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Abstract 

(English) Systems of production today face an increasing need to respond to diverse societal 

challenges. This development has resulted in the need for a transition from a fossil- and mineral 

resource-dependent paradigm towards a path that takes advantage of bio-based resources. In 

this context, wood is going to be an important feedstock and an essential enabler towards the 

transition from a fossil-based to a bio-based society. However, wood is not available infinitely. 

Hence, increasing the efficiency of the processing and utilization of wood is an imperative. In 

this context, interorganizational IT plays a decisive role. Therefore, this cumulative dissertation 

sets out to offer insights into the circumstances and causal mechanisms of IT usage behaviors 

in the wood industry. Encompassing rich empirical data, the thesis provides answers to research 

questions surrounding the fields of interorganizational IT adoption and interorganizational IT 

value. The insights provide implications for practitioners in the wood industry on how to pro-

mote the adoption of interorganizational IT and how to design structures and processes to ef-

fectively profit from investments in IT. In addition, the thesis also provides guidance for aca-

demics studying the phenomena of IT adoption and IT value with regard to sector-specific char-

acteristics.  

(German) Die industrielle Produktion ist heute mehr denn je mit unterschiedlichen gesellschaft-

lichen Herausforderungen konfrontiert. Diese Entwicklung führte unter anderem zur Notwen-

digkeit eines Paradigmenwechsels: Die Nutzung von nachwachsenden Rohstoffen als bioba-

sierte Alternative für fossile Materialien und Brennstoffe. In diesem Zusammenhang fällt ins-

besondere Holz als alternative Rohstoffbasis eine entscheidende Rolle zu. Trotz des nachwach-

senden Charakters ist jedoch auch die Verfügbarkeit dieses Rohstoffes begrenzt. Eine möglichst 

effiziente Nutzung ist daher entscheidend dafür, dass der erfolgreiche Wandel, ausgehend von 

einer auf fossilen Materialien basierenden Gesellschaft, hin zu einer, die auf nachwachsenden 

Rohstoffen basiert, gelingt. Dabei spielt der Einsatz von interorganisatonaler IT eine essentielle 

Rolle. Diese Dissertation thematisiert daher Rahmenbedingungen und kausale Zusammenhänge 

der Verwendung von IT in Unternehmensnetzwerken der Holzindustrie und untersucht auf ba-

sis umfangreicher empirischer Daten Fragestellungen aus den Bereichen der IT-Adoption sowie 

des IT-Wertbeitrages. Die resultierenden Erkenntnisse liefern Implikationen für Entscheidungs-

träger zur Erhöhung der IT-Adoptionsraten sowie zur Gestaltung von Strukturen und Prozessen 

hinsichtlich IT-Investitionen. Darüber hinaus gibt die Arbeit Empfehlungen für die Forschung 

in diesen Bereichen unter besonderer Berücksichtigung bestehender Industriespezifika.  
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A. Foundations

The first chapter of this cumulative dissertation is divided into three parts. The first section 

outlines the motivation and the research questions of the thesis as well as the structure, research 

context, research design, and anticipated contributions. Following this, information regarding 

the overall context is provided, including an overview of the German wood industry and the 

role of interorganizational networks as well as the status quo of IT support. The third section 

reviews relevant literature in the field of information systems research.  
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2 A.1 Introduction 

1 Introduction

The following sections in this chapter outline the motivation for studying the topic of this thesis 

and present the core research questions. Subsequently, the structure of the thesis is presented, 

followed by a description of the overall research context and research design. Finally, the an-

ticipated contributions of the following dissertation will be introduced.  

1.1 Motivation

 “Greater use of renewable resources is no longer just an option, it is 

a necessity. We must drive the transition from a fossil-based to a  

bio-based society, with research and innovation as the motor.”  

(European Commission 2013) 

Systems of production and consumption today face an increasing need to respond to societal 

challenges, such as climate change, environmental pollution, or scarcity of natural resources 

(McCormick and Kautto 2013). This development has resulted in the need for a transformative 

change and a transition from a fossil- and mineral resource-dependent paradigm towards a path 

that takes advantage of bio-based resources (Staffas et al. 2013). However, an economy founded 

on biomass instead of fossil and mineral resources requires a significant shift in socio-eco-

nomic, agricultural, energy, and technical systems (McCormick and Kautto 2013). As a result, 

various international organizations and national parliaments (e.g., the Organization for Eco-

nomic Cooperation and Development (OECD), the European Union (EU), the United States of 

America (USA), and Germany) have developed policies for designing a bio-based economy. 

The different strategies have often been summarized and published under the conceptual um-

brella of the term bioeconomy. The policy agendas highlight that substantial advances and ben-

efits can be expected in the field within the coming decades at regional, national, and interna-

tional levels, including the reduction of greenhouse gas (GHG) emissions, less dependence on 

fossil resources, a better management of natural resources, and an increased food security (e.g., 

BMBF 2011; Commission 2013; OECD 2009). 

As indicated by the introductory quote, Europe’s bioeconomy strategy strives for the transition 

from a fossil-based to a bio-based society. In turn, it focuses on the production of renewable 

resources and their conversion into products that range from food and feed to bio-based prod-

ucts and bio-energy. While the potential benefits of an advanced bioeconomy appear to be im-

mense, the transition towards it will depend heavily on the availability of sustainable biomass 
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A.1 Introduction 3 

(Hennig et al. 2016; Scarlat et al. 2015). However, biomass availability is limited in Germany 

as well as in the EU and also worldwide (Hennig et al. 2016). As a consequence, existing and 

future renewable resources have to be managed both efficiently and effectively in order to reach 

the expected benefits.  

In this context, next to agriculture, forestry is the most important sector that supplies raw ma-

terials for the bioeconomy (Bioeconomy Council 2016). In contrast to other biomasses, forestry 

provides several advantages: relative to agriculture, it offers a large production potential that 

does not threaten food security, which is a major concern in fostering the development of a 

bioeconomy (Scarlat et al. 2015). Furthermore, forests cover more than 40 percent of the EU’s 

landmass and this figure is gradually increasing. Therefore, the supply potential of wood is 

large and also on the rise (Ollikainen 2014). In addition, and most importantly, significant 

amounts of wood residues (about 176 million m3) can be recycled, recovered, and reused for 

further processing in products or in energy (Mantau 2012a). Hence, through the lens of cascad-

ing utilization, where the ultimate aim is to maximize the sequential reuse of a material followed 

by a final use for energy generation (Höglmeier et al. 2013), wood, in particular, is going to be 

an important feedstock and an essential enabler towards the transition from a fossil-based to a 

bio-based society (Hennig et al. 2016).  

 

Figure A-1. Efficient wood use as an integral part of EU’s bioeconomy strategy (based on BioVale 
2017; European Commission 2017)

As a result, forestry contributes to the objectives of the EU’s bioeconomy strategy in a number 

of ways (see Figure A-1). First, wood directly increases total carbon storage. Compared to other 

sources of biomass, forests have a high potential in carbon sequestration, meaning that wood 
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4 A.1 Introduction 

products serve as a carbon pool during their lifetime (Höglmeier et al. 2013; Ollikainen 2014). 

For example, in 2010 products of the pulp and wood industry in the EU-27 stored an equivalent 

of 104 million tons of CO2 in the long run (Mantau 2012a). Second, wood can substitute for 

other fossil-intensive materials. For instance, around 85 percent of oil-based polymers could be 

replaced by bio-based alternatives (Scarlat et al. 2015). Furthermore, compared to the use of 

virgin wood or non-wood products, the cascading reuse of wood leads to additional positive 

effects on carbon and energy balances (Höglmeier et al. 2014; Sathre and Gustavsson 2006). 

Third, wood can displace fossil fuels, when used for combustion with energy recovery after 

material use (Höglmeier et al. 2013). Hence, prioritizing the material use of wood does not 

foreclose its use for energy generation. Instead, if preliminary material use and subsequent en-

ergy based utilization are combined or if by-products and waste products are ultimately utilized 

for energy generation, then a double dividend can be achieved (Bioeconomy Council 2016). 

Consequently, the efficient use of wood represents an integral prerequisite for achieving the 

sustainability goals of EU’s bioeconomy strategy. 

However, wood is not available infinitely with respect to both volume and regional availability 

(Höglmeier et al. 2013). Nonetheless, the material reuse of wood has remained well below its 

potential so far (Bioeconomy Council 2016). As a consequence, organizations of the wood in-

dustry are facing an increasing competition for raw materials, associated with rising prices 

(Höglmeier et al. 2013; Schwarzbauer and Stern 2010). In order to meet the growing demands 

and to ensure stable supply for multiple purposes, and, to ensure, in turn, competitiveness of 

this crucial sector of the bioeconomy, increasing the efficiency of the processing and utilization 

of wood is an imperative (Höglmeier et al. 2013; Ollikainen 2014).  

In this context, modern information and communication technologies can play a decisive role, 

as they facilitate effective information sharing and decision making, and thereby, enhance or-

ganizational flexibility, efficiency and responsiveness while minimizing risks and costs (e.g., 

Kohli and Grover 2008; Masli et al. 2011; Melville et al. 2004). In addition, the integration of 

IT across organizational boundaries (Interorganizational IT) is a prerequisite for an effective 

collaboration and coordination among distributed organizations (e.g., Grover and Kohli 2012; 

Saraf et al. 2007). This is particularly true for the wood industry, where organizations are typi-

cally closely linked to a high degree of cascade utilization. This calls for holistic optimization 

across the entire supply chain, so that full advantage can be taken of by-products and reusable 

materials while minimizing waste, which results in an optimized and boundary-spanning allo-

cation of resources (Narodoslawsky 2003). Hence, for the efficient processing of wood and its 
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by-products, the management of information across organizational boundaries is essential, and, 

as a result, interorganizational information and communication technologies play a crucial role 

in supplying relevant information to the different actors involved (Fröhling et al. 2011; 

Uusijärvi 2010). In fact, precise and timely data provided by interorganizational IT are said to 

be a precondition for an effective management of wood supply chains. Previous research sug-

gests that interorganizational IT can help overcome resource allocation problems and reduce 

uncertainty in the processing of wood in a number of ways (Appelhanz and Schumann 2015; 

Dykstra et al. 2002; Uusijärvi 2010). For instance, tracking and tracing systems in wood supply 

chains offer a wide range of benefits, including the reduction of risks and costs, an improved 

quality and order fulfillment process, less environmental impact, and a better service for clients 

and customers (Appelhanz 2013; Taskhiri et al. 2013). In addition, interorganizational IS can 

provide accurate real time data (such as demand data or quality data from suppliers) that are 

needed for an optimized and resource-efficient production planning in the wood industry (Ide 

and Tiedemann 2013; Tiedemann and Ide 2013). Furthermore, interorganizational IS can also 

enhance the consumer acceptance of wood-based products by providing information regarding 

quality and origin, which enables the reduction of purchase barriers (Appelhanz and Schumann 

2015; Osburg et al. 2016).  

However, previous studies suggest that the wood industry generally displays a reserved attitude 

towards the adoption of IT and also indicate that only little has changed in the behavior of 

organizations in this sector with regard to IT driven collaboration since the early 1990s. As a 

result, the application of IT remains only on a basic level and is still limited to rudimentary 

types of IT integration and support (Hewitt et al. 2011). Hence, despite the widely acknowl-

edged benefits, compared to other manufacturing sectors, the wood industry lags behind when 

it comes to the adoption of new technologies in general and interorganizational IS in particular. 

This results in both unnecessary and avoidable financial and productivity losses and in lower 

levels of resource efficiency.  

Therefore, this cumulative dissertation sets out to offer insights into the circumstances and 

causal mechanisms of IT usage behaviors in interorganizational networks of the wood industry. 

The central and underlying research questions guiding this work will be discussed in detailed 

in the next section.  
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6 A.1 Introduction 

1.2 Research Questions

As outlined above, the effective use of boundary-spanning IT is a necessary prerequisite for the 

efficient processing and utilization of wood within interorganizational networks. Hence, the 

goal of this cumulative dissertation is to investigate the factors that affect the adoption of inter-

organizational IT and to examine the circumstances under which IT creates value in the context 

of interorganizational networks in the wood industry. Therefore, it examines associated sector-

specific characteristics that arise from the macro-, competitive-, and focal firm environment, 

and affect interorganizational IT adoption as well as the extent to which value from investments 

in IT can be generated and captured (e.g., Melville et al. 2004). By doing so, it seeks to offer 

insights and guidance for both research as well as for policy making and practice on how to 

effectively promote and leverage interorganizational IT. Following this aim, the thesis is struc-

tured along three guiding research questions as depicted in Figure A-2.  

 

Figure A-2. Research framework and guiding research questions

Today, organizations across various sectors operate as part of highly distributed ecosystems 
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sawmills and other organizations in the primary wood processing sector – to further processing 

organizations, such as furniture or the pulp and paper industry (e.g., Frank and Nagel 2009; 
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(Provan et al. 2007; Provan and Kenis 2007).  
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A.1 Introduction 7 

Previous research on networks highlights that networks differ in terms of various aspects that 

are influenced by certain contextual variables. These differences are influencing both the emer-

gence of networks as well as their operating principles, such as processes and structures, gov-

ernance mechanisms, or their degree of centrality (Harland et al. 2001). In turn, this affects how 

information and resources are shared among network members and also determines network 

effectiveness and performance outcomes (Lamming et al. 2000; Provan et al. 2007; Provan and 

Kenis 2007). At the same time research highlights that such non-IT related factors and capabil-

ities influence both the diffusion of IT as well as the creation of value through IT. For instance, 

Gibbons (2004) found that different network structures affect the diffusion of innovations and 

cause different adoption practices. Moreover, network-related patterns of communication and 

collaboration, such as information- and knowledge sharing routines are found to play a major 

role for the creation of IT value (e.g., Chen et al. 2013; Klein and Rai 2009; Saraf et al. 2007).  

Hence, and particularly from an information systems perspective, it is important to acquire a 

deeper understanding of the sector-specific characteristics. As a result, it is reasonable to delve 

deeper into the circumstances that drive the emergence and operating principles of interorgan-

izational networks in the wood industry before aiming to explain further IT-related issues. Con-

sequently, the first research question derives as follows:  

1) How do networks in the wood industry emerge and operate and which sector-specific 

characteristics can be identified?  

The boundary-spanning aspect of interorganizational networks implies a level of cooperation 

and coordination that goes well beyond traditional arms-length relationships (Kumar and van 

Dissel 1996). Thus, the use of interorganizational IT pledges several advantages for collaborat-

ing organizations, including enhanced operational efficiency, cost reductions, increased ability 

to compete, or a better service for clients and customers (Iacovou et al. 1995; Rajaguru and 

Matanda 2009). As a result, the application of interorganizational IT, such as electronic data 

interchange, knowledge sharing systems or supply chain management systems, has become 

widespread across most industries (Zhu et al. 2006b). According to Shook et al. (2002), these 

systems have also the potential to dramatically change how wood and wood-based products are 

marketed and exchanged between partnering organizations. However, despite the potential ben-

efits, organizations in the wood industry display a surprisingly cautious attitude towards IT 

adoption. As a result, the sector exhibits a low degree of diffusion of both organizational as 

well as interorganizational IT (Hewitt et al. 2011). Insights from previous studies on IT adop-

tion cannot directly be transferred to this context, as the wood industry differs from other sectors 
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8 A.1 Introduction 

in a number of ways, such as industry structure, organizational culture, or products and pro-

cesses (Appelhanz 2013; Kies et al. 2010; Mrosek et al. 2005). These issues lead to the follow-

ing research question:  

2) Which sector-specific characteristics shape the adoption of interorganizational IT in 

the wood industry and how can the diffusion be promoted? 

The mere adoption of IT, or investments in IT resources, such as software, hardware or IT 

human resources, do not lead to an enhanced performance or productivity per se (Prasad et al. 

2013; Rajaguru and Matanda 2013; Sanders 2007). Instead, organizations have to develop ca-

pabilities for implementing and using IT resources in combination with other organizational 

resources, in order to derive value from IT investments (Ray et al. 2005; Wade and Hulland 

2004). While much effort has been invested in order to investigate IT value from the perspective 

of a single firm, less is known about how networks of organizations can benefit from invest-

ments in IT (Kohli and Grover 2008; Saraf et al. 2007). As Grover and Kohli (2012) point out, 

“We need to understand how IT-based value is co-created and shared among multiple partners 

in multi-organizational relationships”. However, the sources of value from IT in the context of 

interorganizational relationships differ from those of a single firm (Saraf et al. 2007). In addi-

tion, and in contrast to the perspective of a single organization, networks of organizations are 

more complex as they consist of a variety of external and largely autonomous entities that differ 

in terms of their operating environment, culture, social capitals, and goals (Camarinha-Matos 

et al. 2009). In order to handle these complexities, specific interorganizational capabilities, 

which are influenced by several external factors, are needed (Melville et al. 2004). Conse-

quently, the following research question arises: 

3) How does the usage of interorganizational IT lead to value and how is it influenced by 

sector-specific characteristics?  

1.3 Structure of the Thesis

The dissertation is of cumulative nature and consists of five parts (see Figure A-3 on page 11). 

While the first and the last sections (Parts A and E) frame and synthesize the thesis with regard 

to the usage of interorganizational IT in the wood industry, the middle parts (Parts B, C, and D) 

represent the body of the thesis and cover nine interrelated studies. Each part focuses on one of 

the three guiding research questions presented in Section 1.2. While all studies address the gen-

eral topics of collaboration in networks or interorganizational information systems, not all of 

them have been conducted in the context of the wood industry. Nevertheless, each study offers 
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valuable insights to certain aspects of the research questions defined above and also provides 

implications for organizations of the wood industry. Each of the studies included in this cumu-

lative dissertation has been published as a completed research paper in leading and VHB-ranked 

IS conference proceedings or Journals (see Table A-1).  

Part A (Foundations) deals with the underlying motivation of the thesis and then presents the 

central and guiding research questions. Subsequently, the research context and the research 

design as well as the anticipated contributions are outlined. The next subsection provides back-

ground on the unit of analysis. Consequently, an overview of the German wood industry and 

the role of interorganizational networks is given. Furthermore, existing solutions of interorgan-

izational IT support for organizations in the wood industry are reviewed. The last subsection 

sets this research in the theoretical context of related IS research on IT adoption and IT value.  

Parts B, C, and D represent the main body of this cumulative thesis and include nine studies 

(published in eight different essays) in total. Part B (Exploring the Domain) focuses on the first 

research question and deals with aspects of network formation and operation as well as with 

associated industry-specific characteristics. As a result, Part B sheds light on the domain from 

different perspectives: The first study (#1) provides an overview of existing literature on IT-

enabled collaboration in the context of interorganizational networks in general. The second 

study (#2), then examines drivers of interorganizational networks in the wood industry in par-

ticular. Lastly, the third study (#3) of Part B identifies industry-specific characteristics that are 

related to the usage of interorganizational information systems in the wood industry.  

Part C (Studies on Interorganizational IT Adoption) comprises of three different studies and 

focuses on the adoption of interorganizational information systems. Hence, insights from this 

part mainly contribute to answering the second research question. The first study (#4) of this 

part continues from the last study of Part B and elaborates and tests an industry-specific IS 

adoption model in order to explain the low rates of IS diffusion. The second study (#5) examines 

the predictive power of different IS adoption models in the context of the wood industry and 

provides recommendations for base model choices. Finally, while the prior studies focus on 

organizational adoption variables, the last study (#6), takes a socio-technical perspective and 

concentrates on the role of trust in the acceptance (i.e., post-adoption usage) of interorganiza-

tional IS in networks.  

Part D (Studies on Interorganizational IT Value) deals with the creation of interorganizational 

IT value and thus mainly provides answers to Research Question 3. This part comprises three 

studies that deal with different aspects of the generation of interorganizational IT value. The 
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first study (#7) contributes to the understanding of how interorganizational networks in general 

can effectively manage IT integration in order to create value. Building upon this, the second 

study (#8) examines the role of collaborative network structures in the wood industry and how 

this is related to superior supply chain performance. Lastly, the third study (#9) of part D pro-

vides insights into the contextual conditions under which interorganizational IS create value for 

organizations in the wood industry.  

Part E (Contributions) closes the thesis. It reflects and synthesizes the findings from the dif-

ferent studies with regard to interorganizational networks in the wood industry. Subsequently, 

contributions to research as well as implications for policy making and practice are given. 

Lastly, the limitations of this thesis are outlined and future research directions are derived.  

Table A-1. Overview of studies included in the thesis

No. Outlet Ranking Section Core research question

#1 Hawaii Conference on 
System Sciences 2015

C B.1 To what extent has the body of literature already ex-
plored IT-enabled collaboration in the context of in-
terorganizational networks?

#2 Journal of Cleaner Production B B.2 What are the main drivers for the emergence of in-
terorganizational networks in the wood industry?

#3 Pacific Asia Conference on 
Information Systems 2015

C B.3 Which IT-related and sector-specific characteristics 
of the wood industry can be identified?

#4 Pacific Asia Conference on 
Information Systems 2015

C C.1 Which sector-specific characteristics affect the 
adoption of interorganizational IS in the wood in-
dustry?

#5 International Conference on 
Information Systems 2014

A C.2 Which theoretical lens should be applied for study-
ing interorganizational IT adoption in the wood in-
dustry?

#6 Pacific Asia Conference on 
Information Systems 2014

C C.3 What is the role of trust in the acceptance (post 
adoption usage) of interorganizational IS in net-
works?

#7 Americas Conference on 
Information Systems 2015

D D.1 What are the network characteristics that facilitate 
the development of IT integration to enhance IT 
value in interorganizational networks?

#8 Americas Conference on 
Information Systems 2016

D D.2 How do collaborative network structures influence 
IT integration and supply chain performance of or-
ganizations in the wood industry?

#9 European Conference on 
Information Systems 2016

B D.3 Which contextual factors affect the creation of IT 
value in the wood industry?

Note: The ranking is based on the VHB Jourqual 3 ranking. Study B.3 and Study C.1 have been published to-
gether in a single mixed-method paper. 
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Figure A-3. Overview of the structure of the thesis
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1.4 Research Context 

The research included in this thesis has been conducted in the context of the Research Training 

Group (RTG) 1703 Resource Efficiency in Interorganizational Networks1. As a consequence, 

the aims and results are embedded in the overall theme of the RTG, which is the identification 

and improvement of methods, processes and technologies that contribute to the resource-effi-

cient usage of renewable resources in interorganizational networks. This aim calls for a holistic 

optimization across the entire network of utilization and involves multiple actors along the sup-

ply chain that are linked - in both forward and reverse directions - through their common re-

source. As a result, the RTG integrates research from different perspectives, including material 

sciences, marketing, operations research, and information systems discipline. This interdisci-

plinary approach reflects in the structure of the RTG 1703 (see Figure A-4), which is divided 

into three different topical groups, namely Material Sciences (Topical Group A), Operative 

Planning (Topical Group B), and Governance (Topical Group C).  

 

Figure A-4. Structure of the RTG 1703

Topical Group A deals with the optimization of processes and products for wood-based mate-

rials. It focuses on industrial production processes in the wood and wood-based industry, in-

cluding both technological processes as well as chemical modifications for the development of 

new and innovative products. On the contrary, Topical Group B encompasses research on the 

planning of production and supply chains for renewable resources. It primarily deals with the 

application and improvement of methods and models for multi-criteria optimization as well as 

with the investigation of efficient logistics systems and planning algorithms. This cumulative 

thesis, with its focus on the application and its repercussions of interorganizational IT, relates 

to Topical Group C, which deals with governance-, coordination-, and distribution-related is-

sues of networks from the perspectives of marketing and information management.  

                                                 
1 The RTG 1703 has been funded by the DFG (Deutsche Forschungsgemeinschaft) from 2012 to 2016.
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However, the multifaceted aspects of IT related issues with regard to resource-efficient pro-

cesses are closely linked to other research endeavors from the fields of Material Sciences and 

Operative Planning. For example, interorganizational IT is a prerequisite for the provision of 

accurate real time data, which is an imperative for operative planning. In addition, material 

scientists can profit from insights on network structures and patterns of collaboration and com-

munication for examining material flows and designing production and processing mechanisms 

for wood-based products and by-products. 

1.5 Research Design

Compared to many other disciplines in business and social sciences, information systems re-

search (ISR) is a relatively young and still emerging discipline. At the same time, ISR is unique 

in many aspects (Gregor 2006). On the one hand, it is capable of benefiting and borrowing from 

well-known and established theories and research approaches of other disciplines (Straub 2012; 

Wilde and Hess 2007). On the other hand, Information Technology – the primary driver of ISR 

– continues to develop rapidly and researchers are barely able to keep in step. As a result, ISR 

is an interdisciplinary field that encompasses a variety of different research paradigms, philos-

ophies, designs, and methods (Palvia et al. 2003).  

Since ISR strives to generate and disseminate knowledge based on the interaction between peo-

ple, organizations, and technology, it can be attributed to social science (Bhattacherjee 2012). 

Two complementary but distinct research paradigms typically characterize most research in the 

Information Systems discipline, namely, behavioral science and design science. The design sci-

ence paradigm has its roots in engineering and is fundamentally problem solving oriented. It 

aims to extend the boundaries of human and organizational capabilities by creating new and 

innovative artifacts, which can be easily transferred from science to practice (Hevner et al. 

2004; Wieringa 2010). However, such artifacts rely heavily on existing theories that have been 

applied, tested, modified, and extended, which is part of the complementary behavioral science 

paradigm. The behavioral science paradigm has its roots in natural sciences. In contrast to the 

design science paradigm, it aims to develop and justify theories in order to explain or predict 

organizational and human behavior surrounding the management and use of information sys-

tems and information technology. Hence, it enables researchers and practitioners to achieve the 

stated purpose of information systems, namely, improving the effectiveness and efficiency of 

organizations (Hevner and Chatterjee 2010; Hevner et al. 2004). Consequently, as this thesis is 

dedicated to contribute to the understating of different aspects and circumstances surrounding 
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the adoption and value of interorganizational IT, it primarily follows the behavioral-oriented 

paradigm. However, by examining the causal mechanisms, it serves as the foundation for future 

design-oriented research in this domain.  

All research is based on some underlying assumptions about knowledge and how it can be 

obtained. Since these assumptions influence the choice of appropriate research methods, it is 

important to know what these assumptions are (Myers 1997). From an epistemological perspec-

tive, three general different ideal types of positioning can be differentiated in IS research: pos-

itivist research, interpretive research, and critical research (Gregor 2006; Orlikowski and 

Baroudi 1991). The positivistic approach assumes that the reality is objectively and externally 

given and can be described by properties that are independent from the researcher. As a result, 

positivist research typically develops and tests theories by drawing on formal propositions or 

quantifiable measures in order to increase the understanding of a certain phenomenon and to 

generalize from the estimated sample to a stated population. In contrast to the positivistic ap-

proach, interpretive research assumes that access to reality is only possible through social con-

structs, such as language, consciousness, or shared meanings. Interpretive studies typically 

strive to understand the mutual relationships between a context and a phenomenon. As a result, 

interpretive research does not predefine dependent or independent variables. Instead, it focuses 

on the complexity of human sense making and emphasizes the importance of subjective mean-

ings in the context of an emerging situation (Myers 1997; Orlikowski and Baroudi 1991). 

Lastly, the critical research philosophy assumes that reality is historically constituted and hence, 

that it is produced and reproduced by people. Critical research focuses on oppositions, conflicts, 

and contradictions. As a result, the main objective of critical research is social critique. There-

fore it aims to create an awareness and understanding of various forms of social domination in 

order to provide guidance on how to avoid and eliminate restrictive and alienating conditions 

(Myers 1997; Orlikowski and Baroudi 1991). As this thesis strives to offer objective and neutral 

insights to provide guidance for future research and decision makers, it takes an observer-like 

position. As a result, it assumes a reality that is externally given. Accordingly, all studies take 

a positivistic research stance.  

Both the underlying research paradigm and the epistemological positioning described above 

influence the choice of research methodology. As this thesis is assigned to both positivistic and 

behavioral science oriented research, it displays a combination of qualitative and quantitative 

research methodologies (mixed-method research design) from the field of social sciences. This 

diversity in research methods is considered a major strength of IS research, as it enables the 
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development of rich insights into the phenomenon of interest (Lee 1999; Venkatesh et al. 2013). 

Table A-2 provides an overview of the research design and the theoretical foundations for the 

studies included in this thesis.  

Table A-2. Overview of research design and theoretical foundation of studies included in the thesis

No. Core research question Paradigm Data collection Data analysis Theoretical foundation

#1 To what extent has the body of 
literature already explored IT-en-
abled collaboration in the context 
of interorganizational networks?

Design 
oriented /
behavior
oriented

Structured 
literature review

(N=31)

Deductive 
reasoning, 
concept 
matrix

Classification of interor-
ganizational networks

#2 What are the main drivers for the 
emergence of interorganizational 
networks in the wood industry? 

Behavior
oriented

Multiple case 
study 

(N=5)*

Exploratory 
interview, 
secondary 
data analysis

Transaction cost eco-
nomics, Resource-based 
view, Relational view,
Learning theory, Institu-
tional theory

#3 Which IT-related and sector-spe-
cific characteristics of the wood 
industry can be identified? 

Behavior
oriented

Multiple case 
study

(N=12)*

Exploratory 
interview, 
secondary 
data analysis

Three interrelated view-
points of interorganiza-
tional IS

#4 Which sector-specific character-
istics affect the adoption of inter-
organizational IS in the wood in-
dustry? 

Behavior
oriented

Cross-sectional 
survey

(N=204)*

structural 
equation mod-
eling

Technology-organiza-
tion-environment frame-
work, Task-technology 
fit model, Unified theory 
of acceptance and use of 
technology

#5 Which theoretical lens should be 
applied for studying interorgani-
zational IT adoption in the wood 
industry?

Behavior
oriented

Cross-sectional 
survey

(N=204)*

Structural 
equation 
modeling, 
predictive 
power 
analysis

Technology-organiza-
tion-environment model

#6 What is the role of trust in the ac-
ceptance (post adoption usage) of 
interorganizational IS in net-
works?

Behavior
oriented

Cross-sectional 
survey

(N=121)

Structural 
equation 
modeling

Theory of reasoned ac-
tion, Technology ac-
ceptance model, Socio-
technical Theory 

#7 What are the network characteris-
tics that facilitate the develop-
ment of IT integration to enhance 
IT value in interorganizational 
networks?

Behavior
oriented

Cross-sectional 
survey

(N=228)

Structural 
equation
modeling

Commitment-trust the-
ory, Resource-based 
view 

#8 How do collaborative network 
structures influence IT integra-
tion and supply chain perfor-
mance of organizations in the 
wood industry?

Behavior
oriented

Cross-sectional 
survey

(N=150)*

Structural 
equation 
modeling

Relational view, 
Resource-based view 

#9 Which contextual factors affect 
the creation of IT value in the 
wood industry?

