt-/Teileverfolgung und -

rückverfolgung einzusetzen (Barcodes, 

RFID). 

     

We have the ability to integrate digital 

tools and techniques that detect failures 

 

Wir haben die Fähigkeit, digitale 

Werkzeuge und Techniken zu 

integrieren, die Fehler erkennen. 

     

We have the ability to develop towards 

"the factory of the future" (e.g. 

smart/digital factory, adaptive 

manufacturing systems) 

 

Wir haben die Fähigkeit, uns in Richtung 

"Fabrik der Zukunft" zu entwickeln (z. B. 

smarte/digitale Fabrik, adaptive 

Fertigungssysteme). 

     

 

Please assess to which degree you approve the following statements regarding the relevance of 

using the following Industry 4.0 technologies within your supply chain operations.  

 

2. Bitte beurteilen Sie die Relevanz des Einsatzes folgender Industrie 4.0-

Technologien innerhalb Ihrer Lieferkettenabläufe. 
 

 

 

 

Stimme 

überhau

pt nicht 

zu 

Stimme 

nicht zu 

Stimme 

weder 

zu noch 

lehne ab 

Stimme 

zu 

Stimme 

voll und 

ganz zu 

We incorporate digital services into 

products (Internet-of-Things or Product 

Service Systems) 

 

Wir binden digitale Dienste in Produkte 

ein (Internet der Dinge oder Produkt-

Service-Systeme). 

     

We use digital automation with sensors 

for products and operating conditions 

indentification as well as flexible lines 

 

Wir nutzen digitale Automatisierung mit 

Sensoren zur Produkt- und 
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Betriebszustandserkennung sowie 

flexible Produktionslinien. 

We use remote monitoring and control 

of production through systems such as 

Manufacturing Execution and System 

and Supervisory Control and Data 

Acquisition 

 

Wir nutzen Fernüberwachung und -

steuerung der Produktion durch die 

Anwendung von 

Produktionsleitsystemen sowie 

Überwachungssteuerung -und 

Datenerfassungssysteme. 

     

We use additive manufacturing, rapid 

prototyping or 3D printing 

 

Wir nutzen additive 

Fertigungsverfahren, schnelle 

Herstellung von Modellen (sog. "Rapid 

Prototyping") oder 3D-Druck. 

     

We collect, process and analyse large 

quantities of data (Big Data) 

 

Wir sammeln, verarbeiten und 

analysieren große Mengen an Daten (Big 

Data). 

     

We use simulation/analysis of virtutal 

models (finite elements, computational 

fluid dynamics, etc.) 

 

Wir nutzen Simulationen/Analysen von 

virtuellen Modellen (Finite Elemente, 

numerische Strömungsdynamik, etc.). 

     

We use of cloud services associated with 

the product 

 

Wir nutzen die mit dem Produkt 

verbundenen Cloud-Dienste. 
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D - Angaben zur Lieferkettenintegration und -innovation 

 

Please assess to which degree you approve of the following statements regarding the level of 

integration within your key supply chain partners. 

 

1. Bitte beurteilen Sie, inwieweit Sie den folgenden Aussagen über den Grad 

der Integration innerhalb Ihrer wichtigsten Lieferkettenpartner zustimmen. 
 

 

 

 

Stimme 

überhau

pt nicht 

zu 

Stimme 

nicht zu 

Stimme 

weder 

zu noch 

lehne ab 

Stimme 

zu 

Stimme 

voll und 

ganz zu 

We share inventory level information 

with key supply chain partners 

 

Wir tauschen Informationen zum 

Lagerbestand mit wichtigen Partnern in 

der Lieferkette aus. 

     

We share production planning and 

demand forecast information with key 

supply chain partners 

 

Wir tauschen Informationen zur 

Produktionsplanung und 

Bedarfsprognose mit den wichtigsten 

Partnern in der Lieferkette aus. 

     

We and our key supply chain partners 

inform each other in advance of our 

changing needs 

 

Wir und unsere Lieferkettenpartner 

informieren uns gegenseitig im Voraus 

über unsere wechselnden Bedarfe und 

Anforderungen. 

     

We include our key supply chain 

partners in our planning and goal setting 

activities 

 

Wir beziehen unsere wichtigsten Partner 

in der Lieferkette in unsere Planungs- 

und Zielsetzungsaktivitäten ein. 

     

We regularly solve problems jointly with 

our key supply chain partners 

 

Wir lösen regelmäßig Probleme 

gemeinsam mit unseren wichtigsten 

Lieferkettenpartnern. 
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Please assess to which degree you approve the following statements regarding innovation in 

your supply chain activities 

 

2. Bitte beurteilen Sie, inwieweit Sie den folgenden Aussagen zur Innovation 

in Ihren Lieferkettenaktivitäten zustimmen 

 

 

 

 

Stimme 

überhau

pt nicht 

zu 

Stimme 

nicht zu 

Stimme 

weder 

zu noch 

lehne ab 

Stimme 

zu 

Stimme 

voll und 

ganz zu 

We manage continuous innovation of 

core global supply chain processes 

 

Wir fördern kontinuierliche Innovation 

von Kernprozessen der globalen 

Lieferkette. 