Behavior
oriented

Cross-sectional 
survey

(N=150)*

Structural 
equation 
modeling

Organizational 
information processing 
theory 

Note: * Indicates that the study has been conducted within the context of organizations in the wood industry. 
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1.6 Anticipated Contributions

The thesis covers aspects of interorganizational IT adoption and interorganizational IT value 

within the context of networked organizations in the wood industry. With a particular focus on 

the contingent role of sector-specific characteristics, it aims to provide insights into the circum-

stances that facilitate the adoption of interorganizational IT. Furthermore, it strives to explore 

the causal mechanism under which IT contributes to the creation of value. As a result, the thesis 

findings are directed to several audiences in both research and practice (see Table A-3).  

Since behavioral research in the information systems discipline has often been criticized for a 

lack of practical relevance (e.g., Gill and Bhattacherjee 2009; Gregor and Hevner 2013), the 

thesis particularly strives to develop concrete implications for policy making and practice.  

First, the thesis aims to provide recommendations for decision makers of organizations in the 

wood industry. Hence, it strives to offer insights into the circumstances affecting the adoption 

of IT and seeks to explore validated factors that influence IT adoption decisions. The results 

contribute to the understanding of the low degree of IT adoption in the wood industry and enable 

the identification of potentials and measures for overcoming adoption barriers. Practical and 

applicable suggestions, derived from scientifically validated tools and measures, should be 

given in order to equip managers with a solid knowledge on issues surrounding the application 

of IT and to guide future adoption decisions.  

In addition, the thesis also seeks to generate implications for the integration of interorganiza-

tional IT in the context of organizations in the wood industry. The aim is to explore facilitating 

conditions of the effective integration of boundary-spanning IT resources and capabilities. 

Therefore, the thesis focuses on network-related characteristics as important antecedents of the 

successful integration of boundary-spanning IT. Recommendations for network managers on 

how to design and steer relationships with collaborating organizations will be derived in order 

to enhance the value of interorganizational IT resources. In addition, the thesis also reflects 

upon the contextual conditions under which IT creates value for partnering organizations and 

provides implications with regard to certain product- and process characteristics.  

Given the high and rising importance of the wood industry with regard to both economical as 

well as ecological factors, it is an imperative to provide recommendations for public and gov-

ernmental actions. Consequently, for policy making, the thesis seeks to provide implications 

that are designed along the unique characteristics of the wood industry. It strives to generate 

insights that can guide future decision-making processes with regard to the design of facilitating 
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business environments and policy frameworks. The aim is to equip policymakers with a pro-

found knowledge on how to set incentives that promote the diffusion of interorganizational IT 

in order to foster the effective and efficient utilization of wood as a renewable resource. This 

may contribute to the overarching theme of moving from a fossil-based to a more bio-based 

economy. 

This thesis also aims to advance the knowledge frontier in information systems research. As a 

result it claims to contribute to existing research in the IS discipline in a number of ways. On a 

general level, it advances existing research by transferring the concept of networks, which has 

mainly been explored by organizational scholars (e.g., Barringer and Harrison 2000; Brass and 

Greve 2004; Provan et al. 2007), to the IS perspective. Therefore, it contributes to the growing 

relevance of an interorganizational perspective, which can be unanimously attested to the liter-

ature streams of both research on IT adoption (Zhu et al. 2006b) and, more recently, research 

on IT value (e.g., Grover and Kohli 2012). Research in the field of IT adoption has often been 

regarded as relatively mature (Venkatesh et al. 2003). As a result, from an IS perspective, re-

search on this topic included in this thesis contributes mainly by focusing on the wood industry 

as the subject of analysis, which is however relatively common in the IS discipline. Neverthe-

less, the thesis also aims to add knowledge to the literature base by providing methodological 

recommendations for further IT adoption studies. In contrast to the field of IT adoption, research 

on interorganizational IT value has only recently received considerable attention. As a result, 

this field is rapidly developing and several outstanding issues still remain on the agenda 

(Mandrella et al. 2016). Therefore, by considering sector-specific characteristics, the thesis 

aims to close gaps in current literature on interorganizational IT value and also directly responds 

to calls from latest IS research.  

Finally, as this research is mostly behaviorally-oriented, it also aims to yield interesting insights 

and implications for related research endeavors from other disciplines. From a forestry sciences 

perspective, the thesis aims to provide insights into the causal mechanisms that drive the devel-

opment of interorganizational networks in the wood industry. Furthermore, it also seeks to il-

lustrate how a combination of IT related and non-IT related network capabilities leads to the 

creation of value. Hence, the covered aspects of IT related issues with regard to resource-effi-

cient processes will also provide recommendations to other research endeavors of the RTG, for 

material sciences as well as for operative planning. 
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Table A-3. Overview of anticipated contributions

Audience Anticipated Contribution

Pr
ac

tic
e

Decision-makers
in the wood 
industry

Insights into the circumstances that affect the adoption of IT and value crea-
tion from investments in IT
Recommendations for decision makers on overcoming barriers of IT adop-
tion 
Recommendations for managers on designing relationships in networks to 
create interorganizational IT value

Policy making Insights into the unique characteristics of the wood industry
Recommendations for the design of facilitative business environments and 
policy frameworks
Recommendations on how to set incentives that promote the diffusion of in-
terorganizational IT

R
es

ea
rc

h

Information 
Systems Research

Transfer of the concept of networks to the fields of IT adoption and IT value 
Recommendations on methodological approaches for studies on IT adoption 
Understanding of how sector-specific characteristics affect interorganiza-
tional IT value

Forestry Research Insights into the development and functioning of wood networks
Insights into how wood networks can create value by combining non-IT re-
lated resources with investments in IT

RTG 1703 Insights on network structures and patterns of collaboration and communi-
cation for material scientists and operative planning
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2 Background 

With an annual production of more than 54 billion m3, Germany is one among the largest sup-

pliers of roundwood in Europe (Eurostat 2016a). Furthermore, Germany accounts for the largest 

share (nearly 20 %) of Europe’s (EU-28) overall production value when it comes to forestry 

products (Eurostat 2016b). As a result, the German wood industry is of outstanding importance 

for both Europe’s economy in general, and, for the achievement of the goals of Europe’s bioe-

conomy strategy in particular. Hence, it is a reasonable starting point for the analysis of the role 

of interorganizational information systems in this sector. Therefore, this chapter first provides 

an overview of the structure and related economic key figures of the German wood industry. 

Subsequently, the role of interorganizational networks and associated material and product 

flows will be discussed. Finally, existing interorganizational IT support for organizations in the 

wood industry will be reviewed.  

2.1 Reviewing the German Wood Industry 

Owing to diverse understandings of the sector, existing studies provide dissimilar definitions 

that include or omit particular subsectors. However, this work follows a common understanding 

(Becher and Weimar 2016), which borrows from an original EU concept (European 

Commission 1999), that the wood industry includes all subsectors that show a direct linkage to 

and a high dependency on the common resource wood. Accordingly, the wood industry is com-

posed of various subsectors, including wood working, wood processing, wood building, pulp 

and paper, publishing and printing, as well as timber trade and timber transport.  

Despite some inconsistent definitions, different studies, across various contexts and scales, 

commonly recognize the significant role of the wood industry in both national and regional 

levels (Kies et al. 2010). The studies emphasize that, in contrast to public awareness, the wood 

industry is a highly important sector of the German economy, accounting for an annual turnover 

of about 177 billion Euros and a gross value added of nearly 55 billion Euros. Furthermore, in 

terms of employment, with more than 1.1 billion employees the sector is more important than 

the well-recognized automotive industry and its suppliers with less than 800,000 employees 

(Statista 2016). In addition, even excluding the large publishing and printing segment, the wood 

industry still exceeds a number of other sectors, such as food, chemicals, plastics, energy, tex-

tiles or mining (Kies et al. 2010). An overview of the number of companies and employees as 

well as the turnover and gross value added for each subsector are presented in Table A-4. 
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Table A-4. Number of companies, employees, turnover, and gross value added of the German wood 
industry (Becher 2015)

Industry Companies Employees 
Turnover 
(in billion Euro)

Gross value added 
(in billion Euro)

Forestry 33,840 67,993 5.51 2.93
Wood working 3,431 45,835 11.78 1.78
Wood processing 23,452 230,092 34.29 10.34
Wood building 40,713 225,666 19.21 7.08
Pulp and paper industry 2,300 132,501 42.00 9.76
Publishing and printing 20,258 384,730 55.37 21.02
Timber trade and transport 2,592 15,238 9.17 1.27
Total 126,586 1,102,055 177.33 54.18

The aggregated figures in Table A-4 indicate the macroeconomic significance of the wood in-

dustry as a whole. However, the table also pinpoints the diverse structure of this highly special-

ized industry. For example, forestry organizations, which represent the initial link in the wood 

supply chain, account only for a minor share of employment (6 %) and value added (5 %). At 

the same time, this subsector accounts for more than 25 % of all companies. In contrast, the 

pulp and paper sector, which is considered a forest-based industry under the European defini-

tion (Kies et al. 2010), accounts for the fewest share of companies but contributes with more 

than 21 billion Euros the largest amount of value added.  

The diverse structure of the sector also reflects its level of fragmentation. The wood industry is 

dominated by small and medium sized enterprises (SME). Besides some exceptions of typical 

large scale branches such as wood-based panels or paper production, the largest portion of sub-

sectors is characterized by an average of less than 20 employees per company. As a result, 

numerous agglomerations of wood-related organizations are dispersed in clusters across Ger-

many (Kies et al. 2010).  

2.2 Interorganizational Networks in the Wood Industry 

The concept of clusters serves as the foundation for describing the unit of analysis. According 

to Porter (2000), clusters are defined as geographic concentrations of interconnected organiza-

tions. This includes specialized suppliers, service providers, firms in related industries, and as-

sociated institutions, such as standard agencies or trade associations. Those organizations com-

pete but also collaborate in a particular field (Porter 2000). Following this perspective, the wood 

sector can be perceived as a set of related organizations that incorporate raw timber producing 

forestry enterprises, processing organizations of semi-finished products, pulp and paper prod-

ucts as well as further downstream manufacturing companies, which provide various finished 

wood based products to end consumers. Hence, due to the common resource or commodity 
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wood, the industry distinguishes itself from other sectors, which are typically formed around a 

group of similar finished products (Kies et al. 2010).  

Value chains in the wood industry are part of complex networks of units that incorporate dif-

ferent goals an beliefs (Azouzi and D’Amours 2011). The notion of networks in the context of 

the wood industry becomes reasonable when tracing the complex upstream and downstream 

flow of materials and products in the wood processing sector, which is depicted in Figure 

A-5.  

 
Note: Raw materials and intermediate products are shown in shaded boxes. 

Figure A-5. Overview of material and product flow in the wood industry (adapted from UNECE 
2005)2

The value creation ranges from the production of roundwood – which is supplied to primary 

wood processing industries (e.g., sawmills or pulp and paper mills) – to further processing in-

dustries, such as furniture and flooring industries. As indicated in Figure A-5, the processing of 

wood is thereby typically closely linked to high degrees of cascade utilization, which includes 

the recycling and reuse of residuals. For example, wood residues from forestry or sawmills can 

be reused for the production of various wood based products, such as fiber- or particleboards, 

or for chemical and energetic usage. However, this sequential use and the associated need for 

                                                 
2 Figure A-5 depicts an overview of the complex flow of raw materials, main products, and intermediate products in the wood 
industry. A more detailed illustration can be found in Figure B-3 on page 60.
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the efficient processing of by-products demands that organizations maintain tight physical and 

economic linkages in order to take full advantages of by-products and reusable materials while 

minimizing waste. As a result, organizations in the wood industry typically maintain close re-

lationships to their common raw material wood and display a high level of interorganizational 

upstream and downstream connectivity, resulting in the formation of interorganizational net-

works (Frank and Nagel 2009).  

2.3 Interorganizational IT Support in the Wood Industry 

Interorganizational information systems (IOS), or, in other words, information systems that 

span organizational boundaries, were first described by Kaufman (1966). Since then, research 

has extensively examined the role of information technology with regard to interorganizational 

relationships (Chatterjee and Ravichandran 2004). As a result, various terms and characteriza-

tions of IOS have been derived (Trang 2015), including interorganizational data systems (e.g., 

Kaufman 1966), interorganizational information-sharing systems (e.g., Barrett and Konsynski 

1982), electronic interorganizational systems (e.g., Zhu et al. 2006b) or interorganizational sys-

tems (e.g., Saeed et al. 2005). However, they all refer to the common theme of IT-supported 

exchange of information between autonomous organizations (Trang 2015). In this thesis, the 

term interorganizational information system is used, as it has found wide consideration in rel-

evant literature (Chatterjee and Ravichandran 2013; Johnston and Vitale 1988; Rajaguru and 

Matanda 2013). According to Cash and Konsynski (1985) an IOS is defined as an automated 

information system that is shared by two or more organizations. Further, this thesis follows the 

understanding of Johnston and Vitale (1988). Accordingly, an IOS is built around information 

technology, e.g., around computer communications technology that facilitate the creation, stor-

age, transformation, and transmission of information. Furthermore, an IOS differs from an in-

ternal, distributed IS as it allows information to be sent across organizational boundaries 

(Johnston and Vitale 1988).  

The potential benefits of IOS have been unanimously attested in literature and various best 

practice exemplars highlight the critical role of IOS for both manufacturing firms as well as 

service providers. As a result, today, organizations across various sectors and industries deploy 

IOS (Rai et al. 2006). Tough on a relatively rudimentary level, such systems also exist for or-

ganizations of the wood industry (Blattert et al. 2012; Müller et al. 2012). These systems link 

organizations in wood supply chains in vertical and horizontal directions and provide support 
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on both strategic and operational levels (Trang 2015). However, compared to many other in-

dustries, the wood industry is still at an early stage with regard to interorganizational IT support 

(Hewitt et al. 2011). As a consequence, the scope of existing IOS in the wood industry is limited 

and additional integration efforts are required (Blattert et al. 2012).  

2.3.1 The need for standardization: Overview of IT standards in the wood industry 

The heterogeneity of IS requires the definition of simple and clear standards at their interfaces 

in order to facilitate the efficient flow of information across organizational boundaries. Hence, 

a necessary prerequisite for the progression towards a more integrated wood supply chain is the 

development and integration of uniform standards. Currently, multiple and highly specialized 

heterogeneous IT standards for the wood industry coexist, leading to diverse and incompatible 

IT infrastructures (Azouzi and D’Amours 2011). However, with the development of common 

standards, the first step for exchanging data between traditionally non compatible IS has already 

been taken. The standards ELDAT, FHDAT, Papinet, and Cosemat represent four examples, 

which are particularly relevant for the German wood industry (Blattert et al. 2012). However, 

it has to be noted that several other national and international standardization efforts exist.3  

The standard ELDAT (Elektronischer Datenaustausch Holzdaten, Electronic Wood Data 

Transfer) is a mutual initiative of the German Holzwirtschaftsrat (DHWR) and the German 

Fortswirtschaftsrat (DFWR) and has been developed by the Kuratorium für Waldarbeit und 

Forsttechnik (KWF) (Blattert et al. 2012). The standard allows for the exchange of product-

related data and supports the sharing of contractual data between forest owners, wood-consum-

ing industries (particularly saw mills and the pulp and paper industry), wood traders, and carri-

ers (Azouzi and D’Amours 2011). ELDAT was designed for the file-based exchange using 

comma separated values (CSV) or XML files, which consist of various process-independent 

attributes. Since its introduction in 2002, ELDAT has found a widespread use in the German 

wood sector, particularly among organizations involved in the sawmill industry as well as forest 

owners and wood trading companies (Blattert et al. 2012; KWF 2017). However, the standard 

is only sporadically used in the pulp and paper industry (Nick 2010).  

The standard FHPDAT was developed in 2005 by the Austrian cooperation platform Forst 

Holz Papier (FHP) and is similar to ELDAT, as it also enables the structuring and sharing of 

information between organizations in the wood industry. However, in contrast to ELDAT, this 

                                                 
3 A more comprehensive review of standardization initiatives can be found in Azouzi and D’Amours (2011). 
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standard is not designed for the exchange of process-independent information. It consists of 

four different process-specific modules, namely saw, industry, logistics, and invoicing. As a 

result, FHPDAT displays a higher degree of standardization with regard to business processes 

and transmission method (Blattert et al. 2012). While the first three modules are already in use 

since 2007 (saw), 2009 (industry), and 2012 (logistics), the module for the exchange of invoice-

related data is still in a developing stage, resulting in a limited applicability of the standard 

(FHP 2017).  

In contrast to the above described country-specific standards ELDAT and FHPDAT, the stand-

ard Papinet has been jointly developed by the Confederation of European Paper Industry 

(CEPI) and the North American Graphic Communications Association (GCA). The interna-

tional standard has been defined in year 2000 in order to facilitate system-to-system real-time 

exchange between buying and selling organizations of paper and forest products. Today, the 

Papinet consortium covers more than 40 organizations in Europe and North America as well as 

several user groups, which agree on this common standard with respect to business rules, pro-

cesses, and data to be used (Azouzi and D’Amours 2011; Papinet 2017). In contrast to ELDAT 

and FHPDAT, the Papinet standard is more complex and supports various business processes, 

fields of application, and actors along the forest and paper supply chain. However, as a result, 

it also poses higher demands on organizational IT infrastructure capabilities (Blattert et al. 

2012).  

Lastly, the standard Cosemat (Common-sense-material master) has been introduced in the year 

2005. Compared to previous solutions, this standard focuses solely on the clear and unambigu-

ous description of wood. The aim is to establish an international standard for all organizations 

along the wood supply chain, based on an eight-digit number that enables the identification of 

wood and its related attributes, namely, tree species, class (e.g., industrial wood or fuel wood), 

usage class (e.g., pallets or cellulose), quality, length, thickness, certificates, and bark condition. 

The standard is compatible with both ELDAT as well as FHPDAT.  

An overview and comparison of the aforementioned IT standards and their supported areas of 

standardization are depicted in Figure A-6. 
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Figure A-6. Overview of IT standards in the wood industry (adapted from Blattert et al. 2012; Trang
2015)

So far, several different and fragmented IT standards for the wood industry exist, which vary 

in terms of their area and degree of standardization as well as their dissemination. However, no 

standard has found a widespread use in organizations of the wood industry, neither internation-

ally nor on a national level (Azouzi and D’Amours 2011). Hence, in order to fully exploit the 

potential benefits of standardization, the development and implementation of a single and in-

dustry-wide IT standard is desirable. However, particularly for the wood industry, this calls for 

cooperative initiatives that considers the needs and concerns of all actors involved (Blattert et 

al. 2012). To fully realize value from IT standards, their diffusion in industry is a crucial step 

beyond standard development. Without a wide adoption among organizations, the benefits re-

sulting from their invention will be diminished (Zhu et al. 2006b). An example for the success-

ful and collaborative implementation of an interorganizational IS – using the standard ELDAT 

– represents the case of IFIS UNO, which is described below. 

2.3.2 Example of IOS supported coordination and collaboration in the wood industry: The 

case of IFIS UNO

The coordination platform IFIS (Integrated Forestry Information Systems) has been founded in 

the year 2005 with the aim of fostering the joint design, development and dissemination of 

integrated IS for the wood industry. In close collaboration with various partners from the in-

dustry, branch associations, and the public sector the software IFIS UNO has been developed 

and introduced in 2007 and is based on the approach of software-as-a-service (SaaS) (Quade 

2007). The system enables interorganizational collaboration and coordination by supporting 
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various business processes along the wood supply chain, including marketing, logistics, and 

accounting.  

Figure A-7 shows the roles and the associated interorganizational flow of information between 

the different actors involved, including forestry individuals (e.g., foresters, forest owners) and 

forestry organizations (e.g., woodcutters, harvesting firms), as well as primary and further 

woodworking and wood processing organizations (e.g., sawmills, pulp and paper mills, furni-

ture manufacturers), and transport companies. 

 

Figure A-7. IOS supported collaboration using the example of IFIS UNO (adapted from Quade 2007)

For the case of IFIS UNO, the process starts with a requirement request of a woodworking or 

wood processing organization for a certain amount and kind of wood (1). As a second step, the 

stock of the requested amount of wood and the availability of a service provider are checked 

(2). In the case that the request can be realized according to the requested specifications, an 

offer is sent to the customer (3). If the offer is confirmed (4), delivery orders (5a) as well as 

harvesting orders (5b) and transport orders (5c) for harvest- and itinerary planning are automat-

ically generated. Finally, the actually incurred services and deliverables are booked and billed 

(7) based on product lists (6a), cargo lists, or performed measurements within the frame of 

quality assurance (6b). 

Both the available stock as well as the potential service providers are listed in a central database. 

The available wood is classified according to its intended purpose, such as timber for sawmills, 

industrial wood for pulp and paper mills or fuel wood for energetic and chemical usage. For 

classification purposes, the IT standard ELDAT is used. Accordingly, the different articles are 

defined by primarily using the attributes of wood type, wood diameter, wood length, and wood 
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quality. In order to query information about the available type and amount of wood, IFIS UNO 

is integrated via an XML interface with IFIS POLVER, which is a dynamic system for the 

management of woodpiles. IFIS POLVER enables forestry organizations to enter, edit, and 

share article-related data, such as the available amount of wood as well as information about 

type, quality, ownership, and the location of the product via geographic information systems 

(GIS). To ensure a seamless exchange of information across organizational boundaries, data 

from other information systems, such as ERP (Enterprise Resource Planning), of woodworking 

and wood processing organizations can be directly integrated in IFIS UNO using the ELDAT 

format (Lemm and Thees 2009; Quade 2007). Figure A-8 shows the application view of IFIS 

UNO and its integration with other systems.  

 

Figure A-8. Application view of IFIS UNO (adapted from Quade 2007)

The presented case of IFIS UNO demonstrates how the wood supply chain, which is mainly 

characterized through many small and diverse organizations, can be effectively supported by 

the implementation of interorganizational IS, using a common and single IT standard. Most 

organizations that apply IFIS UNO acknowledged an increase of efficiency in several business 

processes, accompanied with lower operational costs (Lemm and Thees 2009). Despite still 

being in a developing stage, it can be acknowledged that the first crucial steps towards a more 

integrated wood supply chain have already been taken.  
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3 Related Information Systems Research

This thesis covers the aspects of interorganizational IT adoption and interorganizational IT 

value in the context of interorganizational networks of the wood industry. Consequently, it bor-

rows from existing literature from both streams of research. The next chapter summarizes the 

relevant findings as well as the current state of research of prevailing literature.  

3.1 Research on Interorganizational IT Adoption 

Research on technology adoption has a long tradition in IS research and has often been regarded 

as one of the most mature streams in IS discipline (e.g., Brown et al. 2010; Karahanna et al. 

1999; Venkatesh et al. 2003). As a result, various models and frameworks, which built mostly 

on theories of attitudes and behavior, such as the theory of reasoned action (TRA) (Fishbein 

and Ajzen 1975), the theory of planned behavior (TPB) (Ajzen 1985), or the innovation diffu-

sion theory (IDT) (Rogers 1995), have been applied to studying determinants of IT adoption on 

both individual and organizational levels. (Hong and Zhu 2006; Oliveira and Martins 2011). 

The most prominent examples are the technology acceptance model (TAM) (Davis 1989), the 

unified theory of acceptance and use of technology (UTAUT) (Venkatesh et al. 2003), the task-

technology-fit (TTF) model (Goodhue and Thompson 1995), or the technology-organization-

environment (TOE) framework (Tornatzky and Fleischer 1990).  

Research that deals with the adoption of interorganizational IT typically focuses on the organ-

izational level and covers a wide range of technologies, ranging from EDI (e.g., Chwelos et al. 

2001; Kuan and Chau 2001; Premkumar et al. 1997) to supply chain management systems (e.g., 

Cao et al. 2013; Wu and Chuang 2010) or different types of e-business (e.g., Hong and Zhu 

2006; Hsu et al. 2006; Zhu et al. 2003, 2006c). In addition, research has extensively examined 

the adoption of interorganizational IT in various contexts and industries, including, transport 

(Premkumar et al. 1997), insurance (Lee et al. 2007), telecommunication (Pan and Jang 2008), 

or in the retailing sector (Zhu and Kraemer 2005).  

In contrast, studies that focus on technology adoption in the wood industry are rare, and, in the 

literature that does exist, findings are rather limited for primarily two reasons: first, most studies 

have been conducted in the mid-1990s to early 2000s (Arano and Spong 2012). However, IT 

costs continue to decrease and – unlike the earlier decades – IOS today offer a variety of func-

tionalities (Saraf et al. 2007). Second, IT adoption studies in the wood industry are mostly de-

scriptive in nature, providing only limited and theory-driven empirical evidence on IT adoption 

determinants.  
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Hewitt et al. (2011) conducted a comprehensive review of studies on IT adoption in the wood 

industry. They found that nearly all studies noted a lack of using advanced IT in organizations 

of the wood industry. For example, Karuranga et al. (2005) found that only a very small number 

of organizations in their sample (less than 5 percent) use IT in operational planning, supply 

planning, inventory management, process control, or for buying and selling activities. This cor-

responds with findings from Vlosky et al. (2002) and Vlosky and Smith (2003), who report that 

mail and fax were found to be the most common methods for exchanging information with 

partnering organizations, while the use of e-mail was low and EDI usage nearly nonexistent. 

As a result, the below-average investments in IT in the wood industry are not surprising (Hewitt 

et al. 2011). For instance, Vlosky and Smith (2003) found that most organizations in the wood 

industry invested less than $5,000 in Internet-related technologies. More recently, Arano and 

Spong (2012) also report minimal IT expenditures with less than $10,000 for the majority of 

organizations.  

In fact, high costs, associated with investments in IT, have been reported as a major argument 

for not adopting sophisticated IT capabilities for organizations in the wood industry. Other in-

hibitors were found to be the unavailability of technical and human resources as well as security 

concerns (Arano and Spong 2012). Another trend of the prevailing literature is the observation 

of the correlation between firm size and IT usage (Hewitt et al. 2011). For example, Stennes et 

al. (2006) found a significant positive correlation between firm size and the presence of a cor-

porate website. Similar relationships were also observed between gross sales revenue and e-

commerce adoption (Arano and Spong 2012), as well as between plant size and e-mail usage 

(Shook et al. 2002).  

However, so far, research on IT adoption in the wood industry is mostly limited to the investi-

gation of only basic and rudimentary IT infrastructures, rather than focusing on the application 

of advanced and more integrated information and communication technologies. In addition, the 

essence of the majority of the prevailing literature is only an assessment of IT usage in the wood 

industry. But this is incapable of providing a sufficient explanation for the surprisingly low IT 

adoption rates (Hewitt et al. 2011). This holds true for both IT adoption in general and interor-

ganizational IT in particular.  

3.2 Research on Interorganizational IT Value

Research on IT value can broadly be understood as the examination of organizational perfor-

mance impacts of information technology (e.g., Grover and Kohli 2012; Melville et al. 2004). 
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The issue of whether IT creates value for organizations or not has been a considerable debate 

in the IS discipline and also a field of contradictory findings (Dedrick et al. 2003), which is well 

known as the IT productivity paradox (Brynjolfsson 1993). From a present-day perspective, 

this paradox has been solved and the whether of IT value research lies in the past (Kohli and 

Grover 2008). Various studies demonstrate that the paradox has been an issue of inadequate 

measurements, analysis methodologies, and time lags in measuring the payoff (Devaraj and 

Kohli 2000; Kohli and Devaraj 2003). Despite some persisting inconsistent findings on the 

relationship between IT-related investments and organizational performance, there is growing 

evidence that IT does create value on both operational and strategic levels (Schryen 2013). 

Furthermore, tremendous efforts have been invested in this field in order to integrate and syn-

thesize research on IT value through literature reviews and the development of frameworks 

(Dedrick et al. 2003; Kohli and Grover 2008; Masli et al. 2011; Melville et al. 2004; Schryen 

2013; Yassaee and Mettler n.d.) as well as meta-analyses (Kohli and Devaraj 2003; Mandrella 

et al. 2016; Sabherwal and Jeyaraj 2015). 

When reviewing the large body of literature on IT value research, it becomes apparent that the 

field is dominated by four IT business value models, including the process-oriented model (Soh 

and Markus 1995), the model of Dehning and Richardson (2002), the production-oriented 

model (Dedrick et al. 2003), and the resource-based model (Melville et al. 2004). According to 

Schryen (2013), these models can be synthesized to a single framework that shows the current 

consensus in IT business value research with regard to three basic aspects (Schryen 2013).  

 

Figure A-9. Synthesized IT business value model (adapted from Schryen 2013)

First, investment in IT can manifest in different forms of IT assets, including expenditures for 

IT infrastructures (e.g., hardware, software, or technical infrastructure), human IT resources, 

and IT-related management capabilities. These investments are complemented by investment 

in non-IT-related investments and together affect process performance. Second, the relationship 
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between investments in IT and organizational performance is affected by several organiza-

tional-, industry-, and country-specific factors. Third, the impact of IT can be assessed using 

various process- and organizational performance measures on both financial and non-financial 

levels. Furthermore, this relationship is mediated by process performance.  

Recently, research has begun to translate the concept of IT value to the interorganizational level 

of analysis. Now the salient question arises as to how multiple organizations can collectively 

leverage IT in order to create value in interorganizational networks. However, this raises new 

issues regarding the integration of complementary resources, capabilities, and investments and 

causes challenges, such as new value-creation mechanisms or methodological approaches 

(Grover and Kohli 2012; Mandrella et al. 2016). Hence, findings from previous research on IT 

value cannot easily be transferred to the interorganizational perspective. Despite the efforts in-

vested in the field during the recent years, there are still several inconsistencies and discrepan-

cies and no integrative model or framework exists. As a result, a number of relevant questions 

remain understudied (see Mandrella et al. 2016 for a comprehensive review).  

For instance, research has already highlighted that the integration of interorganizational IT ca-

pabilities (in contrast to organizational capabilities depicted in Figure A-9) requires significant 

effort, as it involves multiple partners. However, so far, research has neglected the important 

role of organizational- and network-related characteristics and has rather focused solely on 

technology-driven factors. In addition, the role of contextual factors and sector-specific char-

acteristics remain largely unexplored. Prior research has primarily focused on factors that drive 

or mediate interorganizational IT integration rather than examining how certain conditions 

moderate performance outcomes. This holds true for both research on organizational and inter-

organizational levels.  
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B. Exploring the Domain

This chapter comprises three studies and represents the first of the three central parts of this 

cumulative dissertation. It mainly strives to provide answers to the first research question. How-

ever, due to its exploratory nature, it also serves as the basis for gaining a deeper understanding 

of the unit of analysis and sheds light on the domain from different perspectives. Hence, it 

broaches different topics and uncovers aspects that have influenced the design and direction of 

the succeeding studies in this thesis.  

The first study (Section B.1) provides a general overview of related literature that deals with 

IT-enabled collaboration in the context of interorganizational networks. Subsequently, the sec-

ond study (Section B.2) focuses on organizations of the wood industry and offers both theoret-

ical explanations as well as empirically derived propositions that contribute to the understand-

ing of how interorganizational networks in the wood industry emerge and operate. The third 

study (Section B.3) represents the first and qualitative part of a mixed-method study that con-

tinues in the first section of Part C. The study also focuses on organizations in the wood industry 

and identifies industry-specific characteristics that potentially affect IOS adoption.  
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1 IT-enabled Collaboration in Interorganizational Networks
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1.1 Introduction

Since the importance of external resources and interfirm collaboration for firms’ competitive 

success continues to grow, research on interorganizational relationships has become prominent 

in business and information systems (IS) research (Rai and Tang 2014; Sanders 2007). Aca-

demics have examined the related motives, intentions, and objectives in order to explain the 

formation of interorganizational relationships through various theoretical paradigms, such as 

transaction cost economics, resource dependence, and institutional theory (Barringer and 

Harrison 2000; Straub et al. 2004). The potential advantages and disadvantages of participation 

in interorganizational relationships as well as its different forms, which vary by the degree to 

which participants are linked, or coupled, have been widely discussed. The essence of the ma-

jority of these articles is that interorganizational relationships help firms create value by com-

bining resources, sharing information and knowledge, increasing speed to market, and gaining 

access to foreign markets and competitive advantages (Barringer and Harrison 2000). In this 

context, IS researchers have conducted various studies examining how IS affects and supports 

collaboration and relationship formation across organizational boundaries.  

Despite the existence of various forms of interorganizational relationships in the tension be-

tween markets and hierarchies, over the past two decades interorganizational networks in par-

ticular have been widely recognized by both academics and practitioners as an important form 

of multi-organizational governance (Provan et al. 2007; Provan and Kenis 2007). Researchers 

have studied the development and management of networks as well as the associated value-

creation process; they revealed that the advantages of network coordination in both public and 

private sectors are considerable, including flexibility, speed to market, product development, 

learning, greater competiveness, and improved services for clients and customers (Provan et al. 

2007). However, while the advantages of interorganizational networks are manifold and have 

been unanimously attested in the literature, there are also disadvantages associated with the 

network form of organizing. Specifically, as the number of firms involved increases, networks 

become more difficult to organize and manage (Barringer and Harrison 2000).  

E-collaboration as a facilitator of long-term business-to-business interactions plays a funda-

mental role in the functioning of these networks. The continual progress of the underlying in-

formation and communication technologies (ICT) is a catalyst and enabler for collaboration in 

networks (Trang et al. 2013). Recently published research in leading IS journals also reveals 

that the network perspective is highly relevant for understanding the mechanisms of electronic-

facilitated interfirm collaboration (Im and Rai 2014; Rai and Tang 2014).  
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Nevertheless, the understanding of this area remains limited. Thus far, there exists no overview 

that identifies and structures efforts in this field. In order to close this gap in research, this study 

provides an overview of the state of the art. Furthermore, directions for future research should 

be revealed. In particular, we aim to answer the following research questions: 

• To what extent has the body of literature already explored e-collaboration in the con-

text of interorganizational networks? 

• Which areas provide potential directions for future research? 

The paper is organized in the following way: Initially, we define interorganizational networks 

and present an appropriate classification. Subsequently, we examine e-collaboration in the con-

text of networks. We then discuss our methodological approach and present and analyze our 

results. Finally, direction for future research will be provided and findings and limitations will 

be discussed. 

1.2 Background

1.2.1 Framing interorganizational networks

The literature on networks is by now quite extensive, and network research from various disci-

plines has proposed a wide range of definitions for networks. Despite their differences, nearly 

all definitions refer to common themes, including interaction, relationships, connectedness, col-

laboration, collective action, and cooperation (Provan et al. 2007). Our understanding follows 

the definition of Camarinha-Matos et al. (2009): Interorganizational networks consist of a va-

riety of organizations that are largely autonomous and geographically distributed. Furthermore, 

they are heterogeneous in terms of their operating environment, culture, social capital, and 

goals. Interorganizational networks collaborate in order to achieve common or compatible goals 

and are interconnected by computer networks.  

When examining interorganizational networks, researchers have focused on various manage-

ment issues, structural features, and perspectives. Thus, the body of literature provides a large 

variety of classifications and dimensions of networks (Lamming et al. 2000). Researchers have 

derived a number of classifying variables, such as coordination mechanisms (Grandori and 

Soda 1995), object of exchange (Rosenfeld 1996), network orientation and direction 

(Hinterhuber and Levin 1994), and types of relationships and environmental fluctuations 

(Cravens et al. 1996). The existing categorizations point to different dimensions and features 

of networks and help increase the understanding of different types of networks. However, since 
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the majority of classifications do not particularly consider information sharing or IT-related 

issues, they offer limited assistance for IS research.  

Harland et al. (2001) provide a conceptual framework of interorganizational networks. Based 

on the literature from various academic perspectives and empirical data across a variety of in-

dustry sectors, they identified four types of interorganizational networks, which are summarized 

in Table B-2.  

Table B-2. Classification of interorganizational networks (adapted from Harland et al. 2001)

 Dynamic Network Routinized Network 

Low Degree of  
Focal Firm Influence 

Core activities:  
Motivating, Human Resource Integra-
tion, Risk and Benefit Sharing  
Competitive Priority: 
Technological Innovation, Demand 
Management 

Core activities: 
Equipment Integration, Risk and Benefit 
Sharing, Information Processing 
Competitive Priority: 
Process Innovation, Operational Im-
provement  

High Degree of  
Focal Firm Influence  

Core activities: 
Partner Selection, Human Resource In-
tegration, Decision Making, Knowledge 
Sharing 
Competitive Priority: 
Technological Innovation, Demand 
Management 

Core activities: 
Partner Selection, Equipment Integra-
tion, Decision making, Information Pro-
cessing 
Competitive Priority: 
Process Innovation, Operational Im-
provement  

The main differentiating factors are the degree of network dynamic and the degree of focal firm 

influence. The findings of Harland et al. (2001) provide insights into network characteristics 

and different forms of interorganizational networks. They reveal that different types of net-

works exist and that certain circumstances influence the distinct patterns of networking as well 

as the primary network themes and activities. 

Networks operating under dynamic conditions tend to compete primarily on innovation rather 

than cost and quality. Thus, particularly within these types of networks, the integration of com-

mon resources as well as the sharing of information and knowledge are critical success factors. 

In contrast, routinized networks typically focus on cost and quality as their competitive priori-

ties. These networks focus on process rather than product innovation. In networks that operate 

under these stable conditions, the integration of equipment and the efficient processing of in-

formation are crucial for achieving cost minimization and quality improvement.  

Networks with a low degree of focal firm influence require the encouragement of other players 

in the network to contribute and invest in innovation. Thus, motivation as well as sharing both 

risks and benefits is essential. Despite their importance for successful partnerships, motivation 

and risk/benefit sharing are less critical in networks with a high degree of focal firm influence. 

In such networks, selection of partners and an efficient decision-making process are the critical 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



B.1 IT-enabled Collaboration in Interorganizational Networks 37 

factors because the focal firm has substantial influence over the actions of other actors in the 

network. 

Previous research has revealed that the classification of networks should not be viewed as static; 

networks might move from dynamic to routinized conditions and vice versa. Furthermore, the 

degree of influence might shift over time (Lamming et al. 2000).  

The classification described above has important implications when studying IS-related topics 

in the context of networks. It states that the different forms of networks have distinct require-

ments pertaining to their core processes, which differ in terms of network activities, competitive 

priorities, and the type and amount of shared resources and information (Lamming et al. 2000). 

1.2.2 E-collaboration in the context of interorganizational networks

In recent years, nothing has changed business operations like the emergence of the Internet and 

its related information and communication technologies have (Sanders 2007). As a result, con-

ducting business has constantly been evolving from face-to-face human interaction towards a 

virtual business environment (Chong et al. 2009a). The various approaches of ICT deployment 

across organizational boundaries for enhancing collaboration and coordination along the value 

chain has often been summarized under the loose term e-business, and the body of literature 

provides a vast number of definitions. Chen and Holsapple (2012) provide an integrated defi-

nition based on both an extensive review of the relevant literature and the analysis of different 

elements. Consistent with this research, we define e-business as an approach for achieving busi-

ness goals in which networked, computer-based technology for information exchange enables 

or facilitates both the execution of activities as well as the support of the underlying activities 

in and across supply chains.  

However, the examination of ICT-enabled collaborative business activities in interorganiza-

tional networks calls for a more differentiated perspective on e-business. Therefore, we refer to 

Johnson and Whang (2002), who classify e-business and related research into three major cat-

egories: e-commerce, e-procurement, and e-collaboration.  

While e-commerce and e-procurement tend to focus on dyadic and arm’s length transactions 

between organizations or a single organization and a larger number of individual customers, 

e-collaboration facilitates long-term business-to-business interactions. These interactions go 

beyond simple buyer–seller transactions and can be described more accurately as relationships. 

These relationships include such activities as information sharing and integration, decision 

sharing, process sharing, and resource sharing (Johnson and Whang 2002; Kock 2005). 
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In contrast to e-commerce and e-procurement, the e-collaboration perspective is highly relevant 

when analyzing interorganizational networks, as it involves cross-company relationships that 

go beyond simple buy/sell transactions. Thus, although most of the research in this area has 

focused on e-commerce and e-procurement, the field of e-collaboration is expected to be more 

promising, particularly in the context of interorganizational networks (Johnson and Whang 

2002).  

The emergence of electronic collaboration has been enabled by interorganizational systems 

(IOS). Defined as integrated IS shared by two or more organizations (Barrett and Konsynski 

1982), these technologies link customers, suppliers, and other network partners. IOS are thus 

seen as the main driver for electronic collaboration across organizational boundaries (Chi et al. 

2007).  

Given the dynamic and often temporary nature of interorganizational networks, it is important 

to understand their lifecycle (Camarinha-Matos and Afsarmanesh 2008). Thus, when examin-

ing interorganizational networks, one typically considers the distinct stages of development: 

creation and formation, operation, evolution, and dissolution or metamorphosis (Camarinha-

Matos et al. 2009; Trang et al. 2013; Zajac and Olsen 1993). According to these phases, various 

interorganizational systems support different tasks within the network. The creation stage deals 

with the strategic planning and initial incubation of the network as well as with the constitution 

and start up. In this phase, IOS facilitate the strengthening of interorganizational relationships 

and support the creation and formation of networks rather than their operation. The operation 

stage is the regular phase of the network’s existence. During this stage, small changes in mem-

berships, roles, or operating principles can take place, resulting in the evolution of the network. 

The stage of dissolution represents the cessation of the network, while during the metamorpho-

sis stage, major changes in objectives, principles, and memberships lead to a new form of net-

work (Camarinha-Matos et al. 2009).  

Figure B-1 provides an overview of IOS and their support functions at the different stages of 

the network lifecycle. These systems rely on both private and public IT infrastructure, such as 

IT networks, datacenters, and extranets. However, the efficient support of the distinct stages 

depends both on the extensive and continuous exploitation of collaborative technologies as well 

as on a stable and capable development infrastructure (Chi et al. 2007; Trang et al. 2013). 

Since the unit of analysis in the context of interorganizational networks is no longer a single 

firm but rather a variety of loosely coupled and largely autonomous organizations, the transfer 

of findings from research on e-collaboration to the network level poses some challenges. In 
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contrast to organizations, IT related decisions in networks must be governed without the bene-

fits of hierarchy and ownership. 

 

Figure B-1. Overview of IOS and IT infrastructure in supporting interorganizational networks 
(adapted from Trang et al. 2013)

Thus, network members face the challenge of unstable and polycentric power distribution, 

which results in ambiguous and uncertain conditions (Trang et al. 2013). In addition, partici-

pants of networks typically have limited formal accountability to network-level goals and the 

conformity to network IT rules and procedures is purely voluntary (Provan and Kenis 2007). 

Moreover, the presence of common goals in networks does not necessarily eliminate the exist-

ence of conflicting goals (Winkler 2006). Particularly against the background of different levels 

of IT infrastructure, networks often struggle with balancing conflicts (Premkumar and 

Ramamurthy 1995; Trang et al. 2013). Thus, e-collaboration in a network context differs from 

the single or dyadic perspective for a variety of reasons.  

1.3 Research Methodology

1.3.1 Data collection

In order to identify to what extent the current literature on e-collaboration has already explored 

the concepts of interorganizational networks, we conducted an in-depth topic-based literature 

review following the principles of Webster and Watson (2002).  

To examine a new research domain, all relevant literature should be discussed. Therefore, alt-

hough the rigor of conference proceedings might be lower than that of leading journals, we 

include both as this field of research is still emerging. In this context, the query of scholarly 
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databases is reasonable (vom Brocke et al. 2009). In order to adequately explore the literature 

base, we include the following databases suggested by Levy and Ellis (2006): ProQuest, Else-

vier, INFORMS, IEEE, Wilson, Thomson, ACM, JSTOR, Blackwell, LEA Journals, and EB-

SCOhost. These databases cover all MIS journals in IS research ranked in the top 50. In addi-

tion, we add the AIS electronic library in order to access a wider range of leading IS conference 

proceedings.  

Although interorganizational networks are now a commonly understood phenomenon, it is not 

always clear what academics are talking about when they use the term. In addition, the term 

network is not always used. Many studies on networks refer instead to partnerships, strategic 

alliances, interorganizational relationships, coalitions, cooperative arrangements, collabora-

tive agreements, or collaborative networks. Therefore, in order to provide a more comprehen-

sive overview of e-collaboration in the context of networks, we used all keywords mentioned 

above in addition to the term interorganizational network. To constrain our research to the area 

of e-collaboration, all keywords were combined with the term e-collaboration as well as with 

the umbrella term e-business. Furthermore, the analysis was not restricted to a specific time 

frame. 

The collection of data followed a three-stage process. In the first step, a database search was 

conducted from March to May 2014. The initial search yielded more than 450 articles. How-

ever, as we used multiple databases and similar search strings, a large number of results ap-

peared more than once. Identical results were removed. In the next step the titles and abstracts 

of the remaining 112 articles were scanned and analyzed in order to sort out irrelevant results. 

This resulted in 73 articles being excluded from further investigation due to two main reasons: 

First, they focus on dyadic interactions rather than on network relationships and, second, a large 

number of articles do not refer to the underlying understanding of e-collaboration in terms of 

long-term, business-to-business interactions that go beyond simple buyer–seller transactions. 

Subsequently, the content of the remaining 39 results was analyzed and again sorted out. In the 

final step we used the list of references of the remaining 26 articles to conduct a backward 

search, which follows the same procedure. This backward search led to five more publications. 

In the end 24 journal and 7 conference contributions were included for further investigation. 

1.3.2 Data analysis

We followed Webster and Watson (2002), categorizing the articles into topic-related concepts. 

In addition, for each concept we distinguish between different units of analysis. We derived 
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five concepts for structuring the literature on e-collaboration in the context of interorganiza-

tional networks. These concepts reflect the existing literature on network research, including 

network type and degree of focal firm influence, level of analysis, perspective, and the meth-

odology used.  

The differentiation of interorganizational networks along two dimensions has a long tradition 

in research. As stated in Section 2.1, we followed the approach of Harland et al. (2001) and 

distinguish between the degree of dynamic and the degree of focal firm influence. The classifi-

cation of networks along these two dimensions is especially valuable when examining ICT. 

Various studies on IT adoption and diffusion have revealed that the utilization of ICT is deter-

mined both by the external task environment, which reflects the degree of dynamic, as well as 

by organizational structures and processes that affect the degree to which an organization is 

able to influence other organizations or might be affected by network members.  

Research on networks can further be referred to on three different levels of analysis: micro-

level, macro-level, and meta-level analyses. Micro-level analysis examines single business re-

lationships and focuses on a single organization within a network. In comparison, macro-level 

analysis covers multiple organizations within the same network and concentrates on evaluating 

these network relationships. Lastly, meta-level analysis deals with the management of a net-

work in relation to other networks, organizations, or customers. These perspectives can be trans-

ferred and have previously been used to classify ICT-related research in network contexts 

(Trang et al. 2013). 

When analyzing interorganizational relationships in networks, it is possible to determine a di-

chotomy of focuses (Mettler and Rohner 2009). First, the management-oriented view deals with 

the aspects of collaboration and coordination. It focuses on the proactive and ICT-supported 

development of cross-organizational relationships. Second, the technology-oriented view con-

centrates on the development of new possibilities for electronic communication. It deals with 

the technical integration and design of ICT across organizational boundaries as well as with the 

automation of processes and activities between organizations.  

The concepts described above reflect the prevailing research on interorganizational networks 

and grant the appropriate categorization of literature on e-collaboration in this specific context. 

Furthermore, we classified the literature with regard to the applied methodology. For this pur-

pose, we followed the systematization of Palvia et al. (2004), who provide an exhaustive 

scheme of different quantitative and qualitative methods used in IS research. 
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The literature was initially classified independently by two Ph.D. students. In a second step, 

inconsistencies were discussed until a common understanding was reached. 

1.4 Findings

The review of the encountered literature (see Table B-3) revealed that e-collaboration in net-

works has already been studied in both dynamic and routinized environments. Thus, e-collab-

oration seems to be a relevant topic across various sectors and industries. Studies in the context 

of dynamic networks tend to focus on the IT sector or on highly technology-driven industries, 

such as telecommunications or electronics suppliers (Chi et al. 2007; Hollenbeck et al. 2009). 

For example, Hollenbeck et al. (2009) examine the adoption of e-collaboration in an interna-

tional information-technology network. In comparison, in order to study e-collaboration under 

stable conditions, networks in a low product-complexity industry, such as food (Adebanjo et al. 

2006; Garcia Martinez et al. 2006) or clothing (Chituc et al. 2008, 2007), are chosen as the 

objects of investigation. Various studies do not explicitly differentiate between dynamic and 

routinized environments. However, the majority of these studies deal with the development of 

frameworks and conceptual models that may be relevant for both types of networks. For in-

stance, Wang and Yu (2001) develop a conceptual framework for the analysis of implementing 

e-collaboration from the perspective of a business network strategy.  

Most articles do not consider the degree of focal firm influence. We found no publication that 

explicitly examines e-collaboration in a network of equal partners, and only five articles con-

sidered the existence of networks where decision making is largely in the hands of a focal firm. 

For example, Spralls et al. (2011) examine the influence of a focal firm on the development of 

ICT-enabled network relationships.  

The literature review revealed that the distinct levels of analysis are explored unequally. None 

of the articles we reviewed undertakes a meta-level analysis. Most frameworks and theoretical 

models focus on macro-level analysis, but evidence from qualitative or quantitative research 

remains scarce. For instance, Straub et al. (2004) and Lee and Ding (2010) are the only ones to 

examine the impact of ICT-supported collaboration on network performance. We also found 

various studies that take the viewpoint of a single organization within a network. Studies on 

risk- and trust-related topics are predominant within this level of analysis (Arnold et al. 2012; 

Garcia Martinez et al. 2006; Harland et al. 2003; Lockett and Brown 2011).  

Most of the publications reviewed have a management-oriented focus. These studies often refer 

to the formation and improvement of ICT-enabled relationships between organizations and 
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cover both micro- and macro-level analyses. For example, Chi et al. (2007) explore the associ-

ations between e-collaboration use, network relationships, and structures. From a micro-level 

viewpoint, Lee et al. (2003) assess the benefits of B2B electronic collaboration in networks at 

the firm level. Nearly all technology-oriented studies reviewed deal with the development of 

frameworks and models. For example, Zhao et al. (2007) propose an integrated model for the 

standardization of e-collaboration in networks. 

Following the classification of Palvia et al. (2004), five of the fourteen methodologies have 

been applied. The development of frameworks and models dominates the literature reviewed, 

followed by qualitative research methods such as the case-study approach and interviews. Only 

eight studies applied large-scale surveys. In addition, one research commentary discusses e-col-

laboration at the interfirm network level (Rai and Tang 2014).  
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Table B-3. Concept matrix of e-collaboration in a network context
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Adam et al. (2005) ● ● ●
Adebanjo et al. (2006) ● ● ● ●

Arnold et al. (2012) ● ● ● ● ●
Cheng et al. (2006) ● ● ●
Chi et al. (2007) ● ● ● ● ● ●
Chituc et al. (2009) ● ● ● ●

Chituc et al. (2007) ● ● ● ●
Chituc et al. (2008) ● ● ● ●
Chung et al. (2004) ● ● ● ● ● ●
Fairchild and Peterson (2002) ● ● ● ●
Fritz and Canavari (2008) ● ● ● ●

Harland et al. (2003) ● ● ● ● ● ●
Hollenbeck et al. (2009) ● ● ● ● ●
Im and Rai (2014) ● ● ● ●
Kartseva et al. (2005) ● ● ●

Lee and Ding (2010) ● ● ● ●
Lee et al. (2003) ● ● ● ●
Léger and Hadaya (2005) ● ● ● ●
Lockett and Brown (2006) ● ● ● ● ● ●

McIvor and Humphreys (2004) ● ● ● ●
Quader and Quader (2008) ● ● ● ● ●
Rai and Tang (2014) ● ●
Rossignoli (2009) ● ● ● ●

Spralls et al. (2010) ● ● ● ● ●
Straub et al. (2004) ● ● ● ●
Vlachopoulou and Manthou (2003) ● ● ●
Wang and Yu (2001) ● ● ●

Wen and Wen (2006) ● ● ● ●
Xie and Johnston (2004) ● ● ●
Zhao et al. (2007) ● ● ●
Zhao et al. (2011) ● ● ●

N=31 10 14 5 0 13 19 0 22 9 9 8 12 1 4
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1.4.1 Discussion and Research Agenda 

Our first research question deals with the extent to which the body of literature has already 

explored e-collaboration in the context of interorganizational networks. Although our literature 

review includes an extensive search of various databases and topic-related search strings, only 

31 relevant articles were found. Moreover, although our analysis was not restricted to a specific 

timeframe, the earliest article was published in 2001 (Wang and Yu 2001). However, our results 

do indicate a slight increase in publications over the past years. Although a number of articles 

were published in journals or conference proceedings that do not specifically focus on IS re-

search (e.g., Adebanjo et al. 2006; Chung et al. 2004; Harland et al. 2003; McIvor and 

Humphreys 2004), the majority of the most recently published articles came from leading IS 

journals, such as Journal of Information Systems (Arnold et al. 2012), Journal of Management 

Information Systems (Zhao et al. 2011), and Information Systems Research (Im and Rai 2014; 

Rai and Tang 2014). These findings suggest that the topic is still in a developing stage and is 

relevant to IS research.  

In order to answer our second research question, we identified five gaps in the concepts under 

study. First, the literature reviewed indicates that the view from the individual organization 

(micro level) and the network perspective (macro level) are as relevant as they are in network 

research (Provan et al. 2007). Since network research has already identified meta-level analysis 

as relevant, this might also be a direction for future IS research on e-collaboration. Meta-level 

analysis in this context could enhance the understanding of how e-collaboration affects or is 

affected by relations to other networks or organizations outside the network.  

Second, Straub et al. (2004) and Chi et al. (2007) have already made a first step towards linking 

the different levels of analysis by examining the influence of interorganizational information 

sharing and e-collaboration on network performance and structures. However, the correlations 

have only been empirically tested in dyadic interactions. Accordingly, the question of how 

e-collaboration at the individual firm level affects collaboration, performance, and structures at 

the network level and vice versa arises. 

Third, the majority of the articles do not consider that networks differ in terms of their degree 

of complexity, concentration of power balance, and environmental diversity. Findings from 

previous studies indicate that organizations in networks involving many large and/or evenly 

balanced power relationships have less control and seemed to be coping in rather than managing 

their networks (Harland et al. 2001). These differences must be taken into account when stud-

ying the implementation and design of e-collaboration. For example, and in accordance with 
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Rai and Tang (2014), we suggest that future research should examine how a focal firm’s B2B 

IT capabilities and its interfirm networks coevolve to affect value creation and appropriation 

from interfirm relationships. Furthermore, various studies from research on IT/IS adoption on 

the firm level have revealed that the adoption of a technology can be categorized as a stage-

based process (Hameed et al. 2012) that is influenced by the maturity level of an organization. 

Transferring this perspective, the different stages of network development (Figure B-1) should 

be considered when examining the diffusion of e-collaboration in network contexts. 

Fourth, few theoretical lenses have been applied for explaining e-collaboration and its role in 

interorganizational networks. The majority of the articles reviewed do not refer to a specific 

theory, though there are some exceptions. For example, the transaction-cost perspective and 

resource-based view have already been used as references (Cheng et al. 2006; Rossignoli 2009). 

Future research should proceed in this direction in order to strengthen the theoretical founda-

tion. Network research provides a variety of approaches. Overviews that might be valuable for 

IS research are provided by Straub et al. (2004) and Barringer and Harrison (2000). 

Last, the use of multiple methods increases the robustness of results and helps improve the 

accuracy of judgments (Jick 1979). Since no single approach can provide the richness that IS 

research needs for further advancement, the combination of different research methods is highly 

relevant (Kaplan and Duchon 1988). Therefore, we look forward to seeing a more balanced use 

of methods. 

1.4.2 Conclusion and Limitations 

In this paper we reviewed the existing literature on e-collaboration in the context of interorgan-

izational networks. The aim was to determine to what extent the body of literature has already 

explored the role of e-collaboration in the field of networks. Moreover, we wanted to present 

an agenda for future research. Although our extensive search only yielded a limited number of 

articles, the results indicate a growing interest in the IS community. We analyzed the literature 

by using a concept matrix and revealed gaps in existing research. On this basis, we identified 

promising fields for future research: meta-level analysis and linkages between different levels, 

the consideration of network characteristics and stages of development, theories for e-collabo-

ration in networks, and, finally, a more balanced use of methods.  

While our literature review led to interesting publications and results, there were some limita-

tions that must be addressed. The selection of databases mainly covers IS journals and confer-

ence proceedings, which might have resulted in missing relevant sources and publications from 
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adjacent research areas. Furthermore, we did not include a forward search. We also identified 

various publications dealing with network externalities, especially in literature on IT adoption, 

such as Cao et al. (2013), Riggins et al. (1994), Setia et al. (2008), and Zhu et al. (2006b). 

However, these articles do not explicitly refer to interorganizational networks as the unit of 

analysis. Thus, we excluded them from our review. 
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2 Drivers of Network Governance in the Wood Industry

Table B-4. Fact sheet of study no. 2

Title Drivers of network governance: a multitheoretic perspective and insights from case 
studies in the German wood industry 
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Outlet Journal of Cleaner Production, Volume 110, January 2016, Pages 109-120, Special 
Volume: Improved Resource Efficiency and Cascading Utilization of Renewable 
Materials 

Abstract Network-based collaboration has been identified as an important form of multi-or-
ganizational governance in advancing environmental sustainability, as it enables or-
ganizations to take full advantage of by-products and reusable materials while min-
imizing waste in the supply chain. Although previous research has identified various 
forms, dimensions, and architectures of networks addressing the reduction of envi-
ronmental impacts, less is known about their emergence. Existing studies on net-
works in the context of sustainability benefit surprisingly little from the substantial 
literature on interorganizational collaboration, alliances, or networks. Therefore, this 
study explores drivers of network governance by combining explorative case studies 
with prior theorizing and drawing on various theoretical paradigms. Case studies 
have been conducted in the German wood industry, where the efficient utilization 
of by-products and the reuse of renewable raw material are essential and thus net-
work-based collaboration is highly beneficial. The study identifies four major fac-
tors that seem to significantly affect the formation of interorganizational networks 
and further reveals contextual factors that are related to the effectiveness of network-
based collaboration  

Keywords Resource efficiency; Wood industry; Network governance; Renewable resources; 
Cascade utilization; Exploratory case study 

  

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



B.2 Drivers of Network Governance in the Wood Industry 49 

2.1 Introduction 

In recent years, renewable resources have garnered increasing attention as a substitute for fossil 

or mineral resources. Due to both technical and environmental reasons, many corporations have 

already recognized the rising importance of renewable raw materials as an alternative resource 

base for industrial production. While the utilization of renewable resources provides an oppor-

tunity to produce more sustainable products, the usage of such naturally grown raw materials 

is challenging for industrial production. Renewable raw materials have a number of qualities 

that set them apart from conventional fossil and mineral resources: Due to natural growth and 

environmental factors, renewable resources face uncertainties regarding quantity, quality, and 

the time of availability. Furthermore, they are characterized by decentralized production, higher 

material costs, and a high level of complexity (Narodoslawsky 2003). These differences influ-

ence the socioeconomic system that links production with markets and they present challenges 

for organizations regarding the deployed organizational structures, processes, and technologies. 

Wood has been identified as a particularly important renewable raw material because it offers 

a wide range of species as well as a variety of physical and technical-chemical properties. Pre-

vious studies have found that the cascade utilization of wood creates fewer environmental im-

pacts than the use of primary wood, offers economic advantages, and reduces environmental 

load (Höglmeier et al. 2014). In general, the major difference between value chains for fossil 

and renewable raw materials, such as wood, is the number of actors involved in the processing 

and transportation of a comparable amount of raw materials and products. This is because re-

newable raw materials not only are unevenly distributed in the environment; they are also grown 

and harvested by a large number of actors. Thus, the effort to organize and ensure feedstock 

supply is significantly higher compared to fossil or mineral resources. Hence, the processing of 

wood and its by-products is not only about the most efficient combination of machinery and 

means of transport, but also about the efficient communication and interaction between the 

different actors involved (Fröhling et al. 2011). However, this calls for a holistic optimization 

across the entire chain of utilization in order to ensure an optimized and boundary-spanning 

allocation of resources (Narodoslawsky 2003).  

Network governance, a governance form that aims to combine the advantages of vertical inte-

gration and market exchange (Powell 1990), has received considerable attention in both re-

search and practice (Jones et al. 1997). Since network modes of governance have the potential 

to enhance interorganizational coordination and collaboration, this form of governance seems 
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to be highly beneficial, particularly for organizations of the wood industry, in which the effi-

cient utilization of resources across organizational boundaries is crucial. Previous research sug-

gests that these network modes of governance enable organizations to take full advantage of 

by-products and reusable materials while minimizing waste in the supply chain. Activities cover 

the entire lifecycle of products and include collaboration for waste reduction, improved effi-

ciency in both manufacturing and transport, as well as the development of reverse supply chains 

for the recycling and reuse of products (Behera et al. 2012; Zhu and Cote 2004). However, 

empirical findings on the emergence of network modes of governance remain limited, espe-

cially in this industry-specific context (Provan and Kenis 2007). Furthermore, previous studies 

have revealed that despite network architecture being highly suitable for advancing environ-

mental sustainability, research in this context draws little from the substantial literature on in-

terorganizational networks (Zhu and Cote 2004). To close this gap in current literature, this 

research aims to identify drivers of network governance in the wood industry to support the 

employment of network relations and facilitate the efficient utilization of renewable resources. 

In particular, we address the following research questions: 

To what extent can existing theories provide an explanation for the emergence of inter-

organizational networks in the wood industry? 

What are the main drivers of network governance in the wood industry?  

By doing so we respond directly to research implications of current literature on sustainability 

in networks, which suggests integrating the substantial literature on interorganizational collab-

oration and employing qualitative methods in order to gain a richer understanding of network 

formation, functioning, and processes (Patala et al. 2014).  