     

We manage quick and flexible processes 

against changes 

 

Wir unterstützen schnelle und flexible 

Prozesse bei Veränderungen. 

     

We manage innovative packages, 

vehicles or other physical assets 

 

Wir unterstützen innovative Pakete (z.B. 

Verpackungen), Fahrzeuge oder andere 

physische Güter. 

     

We manage technology for the real time 

tracking 

 

Wir fördern Technologie für die 

Echtzeitverfolgung. 

     

We handle a well-developed system that 

can integrate information 

 

Wir benutzen ein gut entwickeltes 

System, das Informationen integrieren 

kann. 
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E - Angaben zur betrieblichen Leistung und Wettbewerbsvorteilen 

 

 

Please assess to which degree you approve the following statements regarding your operational 

performance. 

 

1. Bitte beurteilen Sie, inwieweit Sie den folgenden Aussagen zu Ihrer 

betrieblichen Leistung der letzten drei Jahre zustimmen 

 

 

 

 

Stimme 

überhau

pt nicht 

zu 

Stimme 

nicht zu 

Stimme 

weder 

zu noch 

lehne ab 

Stimme 

zu 

Stimme 

voll und 

ganz zu 

Our company can quickly modify 

products to meet our major customer's 

requirements. 

 

Unser Unternehmen kann Produkte 

schnell modifizieren, um die 

Anforderungen unserer Hauptkunden 

zu erfüllen. 

     

Our company can quickly introduce new 

products into the market 

 

Unser Unternehmen kann schnell neue 

Produkte auf dem Markt einführen. 

     

Our company can quickly respond to 

changes in market demand 

 

Unser Unternehmen kann schnell auf 

Änderungen der Marktnachfrage 

reagieren. 

     

Our company has an outstanding on-

time delivery record to our major 

customer 

 

Unser Unternehmen hat eine 

hervorragende Termintreue bei der 

Lieferung an unsere Hauptkunden. 

     

The lead time for fulfilling customers' 

orders (the time which elapses between 

the receipt of customer's order and the 

delivery of the goods) is short 
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Die Laufzeit für die Erfüllung von 

Kundenaufträgen (die Zeit, die zwischen 

dem Eingang der Kundenbestellung und 

der Lieferung der Ware vergeht) ist kurz. 

Our company provides a high level of 

customer service to our major customer 

 

Unser Unternehmen bietet unseren 

Großkunden ein hohes Maß an 

Kundenservice. 

     

 

 

 

Please assess to which degree you approve the following statements regarding your company's 

competitive advantages compared to competitors. 

 

2. Bitte beurteilen Sie, inwieweit Sie den folgenden Aussagen zu den 

Wettbewerbsvorteilen Ihres Unternehmens im Vergleich zu Konkurrenten 

zustimmen. 
 

 

 

 

Stimme 

überhau

pt nicht 

zu 

Stimme 

nicht zu 

Stimme 

weder 

zu noch 

lehne ab 

Stimme 

zu 

Stimme 

voll und 

ganz zu 

Compared with our competitors, we 

offer unique benefits and novel features 

to our customers 

 

Im Vergleich zu unseren Konkurrenten 

bieten wir unseren Kunden einzigartige 

Vorteile und neuartige Funktionen. 

     

Compared with our competitors, we 

offer high quality products to our 

customers 

 

Im Vergleich zu unseren Konkurrenten 

bieten wir unseren Kunden qualitativ 

hochwertige Produkte. 

     

Compared with our competitors, we 

provide dependable delivery 

 

Im Vergleich zu unseren Konkurrenten 

bieten wir eine verlässliche Lieferung. 

     

Compared with our competitors, we 

provide customized products      
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Im Vergleich zu unseren Konkurrenten 

bieten wir kundenspezifische Produkte. 

Compared with our competitors, we 

deliver products to the market quickly 

 

Im Vergleich zu unseren Konkurrenten 

bringen wir Produkte schnell auf den 

Markt. 

     

Compared with our competitors, we 

offer competitive prices 

 

Im Vergleich zu unseren Konkurrenten 

bieten wir wettbewerbsfähige Preise. 

     

Compared with our competitors, we are 

able to compete based on quality 

 

Im Vergleich zu unseren Konkurrenten 

sind wir in der Lage, über die Qualität zu 

konkurrieren. 

     

 

 

 

Vielen Dank für Ihre Teilnahme. Über Ihr Feedback zu unserer Umfrage 

freuen wir uns sehr. 
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