The remainder of this study is structured as follows. The next section provides a brief overview 

of the existing literature on interorganizational relationships and network governance as well 

as a definition of interorganizational networks. Afterwards, we discuss various theoretical per-

spectives that explain an organization’s choice of governance structures, which allows the a 

priori specification of constructs and provides a strong theoretical grounding. Subsequently, we 

use an explorative case study approach to develop a model and derive factors that explain the 

formation of network-based collaboration in the wood industry. The paper closes with a discus-

sion and conclusion and implications for policy making and practice. Furthermore, directions 

for future research will be presented. 
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2.2 Reviewing Network Governance 

In the past, two basic paradigms dominated the literature on the organization of economic ac-

tivities: market exchange and vertical integration (Coase 1937). In pure market relationships 

the transaction of standardized goods at equilibrium prices is carried out. The main character-

istics of these faceless buyer-seller relationships are the allocation of resources though coordi-

nated price mechanisms and the independence of the parties involved. Vertical integration re-

flects the opposite of market exchange in many ways. In contrast to market exchange, the rele-

vant parties are dependent (or integrated) and, in its extreme forms, an organization maintains 

control over its entire supply chain (Powell 1990; Verwaal and Hesselmans 2004). However, 

since the importance of external resources and collaboration across organizational boundaries 

continues to grow, articles on interorganizational relationships have become prominent in busi-

ness periodicals and academic journals (Barringer and Harrison 2000). Thus, and more recently, 

various theoretical paradigms have been applied in order to examine the motives, intentions, 

and objectives that result in the formation of interorganizational relationships. Furthermore, the 

potential advantages and disadvantages of participation in interorganizational relationships as 

well as its different forms, which vary by the degree to which participants are linked, or coupled, 

have been widely discussed in the literature. The essence of the majority of these articles is that 

interorganizational relationships enable organizations to create value by combining resources, 

sharing information and knowledge, increasing speed to market, gaining access to foreign mar-

kets, and achieving competitive advantages (Barringer and Harrison 2000).  

Despite the existence of various forms of interorganizational relationships in the tension be-

tween markets and hierarchies, over the past two decades networks in particular have been 

widely recognized by both academics and practitioners as an important form of multi-organi-

zational governance since they are said to combine benefits from both markets and hierarchy 

(Jones et al. 1997; Provan et al. 2007; Provan and Kenis 2007). By now, the literature on net-

work governance is quite extensive and research on networks from various disciplines has pro-

posed a number of definitions. Despite their differences, nearly all definitions refer to similar 

themes, including interaction, relationships, connectedness, collaboration, and cooperation. 

However, our understanding follows the definition of Camarinha-Matos et al. (2009): Networks 

consist of a variety of organizations that are largely autonomous and geographically distributed. 

They are heterogeneous in terms of their operating environment, culture, social capital, and 

goals. Organizations collaborate in networks in order to achieve common or even compatible 

goals (Camarinha-Matos et al. 2009). Further, network governance can be defined as a hybrid 
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form of governance where the participants in a supply chain create a set of collaboration pro-

cesses that enable them to work together as an integrated organization (Verwaal and 

Hesselmans 2004).  

Researchers have studied the development and management of networks as well as the associ-

ated value-creation process; they revealed that the advantages of network coordination in both 

public and private sectors are considerable, including flexibility (Powell 1990), speed to market 

(Larson 1991), product development (Deeds and Hill 1996), learning (Bartholomew 1997), 

greater competiveness (Koh and Venkatraman 1991), and improved services for clients and 

customers (Provan et al. 2007).  

Besides the economic benefits discussed above, previous research has found that network-based 

collaboration is also critical to the solution of complex problems such as the environmental load 

of production and consumption (Patala et al. 2014). The body of literature documents how dif-

ferent forms of networks have the potential to enhance environmental sustainability by improv-

ing the eco-efficiency of production through by-product and waste reuse or decreasing the en-

vironmental footprints of products through lifecycle thinking. Furthermore, networks offer the 

potential to enhance pollution control and prevention as well as facilitate the development of 

eco-innovative solutions that integrate resources and capabilities across multiple actors (Patala 

et al. 2014).  

Despite the efforts invested in this field, the research on networks and sustainability is still at a 

relatively early stage and dispersed among various literature streams (Patala et al. 2014). There 

are still discrepancies on how networks evolve and develop and, in general, no comprehensive 

theory on network governance exists (Jones et al. 1997; Provan et al. 2007), especially not in 

industry-specific contexts and with regard to sustainable issues. Existing studies in this context 

draw surprisingly little from the extensive literature on interorganizational collaboration. How-

ever, previous studies have benefited from considering distinct theoretical paradigms. There-

fore, following the approach of Verwaal and Hesselmans (2004), the next section blends various 

theoretical perspectives in order to examine the drivers of network governance in the wood 

industry, thus transferring existing paradigms into the context of renewable resources and the 

emerging field of sustainability in interorganizational networks.  
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2.3 Theoretical Perspectives on the Formation of Interorganizational Networks

According to Eisenhardt (1989) the a priori specification of constructs allows the shaping of an 

initial research design and enables a more accurate measurement of constructs. If these con-

structs prove to be important as the research progresses, one has stronger theoretical grounding 

for the emergent theory (Eisenhardt 1989). Thus, this section provides a review of five widely 

used theoretical perspectives on the choice of governance mode and applied to sustainability, 

including transaction cost economics, resource-based view, relational view, learning theory, 

and institutional theory (Connelly et al. 2011). While transaction cost economics and resource-

based view represent economic explanations for the formation of interorganizational relation-

ships, institutional theory falls on the behavioral end of the continuum. Learning theory has its 

roots in the behavioral discipline; however, similar to relational view, it also includes economic 

aspects (Barringer and Harrison 2000). The theories for interorganizational relationships con-

sidered fall along the conceptual continuum from reliance on economic rationale to reliance on 

behavioral rationale (Figure B-2) and offer both a profound theoretical foundation as well as a 

solid guideline for conducting case studies.  

Figure B-2. Theoretical foundations of interorganizational relationships (based on Barringer and 
Harrison 2000)

2.3.1 Transaction cost economics 

Transaction cost economics (TCE) has received considerable attention in the literature on in-

terorganizational collaboration (Jones et al. 1997; Shelanski and Klein 1995). It focuses on 

boundary-spanning activities of organizations, which should be organized with the objective of 

minimizing the sum of production and transaction costs. It is assumed that the form of govern-

ance mode depends on the efficiency of a distinct form of governance for completing a specific 

transaction (Barringer and Harrison 2000). Originally, TCE identified markets and hierarchies 

as the two modes of organizing (Williamson 1975, 1985). However, previous research on in-

terorganizational relationships has also acknowledged the role of TCE in explaining the for-

mation and existence of additional forms of governance between the dimensions of vertical 

integration and market exchange (Barringer and Harrison 2000), such as joint ventures (Hennart 
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1988; Koh and Venkatraman 1991), alliances (Lee et al. 2009; Ring and van de Ven 1994), and 

networks (Gulati et al. 2000; Jarlllo 1988).  

According to TCE, the most efficient alternative will prevail for any given transaction of an 

organization (Barringer and Harrison 2000). These transactions can mainly be characterized by 

two structural properties: specificity and uncertainty (Jones et al. 1997; Verwaal and 

Hesselmans 2004).  

Specific investments are a critical concept in TCE. According to the theory, investments in 

highly specific assets should be owned and controlled internally, whereas non-specific transac-

tions can be handled more efficiently by market exchange. This is true because asset-specific 

investments are significantly more valuable in a particular transaction relation than in any other 

alternative exchange. Furthermore, they cannot be (fully) recovered from alternative invest-

ments (Lee et al. 2009). Since contractual agreements with trading partners can never be com-

plete, asset-specific transactions bear the risk of opportunistic behavior. In order to avoid the 

potential of a trading partner exhibiting opportunistic behavior, organizations will prefer more 

integrated governance structures. Thus, asset-specific investments are expected to result in 

more integrated forms of governance (Verwaal and Hesselmans 2004).  

In addition to asset-specificity, organizations are facing uncertain environments with which 

they must cope efficiently when organizing transactions (Verwaal et al. 2008). These uncer-

tainties present the need to renegotiate contracts with partners in order to avoid the risk of op-

portunism (Verwaal and Hesselmans 2004). Various studies have already regarded uncertain 

environments as a reason to adjust buyer–seller relationships and to establish interorganiza-

tional collaboration (e.g., Lee et al. 2009; Verwaal et al. 2008). Furthermore, previous research 

in the context of TCE has identified two relevant types of uncertainty: market uncertainty and 

technological uncertainty (Lee et al. 2009; Wolter and Veloso 2008). Market uncertainty is 

associated with fluctuating levels of demand, which results in the need to renegotiate contracts 

with suppliers in a market relationship or renegotiate production levels with integrated suppli-

ers. Thus, in a classic market-hierarchy situation, organizations have to choose between rene-

gotiating internal contracts (vertical integration) or external contracts (market exchange). In 

contrast to more integrated forms of governance, market exchange partners do not have special 

and strong relationships with each other. Therefore, transferring risk to the market is assumed 

to be much easier than to integrated partners. With regard to technological uncertainties, there 

is no common sense in the prevailing literature about the relationship between technological 

changes and firm boundaries (Dyer 1996; Wolter and Veloso 2008). In fact, there is conflicting 
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empirical evidence regarding the effects of technological uncertainty on organizations’ integra-

tion decisions. It is unclear whether technological uncertainty leads to more integrated or dis-

integrated modes of governance (Hoetker 2005; Schilling and Steensma 2002; Walker and 

Weber 1987).  

In addition to traditional research on interorganizational relationships TCE has also been used 

in different contexts of sustainability research. For example Sancha et al. 2014 applied the con-

cept of TCE in order to examine the effectiveness of governance mechanisms in managing 

buyer-seller relationships with respect to environmental issues. Furthermore, TCE has been 

found to be a relevant concept for the emergence of green procurement initiatives across organ-

izational boundaries (Appolloni et al. 2014), such as the development of green suppliers 

(Simpson and Power 2005) and sustainable supply chain management (Zailani et al. 2012). 

2.3.2 Resource-based view

The resourced-based view (RBV) of the firm (Barney 1991; Conner 1991) has gained popular-

ity during the last decades and has become one of the most influential frameworks in the liter-

ature (Barringer and Harrison 2000; Lavie 2006). It has been applied by various studies on 

interorganizational collaboration in different contexts, such as the formation, governance, and 

performance of alliances (Das 2000; Eisenhardt and Schoonhoven 1996) and networks (Lavie 

2006). According to RBV, organizations seek to attain and control idiosyncratic and costly-to-

copy resources and capabilities in order to create value through different mechanisms (Verwaal 

et al. 2008). Network governance enables organizations to focus on core activities, which re-

sults in increased organization-specific skills, and the realization of economies of scale and 

learning effects, thereby improving its competitive position (Barney 1991). Despite there being 

no agreement in the existing literature on which particular elements should be included in an 

organization’s core, a consensus does exist about the properties of organizational core elements. 

An element is said to belong to the core if it has a high interdependency with other current or 

future organizational elements, which results in interdependent processes (Siggelkow 2002). 

Such interdependent processes require more central coordination that is only likely to be 

achieved by more integrated forms of governance. On the other hand, autonomous processes 

can be managed efficiently through loosely coupled partnerships or market relationships 

(Chesbrough and Teece 1996). These activities with relatively low levels of interdependence 

can be outsourced without putting the competitive advantage of an organization at risk, while 

interdependent core activities should be internalized (Verwaal and Hesselmans 2004). Thus, 
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more interdependent organizational activities require more integrated forms of governance to 

organize them.  

The resourced-based view of the firm has also gained considerable attention in research on 

sustainability (Albino et al. 2012). For example RBV has been used in order to explain corpo-

rate sustainability strategies (Aragón-Correa and Sharma 2003), sustainability competitive ad-

vantage (Branco and Rodrigues 2006), and sustainable supply chain management (Gold et al. 

2010). Further, and more recently, the theoretical lenses of RBV have also been applied to 

interorganizational level studies on environmental issues, such as the identification of drivers 

of collaborative relationships for sustainable product and process flows (Reniers et al. 2010), 

or the analysis of sustainability approaches and governance mechanisms across organizational 

boundaries (Formentini and Taticchi 2016).  

2.3.3 Relational view

In contrast to RBV, the relational view (RV) does not exclusively focus on internal resources 

(Barringer and Harrison 2000). Moreover, according to RV, an organization’s critical resources 

can extend beyond organizational boundaries and be embedded in interorganizational routines 

and processes (Dyer and Singh 1998; Lavie 2006). Existing studies have demonstrated that 

collaboration across organizational boundaries plays a significant role in shaping the resource-

based competitive advantage of organizations (Lee et al. 2001; Rothaermel 2001; Stuart 2000). 

These advantages are reflected in the potential of creating relational rents, which cannot be 

achieved in isolation. Relational rents can be defined as profits generated jointly in an exchange 

relationship, arising from relation-specific assets, the exchange of knowledge, the combination 

of complementary and scarce resources, or from effective governance forms that result in lower 

transaction costs (Dyer and Singh 1998). It is not possible to achieve relational rents in inte-

grated forms of governance, because the organization does not collaborate across organizational 

boundaries. On the contrary, in market exchange the organization has relationships with other 

organizations. However, these arm’s-length market relationships cannot generate relational 

rents since there is no relation-specific exchange. In summary, relational rents are possible 

when partners combine, exchange, or invest in assets or resources and employ effective gov-

ernance mechanisms (Dyer and Singh 1998). For example, previous studies have established 

that network relationships provide a framework for shorter product development times and in-

creased strategic flexibility (Garud and Kumaraswamy 1993; Langlois and Robertson 1992; 

Sanchez and Mahoney 1996). Thus, in the presence of potentials for relational rents, organiza-

tions are more likely to adopt network forms of governance.  
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The relational view has also been successfully applied to the environmental sustainability con-

text (Albino et al. 2012). In particular, current literature highlights the importance of this theo-

retical perspective in order to explore the development of sustainable relationships and practices 

in interorganizational networks (Frostenson and Prenkert 2015; Rizzi et al. 2014). 

2.3.4 Learning theory 

The role of knowledge as an organizational asset and competitive advantage has become in-

creasingly important (Verwaal and Hesselmans 2004). According to learning theory, another 

rationale for the formation of interorganizational relationships is that organizations form part-

nerships in order to acquire knowledge and enhance organizational learning (Barringer and 

Harrison 2000; Larsson et al. 1998). Since there is a greater diversity of knowledge within a 

network than in integrated forms of governance, collaboration across organizational boundaries 

seems to be beneficial (Verwaal and Hesselmans 2004). According to Powell et al. (1996), the 

creation of knowledge occurs in the context of a fluid, evolving community rather than in tightly 

bound and static organizations with bureaucratic rigidities. Moreover, sources of innovation do 

not exist exclusively inside of organizations; they are frequently found in the interstices be-

tween (Powell et al. 1996). A number of studies in different industries have examined the con-

textual role of learning through interorganizational relationships. The findings suggest that in-

novation and the development of new products takes place primarily in network forms of gov-

ernance rather than in individual firms (Deeds and Hill 1996; Dyer and Nobeoka 2000; Powell 

et al. 1996). Though pure market exchange offers a greater diversity of knowledge than rela-

tionships in the context of networks, arm’s-length transaction partners are not able or willing to 

share knowledge (Verwaal and Hesselmans 2004). Furthermore, acquiring knowledge in the 

marketplace is often difficult for organizations since knowledge can be tacit and difficult to 

price (Mowery et al. 1996). Thus, compared to both vertical integration and market exchange, 

the potential of sharing knowledge in order to enhance an organizations competitive advantage 

is assumed to be positively related to the use of network forms of governance.  

The concept of organizational learning has also been stressed by studies on sustainability and 

interorganizational relationships. For example, previous research highlights the importance of 

acquiring knowledge through interorganizational relationships to promote cleaner production 

methods and to improve environmental performance in the context of interorganizational net-

works (van Hoof 2014; Sol et al. 2013).  
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2.3.5 Institutional theory

Institutional theory has received considerable attention in the literature and has been applied in 

order to study both individual and organizational actions (Dacin et al. 2008, 2002). According 

to this theory, institutional environments place pressure on organizations to appear legitimate 

and conform to prevailing norms. In a business context, institutional pressures motivate organ-

izations to pursue activities that cause them to appear in agreement with the prevailing rules, 

requirements, and norms of their business environment, resulting in increased legitimacy 

(Barringer and Harrison 2000; Oliver 1990). Prevailing literature on networks has indicated that 

organizations are able to achieve legitimacy through collaboration and that institutional pres-

sures motivate firms to participate in interorganizational relationships for various reasons 

(Barringer and Harrison 2000), such as the enhancement of reputation (Crawford and Gram 

1978; Schermerhorn and Shirland 1981). Furthermore, if participation in interorganizational 

relationships becomes an embedded norm, organizations will participate in boundary-spanning 

collaboration as a means of adaptation and survival (Oliver 1991). Since collaboration is a nec-

essary step for an organization to agree and expose that it is in line with the prevailing rules and 

procedures of its business environment (Barringer and Harrison 2000) – particularly in the con-

text of the formation of networks – institutional theory seems to be valuable. In contrast to 

network forms of governance, both market exchange and vertical integration do not support in-

depth collaboration across organizational boundaries (Verwaal and Hesselmans 2004). There-

fore, it is reasonable that in the presence of institutional pressure organizations tend to form 

modes of network governance. 

Apart from organizational theory, the relationship between institutional pressure and interor-

ganizational relationships formation has also been demonstrated in the literature on environ-

mental sustainability. For example, previous studies suggest that organizations form interor-

ganizational networks in order to respond adequately to changing conditions of the regulatory 

environment (Qu et al. 2015). Further, prevailing research shows that this perspective is also 

highly relevant for partner selection in the context of environmental performance (Shah 2015) 

and collaboration in green supply chains (Zhu and Sarkis 2007). 

2.3.6 Summary

Each of the five widely used theoretical paradigms described above offers a unique perspective 

on the development and establishment of network governance forms and provides a strong the-

oretical grounding for an emergent theory. Previous studies have benefited from considering 
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distinct theories; however, each single theory is insufficient to capture the complexities in-

volved in relationship formation (Barringer and Harrison 2000), particularly in the light of the 

multifaceted formation of interorganizational networks. Therefore, the discussed theories 

should rather be viewed as complementary instead of mutually exclusive or as substitutes 

(Reniers et al. 2010). Thus, the blending of different theoretical perspectives provides an even 

more valuable instrument for examining and understanding the drivers of network governance 

and serves as the basis to assess the fit between theory and case data. This systematically com-

parison between theory and evidence from case studies is a central instrument in explorative 

case study research to yield new insights and an empirically valid theory (Eisenhardt 1989). 

2.4 Development of Theoretical Model 

Since neither a comprehensive theory on network governance exists nor have the drivers of 

network governance been examined in this specific context, an exploratory case study approach 

has been selected to provide critical information about the phenomenon. Section 4 initially gives 

an overview of the German wood industry and subsequently outlines the research design and 

presents sample case study responses. Building upon this a theoretical model for the formation 

of interorganizational networks in the wood industry is developed. 

2.4.1 Industry background

Composed of various subsectors with more than 1.2 million employees and an annual turnover 

of about €170 Billion, the wood industry is one of the largest sectors of the German economy. 

During the last two decades, the use of wood raw materials for industry has doubled, with the 

sawmill industry experiencing the largest growth, followed by the wood-based panel industry 

and the pulp and paper industry (Fachagentur Nachwachsende Rohstoffe 2010). The total sup-

ply of wood into the system of primary processing and energetic usage is 135m m³ a year. It 

consists of 91 mio. m³ of roundwood from the forest production, and 44 mio. m³ from other 

sources, such as recycled wood residues or bark (Mantau 2012b). Further, there is a growing 

opportunity to use non-wood fiber raw materials from agricultural by-products in combination 

with wood fibers in certain manufactured products. While 67 mio. m³ of the wood is used for 

energetic utilization, 68 mio. m³ are processed in primary wood processing industries. With 

around 38 mio. m³ the sawmills, veneer, and plywood mills account for the highest share, fol-

lowed by the wood-based panel industry with 17 mio. m³, the wood pulp industry with 11 mio. 

m³, and other material usage with 2 mio. m³ (Mantau 2012b). The value creation ranges from 

raw timber, which is supplied to sawmills, wood-derivatives, cellulose and paper industries, to 
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wood processing as well as construction and furniture industry. The processing of wood is typ-

ically closely linked to a high degree of cascade utilization, which results in the need for effi-

cient processing of by-products and a close physical and economic linkage between organiza-

tions. Thus, due to the need for the efficient utilization of renewable resources in order to take 

full advantage of by-products and reusable materials while minimizing waste in the supply 

chain a close coordination and collaboration, which can be achieved through network modes of 

governance, is essential for organizations in the wood industry.  

An overview of the complex raw material and product flows starting from the roundwood pro-

duction to the primary wood processing and to further processing industries including the recy-

cling and reuse of residuals is depicted in Figure B-3. For example, by-products from forestry 

or the sawmill industry can be utilized through recovery or recycling processes and by mixing 

with other industrial wood residues for the manufacturing of various wood-based products. Fur-

ther, besides the utilization of recycled wood residues for further material usage, the cascade 

utilization of by-products from further processing industries allows for energetic and chemical 

usage.  

Figure B-3. Raw material and product flows in the wood industry (based on ITTO 2002)
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2.4.2 Case study research design 

Applying the case study method is widely recognized as being well suited for gaining an un-

derstanding of the interaction between theoretical concepts and organizational contexts (Stuart 

et al. 2002). Furthermore, it provides the opportunity to study a current phenomenon deeply 

and in a timely manner, particularly when boundaries are vague and the context may play an 

important role (Yin 2009) or research is still at an early stage and existing theories and models 

seem inadequate (Eisenhardt 1989). Therefore, following the approach of Eisenhardt (1989), 

the purpose of this qualitative inquiry is to acquire a richer description and understanding not 

only of the circumstances affecting the formation of interorganizational networks and effects 

arising from industry characteristics but also of the nature of the phenomenon. As case study 

research has often been criticized for a lack of rigor, we followed the steps suggested by Stuart 

et al. (2002) and explicitly address validity and reliability concerns (see Table B-5). 

Table B-5. Steps in case study research (adapted from Stuart et al. 2002)

Stage Activities Description
1. Defining the 
research question

Matching research 
strategy and 
research structure

Multi-site case study approach has been chosen in order to identify 
and describe critical variables and linkages

2. Instrument 
development and 
site selection

Prior theorizing Case studies based on predefined factors have been derived from 
existing theoretical paradigms

Unit of analysis Organizations in the wood industry
Sampling strategy Typical case strategy was chosen
Case study protocol Overview of project

Interview guideline
3. Data 
gathering 

Data-collection 
methods

Qualitative semi-structured interviews, internal documents, desk 
research 

Data triangulation Multiple sources if information were consolidated and results were 
compared to increase validity

Theoretical 
saturation

Theoretical saturation was reached after five interviews were 
conducted 

4. Data 
analyzing 

Early steps in data 
analysis

Coding of raw data, structuring

Case analysis Explanation building
5. Dissemination Writing up the case 

study report
Reports were written according to a standardized guideline

In order to identify and describe critical variables and their relationships we followed Handfield 

and Melnyk (1998) and used a multi-site case study approach. According to Eisenhardt (1989), 

the a priori specification of constructs allows the shaping of an initial research design and ena-

bles a more accurate measurement of constructs. If these constructs prove important as the re-

search progresses, one has stronger theoretical grounding for the emergent theory (Eisenhardt 

1989). Thus, our interview guidelines are based on predefined factors that have been derived 

from widely used theoretical perspectives on the formation of interorganizational relationships. 
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For this study, the wood industry was chosen as the unit of analysis and we used typical case 

sampling to ensure representativeness and comparability (Teddlie and Yu 2007). To obtain an 

in-depth understanding and to elicit the nature of network governance and the context in which 

it occurs, we used semi-structured interviews as the central instrument for data collection. In 

addition, we followed Yin's (2009) approach and analyzed secondary data, such as freely avail-

able information (e.g., publications on the website of the organization or press releases), as well 

as internal documents in order to triangulate our findings. Case studies covering different sec-

tors of the industry were performed between April and July 2014. CEOs, purchasing and supply 

managers, and relations managers were interviewed because they have regular contact with 

partners along the supply chain and are therefore able to determine how interorganizational 

relationships are formed and organized. Each interviewee indicated that his or her company is 

part of a network in which environmental aspects and the efficient processing of by-products 

play an important role. The interview guidelines included questions relating to the emergence 

of relationships in general as well as to preferred exchange relationships. After five interviews 

we found that new insight became rare and concluded that theoretical saturation was reached. 

All interviews were recorded. The process of transcription and analysis was supported using 

the software MAXQDA 11 and the coding procedure followed the deductive qualitative content 

analysis method suggested by Mayring (2010). Two graduate researchers were involved in the 

case analysis and inconsistencies were discussed until a common understanding was reached. 

Table B-6 provides an overview of all case sites. 
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Table B-6. Summary of case sites

Case Industry 
sector 

Description Number of 
employees

Interview

Interviewee Duration Method
A Sawmill International supplier for fur-

niture and automotive indus-
tries

ca. 300 Executive 
Manager

75 minutes Face-to-
face

B Pulp and 
paper

Supplier for specialty paper 
products

ca. 1000 Purchasing 
and Supply 
Manager

50 minutes Telephone

C Sawmill Producer of wood-based mate-
rials for furniture and con-
struction industry

ca. 600 Relations 
and
Marketing 
Manager

45 minutes Telephone

D Furniture 
and wood 
materials

Trade and timber production ca. 80 Executive 
Manager

30 minutes Telephone

E Packaging One of the leading suppliers of 
transport and sales packaging 

ca. 500 Supply 
Chain and 
Operation 
Manager

40 minutes Telephone

2.4.3 Analysis of cases

Seven major themes emerged from the case studies: asset specificity, supply uncertainty, inter-

dependence of core activities, relational rents, knowledge and information sharing, trust, and 

geographical proximity. This section presents sample case study responses that illustrate the 

seven themes. Building upon this we will develop a research model of the formation of interor-

ganizational networks in the wood industry. 

Asset specificity. The wood industry is highly specialized, and asset-specific investments seem 

to play a major role. All interviewees agreed that specific assets in this industry are mainly 

characterized by investment in production facilities, such as machinery and technical equip-

ment. As the purchasing and supply manager of Case A stated, “Highly specific transactions 

always occur when investment in production facilities have to be made. Other investments play 

only a minor part. In our branch, nothing is more specific than a certain kind of machine.” The 

results reveal, consistently for all cases, that long-term relationships are very important for or-

ganizations when it comes to investment in specific assets. Vertical integration in most cases 

seems to be inefficient for two interrelated reasons: first, a lack of both expertise as well as 

personal and financial resources, and second, a limited number of potential transaction partners. 

Referring to the first reason, Expert A stated, “We do not have the capabilities for this. We do 

not have the knowledge and we definitely do not have the staff or the money.” We found similar 

statements for the other cases. One exception must be made: A manager of Case B also reported 

that they use a company-owned supplier for specific technical assets in order to protect 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



64 B.2 Drivers of Network Governance in the Wood Industry 

knowledge. However, Case B is by far the largest organization in the sample and one of the 

world’s leading producers of pulp and paper. In addition, the interviewee indicated that they 

only draw on a single in-house supplier for one specific business unit. 

Furthermore, organizations are facing the challenge of having few suppliers for production fa-

cilities. For example, the purchasing and supply manager of Case B stated, “There are only a 

few suppliers in this field. Thus, we are forced to work together with the same firms. However, 

these relationships are intensive and on a long-term basis.” The manager of case C stated fur-

ther, “There are only a handful of suppliers. We know those companies very well and under 

normal circumstances long-term relationships evolve.” 

Despite the differences in the organizations’ sizes and industry sectors, we found similar results 

for all cases. Asset specificity seems to be an important factor in the wood industry. Due to 

insufficient human and financial resources, vertical integration is rare, only appearing in excep-

tional cases. In general, transaction-specific investments result in long-term relationships and 

findings indicate a clear preference for network governance over market exchange. Thus, we 

posit that  

Proposition 1: Asset specificity is positively related to network governance. 

Supply uncertainty. Due to natural growth and environmental factors, renewable resources in 

general and wood in particular face uncertainties regarding quantity, quality, and the time of 

availability and are characterized by a high level of complexity (Narodoslawsky 2003). Most 

interviewees agreed that market uncertainties play a significant role and mainly occur through 

fluctuating supply and prices of raw materials. For example, the supply chain manager of Case 

E stated, “We are facing uncertainties regarding the purchase of raw materials. There is fierce 

competition between wood-processing organizations. The thermal utilization of wood particu-

larly boosts the prices. In recent years, the demand has been rising, but supply remains on a 

steady level.” The results show that if supply uncertainties exist, organizations tend to rely on 

long-term contracts with regional partners. According to expert C, “We are trying to purchase 

wood within a radius of 150 kilometers; therefore, long-term relationships usually develop.” 

In addition, the executive manager of Case D stated, “Our local partners are very important 

for us. We have known each other for years and also have personal relationships. However, 

most often there are no binding contracts. Trust plays an important role.” 

In conclusion, our results indicate that organizations of the wood industry establish long-term 

relationships in order to balance the risk of supply uncertainties, and network governance seems 
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to be preferred to market exchange or vertical integration. As a result, we offer the following 

proposition:  

Proposition 2: Supply uncertainty is positively related to network governance. 

Interdependence of core activities. Core activities of organizations in the wood industry ap-

pear to be similar across various sectors. The results from our case studies show that core ac-

tivities are reflected in the management and controlling of processing wood or the manufactur-

ing of wood-based products. The interdependence of such activities appears to be a very im-

portant factor in the industry. The manager of Case E described the situation: “Our industry is 

not characterized by a high degree of diversity. The reverse is true; most organizations are 

highly specialized and focus only on production. Actually, this might be the main reason for the 

emergence of relationships. There are several things that can be handled more efficiently by 

other companies.” Our results also suggest that organizations prefer to keep their core activities 

in house. Interviewee B stated, “I would not say that we are outsourcing less important pro-

cesses; we outsource if something is not related to our core business, such as logistics. Logistics 

is very important for us, but we rely on external experts.” A manager form Case C made a very 

similar statement: “With regard to our core processes, we are completely autonomous, but, for 

example, we outsource shipping and logistics.” Furthermore, Expert B stated, “In order to pre-

serve our specific knowledge, we do not outsource the maintenance for our core processes.” 

Thus, core activities are kept in house, while non-core activities and processes with a high level 

of interdependence with core activities, such as shipment and logistics, are outsourced for eco-

nomic reasons. However, the results indicate that organizations rely on long-term partners in 

order to manage core activity–related processes: “Since we depend on just-in-time deliveries, 

we usually have close and long-term relationships with most of our suppliers,” explained the 

purchasing and supply manager of Case B. In contrast, if there is only a minor level of interde-

pendence, the organizations analyzed indicated a preference for market exchange: “We pur-

chase our consumables from various suppliers and we are always looking for the best price,” 

stated the executive manager of Case A.  

In summary, it seems that the interdependence of core activities is an important factor for the 

wood industry and that focusing on core activities is crucial. The analysis of cases revealed a 

similar pattern, in which organizations focus on their integrated core activities. This strategy 

requires organizations to rely on external partners. When interdependence with core processes 

is high, organizations in the wood industry seem to rely on long-term relationships. In contrast, 
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if there is only a low level of interdependence, the organizations analyzed tended to prefer mar-

ket exchange. Therefore, we posit that 

Proposition 3: A high interdependence of core activities is positively related to network gov-

ernance.  

Relational rents. Relational rents arise from the combination of complementary and scarce 

resources and have the potential to generate additional profits and lower transaction costs. How-

ever, relational rents appear to be less important for organizations in the wood industry. None 

of the organizations analyzed indicated that they have investments in shared assets, such as on-

site production facilities. Referring to shared assets, the manager from case D stated, “This is 

the exception rather than the rule.” We found this exception in Case B: “We once had a shared 

production facility. However, this contract has expired and today no shared investments exist.” 

Interviewee A provided a rationale for this circumstance: “In general, we are willing to invest 

in shared assets. However, at the moment we do not see how to benefit from it. One reason 

might be the high degree of specificity of organizations in our industry. Thus, finding the right 

partner is very difficult.” However, our results suggest that organizations of the wood industry 

maintain relationships in order to benefit from shared investments in non-core activities, such 

as buying syndicates, lobbying, cooperative advertising, or involvement in associations and 

working groups. As the relations and marketing manager of Case C stated, “We are involved in 

different associations in order to enforce common interests.” Shared investments in non-core 

activities are also relevant in other cases: “We are involved in different buying syndicates; these 

provide us with the opportunity to purchase raw materials and spare parts to lower prices” 

(Interviewee B). In addition, Expert B stated, “We cooperate with other organizations in our 

region in order to save on transportation costs.” 

In summary, the case study results suggest that organizations in the wood industry do not share 

investments in core activities. However, organizations do share investments with long-term 

partners and create network relationships in non-core activities in order to realize relational 

rents. Thus, we offer the following proposition: 

Proposition 4: The potential to generate relational rents is positively related to network gov-

ernance.  

Knowledge and information sharing. The results acquired from our case studies suggest that 

knowledge is an important factor in the wood industry. All cases displayed similar patterns. 

Expert D described the situation as follows: “Knowledge is very important for us. Knowledge 
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is power; this is also true for our industry. We share knowledge in order to track technological 

and market trends. We exchange knowledge intensively with our partners along the supply 

chain and sometimes with other organizations. This leads to competitive advantages.” Expert 

E also agreed that knowledge exchange leads to competitive advantages: “We exchange infor-

mation with our suppliers in order to lower process costs and increase productivity.” Our re-

sults indicate that the intensity of knowledge-sharing activity depends heavily on the topic. 

Organizations share knowledge with partners in order to respond to customer demands or to 

achieve market knowledge. However, the cases reveal that organizations in the wood industry 

usually do not share core activity–related knowledge. For example, the executive manager of 

Case D stated, “Of course we share knowledge and information with others, but we are careful 

about sharing technical details.” Interviewee C agreed: “There are various organizations 

where sharing knowledge and know-how seems to be an advantage for both sides. However, 

we usually do not share technical information with our competitors.” In addition, Expert B 

stated, “We have different collaborations with partners and research institutes in order to ex-

change non-sensitive knowledge.”  

Despite the potential benefits, the sharing of knowledge seems to have only a moderating in-

fluence on the formation of network governance in the wood industry. Relationships appear to 

be long term but only loosely coupled. Organizations are aware that knowledge and information 

sharing can be an important source of competitive advantage. However, the sharing of 

knowledge and information is restricted to non-core activities and occurs mainly in order to 

handle risks and uncertainties in the supply chain. Therefore, we posit that 

Proposition 5: The existence of supply uncertainties will have a greater impact on the formation 

of network modes of governance when there is a high degree of knowledge and information 

sharing. 

Trust. The importance of trust for exchange relationships has been recognized by various re-

searchers in several contexts (Rousseau et al. 1998). The results of our case studies suggest that 

trust also plays a crucial role in the wood industry with regard to the formation of interorgani-

zational networks. For example, the executive manager of Case A stated, “Since we are de-

pendent on our suppliers and other partners in our supply chain, trustworthy relationships are 

very important for our company. We try to avoid contracts with organizations we do not trust 

or with organizations with which we have had bad experiences.” Further, interviewee C 

acknowledged “We do not necessarily have to trust each other [the partner], but having a 
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trustful relationship makes many things more simple, particularly when you have to be flexible 

and you respond quickly to changing conditions.” 

Despite trust being seen as important by all interviewees, it seems that it only intensifies exist-

ing relationships. The results indicate that trust enables organizations in the wood industry to 

rely on exchange partners and thus affects the willingness of organizations to share relational 

rents or to establish relationships that are closely related to core activities. Therefore, we pro-

pose 

Proposition 6a: The existence of interdependent core activities will have a greater impact on 

the formation of network modes of governance when there is a greater level of trust between 

parties.  

Proposition 6b: The potential to generate relational rents will have a greater impact on the 

formation of network modes of governance when there is a greater level of trust between par-

ties. 

Geographic proximity. Geographic proximity also emerged as a major theme in the wood 

industry. The relations and marketing manager of Case B framed the situation: “The location 

of a production site is crucial in our industry. When deciding where to produce, you have to 

find a tradeoff between two factors that are unfortunately mutually exclusive: First, since trans-

portation costs are high we have to produce where the wood grows. Thus, production sites are 

mostly located in rural areas. However, these areas are often economically underdeveloped 

and thus finding partners can be challenging.” And further, “We cooperate with other organ-

izations in our region in order to save on transportation costs.” Expert A made a similar state-

ment: “Since our raw materials are usually characterized by high costs of transport, we are 

trying to purchase from organizations that are nearby. Obviously these organizations do not 

change.” We found similar statements for most cases: “We are trying to purchase wood within 

a radius of 150 kilometers; therefore, long-term relationships usually develop” (Expert C). 

Furthermore, Expert E stated, “Our regional partners are very important for us as they allow 

us to operate more flexibly. Whenever it is possible we are looking for partners in our area. 

However, sometimes, and particularly outside the wood sector, we also source nationwide or 

even globally. However, finding the right partner can be complicated, costly, and very time 

consuming.” 

In summary, our results indicate that geographic proximity is an important factor for the wood 

industry. However, geographic proximity cannot be seen as an essential factor for the formation 
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of interorganizational networks; rather it strengthens existing relationships and helps organiza-

tions to share relational rents, create long-term and core activity–related relationships, and re-

duce uncertainties. As a result, we posit that 

Proposition 7a: The existence of supply uncertainties will have a greater impact on the for-

mation of network modes of governance when there is a high level of geographic proximity. 

Proposition 7b: The existence of interdependent core activities will have a greater impact on 

the formation of network modes of governance when there is a high level of geographic prox-

imity. 

Proposition 7c: The potential to generate relational rents will have a greater impact on the 

formation of network modes of governance when there is a high level of geographic proximity. 

2.4.4 Theoretical model 

Building upon the results from our case studies, we theorize that four major factors, namely 

asset specificity, supply uncertainty, interdependence of core activities, and relational rents sig-

nificantly affect the formation of interorganizational networks in the wood industry. In addition, 

results from the case studies reveal three contextual factors. However, these factors seem to 

strengthen network relationships rather than create them. The theoretical linkages as well as the 

associated theoretical paradigms as discussed in section 3 are summarized in Figure B-4. 

Figure B-4. Proposed model for the formation of interorganizational networks in the wood industry

Despite the differences in size and industry sector, organizations of the wood industry display 

very similar patterns of behavior. Our analysis revealed predominant drivers for network gov-

ernance and the case studies allowed us to delve deeper into the causal mechanisms behind the 

existing theoretical approaches. Although the data collected at the five case sites are mainly 
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consistent with existing theoretical paradigms, we also face some discrepancies, which must be 

discussed. 

First, our results show that vertical integration is rare, only appearing in exceptional cases, and 

that investments in specific assets lead to long-term relationships, which is contrary to the the-

oretical paradigm of transaction cost economics. However, this discrepancy is not necessarily 

surprising. Based on our case studies, one explanation might be that organizations in the wood 

industry must cope with scarce human and financial resources. Therefore, they concentrate on 

core activities and outsource transaction-specific investments to long-term partners. Second, 

TCE suggests that uncertainty is a factor that favors the flexibility of the market system over 

integrated forms of governance. However, our results reveal that the reverse is true for organi-

zations in this specific industry, as network governance is preferred to market exchange in the 

existence of supply uncertainty. A potential reason for this is that wood is characterized by 

decentralized production (Narodoslawsky 2003). Therefore, organizations tend to rely on re-

gional partners, leading to an increased probability for long-term relationships and the for-

mation of interorganizational networks. Further, according to institutional theory, institutional 

pressure in a business environment has the ability to motivate organizations to participate in 

interorganizational relationships. However, our results suggest that this factor is not an issue 

for organizations in the wood industry. None of the organizations analyzed indicated that they 

are pressured to establish relationships due to prevailing rules, procedures, or existing industry 

norms. Moreover, prestige and reputation seemed to be less important. This is particularly sur-

prising because networks are assumed to be powerful carriers of sustainable norms, values, and 

resource-efficient practices, which are crucial in this industry-specific context. In summary, it 

seems that the formation of networks in the wood industry is driven by economic reasons. Our 

case studies are based on predefined factors that have been derived from existing theoretical 

paradigms that fall along the conceptual continuum from reliance on economic rationale to re-

liance on behavioral rationale. While we found economic factors to be highly relevant to the 

formation of interorganizational networks in this industry, factors that fall on the behavioral 

end of the continuum seemed to have only a minor or moderating influence. 

With regard to the contextual factors that have been derived from the case studies, we found 

similarities in extant literature on networks and sustainability, which strengthens our findings. 

Trust has been recognized as a facilitator for the successful formation of networks in both man-

agement literature and literature on sustainability in networks. For example, Baas and Boons 

(2004) acknowledge that industrial symbiosis networks require partnerships based on trust in 
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order to facilitate the efficient utilization of resources and by-products. Further, trust has been 

identified as substantial for the emergence of collaborative eco-initiatives for enhancing sus-

tainability in eco-industrial networks (Gibbs 2003). The exchange of non-material resources 

such as knowledge and information has also been regarded as central in networks that cooperate 

in order to enhance industrial ecology (Lombardi and Laybourn 2012). Moreover, the creation 

and exchange of knowledge in networks facilitates the implementation of modern technologies, 

eco-innovations, and cultural change (Behera et al. 2012; Lombardi and Laybourn 2012; Mirata 

and Emtairah 2005). Lastly, geographic proximity has also been regarded as central to networks 

that foster environmental innovation due to facilitation of material exchanges and transportation 

(Lombardi and Laybourn 2012). Previous research has suggested that geographical proximity 

also influences the degree of trust as well as the sharing of knowledge and information (Taddeo 

et al. 2012). Thus, the contextual factors might not be seen as independent from each other. 

However, the results of our case studies do not indicate any relationship between these factors. 

2.5 Discussion and Conclusion 

Previous research on sustainability in networks has benefited little from the existing literature 

on interorganizational collaboration. Therefore, we conducted this research with the aim of ex-

ploring drivers of network governance in the wood industry by drawing on various theoretical 

paradigms. Based upon explorative case studies and prior theorizing, we identified four major 

factors that seemed to significantly affect the formation of interorganizational networks, which 

are said to enable organizations to take full advantage of by-products and reusable materials 

while minimizing waste (Behera et al. 2012; Zhu and Cote 2004). Contextual factors that are 

related to the effectiveness of collaboration have also been revealed. Furthermore, we found 

that theories that rely more on economic than behavioral rationale, such as transaction cost 

theory, resource-based view, or relational view, seemed to have a higher explanatory power for 

the formation of interorganizational networks in this specific industry. Thus, our results con-

tribute to calls for integrating traditional network research into the field of networks that address 

environmental issues and the findings yield implications for practice as policymakers as well 

as for future research on networks and sustainability. 

2.5.1 Implications for policy making and practice 

The analysis of the formation of network modes of governance offers some interesting insights 

for policy making and practice. For practitioners, this study provides background on how to 

effectively coordinate interorganizational relationships in order to take full advantage of by-
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products and reusable materials while minimizing waste in the supply chain. Based on the dis-

cussion, managers in the wood industry should reflect their governance arrangements and be-

come aware that different factors are influencing the mechanisms through which industrial net-

working is able to reduce environmental load. However, previous research has revealed that 

network dimensions and factors should not be viewed as static; given circumstances are influ-

encing the distinct patterns of networking as well as the primary network themes and activities 

(Harland et al. 2001). Therefore, a critical challenge for managers is to successfully adapt gov-

ernance structures to rapidly changing conditions. By acknowledging the variety of different 

factors and by considering a broader range of partners, organizations may identify potential 

collaborators that enable or contribute to the establishment of efficient networks. For example, 

our results suggest that organizations in the wood industry have a high potential to increase 

interorganizational collaboration and resource efficiency when they focus on core activities and 

outsource secondary processes. The data analyzed indicate that network coordination is highly 

efficient for transactions in specific assets, and thus organizations should rely on long-term 

relationships. Since human and financial resources are scarce, vertical integration is not an op-

tion for organizations in this industry. Furthermore, market exchange bears the risk of oppor-

tunistic behavior, particularly as the number of potential suppliers is very limited. Thus, the 

establishment and maintenance of trustworthy long-term relationships is crucial. This is also 

true for activities that have a high level of interdependence with organizational core processes. 

Since organizations must depend on external partners in order to ensure process reliability, 

long-term coordination in networks is highly efficient in the wood industry. Moreover, organi-

zations in the wood industry are recommended to rely on long-term relationships in order to 

balance the risk of market uncertainties that arise from the utilization of naturally grown raw 

materials. 

To date, the formation of network-based eco-initiatives is often encouraged by regional legis-

lations. Thus, government support is essential for advancing environmental sustainability 

through the formation of interorganizational networks. In order to facilitate the development of 

sustainable network-based collaboration within this industry, policymakers must provide in-

centives that take into account the different factors that influence and enable organizations to 

connect with each other. Based upon our results these incentives can be either monetary or non-

monetary, such as the provision of relevant information or trust-enhancing mechanisms. There-

fore, reducing information and communication barriers in order to facilitate and enhance the 
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efficient exchange of knowledge among organizations seems to be a crucial topic. Today, var-

ious regional projects and associations in the wood industry exist. However, collaboration in 

these rather uncoupled associations is often sporadic and limited to a certain project. As the 

allocation of partners seems to be a major issue, standardized systems are needed to support 

organizations in accessing relevant information in a purposeful manner in order to establish 

long-term coordination.  

2.5.2 Implications and directions for future research 

In addition to practical implications, our research also contributes to the body of literature and 

offers guidance and directions for future research. First, given the potential transformative 

power of networks to advance environmental sustainability, our research offers insights from 

the extensive research on networks, partnerships, and alliances. Thus, this study directly refers 

to the implications of current literature on sustainability in networks and integrates existing 

studies on the formation of interorganizational collaboration. In doing so, this research aims to 

contribute by linking these two perspectives and connecting the different streams of literature 

to add knowledge to this relatively dispersed field.  

Second, based on our findings we propose that researchers must acknowledge the multifaceted 

potential of studies on interorganizational collaboration and integrate them when examining 

sustainability in the context of networks. Existing theoretical paradigms provide valuable in-

sights on the emergence of interorganizational relationships and have the potential to explain 

how organizations can form network-based collaborations to reduce environmental load and 

enhance sustainability. As this study can only be seen as a first step towards a broader and more 

integrated perspective on the formation of interorganizational networks in the context of envi-

ronmental sustainability, we propose that future research should proceed in this direction. The 

study underscores that each theoretical paradigm seems to be insufficient to capture the com-

plex mechanisms behind the formation of interorganizational networks. Thus, the theories 

should be viewed as complementary rather than mutually exclusive or as substitutes.  

Third, we have conducted this study in the German wood industry, in which the efficient utili-

zation of various by-products and the reuse of materials is essential and thus network-based 

collaboration is highly beneficial in helping to reduce the environmental load of industrial pro-

duction. However, previous research has identified various forms of eco-industrial networks 

advancing environmental sustainability in different industry contexts. Therefore, future re-

search that considers different forms of networks is needed. For example, researchers should 
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examine which contingencies lead to distinct forms of networks and how this is affected by 

industry-specific characteristics. This may enhance our findings by revealing additional or even 

contrary factors. Furthermore, this research does not consider dependencies and interactions 

among the identified factors. For example, previous research suggests that geographical prox-

imity influences both trust and the sharing of knowledge and information (Ashton and Bain 

2012; Lombardi and Laybourn 2012; Taddeo et al. 2012). Therefore, future studies should ex-

pand this perspective and consider mutual influences.  

Fourth, this study integrates the substantial literature on interorganizational collaboration and 

employs qualitative methods in order to gain a richer understanding of network formation, func-

tioning, and processes. More research is needed in order to validate the proposed theoretical 

relationships between the factors identified and the formation of networks in this context. 

Therefore, future research should address quantitative methods in order to achieve generaliza-

tion. The development of valid constructs that reflect network characteristics is essential in 

order to ensure adequate measurements. 

Finally, this study applies a multiple-case study design in order to claim greater representative-

ness. However, additional in-depth qualitative case studies focusing on single organizations, 

processes, or focal events can also help gain a richer understanding of the dynamics that lead 

to the formation of different kinds of eco-industrial networks.  
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3.1 Introduction 

In recent years, the use of wood has garnered increasing attention from public, economic, and 

political sectors. Heightened environmental awareness has led to rising popularity of wood as 

an ecological alternative for oil-based products. Wood processing companies are typically 

closely linked in order to deal with interorganizational cascade utilization to take full advantage 

of by-products and reusable materials while minimizing waste in the supply chain (Daian and 

Ozarska 2009; Hogland and Stenis 2000). Accordingly, complementary cooperation between 

organizations accompanied by effective information processing is a central challenge for max-

imizing process efficiency. Interorganizational systems5 (IOS) – such as workflow systems, 

electronic data interchange (EDI), and supply chain systems – improve coordination and com-

munication between partners, facilitate knowledge sharing, and increase innovation (Chi and 

Holsapple 2005). Despite the wide acknowledgement of these benefits gained through IOS in 

other industries (e.g., Zhu and Kraemer 2005) and the great need for information integration, 

particularly in the wood industry, there is still surprisingly low diffusion of IOS (Hewitt et al. 

2011). A considerable number of studies have been published on IOS adoption during the last 

decades for a variety of different industries (Oliveira and Martins 2011; Robey et al. 2008). 

Findings from these studies cannot be directly translated as the wood industry is particularly 

different in terms of cross-organizational collaboration with a focus on regional networks, a 

patriarchic and owner-managed company structure (Mrosek et al. 2005), and a conservative 

attitude in terms of adopting new technologies (Arano and Spong 2012). Moreover, the body 

of industry-specific literature on IOS adoption in the wood industry is still rare. Most studies 

were conducted in the 1990s to early 2000s (Arano and Spong 2012); however, due to techno-

logical advancement, IOS today have a broader scope and offer more functionalities (Saraf et 

al. 2007). Therefore, more research is necessary to investigate how IOS adoption has evolved 

during recent years. Furthermore, IOS adoption studies with a branch-specific focus on the 

wood industry are often limited to surveys and statistical descriptions (Arano and Spong 2012; 

Henderson et al. 2004; Karuranga et al. 2005). Empirical research that draws on IT adoption 

models and more advanced research methods may provide a deeper understanding of the con-

tributing factors of IOS adoption (Oliveira and Martins 2011). These gaps in the literature limit 

our understanding of IOS adoption in general and in the wood industry in particular. Therefore, 

                                                 
5 IOS is “built around information technology, i.e. around computer and communications technology that facilitates the crea-
tion, storage, transformation, and transmission of information. An IOS differs from an internal, distributed information system 
by allowing information to be sent across organizational boundaries.” (Johnston and Vitale 1988)
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we attempt to answer the following research question: What specific industry characteristics 

affect the adoption of IOS in the wood industry? 

To address this question, we developed a two-stage research design, including a qualitative 

inquiry followed by a quantitative study, which draws on the Technology-Organization-Envi-

ronment (TOE) framework (Tornatzky and Fleischer 1990). In a first step, case study research 

including 12 interviews with professionals involved in the wood industry was conducted in 

order to examine how industry characteristics influence technological, organizational, and en-

vironmental adoption variables. In a second step, we demonstrated the influence of these factors 

on the actual adoption decision with a follow-up survey of 204 firms in the German wood in-

dustry. By including technological, organizational, and environmental decision variables as me-

diators, the mixed method approach enriches the understanding of how industry characteristics 

result in IOS adoption. The paper provides important contributions to research and practice. To 

the best of our knowledge, no branch-specific IOS adoption model exists for the wood industry. 

Hence, our study provides new insights into industry characteristics regarding the adoption of 

IOS in this emerging sector. Furthermore, our research adopts a mixed method approach, which 

is unique to the research stream of IOS adoption in the wood industry. By using this approach, 

we are able to provide a deeper understanding of factors affecting IOS adoption as well as test 

our results empirically. Furthermore, this study helps reduce the dearth of mixed method ap-

proaches (Venkatesh et al. 2013) in current IS research.  

The remainder of this paper is organized as follows. First, we provide a brief overview of the 

current state of IOS in the wood industry, including adoption theories, existing systems in prac-

tice, and related adoption studies. The following part deals with the qualitative study of our 

approach and presents the industry characteristics that were derived from our interviews. Af-

terwards, we present results from our quantitative study. Finally, the paper closes with a dis-

cussion on theoretical and managerial implications, limitations, and further research. 

3.2 Foundations of the TOE Framework and Status Quo of IOS in the Wood Industry 

A considerable number of studies have raised the question, which factors determine the diffu-

sion of IOS. In this context, the technology-organization-environment framework is the most 

prominent framework for studying initial adoption decisions at the firm level (Oliveira and 

Martins 2011). It groups factors that influence the adoption decision into three distinct catego-

ries: individual characteristics of the technology, internal characteristics of the organization, 

and external characteristics of the environment (Tornatzky and Fleischer 1990). Several studies 
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in the IS adoption literature have adopted and empirically supported the predictive power of the 

three dimensions of the TOE framework (Oliveira and Martins 2011). 

Various influencing factors have been identified in the context of research on IOS adoption, 

including perceived benefits (Chwelos et al. 2001; Iacovou et al. 1995; Ramamurthy et al. 

1999), network characteristics (Kauffman et al. 2000; Kauffman and Wang 1994), organiza-

tional readiness (Chwelos et al. 2001; Premkumar et al. 1997; Ramamurthy and Premkumar 

1995), and innovation characteristics (Premkumar et al. 1994; Ramamurthy et al. 1999). In or-

der to provide a deeper understanding of these factors and their influence on IOS adoption, 

various perspectives must first be taken into account to better grasp the theoretical background 

(Gregor and Johnston 2000). Research also highlights the importance of branch characteristics 

in this context. The influence of other stakeholders in the industry, governmental influence, and 

other branch-specific factors were found to play an important role in the adoption of IOS (Chau 

and Hui 2001; Chwelos et al. 2001; Kreuzer et al. 2014; Kuan and Chau 2001).  

Kumar and van Dissel (1996) classify IOS into three types, based on the interdependencies 

between organizations, which were later expanded by Chi and Holsapple (2005). These types 

and corresponding examples in the wood industry are summarized in Table B-8.  

Table B-8. IOS types and corresponding systems in the wood industry

Characteristic IOS Type
Pooled Information Resource IOS Value/Supply-Chain IOS Networked IOS

Configuration

Examples of IOS in the 
wood industry

ELDAT, PapiNet, FHPDAT, 
Winforst Pro, StanForD, CoSeDat

INTEND WebLine, 
ArcGIS, GeoMail

IFIS

Pooled Information Resource IOS refer to IT systems that are shared among firms, such as 

common databases, networks, protocols, and standards. ELDAT, PapiNet, and PHPDAT repre-

sent some examples of communication standards that have been developed in the wood industry 

in recent years. These standards allow organizations to exchange contractual, invoice, and de-

livery data in order to improve processes, cooperation, and information sharing. Value/Supply-

Chain IOS support customer-supplier relationships through, e.g., sales forecasting, RFID track-

ing, or workflow systems. For instance, the logistics software GeoMail informs members of the 

wood supply chain about orders at any time through functions such as geo-tracking. These sys-

tems allow firms to reduce uncertainties, costs, and time cycles in the supply chain. Finally, 

Networked IOS facilitate collaboration in reciprocal relationships. Such systems, e.g., confer-

encing and decision support systems, typically share semi-structured and unstructured 
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knowledge. The web-based system IFIS was developed specifically for organizations in the 

wood industry and supports, in addition to typical data exchange and supply chain functions, 

integrated communication and reporting functions to facilitate collaboration. In summary, ex-

isting information systems in the wood industry cover a wide range of IOS types and have the 

potential to help organizations gain competitive advantages in many ways. 

Thus far, little attention has been paid to investigate IOS adoption with a branch-specific focus 

on the wood industry. Although many different IOS exist in this sector and these systems might 

lead to competitive advantages, studies indicate a low rate of IS diffusion (Arano and Spong 

2012; Karuranga et al. 2005; Vlosky and Smith 2003). Previous research dealing with IS adap-

tation in the wood industry has indicated that nearly all publications reported a lack of IOS use 

in this sector (Hewitt et al. 2011). Furthermore, research has indicated the first factors that po-

tentially influence IOS adoption in the wood industry. For instance, studies have investigated 

the perceived benefits of and barriers to IOS adoption. For example, Arano and Spong (2012) 

identify security of sensitive information, implementation costs, and the availability of technical 

resources as the top-three constraints to adoption in the American wood industry; other studies 

reported similar results (Henderson et al. 2004; Karuranga et al. 2006). Firm size in terms of 

sales and number of employees was also found to be positively correlated to IOS adoption rates 

(Dupuy and Vlosky 2000; Shook et al. 2002; Stennes et al. 2006). However, literature provided 

in this field is very descriptive in nature, concluding that it remains unclear which industry 

characteristics determine the adoption of IOS.  

3.3 The Influence of Industry Characteristics on TOE Factors

3.3.1 Research design

Previous research has suggested that the adoption and diffusion of IOS requires further under-

standing of the theoretical background (Gregor and Johnston 2000). Since neither the adoption 

of IOS nor the adoption behavior of information and communication technology in general has 

been examined sufficiently in this industry-specific context, a multiple qualitative case study 

approach was selected to provide critical information about the phenomenon. Applying the case 

study method has been widely recognized as being well suited to understand the interactions 

between information technology–related innovations and organizational contexts (Darke et al. 

1998). Therefore, following the approach of Eisenhardt (1989), the purpose of this first quali-

tative phase is to acquire a deeper understanding of not only the circumstances affecting the 
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adoption of IOS and effects arising from industry characteristics but also the nature of the phe-

nomenon. Since case study research has often been criticized for a lack of rigor, we followed 

the steps suggested by Dubé and Paré (2003) and explicitly address validity and reliability con-

cerns.  

According to Eisenhardt (1989), the a priori specification of constructs allows the shaping of 

an initial research design and enables a more accurate measurement of constructs. If these con-

structs prove to be important as the research progresses, one has a stronger theoretical ground-

ing for the emergent theory (Eisenhardt 1989). Therefore, our interview guidelines are based 

on a predefined model that was derived from the TOE framework (Tornatzky and Fleischer 

1990), as well as on the various perspectives of IOS adoption according to Gregor and Johnston 

(2000). The TOE framework has received considerable attention in IS research and has been 

applied to study technology adoption in various contexts. We chose the wood industry as a unit 

of analysis for this study and used typical case sampling in order to ensure representativeness 

and comparability (Teddlie and Yu 2007). In order to account for the different viewpoints 

(Gregor and Johnston 2000) within the implementation of IOS, we collected data from interre-

lated perspectives: forestry organizations and manufacturing firms (organizational view); clus-

ter organizations (industry view); and software providers, governmental organizations, and re-

search institutes (environmental view). To obtain an in-depth understanding and to elicit the 

nature of IOS adoption and the context in which it occurs, we used semi-structured interviews 

as the central instrument for data collection. In addition, we followed Yin's (2009) approach 

and analyzed secondary data, such as freely available information (e.g., publications on the 

website of the organization or press releases) as well as internal documents in order to triangu-

late our findings. In total, 12 interviews covering 11 different organizations were conducted 

between March and July 2013. Within the last third of the interviews we found that new insights 

had become rare, and concluded that theoretical saturation had been reached. Table B-9 pro-

vides an overview of all case sites.   
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Table B-9. Summary of case sites

ID Viewpoint Perspective Interview
Interviewee Duration Method

#E1 Environmental Software provider for 
woodpile communication

Marketing and sales 
manager

60 min. Face-to-face 
(F2F)

#E2 Governmental organization Senior manager 120 min. F2F
#E3 Association for forest 

technology and forest work 
Wood logistics and 
data manager

40 min. Phone

#E4 Governmental association for 
wood timber industries

Cluster manager 30 min. F2F

#I1 Industrial Consolidation of local 
forestries 

Senior manager 30 min. Phone

#I2 Consolidation of local 
forestries

Senior manager 35 min. Phone

#I3 Association for wood 
and timber trade

Cluster manager 30 min. Phone

#I4 Consolidation of raw wood 
suppliers 

Cluster manager 15 min. Phone

#O1 Organizational Trade and timber production Sales manager 20 min. F2F
#O2a Manufacture of 

wood-based materials 
Logistics manager 30 min. F2F

#O2b IT manager 30 min. F2F
#O3 Producer of wood-based 

materials for furniture 
and construction industry

Raw wood supply 
manager

35 min. F2F

3.3.2 Results

Five major themes affecting the adoption of IOS in the wood industry emerged from the case 

studies: being composed of mainly small and medium-sized enterprises (SME) as well as hav-

ing aged staff, low diffusion of IS, low government support, and heterogeneous IT infrastruc-

ture. The following section presents sample interview responses that illustrate these five themes. 

In addition, the themes reflecting the industry characteristics will be assigned to the correspond-

ing dimensions of the TOE framework.  

Mainly SMEs. The German wood industry is mainly characterized by SMEs. The results from 

our case studies reveal that organizational size is highly relevant to the adoption of IOS within 

this industry as SMEs face the challenge of insufficient financial and human resources. The 

manager of the association for wood timber industries (#E4) stated, “As already said, in this 

case [the adoption of IOS] the company size as well as the financial potentials are vital.” We 

found very similar statements across the different viewpoints and organizations. For example, 

the statement of the logistics manager of one of the leading manufactures for wood-based ma-

terials (#O2a) reflects the organizational perspective: “The firm size is a key driver for the adop-

tion of new technologies in this industry.” The main obstacle for the adoption of IOS with 

regard to organizational size seemed to be the lack of financial and human resources. According 
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to the manager of a governmental organization (#E2), “The structure of firms within the wood 

industry poses a challenge […]; SMEs often do not have the manpower or funding to support 

new technologies.” Further, the manager of a consolidation of regional local forestries acknowl-

edged (#I1), “The big players, such as [company name] and [company name], are doing their 

own thing because they have the staff and funding, but smaller firms usually do not have the 

necessary financial background to take part in such [IOS adoption] investments.” The inter-

viewee of a provider for industry-specific software (#E1) agreed, stating, “The point is that this 

industry is unable to invest in research and development, due to its structure. Many organiza-

tions cannot afford the staff for maintenance and operation.” The results from our case studies 

suggest that the industry structure in terms of organizational size seems to be a major challenge 

for the adoption of IOS. Interviewees from the different perspectives indicate that due to a lack 

of both human and financial resources, organizations in the wood industry hesitate to adopt IOS 

or invest in information and communication technologies in general. The relative importance 

of size as a predictor for organizational innovativeness has often been described in IS and or-

ganizational research literature and can be seen as a proxy variable for both technological read-

iness as well as the ability of an organization to blend IT and managerial skills (Hsu et al. 2006). 

This restrain cannot be handled by all organizations and is reflected in managerial obstacles.  

Aged staff. In addition to the industry structure, our analysis revealed that the internal age 

distribution of staff is also a relevant industry-specific characteristic that influences the decision 

to adopt IOS. The relatively high average age of staff within organizations in the wood industry 

seems to be a major inhibitor for technology adoption. The manager of the association for forest 

technology and forest work (#E3) framed the situation: “Information technologies can help to 

enhance communication and coordination. However, it will take a number of years until this 

view is widely accepted. It will happen when the patriarch retires and the grandchildren pre-

vail, particularly in the wood industry, where many firms are family owned, and owners have 

grown up in a different time.” The manager of a cooperation of local forestries (#I2) confirms 

this environmental perspective: “The majority of our members and customers are between 50 

and 60 years old. Thus, the awareness of those opportunities [of IOS] is not given.” We also 

found support for this industry characteristic within the organizational perspective. For exam-

ple, a manager responsible for RFID (#O2b) stated, “That is a question of the alternation of 

generations […]; we have aged employees that are not open to information technology.” How-

ever, the succeeding generation is aware of the necessity of IT.” Further, his colleague (#O2a) 

acknowledges, “That is the way it is with many firms in the wood industry, particularly in those 
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in which the old man is the boss. They are always saying how they used to do things.” Across 

all three perspectives, our case studies suggest that aged staff is a crucial factor regarding the 

adoption of IOS in the wood industry. The analysis revealed that this industry-specific charac-

teristic appears to be the main reason for not adopting innovations. Since many organizations 

are SMEs and/or family owned, the decision-making process is often delegated to a single per-

son. However, these decision makers seem to be afraid to adopt new technologies in general 

and IOS in particular due to their lack of expertise, which results in management obstacles. 

Furthermore, there is a lack of awareness that the adoption of IOS offers advantages.  

Low diffusion of IS. In addition to aged staff, or as a result of it, the diffusion of IS in general 

is a major concern regarding the adoption of IOS in the wood industry. Our case studies re-

vealed that the majority of organizations still rely heavily on traditional communication media, 

such as fax or telephone. The marketing director of a software provider (#E1) framed the situ-

ation: “The existence of organizational IT infrastructure is closely related to the adoption of 

IOS […]. However, […] there is not much appreciation for information technology in this 

branch […]. Even less complex technologies, such as websites and e-mail, are not often used 

or maintained. […] Communication via letter mail is quite common.” The manager of the as-

sociation for wood and timber (#I3) agreed, stating, “Only 10 percent of our members have an 

e-mail address, and as a result we are using fax.” Further, he acknowledged, “Most organiza-

tions do not have a website, and if one exists, it is not maintained or updated regularly.” We 

also find evidence for this industry-specific characteristic from the organizational point of view. 

For example, the logistics manager of a manufacturer of wood-based materials (#O2a) stated, 

“There are still many firms that do not reply to e-mails, because they never read them.” The 

low diffusion of IS is not only limited to the area of communication but also applies for the 

execution of internal processes that are often paper based and only marginally supported by 

information technology. For example, the interviewee of the software provider (#E1) stated, 

“The multiple collection of data is a major problem: […] data are often written down on paper, 

transcribed, and reentered; […] receipts are gathered in a box […]; and internal IT is often 

non-existent.” Further, the manager of the association for wood and timber trade acknowledged, 

“Many organizational processes are still paper based; for example, invoices are often hand-

written.” Our case studies revealed that the diffusion of IS is a relevant factor for the adoption 

of IOS within the wood industry. IS has not become widespread in this industry and organiza-

tions still rely heavily on traditional communication and paper-based processes, which results 

in both management obstacles and low technological readiness. Moreover, due to the missing 
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experience, the awareness of the potential advantages of IS is diminished, resulting in a lack of 

partner pressure. However, partner pressure seems to be an important aspect regarding the dif-

fusion of innovations in the wood industry. As the interviewee from the software provider (#E1) 

mentioned, “Most firms do not adopt a new technology because it is right and important; they 

do it because everyone else does it […] It is not the idea of modernization that is decisive but 

rather the pressure from others.”  

Low government support. A lack of government support has been regarded as a major concern 

for the diffusion of innovations in the wood industry. According to the results of our case stud-

ies, government support is crucial within this industry. We found evidence for this from both 

organizational and industry perspectives. For example, from an organizational point of view, a 

sales manager (#O1) noted, “The government still plays a leading role. What they do is usually 

also adopted by the privately owned forestries.” Further, the statement of the manager of the 

cooperative of local forestries (#I1) reflects the industry perspective: “If the state invests money 

and signs a basic agreement for something, then it will be used. […] That is very common in 

this industry; the government has a pioneering role.” Although it is widely acknowledged that 

the government has great influence over the organizations in the wood industry, government 

support is regarded minimal and difficult to acquire. For example, the manager of a manufac-

turer of wood-based materials (#O2b) commented, “It is a lot of work to get subsidies. If you 

want funding […] you have to invest 200 man hours.” The manager of a consolidation of local 

forestries observed, “Historically, forest and wood management has meant bureaucracy.” 

Moreover, the termination of government-financed projects for research and development, such 

as the Holzabsatzfond, has been a major point of criticism across all perspectives. A manager 

responsible for logistics and data management (#E3) described the situation: “The abolition [of 

the Holzabsatzfond] was a setback as it was a central financial platform. They [Hol-

zabsatfonds] did an excellent job […] by financing IT-related projects and studies. Now a com-

mon basis is completely missing.” Besides the reduction of funding, missing communication 

channels and the low consideration of the branch by government sides are also criticized. As 

the manager of the association for wood and timber trade (#E3) remarked, “Compared to other 

industries, such as automotive, chemical, or even the agricultural sector, we do not have a 

powerful lobby […]. As a result communication is weak and attention is low.” The results reveal 

that government support is an important factor for organizations within the wood industry. 

However, organizations are facing a lack of both regulatory as well as financial support.  
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Heterogeneity of IT infrastructure. The last theme that emerged from the case studies is the 

heterogeneity of existing IT infrastructure in the wood industry. All interviewees across the 

different perspectives agreed that standardization is an important factor for the industry. The 

responses indicate that standards are unsophisticated and insufficiently widespread and that the 

heterogeneity of existing IT infrastructure is a major problem for the adoption of IOS. A man-

ager responsible for wood logistics and data management (#E3) outlined the relevance of stand-

ards for the wood industry: “We need a common platform that connects different information 

systems […] in order to exchange data between one partner and another […]. Such platforms 

are becoming increasingly important since our sector is characterized through many interfaces 

and involved partners, which have to be connected in order to exchange information […]. 

Therefore, we need standards.” The manager of the association for wood and timber trade (#I3) 

proposed, “It would be very desirable if we could establish standard solutions for all parties 

involved.” We found similar statements from nearly all interviewees across the different per-

spectives. However, due to the heterogeneity of the IT environment in the wood industry, stand-

ards are rare; the standards that do exist have not become widespread, despite the awareness of 

the need. For example, the interviewee from the association for forest technology and forest 

work (#E3) observed, “Individual solutions on a regional basis are very common in this indus-

try; this is a typical problem […]. Therefore, we have to work with many isolated applications.” 

The logistics manager of a manufacturer of wood-based materials (#O2a) acknowledged this 

trend from the organizational perspective: “Due the fragmented industry structure, each organ-

ization has its own standard […] and we have not made any progress.” Furthermore, a manager 

for raw wood (#O3) noted, “All our IT solutions are customer-specific […]. There has been a 

claim for more standardization. However, we never made it.” The marketing manager of a 

software provider (#E1) commented further, “Standardization within this industry is a big 

drama.” Other examples can be found across all perspectives. This lack of standards seems to 

be a major problem regarding the diffusion of IOS in the wood industry. As the manager of a 

producer of wood-based materials (#O3) stated, “We are very skeptical [regarding existing 

standards]. Even the good approaches have failed […]. If one standard would be enforced, IOS 

would clearly have better chances […]. However, at the moment that’s not the case; everything 

is too dispersed, and there is no advantage.” 

The five themes that emerged from our case studies reflect the special characteristics of the 

wood industry and can be linked to existing constructs of the TOE framework. Combing these 

two perspectives enables both a strong grounding for the emergent theory as well as an accurate 
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measurement of constructs. Table B-10 summarizes the assignment of the identified industry 

characteristics to the associated explanatory TOE variables.  

Table B-10. Industry characteristics and associated TOE variables

TOE Dimension Construct Industry Characteristic

Mainly 
SME

Aged 
staff

Low diffu-
sion of IS

Low govern-
ment support

Heterogeneity of 
IT infrastructure

Technology Relative advantage ● ● ●

Organization Technological readiness ● ●

Management obstacles ● ● ● ●

Environment Partner pressure ●

Regulatory environment ●

Based on the results of our case studies, we theorize that five major factors affect the extent of 

IOS adoption in the wood industry. First, the process of innovation diffusion starts with an 

evaluation of potential organizational benefits (Rogers 1995). Relative advantage is associated 

with increasing internal efficiency and also affects and enables business opportunities that po-

tentially offer competitive advantages (Iacovou et al. 1995). Correspondingly, relative ad-

vantage positively influences IOS adoption. Second, technological readiness comprises both 

physical assets that facilitate IOS, such as technology infrastructure, and IT human resources 

that contribute to the development, such as IT professionals (Mata et al. 1995). Accordingly, 

firms with greater technology readiness are better positioned to adopt IOS. Third, managerial 

obstacles are defined as the lack of managerial skills for managing organizational adaptations 

to accommodate new technologies (Zhu et al. 2006c). Some organizations are unable to manage 

the blending of managerial and IT skills in order to assimilate information technology 

(Chatterjee et al. 2002). Therefore, it can be proposed that managerial obstacles are barriers to 

IOS adoption. Fourth, partner pressure can be seen as the external pressure from a business 

partner to adopt a certain technology. This construct is affected by the status of the business 

partner and by the potential of the partner to influence an organization’s decision-making pro-

cess (Iacovou et al. 1995). Therefore, it can be argued that partner pressure positively influences 

IOS adoption. Fifth, the regulatory environment has been recognized as a critical factor influ-

encing innovation diffusion (Zhu et al. 2003). The government can affect innovation diffusion 

by altering payoffs and other measures or by changing the regulatory climate (Williamson 

1983). Accordingly, governments can encourage IOS assimilation through supportive regula-

tions and policies. 
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C. Studies on Interorganizational IT Adoption 

This part presents three studies on the adoption of interorganizational IT. It primarily aims to 

provide answers to the second research question of this thesis. While Study C.1 and Study C.2 

have been conducted in the context of the wood industry, Study C.3 examines interorganiza-

tional networks in general.  

The first study of this part (Study C.1) continues from the last study (Study B.3) of Part B. It 

draws on the findings of Study B.3 and examines how technological-, organizational-, and en-

vironmental decision variables, which have been derived from industry characteristics, affect 

IOS adoption in the wood industry. Subsequently, Study C.2 provides recommendations for 

base model choices for IT adoption studies on firm level. While Study C.2 and Study C.1 are 

sequential in nature, the Studies have been rearranged in this thesis due to the close link between 

Study B.3 and Study C.1. As a result, insights from Study C.2 also provide implications for 

Study C.1. Finally, Study C.3 examines the role of trust in technology and trust among network 

partners in the acceptance (i.e., post-adoption usage) of IOS in interorganizational networks.  

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



88 C.1 The Influence of TOE Factors on IOS Adoption 

1 The Influence of TOE Factors on IOS Adoption6 

Table C-1. Fact sheet of study no. 4

Title Integrating Industry Characteristics in Interorganizational IS Adoption Models: A 
Mixed Method Approach 

Authors Sebastian Zander, szander1@uni-goettingen.de* 

Simon Thanh-Nam Trang, strang@uni-goettingen.de* 

Markus Mandrella, mmandre@uni-goettingen.de* 

Mauricio Marrone, mauricio.marrone@mq.edu.au** 

Lutz M. Kolbe, lkolbe@uni-goettingen.de* 

*Georg-August-Universität Göttingen 
Chair of Information Management 
Platz der Göttinger Sieben 5 
37073 Göttingen 

**Macquarie University Sydney 
Department of Accounting  
and Corporate Governance 
Eastern Road, E4A 
North Ryde NSW 2109 

Outlet Proceedings of the Pacific Asia Conference on Information Systems (PACIS) 2015, 
Completed Research Paper 

Abstract There are a number of benefits that can be achieved if information is shared auto-
matically between partner organizations. While interorganizational systems (IOS) 
are considered to be well adopted, a number of industries, amongst others the wood 
industry, lag far behind. This study aims to explain how industry characteristics can 
contribute to the explanation of this low adoption phenomenon. Based on eleven 
case studies and 204 survey responses, this mixed method study identifies five in-
dustry characteristics and their influence on adoption factors. The identified industry 
characteristics are organizational size, aged staff, low diffusion of IS, low govern-
ment support, and heterogeneity in IT infrastructures. A theoretical model is devel-
oped integrating the industry characteristics and the Technology-Organization-En-
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6 Study B.3 and Study C.1 have been published in a single paper. Study C.1 continues from Study B.3.
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1.1 Research Model

Following the qualitative analysis in the first study of industry characteristics affecting the 

adoption of IOS, Study 2 involved a quantitative field study that examined the empirical and 

statistical relationships between the factors that were regarded as relevant and IOS adoption. 

The theoretical linkages and research hypotheses are illustrated in Figure C-1. 

 

Figure C-1. Research model

1.2 Research Design

In order to test the theoretical model, data was collected from the German wood industry be-

tween November 2013 and February 2014. The questionnaire was distributed among organiza-

tions involved in woodworking, wood processing, wood building, or the timber trade. The un-

derlying database builds upon the Internationale Holzbörse (IHB), which is a specialized net-

work in the forestry and wood cluster that provides a business database with contacts. 204 com-

plete cases that fulfilled all quality criteria were collected. Cases were excluded due to missing 

values and implausibility of firm characteristics or IT usage behaviors. SMEs accounted for the 

largest share within our sample: 86 % have less than 50 employees, 9.8 % have between 50 and 

250 employees, and 4.2 % are large-scale organizations with more than 250 employees. Re-

spondents were mainly CEOs, CIOs, or senior IT managers. Further, the different industry sec-

tors are equally represented: woodworking (28 %), wood processing (30.6 %), wood building 

(22.6 %), and timber trade (18.8 %).  

All scales for both dependent and independent variables were adopted from validated measures 

used in prior research on e-business, which can be seen as a manifestation of IOS along the 

value chain (Zhu et al. 2006c). The scales were translated into German and two researchers 

independently crosschecked the results. An overview of all measurement instruments including 

both items (in English) and original authors can be found in the Appendix. The measurement 
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of IOS adoption is based on the value chain model (Porter 1985) and indicates whether an or-

ganization had used IOS for each value chain activity as an aggregated value (1 item). The 

operationalization of the independent variables also follows original scales of corresponding 

research and are as follows: relative advantage (4 items), organizational readiness (3 items), 

regulatory environment (3 items), technological readiness (3 items), and partner pressure (3 

items). In accordance with prior research, all independent variables are modelled as reflective 

constructs.  

1.3 Data Analysis and Results

In order to test the theoretical model, a structural equation modelling (SEM) approach was used. 

We decided to apply the partial least squares method (PLS) for two reasons: First, it has fewer 

demands for sample size and excels at prediction. Second, normal distribution is not required 

(Ringle et al. 2012). Our analysis was supported using the software SmartPLS 2.0 (Ringle et al. 

2005). In addition, SPSS Statistics was used for tests that are unavailable within the SmartPLS 

package. The data analysis follows the widely adopted two-step approach for SEM (Anderson 

and Gerbing 1988). First, in order to ensure validity and reliability, the quality of the measure-

ment model was assessed; subsequently, the structural model was analyzed. 

1.3.1 Measurement model assessment 

According to Chin (1998a), the sample should exceed 10 times the number of indicators for the 

scale with the largest number of indicators, and sample size must be higher than 10 times the 

largest number of paths directed to any construct in the model. Our sample size, which includes 

204 cases, meets both criteria. In order to account for the threat of non-response, we checked 

for mean differences of the construct items of the first and the last half of the sample (Armstrong 

and Overton 1977). The results of the t-tests revealed no significant differences (p < .10) be-

tween both time periods, indicating that non-response bias is not a concern for this study. A 

single informant assessed both independent and dependent variables. Thus, common method 

variance (CMV) poses a potential threat to the validity of the results (Podsakoff et al. 2003). 

Following the approach of Podsakoff et al. (2003), an exploratory factor analysis was con-

ducted. No single factor emerged from the data, and a general factor does not account for the 

majority of the covariance among the measures. Hence, common method bias is not a major 

concern for this study. 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



C.1 The Influence of TOE Factors on IOS Adoption 91 

Table C-2. CA, CR, AVE, and inter-construct correlations

Construct FL CR AVE ADO RA TR MO PP RE
IOS adoption (ADO) n/a n/a n/a n/a
Relative advantage (RA) .691-.913 .875 .702 .467 .838
Technological readiness (TR) .776-.839 .844 .643 .275 .055 .802
Management obstacles (MO) .833-.988 .909 .835 .052 -.006 .130 .914
Partner pressure (PP) .701-.808 .785 .550 .305 -.175 -.209 .141 .741
Regulatory environment (RE) .733-.843 .768 .624 .160 .002 .007 .160 -.171 .790
FL: factor loadings; AVE: average variance extracted; CR: composite reliability; Bolded numbers: square 
root of AVE; Note: FL, AVE, and CR cannot be computed for formative or single-item measures. 

In order to assess the fit of the hypotheses and empirical data, the measurement model was 

tested for content, convergent, and discriminant validity. Three measures were evaluated for 

each reflective construct in order to ensure convergent validity: individual item reliability, com-

posite construct reliability (CR), and average variance extracted (AVE). Due to low factor load-

ings, one item from each management obstacles, regulatory environment, and relative ad-

vantage scale were dropped (see Appendix). Afterwards, as depicted in Table C-2, all except 

one item loaded on its own construct at .70 or above, which indicates an acceptable limit of 

item reliability (Gefen and Straub 2005). The CR ranges between .768 and .909, which is also 

above the acceptable limit of .70 (Hulland 1999). Further, all AVEs exceed the lower bound of 

.50 (Bhattacherjee and Premkumar 2004). In order to access this quality measure, the Fornell-

Larcker criterion was used (Fornell and Larcker 1981). As the AVE of each construct is greater 

than the variance shared with other constructs (see square root of AVEs on the diagonal in Table 

C-2), discriminant validity is confirmed. Finally, we also checked the cross-loadings. As ex-

pected, all items display higher loadings on their assigned construct than on other constructs 

within the model (Chin 1998a). Thus, the analysis suggests that our model is both acceptable 

and reliable.  

1.3.2 Structural model assessment 

In order to evaluate the structural model, we applied a bootstrapping procedure (5000 samples). 

The central criterion for the assessment of the PLS structural model is the explained variance 

of the endogenous variable, which typically depends on the research context (Hair et al. 2011). 

With an explained variance of .351, the endogenous variable (IOS adoption) lies at a satisfac-

tory level for IT adoption studies on organizational level (Chan et al. 2012; Zhu et al. 2006c). 

We also computed the Stone-Geisser Q2 coefficient with a blindfolding procedure in order to 

determine the predictive relevance of the structural model. With a value of .276, this measure 

lies clearly above the minimum threshold of 0 (Hair et al. 2011).  
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Table C-3. Path coefficients and bootstrapping results of the structural model

Hypothesis Explanatory Variable Path Coefficient (b) Support for Hypothesis
H1 Relative advantage .417*** Supported
H2 Technological readiness .201*** Supported
H3 Management obstacles .029 Not supported
H4 Partner pressure .221*** Supported
H5 Regulatory environment .200*** Supported
Significance levels: *** p<.01, ** p<.05, * p<.10. 

Table C-3 presents the estimates of the PLS analysis as well as the significance levels of the 

bootstrapping procedure. The structural model offers support for most of our hypotheses. The 

adoption of IOS is significantly influenced by partner pressure (H4, b = .221), relative ad-

vantage (H1, b = .417), the regulatory environment (H5, b = .200), and technological readiness 

(H2, b =. 201). All coefficients were revealed to be significant on a p < 0.1 level. However, we 

did not find support for the hypothesis related to management obstacles (H3). In contrast to our 

theoretical model the results show a positive relation. However, this relation cannot be shown 

to be empirically significant.  

1.4 Discussion and Conclusion

The wood industry lags far behind other industries when it comes to the adoption of new tech-

nologies in general and interorganizational IS in particular (Hewitt et al. 2011). Based on 11 

case studies and data gathered from 204 organizations for statistical analysis, our study set out 

to explain the low degree of IOS adoption in the wood industry in order to identify potentials 

for effectively encouraging the diffusion of interorganizational IS. By combining qualitative 

and quantitative methods, this research offers both insights into the circumstances affecting the 

adoption of IOS, and effects arising from industry characteristics as well as empirically vali-

dated factors that influence adoption decisions. We argue that the low diffusion has its roots in 

the specific characteristics of the wood industry and that effective actions to promote IOS 

should be designed along the unique characteristics of the wood industry.  

Our results support the basic structure of the theoretical model and suggest that there are four 

main factors affecting the extent of IOS adoption. We can demonstrate that partner pressure, 

relative advantage, the regulatory environment, and technological readiness have significant 

influence on the adoption of IOS, which is in line with previous research in other industry con-

texts. Interestingly, the statistical analysis reveals that the perceived relative advantage seems 

to be the main driving factor for organizations to adopt IOS (b = .417). This is surprising, as 

small and medium-sized organizations, which account for the largest share by far within our 
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sample, are said to adopt new technologies without having recognized the need to do so 

(Iacovou et al. 1995), which has also been indicated by the cases studies. In addition, previous 

research suggests that SMEs are particularly susceptible to impositions by larger partners. Ac-

cordingly, we would have expected a higher influence of partner pressure, which, compared to 

the factor of relative advantage, is relatively low (b = .221). One reason for this might be the 

industry’s lack of large-scale enterprises, which would be able to put higher pressure on trading 

partners (Iacovou et al. 1995). Furthermore, the analysis revealed that management obstacles 

appear to be unimportant for the adoption decision. This is surprising for two reasons: First, in 

prevailing research, management obstacles have been regarded as highly relevant with regard 

to technology adoption. For example, Chan et al. (2012) demonstrate that management obsta-

cles have a significant negative influence on the organization’s decision to adopt e-collabora-

tion, particularly in small- and medium-sized enterprises. Second, this result is in contrast to 

the findings from our case studies, in which the majority of industry characteristics were found 

to intensify management obstacles.  

This study was conducted with the aim of identifying factors that predict the adoption of IOS 

in the wood industry. Based upon qualitative and quantitative data, we were able to empirically 

investigate industry characteristics that influence adoption decisions. Thus, this research pro-

vides valuable insights and offers guidance for policy making and practice. Our results show 

that specific industry characteristics are highly relevant for the decision-making process and 

therefore must be considered when putting measures in place. In order to respond adequately 

to industry characteristics, measures should focus on underlying specifics and the resulting 

needs and requirements rather than acting on general levels. For example, the statistical analysis 

suggests that relative advantage is an important predictor for IOS adoption. At the same time, 

however, the results from case studies reveal that organizations of the wood industry are rather 

unaware of these potential benefits, due to their lack of expertise. Therefore, selective measures, 

such as information events or selective marketing campaigns, could enhance awareness and 

should be designed along industry characteristics. Since the industry is mainly characterized by 

SMEs, organizations and pioneers that can develop and enforce industry-wide standards by 

leveraging pressure are rare. Governmental encouragement might compensate for this con-

straint. However, case studies reveal that a lack of government support is a major issue in the 

industry. For example, nearly all interviewees criticized the cutting of financial aid for research 

and development. In summary, decision makers should pay close attention to the specific con-

text in which they are involved. Internal and external contingencies are particularly relevant 
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and should be identified and addressed by policymakers in order to facilitate the successful 

adoption and diffusion of IOS. 

This study also provides important contributions to research. First, by explicitly considering 

industry characteristics from different perspectives and multiple viewpoints, this study directly 

responses to calls from previous research on IOS adoption (Gregor and Johnston 2000). Thus, 

this research claims to extend and deepens existing research. Second, the data underlines the 

relevance of investigating industry-specific characteristics. However, previous research on IS 

adoption has drawn surprisingly little from the major strength of combining quantitative and 

qualitative research methods and, in general, there is a dearth of research in IS that employs a 

mixed method approach (Venkatesh et al. 2013). Thus, this study contributes to the body of 

knowledge by offering insights on how industry characteristics can shape research on IS adop-

tion, particularly in industry-specific contexts. Further, we hope that our research design can 

inspire future IS research to employ mixed method approaches in order to develop richer in-

sights into various other phenomena of interest, which cannot be fully understood using only 

quantitative or qualitative methods.  

When interpreting the results, several limitations must be considered. First of all, this study was 

designed to investigate factors that influence the adoption and diffusion of IOS in the German 

wood industry. Although our findings might also be applicable to other contexts, we do not 

argue for generalizability as cultural differences (Zhu et al. 2006a) and industry specifics 

(Theodosiou and Katsikea 2012) are influencing IS adoption behavior. Thus, future research 

should conduct empirical studies in a broader range of countries and/or industries to validate 

the findings and examine differences and similarities. Further, we used the TOE framework for 

theoretical guidance because it offers a broad range of contextual factors that fit with our re-

search approach. However, future research should integrate other theoretical lenses in order to 

add predicting variables and examine supplementary relationships. While this study concen-

trates only on direct relationships, future studies should also consider moderating effects and 

mutual relationships. Despite these limitations, this study can be seen as a step towards a more 

integrated perspective on IS adoption research in general, and IOS adoption in particular.  
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1.5 Appendix

Construct Scale
IOS adoption
(Zhu et al. 2006c)

Check the box describing applications of e-business in your value chain pro-
cesses: Advertising and marketing, Making sales online, After-sales customer 
service and support, Exchanging operational data with upstream suppliers, Mak-
ing purchases online, Exchanging operational data with downstream business 
partners and customers, Electronically integrating business processes with busi-
ness partners (e.g., real-time transaction of orders, collaborative forecasting, in-
tegrated channel management, etc.).

Relative advantage
(Zhu et al. 2006c)

Please indicate how significant each of the following potential benefits was rated 
when your organization was considering using e-business for value chain busi-
ness activities: 1. To reduce costs*, 2. To expand the market for existing prod-
ucts/services, 3. To enter new businesses or markets, 4. To improve coordination 
with customers and suppliers

Technological readiness
(Chan et al. 2012; Zhu et 
al. 2006c)

1. Approximately how many personal computers are currently in use in your or-
ganization? 2. Approximately how many IT professionals are located in your or-
ganization? 3. Please check the box describing technologies used in your organi-
zation (Use of e-mail, Use of websites accessible by public, Use of Intranet, Use 
of Extranet, Use of electronic data interchange (EDI), Use of electronic funds 
transfer (EFT), Use of a call center).

Managerial obstacles
(Huy et al. 2012; Zhu et al. 
2006c)

Please rate how significant the following obstacles are to your organization’s abil-
ity to use e-business (7-point Likert scale): 1. Making needed organizational 
changes for e-business implementation, 2. Integrating e-business into the overall 
strategy and business process, 3. Lacking staff with e-business expertise*.

Regulatory environment
(Huy et al. 2012; Zhu et al. 
2006c)

1. The use of the Internet for business was driven by incentives provided by the 
government, 2. The use of the Internet was required by government procurement, 
3. Business laws support e-business*.

Partner pressure 
(Huy et al. 2012)

1. Our business partners demand us to use e-business, 2. Our business partners 
are able to process businesses via the Internet, 3. Our suppliers and/or business 
partners force us to implement e-business.

Note: * Item has been removed due to low factor loadings.
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2 Comparing the Predictive Power of Competing IS Adoption Models
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ducted using data gathered from 204 firms in the German wood industry. The results 
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2.1 Introduction

Research on technology adoption in general and technology adoption at the firm level in par-

ticular has a long tradition in the information systems (IS) discipline and is often regarded as 

one of the most mature streams (Brown et al. 2010; Venkatesh et al. 2003). As the potentials of 

e-business use are widely acknowledged (Chatterjee et al. 2002; Zhu and Kraemer 2005), e-

business adoption7 research accounts for a significant share of existing studies in this stream. 

However, some industries, countries, and e-business innovations lag behind others and, due to 

the importance of e-business adoption and use, a vast of new studies is published yearly to 

explain these differences (Chen and Holsapple 2012). 

When designing new adoption studies, researchers often refer to a base model8. For example, 

Zhu et al. (2006c) build upon the technology-organization-environment (TOE) model and study 

e-business adoption in a cross-country context. (Grandon and Pearson 2004) examine e-com-

merce adoption in small- and medium-sized companies, building upon the technology ac-

ceptance model (TAM), a predecessor of the unified theory of acceptance and use of technology 

(UTAUT), as a basis for their research. (Cao et al. 2013) investigate Internet-enabled supply 

chain management systems. Their research is based on predictors derived from the task-tech-

nology-fit (TTF) model for innovation adoption. While each base model, i.e., TOE, UTAUT, 

and TTF, focuses on adoption through a different theoretical lens, interestingly, all three studies 

underline their decisions for the respective model with consistent empirical support found in 

prior studies; a discussion of why a specific model instead was chosen over any of the other 

models is missing. Other authors have already integrated firm-level adoption models. For ex-

ample, Chan et al. (2012) integrate the TOE and UTAUT models to account for the strength of 

the different model backgrounds and to increase the overall predictive power; however, the 

explanatory contribution of each single base model remains unclear. While theoretical reviews 

on different adoption models such as Hameed et al. (2012) already endeavor in this direction 

and discuss strength and weaknesses at different stages of technology diffusion, empirical evi-

dences are still missing. 

                                                 
7 Drawing on e-business literature, we define e-business as “using the Internet to conduct or support business activities along 
the value chain” (Zhu and Kraemer 2005). Furthermore, we consider e-business adoption as a multistage process that starts 
with initiation, which leads to initial adoption, and extends to routinization of e-business usage (Zhu et al. 2006c). This is in 
contrast to studies that focus on single adoption decisions and, accordingly, try to explain “adoption or non-adoption” or adop-
tion intentions. 
8 We understand base models as so called factor-based adoption models, which specify causes of technology adoption in terms 
of a set of explanatory variables and their relation to dependent adoption variables (Kurnia and Johnston 2000). 
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Although the research stream on firm-level adoption is regarded as quite mature and we find 

empirical meta studies in the context of individual technology usage (Taylor and Todd 1995; 

Venkatesh et al. 2003), to the best of our knowledge, there is no comprehensive empirical com-

parison of the key competing models for firm level adoption. Thus, the need for a review and 

an empirical baseline assessment of existing theories in order to guide future researchers in their 

choice of a base model becomes apparent.  

The primary purpose of this review is to assess the current state of knowledge with respect to 

the adoption of e-business at the firm level. This review is the first to empirically assess the 

similarities and differences of three base models. While, e.g., Hong and Zhu (2006) find more 

than 10 different theoretical lenses that have been used in e-business adoption research, we 

concentrate on three prominent and reoccurring models and discuss their similarities and dif-

ferences: the TTF model with its predictors for the technology fit, the UTAUT model with its 

focus on individual perceptions of decision makers, and the TOE model offering a holistic per-

spective on the firm. We conduct an empirical within-subject validation and comparison of all 

three models using a data set of e-business adoption in the wood industry in Germany. Due to 

the expected variation of e-business diffusion, the wood industry is particularly suitable for this 

purpose. By using the explained variance of all models at each stage of e-business diffusion, 

this study contributes with a baseline assessment of the relative explanatory power of the indi-

vidual models. In doing so, we provide two major contributions to the research community. 

First, future studies can use the empirical results when deciding for or against a base model for 

their e-business adoption studies. Second, we open the discussion about empirical research on 

different paradigms of looking at e-business adoption at the firm level and hope to inspire future 

studies following this direction. 

The organization of the paper is as follows. In the next section, we review the process of IS 

adoption through the lens of diffusion of innovation theory and contrast TOE, TTF, and 

UTAUT in the context of firm-level adoption. Afterwards, we develop the research model and 

introduce the theoretical constructs underlying this study. The design and procedure of the em-

pirical investigation by means of the structural equation modeling technique is outlined in the 

subsequent section. Results of the study including a data set of 204 organizations are then pre-

sented. The study closes with a discussion on findings, contributions, limitations, further re-

search, and a conclusion. 
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2.2 Background

2.2.1 Reviewing the IT innovation adoption process

The adoption of an innovation is a process that results in the introduction and use of a product, 

process, or practice that is new to an adopting organization. This process has been categorized 

as a stage-based process (Hameed et al. 2012). Here, the various relevant stages considered in 

the IT literature will be discussed.  

IT innovations such as e-business can be broadly defined as innovation in the organizational 

application of IT (Swanson and Ramiller 2004). The innovation diffusion theory (IDT), which 

has been the most widely used theoretical basis for the study of IT adoption (Hameed et al. 

2012; Wu and Chuang 2010), provides insights into the dynamic and complex process of IT 

adoption and suggests that the diffusion of a technology will occur through different stages over 

time (Rogers 1995). However, initial research on IT adoption and diffusion has been focused 

on a single stage, which provides insufficient insights into the diffusion process (Zhu et al. 

2006c). More recently, researchers have made considerable efforts to increase the understand-

ing of the innovation adoption process by categorizing the process of IT adoption in organiza-

tions into different phases and conducting multistage analyses. In particular, a number of studies 

have presented similar three-stage models in order to investigate various IT innovations. For 

example, academics have proposed models based on three stages to investigate the diffusion of 

general software practices (Zmud 1982), the incorporation of electronic scanners (Zmud and 

Apple 1992), as well as the diffusion of interorganizational systems, such as EDI (Premkumar 

et al. 1997), e-business, and e-collaboration (Chan et al. 2012; Zhu et al. 2006c), or Web tech-

nologies (Ranganathan et al. 2004). Prior research has also revealed that the various stage-based 

frameworks with distinct numbers of stages follow similar and consistent patterns of diffusion 

that can be classified as the initiation stage, adaption stage and routinization stage (Wu and 

Chuang 2010). Based on the existing literature this research adopts these stages for the study of 

competing theories of IT adoption at the firm level for the case of e-business.  

According to IDT (Rogers 1995), the assimilation of an innovation starts with the initial aware-

ness and evaluation of an innovation. The initiation stage comprises the identification and pri-

oritization of organizational needs and problems as well as the search process within the organ-

ization’s environment to detect innovations of potential usefulness. The degree to which a lo-

cated innovation fits organizational problems will influence the decision to adopt an innovation. 

IS literature also suggests that the potential of IT to enhance organizational performance is a 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



100 C.2 Comparing the Predictive Power of Competing IS Adoption Models 

significant driver for an organization to adopt IT (Armstrong and Sambamurthy 1999; Sethi 

and King 1994). Applying this view to our study, we define the first stage of e-business assim-

ilation in accordance with Zhu et al. (2006c) as evaluating the potential benefits to improve an 

organization’s performance. The stage of initiation is followed by the adoption stage. Con-

sistent with IDT (Rogers 1995), this second stage reflects the adoption decision and involves 

the acquisition and implementation of a technology as well as the allocation of resources (Zhu 

et al. 2006c). Prior studies have examined IT adoption decisions and found that adopters and 

non-adopters differ significantly in terms of external environments and internal resources (Chau 

and Tam 1997; Iacovou et al. 1995; Zhu et al. 2003). Since the adoption decision legitimizes 

resource allocation, this stage is a necessary step toward the widespread use of a technology. 

Therefore, we define the second stage of e-business assimilation –the adoption stage– as mak-

ing the decision to use e-business and allocating the resources for acquisition and implementa-

tion. Following adoption is the routinization stage. According to previous work in the innova-

tion field, adoption does not always result in the widespread use of a technology. Assimilation 

gap theory (Fichman and Kemerer 1999) implies that most information technologies exhibit an 

“assimilation gap”, which suggests that the widespread use of an technology tends to lag behind 

its adoption. The existence of assimilation gaps has been reported in empirical studies on IT 

adoption and diffusion (Cooper and Zmud 1990; Fichman and Kemerer 1999). This research 

has an important implication: it states that adoption and routinization are two distinct stages 

(Zhu et al. 2006c). Thus, we define e-business routinization –the third stage of e-business as-

similation– as the stage in which e-business has gained both widespread and regular use, and 

has been accepted and institutionalized into an organization.  

Based on the existing literature this research adopts the initiation, adoption, and routinization 

phases as the three stages of e-business assimilation in a study of competing theories of IT 

adoption at the firm level. The categorization of the innovation adoption process in organiza-

tions as a three-stage process is consistent with prevailing literature and offers theoretical sup-

port for our study.  

2.2.2 Reviewing existing adoption models at the firm level

Thus far, no single or predominant innovation adoption theory exists, and it seems unlikely that 

a definitive one will evolve (Fichman 1999; Hong and Zhu 2006). However, researchers have 

been developing various frameworks, theories, and theoretical models to explain adoption be-

havior and adoption determinants in different contexts of IT. Within this area of inquiry, there 
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have been various streams of research. While one stream of research focuses on individual ac-

ceptance of technology by using intention or use as a dependent variable, this research focuses 

on technology diffusion at the organizational level (Venkatesh et al. 2003). Therefore, we dis-

cuss three prominent competing theoretical models in innovation adoption literature on the firm 

level.  

The TOE framework (Tornatzky and Fleischer 1990) has been approved for organizational-

level studies of IT innovation adoption. The framework is consistent with IDT and emphasizes 

individual characteristics as well as both internal and external characteristics of the organization 

(Oliveira and Martins 2011). Further, it includes the environment context and allows IDT to 

better explain intraorganizational innovation diffusion (Hsu et al. 2006). The TOE framework 

has comprehensively gained empirical support. Various researchers have used the TOE frame-

work or its constructs in combination with other theoretical models to investigate different IT 

adoptions, such as EDI (Kuan and Chau 2001), open systems (Chau and Tam 1997), ERP sys-

tems (Pan and Jang 2008), and e-business (Zhu et al. 2003, 2006c; Zhu and Kraemer 2005). 

Since TOE model presents a framework for technological-innovation decisions, it focuses on 

the first two stages of innovation assimilation (Hameed et al. 2012). The second model of tech-

nology adoption considered, the TTF model (Goodhue and Thompson 1995), postulates that if 

the technology fits the requirement of a task, it will improve the performance. In contrast to the 

TOE framework, the TTF model considers how the task affects usage (Pagani 2006). The fit is 

attributed to both task and technology characteristics. Thus, a technology will be adopted if the 

functions of a technology support the need of a task. The TTF model was originally developed 

to evaluate individual adoption behavior; however, it has been extended and used to empirically 

examine IT innovation adoption on both the group and organizational levels. Accordingly, IS 

researchers have studied the adoption of various technologies on the firm level, such as high-

speed data services (Pagani 2006), technology-mediated distance education (Ozdemir and 

Abrevaya 2007), and supply chain management systems (Cao et al. 2013; Setia et al. 2008). 

Further, we have considered the theory of acceptance and use of technology (UTAUT) 

(Venkatesh et al. 2003) as the third model of technology adoption. The theory integrates ele-

ments across eight acceptance models and has been empirically tested and validated in different 

domains (Taiwo and Downe 2013). In contrast to TOE and TTF, the theory summarizes con-

structs from various prominent acceptance models and has its roots in behavioral sciences 

(Venkatesh et al. 2003). Thus, UTAUT focus on user characteristics rather than on technology-

oriented factors. The model received considerable attention in IS research and has been applied 
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to study both technology adoption on the organizational level (Chan et al. 2012) as well as 

intraorganizational technology adoption, particularly examining the phase of routinization 

(Brown et al. 2010; Hameed et al. 2012). Thus, in contrast to TOE and TTF, it refers to both 

individual and organizational characteristics and facilitates a differentiated and broader per-

spective on the innovation assimilation process (Chan et al. 2012).  

Table C-5 displays the different determinants of IT innovation adoption suggested by Hameed 

et al. (2012) that affect the initiation, adoption, and routinization stages of e-business assimila-

tion. Each of the theoretical models discussed involves various factors from different contexts 

and refers to the different determinants of IT innovation adoption. Hence, they support distinct 

stages of the innovation adoption process.  

Table C-5. Theoretically supported stages and determinants of IT adoption

Stage of adoption Determinants of IT adoption
Theoretical model of IT innovation 

adoption
TOE TTF UTAUT

Initiation Innovation characteristics X X (X)
Organizational characteristics X X

Adoption Environmental characteristics X (X)
Routinization Individual characteristics X X
Note: X: fully supported; (X): partially supported.

As the TOE model has been developed in order to examine the decision-making process, it 

concentrates on the adoption and pre-adoption phases of IT innovation assimilation (Hameed 

et al. 2012). Its constructs cover environmental and organizational as well as innovation-related 

determinants of IT adoption (Tornatzky and Fleischer 1990). In contrast to the TOE model, 

both TTF and UTAUT additionally cover individual characteristics of IT adoption determi-

nants, such as perceived ease of use or expectancies regarding effort and performance (Hameed 

et al. 2012). Since the technology fit is attributed to both task and technology characteristics, 

the TTF model refers to both the initiation phase as well as the routinization phase (Cao et al. 

2013). Against this, UTAUT examines both the intention to use a technology as well as the 

actual use. By combining various constructs from different prevailing theoretical models, such 

as the theory of reasoned action, technology acceptance model, motivational model, etc., 

Venkatesh et al. (2003) consolidate constructs that have significant influence on the adoption 

and use of technology (Cao et al. 2013). Hence, UTAUT claims to cover aspects of IT adoption 

determinants on all stages of the assimilation process, but it provides less support for innova-

tion- and environmental-related characteristics than the TOE and TTF. 
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2.3 Research Model

This study empirically compares factor-based adoption theories in their explanatory power of 

IT assimilation at the firm level. The underlying assumption of factor-based theories is that 

explanatory variables can unidirectionally determine assimilation behaviors (Kurnia and 

Johnston 2000). Following this reasoning, factor-based theories specify a set of variables that 

explain why individuals have or have not assimilated IT. The term “individual” refers to the 

unit of analysis, which is the individual organization. The basic concept of this research is de-

picted in Figure C-2. 

 

Figure C-2. Basic concept of this study for the comparison of the factor-based adoption models

We use three sequential stages of IT innovation assimilation as dependent variables; they form 

the basis for the empirical comparison. Our review of firm-level adoption models resulted in 

the identification of three competing models that found wide consideration in firm-level adop-

tion studies. First, we use a prominent instance of the TOE framework that has been proposed 

by Zhu et al. (2006c). It comprises seven explanatory variables: technological readiness, tech-

nological integration, firm size, global scope, managerial obstacles, competition intensity, and 

regulatory environment. Second, we use task-technology fit theory as a theoretical lens and 

build on a set of five variables as suggested in Cao et al. (2013): information quality, ease of 

use, system reliability, authentication, and compatibility. Finally, we examine the predictive 

power of UTAUT and its adoption determinants, i.e., performance expectance, effort expec-

tancy, social influence, and facilitating conditions. The explanatory variables of the factor-

based adoption models are described in Table C-6.   

Initiation Adoption Routinization

Explanatory
variables of
factor-based

adoption models

Stages of IT innovation assimilation
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Table C-6. Overview of explanatory variables

Technology-Organization-Environment Model (derived from Zhu et al. 2006c)
Technological 
readiness

Technology readiness comprises technology infrastructure and IT human resources. While 
technology infrastructure refers to the technologies that facilitate Internet-related businesses, 
thus providing a foundation for e-business, IT human resources refers to the IT professionals 
that contribute to developing e-business applications (Zhu and Kraemer 2005). In this way, 
technology readiness is reflected by both physical assets and human resources (Mata et al. 
1995). Accordingly, firms with greater technology readiness are better positioned to initiate, 
adopt, and routinize e-business.

Technological 
integration

Technology integration is defined as the degree of interconnectivity between a firm’s back-
office information systems and databases and those externally integrated with the suppliers’ 
enterprise systems and databases (Zhu and Kraemer 2005). Its aim is to reduce incompatibility 
between legacy systems and enhance the responsiveness of information systems (Goodhue et 
al. 1992). As this construct represents the ability of a firm to effectively convert common 
technologies into capabilities (Mata et al. 1995), firms with higher degrees of technology in-
tegration tend to enjoy advantages in initiating and adopting e-business innovations and are 
more likely to achieve routinization.

Firm size Firm size is a surrogate measure of several dimensions that lead to innovation: total resources, 
slack resources, and technical expertise of employees (Rogers 1995). While the financial, 
technical, and managerial resource advantages of large firms allow them to initiate and adopt 
e-business more easily, they might also embed structural inertia, a negative factor for innova-
tion routinization (Nord and Tucker 1987). E-business routinization requires adopting firms 
to adapt existing IS (Barua et al. 2004), redesign business processes (Zhu 2004), and adjust 
organizational structure (Chatterjee et al. 2002). However, the tendency of large firms to have 
more fragmented legacy information systems, complicated business processes, and en-
trenched organizational structures translates into increased complexity and costs of systems 
adaptation, resulting in structural inertia (Goodhue et al. 1992; Zhu 2004). Accordingly, firm 
size is positively related to e-business initiation and adoption, but negatively related to rou-
tinization. 

Global scope Global scope is defined as “the geographical extent of a firm's operations in the global market” 
(Zhu et al. 2004). The effect of global scope can be explained from a transaction-cost perspec-
tive (Williamson 1983), as companies that expand into heterogeneous markets can be faced 
with a steep rise in transaction costs (Gurbaxani and Whang 1991). These costs can arise from 
factors such as higher search costs (search of consumers, trading partners, distributors) or 
higher inventory holding costs resulting from the need to control demand uncertainty (Zhu et 
al. 2004). However, e-business can reduce these costs through increased information trans-
parency facilitated by open-standard communication (Zhu 2004). Therefore, firms with 
greater global scope have more incentive to initiate and adopt e-business. However, greater 
scope could also slow down the routinization stage of e-business, given the associated process 
reengineering and organizational restructuring required. 

Managerial 
obstacles

Managerial obstacles can be defined as the lack of managerial skills for managing organiza-
tional adaptations to accommodate e-business within an organization (Zhu et al. 2006c).
E-business requires that firms undergo a digital transformation, bringing about unique chal-
lenges with regard to organizational adaptations that cannot be managed effectively by all 
firms (Chatterjee et al. 2002; Roberts et al. 2003). The ability to blend managerial and IT skills 
lies at the heart of a firm’s ability to assimilate information technology (Mata et al. 1995). It 
thus appears that when firms confront obstacles in making organizational changes, redesign-
ing processes, and acquiring new expertise, it is difficult to achieve a smooth digital transfor-
mation and deep assimilation of e-business. Therefore, it can be proposed that an assessment 
of managerial obstacles is a significant barrier to e-business assimilation.

Competition 
intensity

Competition intensity is the extent to which a firm is affected by its competitors in the market 
(Zhu et al. 2004); its effect on e-business assimilation can vary throughout the assimilation 
process. Initially, competition could drive firms to adopt innovations such as e-business ap-
plications in order to maintain a competitive edge. E-business applications can help firms 
improve market responsiveness and information transparency (Zhu 2004), increase opera-
tional efficiencies (Zhu et al. 2006c; Zhu and Kraemer 2002), and achieve customer lock-in 
(Shapiro and Varian 1999a). Although competition is likely to drive firms to adopt e-business, 
competition might have a different effect on routinization. To routinize complex technologies, 
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firms need deep technical and managerial skills beyond simple awareness of the innovation, 
which can be acquired mainly through a learning-by-using process (Fichman and Kemerer 
1999). However, firms in a more competitive environment are driven by competitive pressure 
to leap rapidly from one technology to the next (Abrahamson 1991), making them less likely 
to undergo a gradual, careful, and sustained learning-by-doing process to develop skills for 
routinizing existing technologies (Mata et al. 1995). E-business is particularly prone to this 
pattern, which may impede its routinization.

Regulatory 
environment

The regulatory environment has been recognized as a critical factor influencing innovation 
diffusion (Zhu et al. 2003, 2004). The government can affect innovation diffusion in two 
ways: altering payoffs via taxes and other measures or changing the regulatory climate 
(Williamson 1983). The latter is particularly applicable to e-business, as companies often cite 
inadequate legal protection for online business activities, unclear business laws, and security 
or privacy concerns as common concerns for conducting e-business (Kraemer et al. 2006; Zhu 
et al. 2006c). Accordingly, governments can encourage e-business assimilation with support-
ive regulations and policies in three areas: developing supportive legislation on key issues 
such as digital signatures, electronic transactions, and intellectual property; regulating the In-
ternet to make it a trustworthy business platform by establishing privacy and consumer pro-
tection laws and dealing with fraud and credit card misuse; and providing incentives such as 
technical support, training, and funding for using e-business in government procurements and 
contracts (Kraemer et al. 2006).

Task Technology Fit (derived from Cao et al. 2006)
Information 
quality 

Information quality reflects the degree of accuracy of information generated by an IS. It is 
proposed as a construct of IS research and has been considered in distinct dimensions in sev-
eral studies of IT adoption (Nelson et al. 2005). The construct combines four single dimension 
from the original TTF model proposed by Goodhue and Thompson (1995): data quality, lo-
catability, timeliness, and usability. Data quality refers to the degree of currency, adequacy, 
and suitability of the level of data abstraction. Locatability indicates the ease of determining 
what data is available and where. Further, timeliness determines whether the IS meets prede-
fined schedules, and usability reflects the relationship with users (Goodhue and Thompson 
1995). All these constructs reflect different dimensions of information quality. Thus, con-
sistent with prevailing research on e-business adoption we aggregate them into a single con-
struct (Cao et al. 2013). Cao et al. 2013 find that appropriate information quality clearly im-
pacts the initiation, adoption, and routinization stages of the IT innovation assimilation pro-
cess. 

Ease of use Ease of use reflects whether a user is able to apply an IS in order to submit, access, and analyze 
data. The construct reflects aspects of use, such as convenience and simplicity, and further 
encompasses training- and learning-related aspects (Goodhue and Thompson 1995). Thus, the 
construct is similar to the perceived ease of use variable proposed by Davis (1989) in the 
original TAM model, which determines the degree to which a person believes that using a 
particular system would be free of effort (Davis 1989). Several previous studies find that the 
construct is a key determinant of user IT acceptance (Hameed et al. 2012). Therefore, the 
influence of this construct will be the strongest at the stage of routinization, where e-business 
has gained a widespread and a regular usage. Since the variable involves expectations, it also 
influences the initiation and adoption stages. 

System relia-
bility 

System reliability is the degree to which a user can reliably depend on the system to complete 
task without system problems or breakdowns (Lee et al. 2007). The construct reflects the de-
pendability and consistency of access as well as uptime of systems (Goodhue and Thompson 
1995). Prevailing research suggests that the reliability of a system is an important predictor of 
IT adoption and that system adoption is positively associated with system reliability (Cao et 
al. 2013). Thus, this research suggests that system reliability influences the assimilation of e-
business. Since the stage of adoption reflects the decision to accept an innovation and evalu-
ates proposed ideas from a technical perspective (Hameed et al. 2012), system reliability will 
have a particularly strong impact during this stage of adoption. 
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Authorization Authorization determines to what extent users are properly authorized to obtain data relevant 
to the task from the corporate database (Lee et al. 2007). The construct reflects both the ap-
propriate level of authorization as well as the effort needed to obtain authorization to access 
useful data (Goodhue and Thompson 1995). Since the availability of data facilitates task ful-
fillment, it is positively related with IT adoption and routinization. Cao et al. (2013) find that 
an appropriate degree of authorization can be seen as a predictor for the adoption of e-busi-
ness. 

Compatibility Compatibility refers to the degree of consistency of data from two or more different resources 
(Lee et al. 2007). The construct indicates whether data from different sources can be consoli-
dated and compared without inconsistencies (Goodhue and Thompson 1995). In accordance 
with IDT, the compatibility of an innovation with a potential adopter is, theoretically, posi-
tively related to the adoption and implementation of an innovation (Rogers 1995). Prevailing 
literature confirms that system compatibility has a significant influence on both e-business 
adoption and routinization (Cao et al. 2013).

Unified Theory of Acceptance and Use of Technology (derived from Venkatesh et al. 2003)
Performance 
expectancy

Performance expectancy is the degree to which beliefs about using e-business will lead to 
gains in performance (Venkatesh et al. 2003). The construct is similar to the perceived use-
fulness variable proposed by Davis (1989) in the original TAM. Several studies on firm-level 
IT adoption find that performance expectancy has a significant and positive relationship with 
all three stages of the IT innovation adoption process (Chan et al. 2012).

Effort 
expectancy 

Effort expectancy is defined as the degree of ease associated with the use of a system 
(Venkatesh et al. 2003). Venkatesh et al. 2003 derive the construct from preexisting adoption 
theories. It conflates substantially similar variables from preexisting technology adoption the-
ories, such as TAM/TAM2 (perceived ease of use), MPCU (complexity) and IDT (ease of 
use). Previous research (Agarwal and Prasad 1998; Venkatesh et al. 2003) finds that the in-
fluence of effort expectancy on technology adoption will be more salient in early stages of the 
technology adoption process, declining in later phases. Consistent with empirical results 
(Chan et al. 2012), this can be explained by the initial unfamiliarity with e-business. Once e-
business systems have become widespread and are routinely applied, other issues such as per-
formance will become more crucial. 

Social 
influence 

Social influence is defined as the degree to which a potential adopter perceives that other 
important organizational members believe that e-business should be used (Venkatesh et al. 
2003). Social influence can be seen as a direct determinant of behavioral intention. The con-
struct is drawn up on the subjective norm, social factors, and image proposed by various re-
searchers and adoption studies (Chan et al. 2012; Venkatesh et al. 2003). The support and 
influence from an organizations management as well as from peers has the potential to influ-
ence the utilization of e-business in all stages of the IT innovation adoption process (Chan et
al. 2012) but has a more salient influence at pre-adoption stages (Karahanna et al. 1999).

Facilitating 
conditions

Facilitating conditions are defined as the degree to which organizational and technical infra-
structure exists to support e-business. Facilitating conditions include aspects of the techno-
logical and organizational environment that are designed to remove barriers to use (Venkatesh 
et al. 2003). The construct is very similar to the technology readiness variable, which has been 
used to study e-business adoption on an organizational level (Chan et al. 2012; Zhu et al. 
2006c). Zhu et al. (2006c) argue that although technology readiness is necessary for all three 
diffusion stages, its effects should be greater during the adoption and routinization stages 
when compared to the first stage. However, empirical research has revealed that facilitating 
conditions are significantly positively associated with e-business adoption at all stages of the 
IT innovation adoption process (Chan et al. 2012; Zhu et al. 2006c).

2.4 Research Design

Our research design for the comparison of competing IS adoption models in the context of e-

business adoption uses the dependent variables – in our case, the three stages of e-business 

assimilation – as the common denominator for an empirical evaluation of the predictive power. 

This approach is consistent with prior research by Taylor and Todd (2003) and Venkatesh et al. 
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(2003). More specifically, we used an online survey method to collect data from the German 

wood industry. Each subject answered a questionnaire covering all scales of the three sets of 

explanatory variables and the three stages of e-business assimilation. For the empirical com-

parison, we used the data and estimated the predictive power of each base model separately in 

order to compare the predictive power.  

2.4.1 Measurement of constructs

The theoretical constructs that are the subjects of this study require operationalization. All 

scales for both the dependent and independent variables were adopted from previous research. 

The scales were translated to German and the result was cross-checked independently by two 

researchers. In addition, a focus group revised the questionnaire. The interviews did not yield 

any major changes for the scales; however, following some minor remarks regarding wording 

issues, have been implemented. An overview of the measurement instruments including all 

items (in English) can be found in the Appendix. 

The three stages of innovation assimilation are measured according to Zhu et al. (2006c). First, 

e-Business initiation is defined as the potential benefits of e-business, rated before the organi-

zation began to use it. It is measured with four items covering cost reduction, market expansion, 

new businesses entering, and supply chain coordination (4 items). Second, e-business adoption 

is based on the value chain model (Porter 1985) and measures whether an organization had used 

the Internet for each value chain activity as an aggregated value (1 item). Third, e-business 

routinization is defined as the extent of organizational use in their support of value chain activ-

ities. It is measured by the relative share of sales to consumers/businesses, total services to 

consumers/businesses, and total procurement (5 items). 

The operationalization of the independent variables follows the original scales of the corre-

sponding papers. The scales for the TOE model are adapted from Zhu, Kraemer, and Xu (2006). 

Accordingly, technological readiness (3 items), technological integration (2 items), firm size (1 

item), managerial obstacles (3 items), competition intensity (3 items), and regulatory environ-

ment (4 items) are modeled as reflective constructs. Global scope comprises two sub-dimen-

sions, i.e., geographic scope (3 items) and trading globalization (2 items), and is operationalized 

as a reflective second-order construct. The scales for the TTF model are adapted from Cao et 

al. (2013) and entail information quality (3 items), ease of use (3 items), system reliability 

(2 items), authentication (2 items), and compatibility (3 items). The measures for the UTAUT 
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constructs are derived from Venkatesh et al. (2003) and include the four reflective scales per-

formance expectancy (3 items), effort expectancy (4 items), social influence (4 items), and fa-

cilitating conditions (4 items). 

2.4.2 Sample and non-response bias

The assimilation of e-business in the wood industry was chosen as the unit of analysis for this 

study. This specific industry is suitable as the starting point for our empirical analysis for two 

reasons: First, the wood industry exhibits a generally low to medium rate of IS diffusion (Arano 

and Spong 2012; Karuranga et al. 2005; Vlosky and Smith 2003), which usually corresponds 

with low investments in IS (Arano 2008). While mature industries may have a generally high 

degree of e-business use and therefore display less variance at the different levels of e-business 

diffusion, we expect to see a high degree of variance for the wood industry. Second, despite the 

comparably low to medium diffusion of IS, studies such as Perkins (2009) demonstrate the 

importance of technological integration through information systems for the specific case of 

the wood industry. Given the low to medium diffusion of IS and its fundamental potentials, we 

argue that the wood industry is a suitable starting point for analyzing the quality of predictors 

for e-business diffusion. A comprehensive review of IS diffusion studies in the wood industry 

can be found in Hewitt and Paradi (2011). 

Respondents from German wood companies were gathered using an online survey method be-

tween November 2013 and February 2014. The link was distributed among companies involved 

in woodworking, wood processing, wood building, or the timber trade that were listed on the 

website of the Internationale Holzbörse (IHB). The IHB is a sector network that is specialized 

in the forestry and wood cluster and provides a business database with contacts. In addition, 

personalized survey invitations were sent out. This lead to a total of 312 completed question-

naires. From these cases, 108 were excluded due to quality criteria such as missing values, the 

implausibility of firm characteristics, and IT usage behaviors. Overall, 204 complete cases that 

fulfilled all quality criteria were collected. The sample characteristics are summarized in Table 

C-7. 

Low return rates are typical for this kind of web-based survey (Preston and Karahanna 2009). 

However, low response rates bear the risk of non-response; we therefore use two common 

measures to account for this threat. First, the sample has characteristics similar to the basic 

population, indicating that our sample is representative for the population. Second, we compare 

the mean values of the answers (latent variable scores) of the first third and the last third of the 
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sample (Armstrong and Overton 1977). A t-test revealed non-significant differences (at a sig-

nificance level of p < .05). Both indicate that non-responses are not a major threat for this study. 

Table C-7. Sample characteristics

Industry Respondents title
Woodworking industry 28.0% CEO, CIO, CTO 80.0%
Wood processing industry 30.6% Senior manager 18.6%
Wood building industry 22.6% Senior IT manager 1.4%
Timber trade 18.8% Age of respondents

Number of employees 18-25 years 0.5%
Small (<50) 86.0% 26-38 years 19.5%
Medium (50-250) 9.8% 39-45 years 13.5%
Large (>250) 4.2% >45 years 66.5%

2.5 Data Analysis and Results

In order to test the theoretical model, a SEM approach was used. We decided on the partial least 

squares method (PLS) because it has fewer demands for sample size and excels at prediction 

(Ringle et al. 2012), which is the primary focus in this paper. Our analysis was supported pri-

marily using the software SmartPLS 2.0.M3. We used SPSS Statistics 21 for tests that are not 

available in the SmartPLS packages.  

The data analysis of each model follows the widely adopted two-step approach to structural 

equation modeling espoused by Anderson and Gerbing (1988). In order to ensure the validity 

and reliability of the instruments, we first assessed the quality of the data and each measurement 

model. We then analyzed each structural model separately. Finally, we conducted a cross-model 

comparison by comparing the mean differences of the explained variance at each step of the 

innovation process. 

2.5.1 Common method bias and measurement validation

According to Barclay et al. (1995), the sample size should exceed 10 times the number of max-

imum arrowheads pointing to a latent variable; this holds for both the structural model and the 

measurement model. Our sample size, which includes 204 cases, meets both criteria.  

As a single informant assessed both independent and dependent variables in our model, com-

mon method variance (CMV) poses a potential threat to the validity of the results (Podsakoff et 

al. 2003). We checked for CMV with the Harman’s single factor test and ran an exploratory 

factor analysis. Not a single factor emerges from the data, and a general factor does not account 

for the majority of the covariance among the measures. The result suggests that common 

method bias is not a major concern in this study. 
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Table C-8. FL, CR, AVE, and inter-construct correlations of the TOE model

FL AVE CR INI ADO ROU TR TI FS GS MO CI RE
Initiation .611-.847 .520 .810 .900
Adoption n.a. n.a. n.a. .417 n.a.
Routinization .627-.850 .535 .850 .308 .510 .922
Techn. readiness .690-.917 .658 .790 .201 .436 .365 .889
Techn. integr. .769-.824 .634 .839 .208 .371 .312 .454 .916
Firm size n.a. n.a. n.a. .082 .249 .118 .607 .329 n.a.
Global scope .666-.871 .577 .802 .197 .237 .368 .434 .284 .369 .896
Manag. obstacles .756-.975 .702 .875 -.089 -.093 -.194 -.100 -.054 -.039 -.086 .935
Comp. intensity .837-.885 .742 .852 .216 .223 .165 .128 .053 .150 .300 .063 .923
Regulatory env. .809-.882 .716 .834 .235 .145 .229 .324 .350 .180 .244 -.057 .042 .913
FL: Factor loadings; AVE: average variance extracted; CR: composite reliability; bold numbers: square root of 
AVE; FL, AVE, and CR cannot be computed for formative or single item measures.

Table C-9. FL, CR, AVE, and inter-construct correlations of the TTF model

FL AVE CR INI ADO ROU IQ EOU SR AUT COM
Initiation .637-.736 .503 .802 .896
Adoption n.a. n.a. n.a. .408 n.a.
Routinization .669-.803 .540 .854 .302 .521 .924
Information quality .845-.940 .807 .944 .394 .314 .195 .972
Ease of use .874-.920 .817 .947 .264 .185 .110 .568 .973
System reliability .902-.931 .844 .942 .276 .239 .154 .659 .511 .971
Authentication .933-.950 .887 .940 .204 .163 .060 .455 .429 .526 .970
Compatibility .756-.829 .636 .839 .232 .370 .302 .209 .059 .159 .030 .916
FL: Factor loadings; AVE: average variance extracted; CR: composite reliability; bold numbers: square root of 
AVE; FL, AVE, and CR cannot be computed for formative or single item measures.

Table C-10. FL, CR, AVE, and inter-construct correlations of the UTAUT model

FL AVE CR INI ADO ROU PE EE SI FC
Initiation .628-.809 .520 .811 .901
Adoption n.a. n.a n.a .417 n.a.
Routinization .685-.804 .540 .854 .312 .509 .924
Perf. expectancy .916-.946 .872 .953 .475 .351 .361 .976
Effort expectancy .876-.920 .817 .947 .251 .185 .096 .473 .973
Social influence .846-.864 .727 .914 .429 .320 .355 .566 .429 .956
Facilitating conditions .686-.919 .657 .790 .202 .436 .357 .174 .137 .282 .889
FL: Factor loadings; AVE: average variance extracted; CR: composite reliability; Bolded numbers: square root 
of AVE; FL, AVE, and CR cannot be computed for formative or single item measures.

In order to assess the fit of the hypothesis and empirical data, all three measurement models 

were tested for content, convergent, and discriminant validity. Content validity refers to the 

degree to which a construct measures all facets of the underlying social construct. We assured 

content validity by using established theories and existing scales from IS. Convergent validity 

refers to whether items measuring a construct correspond with one another. Three measures for 

convergent validity were evaluated for each reflective measure: individual item reliability, com-
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posite construct reliability (CR), and average variance extracted (AVE). Due to low factor load-

ings, we dropped one item each from the technological readiness, competition intensity, regu-

latory environment, and facilitating conditions scale. Afterwards, as depicted in Table C-8, Ta-

ble C-9, and Table C-10, most items loaded on its own construct at .70 or above, which indicates 

an acceptable limit of individual item reliability (Gefen and Straub 2005). The CR varies be-

tween .790 and .953, i.e., above the acceptable limit of .70 (Hulland 1999). All AVEs also 

exceeded the lower bound of .50 (Bhattacherjee and Premkumar 2004). Discriminant validity 

refers to whether theoretically distinct concepts are empirically distinct from one another; we 

used the criterion of Fornell and Larcker (1981) to assess this quality. For each model, the AVE 

for each construct is greater than the variance shared with other constructs (see square root 

AVEs on the diagonal in Table C-8, Table C-9, and Table C-10), confirming discriminant va-

lidity. Last, we checked cross-loadings and, as expected, all items have higher loadings on their 

assigned construct than on the other constructs in each model (Chin 1998a). Our analyses sug-

gest that our measurement model is both acceptable and reliable.  

2.5.2 Structural models 

As we aim to examine the prediction of the different levels of the IS assimilation process and 

indirect paths do not affect the variance explained, we only modelled the direct effects of the 

three models. After we ran the PLS algorithm for estimating the structural model, we used the 

bootstrapping re-sampling method to compute inference statistics. Bootstrapping is the pre-

ferred method if the sample size is greater than 100 (Kock 2011). An overview of the estima-

tions for all three models can be found in Table C-11.  

When interpreting the explained variance, acceptable levels depend on the research context 

(Hair et al. 2011). While behavioral models on individual technology usage can exhibit an R-

squared value of up to 76 percent (e.g., Venkatesh et al. 2003), firm-level adoption studies 

usually display lower values. The structural models in this study can explain of .111 to .267 of 

the variance in the dependent variables. Compared to other studies on firm-level e-business use 

these results can be regarded as low to average (e.g., Zhu and Kraemer 2005). This comparably 

lower R-squared value is not surprising since we used base models and no further extensions 

that are specific to the context. Moreover, the focus of this study is to compare predictive power 

among the theories. 
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Table C-11. Path coefficients of the structural models

Explanatory variable

Dependent variable

Initiation Adoption Routinization
TOE 
Technological readiness .105 .359*** .284**

Technological integration .108 .236*** .159*

Firm size -.098 -.064 -.219**

Global scope .055 -.010 -.227**

Managerial obstacles -.075 -.062 -.148*

Competition intensity .193** .183** .092
Regulatory environment .155* -.051 .053
TTF
Information quality .312*** .201*** .111*

Ease of use .068 .024 .023
System reliability -.007 .022 .042
Authentication .033 .041 -.031
Compatibility .163*** .322*** .271***

UTAUT
Performance expectancy .344*** .244** .278***

Effort expectancy -.015 -.014 .149
Social influence .216** .079 .183*

Facilitating conditions .082* .372*** .272**

Significance levels: *** p<.01, ** p<.05, * p<.10.

All variables of the TOE were significant on at least one level in the process of technology 

assimilation. In the case of the TTF model, ease of use, system reliability, and authentication 

found no support in any step. For the UTAUT model, only effort expectancy found no signifi-

cant support. 

2.5.3 Model comparison

After estimating each model separately, we compared the results. The models differ in their 

number of explanatory variables. Since the explained variance increases with the number of 

explanatory variables and this is independent from their explanatory power, we also computed 

adjusted R-squares. This correction of the models’ explanatory power allowed us to compare 

the different theories.  
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Table C-12. Variances explained of the structural models

Model
Initiation Adoption Routinization

R² Adj. R² R² Adj. R² R² Adj. R²
TOE .131*** .100** .265*** .239*** .267*** .241***

TTF .183*** .162*** .199*** .179*** .111*** .089**

UTAUT .267*** .252*** .272*** .257*** .248*** .233***

ANOVA results p<.01 p<.01 p<.01 p<.01 p<.01 p<.01
Significance level: *** p<.01, ** p<.05, * p<.10.

We decided to use a parametric approach to test for mean differences of the R-squared value 

among the three models. The procedure we chose generally follows the logic of Chin’s (Chin 

2000) parametric approach for multigroup analysis in PLS. First, a sample of each subpopula-

tion is analyzed, resulting in groupwise estimates of all model parameters. Second, group dif-

ferences are evaluated. According to this proceeding, we calculated the R-squared value for 

each model and each process stage. Afterwards, we used bootstrapping to obtain distributions 

for the R-squared values. Based on these results, we used a one-way analysis of variance 

(ANOVA) to test whether the groups are drawn from the same population. For all three stages 

of the assimilation process, the results of the ANOVA reject the null hypothesis. The results of 

our computations are depicted in Table C-12. 

The TOE model performs equally well for the adoption (R-squared adj. = .239) and routiniza-

tion stage (R-squared adj. = .241); for the initiation it can only explain .100 percent of the 

variance. The UTAUT model shows comparably good results in all three stages with an ad-

justed R-squared value between .233 and .257. The TTF performs best in the adoption stage 

(R-squared adj. = .179), followed by the initiation stage (R-squared adj. = .162) and, lastly the 

routinization stage (R-squared adj. = .089). All R-squared are significantly different from zero. 

2.6 Discussion

This study addresses an important gap in current firm-level adoption research. While existing 

literature on e-business adoption provides a variety of theoretical lenses and base models (Hong 

and Zhu 2006), there is no study that reveals differences in the explanatory power; however, 

this is important for model selection in e-business adoption studies (Chen and Holsapple 2012). 

Therefore, the primary purpose of this review was to empirically assess and compare three 

prominent foundational models. The results of the within-subject analysis reveal interesting 

insights into the predictive power of the different theories.  

First of all, our data exhibit a comparably low predictive power of the TOE model at the initia-

tion stage. This holds for both the comparison within the different stages of e-business adoption 
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and between the models within the initiation stage. While TTF can explain .162 of the variance, 

UTAUT best explains the initiation. The strength of TTF, i.e., the focus on the fit between 

technology and task characteristics, and that of UTAUT, i.e., the focus on the decision maker, 

were revealed to be better predictors for the potential to improve an organization’s performance. 

On the adoption stage, which reflects the decision to use e-business and allocating the resources 

for acquisition and implementation, UTAUT again performs best; however, the TOE model 

displays almost equally good results. Finally, e-business routinization can be best explained by 

the TOE model, followed by UTAUT; TTF has only a low explanatory power, with a value 

below .100.  

Second, the explanatory powers of the TOE model show good results at the adoption and rou-

tinization stages, with comparatively worse results at the initiation stage. We find an opposite 

effect when looking at the TTF model; here we find relatively stable values at the initiation and 

adoption stages. Finally, in our data set the UTAUT model is revealed to have relatively stable 

explained variance across all stages. This characteristic of stable R-squared values becomes 

particularly important when examining differences between the stages, for example, when try-

ing to explain the assimilation gap.  

Third, while UTAUT exhibits stable variances across all stages, it is also revealed to have com-

parably high explanatory power. In the first stage, it has the highest R-squared value, while the 

results are similar to the TOE model in the second and third stages. This is interesting, as 

UTAUT is also the model with the lowest number of explanatory variables. Following the goal 

of parsimony, model choice should consider good predictive power while keeping the number 

of predictors low (Bagozzi 1992). Only following this principle, UTAUT seems to be prefera-

ble. However, all three models differ in their roots and focus and thus, depending on the re-

search context, models should be “evaluated in terms of both parsimony and their contribution 

to understanding” (Taylor and Todd 1995). 

Fourth, the choice of a base-line model can only explain part of the variation in e-business 

adoption. While there is considerable variation in the R-squared value among e-business adop-

tion studies (Chan et al. 2012; Zhu et al. 2006c), we do not find much variation between the 

different models in all stages of the process. In the initiation stage, the difference between the 

highest and the lowest adjusted R-squared is .152, in the adoption stage .078, and in the rou-

tinization stage .152. Other literature on model comparison of technology adoption also finds 

similar results in their dependent variables. For example, in their study on the technology use 

of individuals, Taylor and Todd (1995) find a maximal variation of .08 in intention to use and 
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.02 in use behavior between three models; in a similar context, Venkatesh et al. (2003) find a 

maximal variation of .17 between 8 base models. An explanation is that the context, in which 

the study is conducted, is of particular importance. This is consistent with prior research which 

supports the argumentation that context-specific factors that are not covered in the base models 

account for a relevant share of the R-squared. In the context of e-business adoption, this can 

include industry types (Theodosiou and Katsikea 2012), country specifics (Zhu et al. 2003), or 

technology-specific explanations such as network effects (Zhu et al. 2006b).  

Fifth, when deciding for or against a base model for an adaption study, explanatory power 

should of course not be the first and only criteria. Although our results revealed that each model 

has different empirical strength at different stages of adoption, the models are grounded in dif-

ferent in theoretical lenses and have different theoretical emphases. Accordingly, when design-

ing a new adoption study, theoretical considerations should be decisive in the first place.  

Lastly, although this study is primarily directed at researchers, practitioners can also draw im-

portant conclusions from the results. The data underlines the relevance of differentiating stages 

of e-business adoption. When decision makers aim to promote e-business, actions should be 

designed along the stages and their respective important factors. The regulatory environment, 

for example, was revealed to be important for the initiation but becomes insignificant for the 

routinization stage; on the other hand, managerial obstacles do not influence initiation and adop-

tion but are an important inhibitor of e-business routinization. Moreover, as we find that all 

three models are limited in their explanatory power, decision makers should pay close attention 

to the specific context in which they are involved. Internal and external contingencies are par-

ticularly relevant and should be identified and addressed by management practices for a suc-

cessful adoption of e-business. 

When interpreting the results, limitations should be considered. First of all, we designed this 

initial study as a within-subject analysis and decided to test the different theories in the specific 

context of the German wood industry. While we argued this industry to be suitable as a starting 

point for our analysis as a narrow context allows for reducing the influence of uncontrolled 

variables, a specific context usually makes it harder to generalize. It is acknowledged that cul-

tural differences (Zhu et al. 2006a) or industry specifics (Theodosiou and Katsikea 2012) can 

influence e-business adoption. This especially holds as we compare theories from different par-

adigms of looking at innovation adoption. Future research should conduct empirical studies in 

a broader range of industries and countries to validate the findings. Second, in order to compare 

the different theories, we used prominent instances of each theory. Especially in the case of the 
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TOE, we found a wide range of differing models and extensions. Although the instance we 

chose, i.e., Zhu, Kraemer, and Xu (2006), has found wide consideration in IS research, other 

instances may provide better predictive power. An overview of other typical predictors can be 

found in Hameed et al. (2012). Third, studies that build on one of the analyzed theories often 

integrate further theoretical lenses, which not only add predicting variables but also suggest 

changing existing relationships. For example, Cao et al. (2013) add network effects as a mod-

erator for the TTF relationships. While this study concentrates only on direct effects, future 

studies should consider moderated relationships. Despite these limitations, we see this study as 

a first step into an empirical cross-model comparison. 

2.7 Conclusion

E-business adoption studies often argue their base model choice with empirical support they 

find in prior studies without discussing further theoretical lenses and their usage as base model. 

This study is the first that empirically tested and compared three prominent theories which are 

often used in the context of e-business adoption at the firm level. The results of a within-subject 

analysis in the German wood industry with 204 data points demonstrate that the TOE, TTF, and 

UTAUT models have different strengths at different stages of adoption. Interestingly, the most 

parsimonious model, i.e., UTAUT with four explanatory variables, exhibits the best predictive 

power among all stages. Future research on e-business adoption can use these results to guide 

them when deciding for or against a theoretical lens. However, the results also suggest that the 

choice of a base model plays only a limited role when aiming for high R-squared values. Further 

context-specific causes, which, e.g., have their roots in the technology, the industry, or in other 

country characteristics, seem to be particularly relevant in e-business adoption studies. While 

this study is grounded in the literature of e-business adoption at the firm level and empirically 

tested the case of e-business adoption, results are also interesting for other areas of technology 

adoption at the firm level. As this single within-subject study is a first step into the empirical 

comparison, we hope to inspire future studies following this path and empirically examine the 

similarities and differences among firm-level adoption theories.  
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2.8 Appendix

Construct Scale
Process of Innovation Assimilation (adapted from Zhu et al. 2006c)
E-Business 
initiation

Please indicate how significant each of the following potential benefits of e-business was rated 
when your organization was considering using the Internet for value chain business activities: 
1. To reduce costs, 2. To expand the market for existing products/services, 3. To enter new 
businesses or markets, 4. To improve coordination with customers and suppliers

E-Business 
adoption

Check the box describing applications of the Internet in your value chain processes: Advertis-
ing and marketing, Making sales online, After-sales customer service and support, Exchanging 
operational data with upstream suppliers, Making purchases online, Exchanging operational 
data with downstream business partners and customers, Electronically integrating business 
processes with business partners (e.g., real-time transaction of orders, collaborative forecast-
ing, integrated channel management, etc.)

E-Business 
routinization

1. What percent of your total sales to consumers are conducted online (i.e., the Internet)? 2. 
What percent of your total sales to businesses are conducted online? 3. What percent of your 
total services to consumers are conducted online? 4. What percent of your total services to 
businesses are conducted online? 5. What percent of supplies and equipment for doing business 
are ordered online?

Technology-Organization-Environment Model (adapted from Zhu et al. 2006c)
Technologi-
cal readiness

1. Approximately how many personal computers are currently in use in your organization?*

2. Approximately how many IT professionals are located in your organization? 3. Please check 
the box describing technologies used in your organization (Use of e-mail, Use of websites 
accessible by public, Use of Intranet, Use of Extranet, Use of electronic data interchange (EDI), 
Use of electronic funds transfer (EFT), Use of a call center).

Technologi-
cal integration

1. Your Internet systems are electronically integrated with your internal databases and infor-
mation systems. 2. Your company’s databases and information systems are electronically in-
tegrated with those of your suppliers and business customers.

Firm size 1. Approximately how many employees does your organization have in total, including all 
branches, divisions, and subsidiaries?

Geographic 
scope 

1. Please check the box that describes the geographic extent of your operations: Your organi-
zation has more than one establishment, Your organization has establishments outside your 
country, Your organization has headquarters outside your country.

Trading glob-
alization

1. Approximately what percent of your total sales are from outside your country? 2. Approxi-
mately what percent of your total procurement spending is from outside your country?

Managerial 
obstacles

Please rate how significant the following obstacles are to your organization’s ability to conduct 
e-business (7-point Likert scale): 1. Making needed organizational changes for e-business im-
plementation, 2. Integrating the Internet into your overall strategy and business process, 
3. Lacking staff with e-business expertise.

Competition 
intensity

Please rate the degree to which your business activities are affected by: 1. Competitors in your 
local area*, 2. Competitors inside your country, 3. Competitors from outside your country.

Regulatory 
environment

1. The use of the Internet for business was driven by incentives provided by the government, 
2. The use of the Internet was required by government procurement*, 3. Business laws support 
e-business, 4. There is adequate legal protection for Internet purchases.

Task Technology Fit (adapted from Cao et al. 2013)
Information 
quality

1. The data provided by the e-business system is up to date enough for my purposes, 2. The e-
business system available to me contains critical data that are very useful to me in my job, 
3. The e-business system maintains data at an appropriate level of detail for my group’s tasks, 
4. The exact definition of data fields relating to my tasks is easy to find out.

Ease of use 1. It is easy to learn how to use the e-business system, 2. The e-business system I use is con-
venient and easy to use, 3. There is a lot of training for me or my staff on how to find, under-
stand, access, and use the e-business system.

System 
reliability

1. The e-business system I use is not subject to unexpected or inconvenient down times that
make it harder to do my work, 2. The e-business system I use is not subject to frequent system 
problems and crashes.
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Authorization 1. Data that would be useful to me are available because I have the right authorization, 2. Get-
ting authorization to access data that would be useful in my job is easy and convenient.

Compatibility 1. The e-business system is compatible with other existing information systems that serve busi-
ness processes, 2. The e-business system is compatible with our IT infrastructure (e.g., IT net-
work and IT security), 3. The use of the e-business system is in line with our basic IT policy 
and practices.

Unified Theory of Acceptance and Use of Technology (adapted from Venkatesh et al. 2003)
Performance 
expectancy

1. I would find an e-business system useful in my job, 2. Using e-business systems enables me 
to accomplish tasks more quickly, 3. Using e-business systems increases my productivity.

Effort 
expectancy 

1. My interaction with the e-business system would be clear and understandable, 2. It would 
be easy for me to become skillful at using the e-business system, 3. I would find the e-business 
system easy to use, 4. Learning to operate the e-business system is easy for me.

Social 
influence

1. People who influence my behavior think that I should use e-business systems, 2. People who 
are important to me think that I should use e-business systems, 3. The senior management of 
this business has been helpful in the use of e-business systems, 4. In general, the organization 
has supported the use of e-business systems.

Facilitating 
conditions

1. I have the resources necessary to use e-business systems, 2. I have the knowledge necessary 
to use e-business systems, 3. The e-business system is not compatible with other systems I use, 
4. A specific person (or group) is available for assistance with e-business system difficulties.*

Note: * Item has been removed due to low factor loadings.
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3 Dimensions of Trust in the Acceptance of IOS in Networks
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Abstract In the context of collaborative networks, networked interorganizational information 
systems (IOIS) play a major role by providing a shared virtual space for the informal 
exchange of semi-structured or unstructured knowledge. Since IT support is seen as 
crucial for the whole network endeavor, the perspective of system acceptance be-
comes important. However, discussing IS adoption at the interorganizational level 
brings trust into the story. Building upon socio-technical theory, this study seeks to 
understand the role of two dimensions of trust in the acceptance of networked IOIS. 
A theoretical model is developed and subsequently tested with a sample of 121 Ger-
man network organizations. Network trust reveals to be important for the perceived 
usefulness of the system, as the main benefit comes from members’ participation. 
Trust in technology shows to be an even more relevant determinant for the attitude 
towards the system. We suggest that future adoption studies should pay more atten-
tion on the interplay of both the social- as well as the technical-relations.
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3.1 Introduction

As a reaction to increased competition, pressure for innovation, and higher customer expecta-

tions, organizations engage in collaborative networks. This kind of cross-organizational collab-

oration heavily relies on IT support, which is crucial for the entire network endeavor 

(Camarinha-Matos and Afsarmanesh 2005). In the context of collaborative networks, so-called 

networked interorganizational information systems (IOIS) play a major role by supporting re-

ciprocal interdependencies (Chi and Holsapple 2005; Kumar and van Dissel 1996). Such inter-

organizational collaborative technologies provide a shared virtual space for the informal ex-

change of semi-structured or unstructured, knowledge, where network members collaborate for 

emerging relationships and learning (Nonaka and Konno 1998). Networked IOIS include inter-

organizational collaboration tools such as data conferencing, groupware solutions, or electronic 

meeting systems (Chi and Holsapple 2005).  

Discussing IS adoption at the interorganizational level brings trust directly into the story. Trust 

is generally seen as an important issue in interorganizational relationships (Gulati and Singh 

1998; Hagen 1998). It is crucial to almost any type of situation in which uncertainty is a thread 

and undesirable outcomes are possible (Mcknight et al. 2011). This also holds in the context of 

IOIS (Karahannas and Jones 1999); IS research has found trust to be central to understanding 

adoption behavior and as an influential factor in IOIS success (e.g., Ibrahim and Ribbers 2009; 

Nicolaou et al. 2013). However, the ever-growing body of literature on trust, adoption, and use 

of IOIS mainly focuses on dyadic relationships, particularly those involving electronic data 

interchange. Moreover, trust is often regarded to financial dependencies, e.g., when it comes to 

supply chain management implementation (Ke et al. 2009). However, when focusing on post-

adoption and considering networked IOIS as socio-technical systems, in which success relies 

on mutual information sharing as well as the reliability and functionality of the technical sys-

tem, two other perspectives of trust become important. Trust can be referred to both the people 

contributing to the system and the underlying technology. 

Networked IOIS are, to the best of our knowledge, only marginally considered in current adop-

tion literature. A related stream can be found on acceptance of collaboration technologies in 

intra-organizational or non-organizational settings (Bajwa et al. 2008; Brown et al. 2010; 

Bullinger et al. 2011; Dennis et al. 2003; Olschewski et al. 2013). In a cross national study, 

Bajwa et al. (2008) examine factors which influence adoption of collaborative software at the 

organizational level. They include decision-making patterns, functional integration, promotion 

of collaboration, and organization size as organizational predictors for adoption. Brown et al. 
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(2010) focus on the individual adoption and integrate the Unified Theory of Acceptance and 

Use of Technology (UTAUT) with theories from collaboration research. Technological, indi-

vidual, group, task, and situational characteristics are found to effect adoption intention medi-

ated through UTAUT construct. Although they explicitly address familiarity as a variable 

within the group characteristics, this concept only captures if co-workers know each other rather 

than if they trust each other. Bullinger et al. (2011) study online collaboration technology adop-

tion by researchers. In the tradition of the theory of planed behavior, they include the social 

influence of peers; nevertheless, they do not recognize the value of trust in the contribution of 

other network members. 

In this paper, we take a socio-technical perspective in order to examine the acceptance, i.e., the 

post-adoption use, of networked IOIS in interorganizational settings. Therefore, we integrate 

two distinct perspectives of trust in the well-known technology acceptance model and empiri-

cally show that its worth to consider both. 

In doing so, this article addresses gaps in the current literature that are inherent to the acceptance 

of networked IOIS. Literature on IOIS adoption, especially those including interorganizational 

trust, mainly draw on theoretical frameworks at the organizational level such as diffusion of 

innovation (Rogers 2003) or technology-organizational-environment model (Tornatzky and 

Fleischer 1990). We contribute to the stream on post-adoption usage of IOIS and include socio-

technical systems theory, by examining the role of both trust in the network members and trust 

in the technology. We acknowledge the fact that especially in collaborative networks, where 

system usage is relatively voluntary, the relation of the organization to the contributors as well 

as the relation to the technology becomes important. 

For the purpose of this study, we extend the understanding of collaboration technologies of Ellis 

et al. (1991) with an interorganizational aspect: networked IOIS are computer-based systems 

that support different organizations engaged in a common task (or goal) and that provide an 

interface to a shared environment.  

For the empirical investigation we study the acceptance of networked IOIS in German net-

works. We mainly use structural equation modeling with partial least squares estimation (PLS) 

for our statistical analysis. 

The remainder is structured as follows. In the next section, we present the theoretical framework 

and derive the hypothesis. The design and procedure of an empirical investigation by means of 

the structural equation modeling technique is outlined in the section that follows. Findings of 
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the study are then presented. The study closes with a discussion on limitations and further re-

search.  

3.2 Theoretical Framework and Hypotheses

Research on technology adoption has a long tradition in the IS discipline and is one of the most 

mature streams. For this study, we build upon technology acceptance research and, therefore, 

intend to examine actual system usage at the individual level. This is in contrast to adoption 

research at the firm level, such as Diffusion of Innovations or the TOE-Framework. We study 

acceptance at the individual level; thus the trustor is a single person. The Technology Ac-

ceptance Model (TAM) by Davis (1989) serves as the foundation for our model.  

Building upon the Theory of Reasoned Action (TRA), TAM proposes that the individual incli-

nation to use a technology is dependent upon beliefs, attitude, and behavioral intention. More 

specifically, TAM introduces two new concepts, perceived usefulness (PU) and perceived ease 

of use (PEOU), and argues that these two beliefs influence attitudes towards a technology. PU 

is a measure of the individual's subjective assessment of the utility offered by the new IT in a 

specific task-related context. PEOU is an indicator of the cognitive effort needed to learn and 

utilize the new IT. In turn, attitude, mediated by the intention to use the technology, determines 

the actual system usage. Although TAM has also been used to explain technology acceptance 

in non-organizational settings, its origin lies in the organizational context. 

TAM has proven to be a robust and parsimonious model. It is one of the most influential re-

search models and has been successfully applied in a variety of studies on different technologies 

in diverse contexts. Furthermore, the basic structure found application in a number of other 

acceptance models such as TAM 2, Unified Theory of Acceptance and Use of Technology 

(UTAUT), and UTAUT 2. Although these newer models are suggested to have higher explan-

atory power, they are criticized for being based on empirical rather than theoretical considera-

tions (Kim et al. 2009). Because we intended to focus explicitly on two aspects of trust, we 

decided to initially build upon the basic structure of the TAM.  

So far, there is nothing in TAM that differentiates between the characteristics of the specific 

context, i.e., interorganizational collaboration and the use of networked IOIS. As discussed ear-

lier, trust can play an important role in the acceptance of information systems. The collaboration 

of distributed organizations transferring data to spatially distributed entities via communication 

networks, obviously involve trust in both the collaborating organizations and the reliability of 

the underlying technology. 
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Socio-technical theory posits dependencies between actors of the social system and the tech-

nical system (Bostrom and Heinen 1977). Actors of the social system are structures and people, 

and components of the technical system are the technology and the task, where all are interre-

lated. This perspective can be translated to networked IOIS, whereby the relations of the user 

as part of the socio-technical system are factors influencing the acceptance. We argue that the 

human users attitude towards the technology, which in this case are networked IOIS, is influ-

enced by both the surrounding network of contributors to the technology as well as his personal 

beliefs towards the technology. From this we derive network trust and trust in technology as a 

relevant extension to TAM. 

 

Figure C-3. Research model based on TAM, network trust, and trust in technology

3.2.1 Direct effects of TAM constructs

The basic structure of TAM proposes a relationship between intention and actual system usage. 

Because the long history of TAM research has already found strong empirical evidences for 

this relationship, we do not consider this last step of TAM. This is not uncommon and is un-

likely to cause a bias in either theory or empirical results (Gefen et al. 2003; Vijayasarathy 

2004).  

TAM research produced a discussion regarding the role of the construct attitude. Attitude has a 

strong theoretical background in Fishbein and Ajzen’s (1975) TRA. In the context of TAM, it 

refers to the “predisposition to respond favorably or unfavorably to a computer system, appli-

cation, system staff member, or a process related to the use of that system or application” 

(Melone 1990). Although Davis (1989) himself argues that the role of affective attitude is an 
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open issue, a meta-analysis by Kim et al. (2009) reveal that the mediating effect of attitude 

increases with the prior experience of users. Since networked IOIS is not a new phenomenon 

in the organizational context, we hypothesize the following: 

H1: Attitude towards networked IOIS positively influences intention to use (INT). 

TAM defines perceived usefulness as the “prospective user’s subjective probability that using 

a specific application system will increase his or her job performance” (Davis 1989). PEOU has 

a direct effect on INT and an indirect effect through attitude toward using (ATT). Perceived 

ease of use is defined as “the degree to which the prospective user expects the system to be free 

of effort” (Davis 1989). PEOU has both a direct effect on ATT and an indirect effect through 

PU. The more effort it takes to use a technology, the more negative the attitude towards using 

the technologies. In addition, as a technology is perceived to take more effort to use, the tech-

nology is perceived to be less useful. In the context of intra-organizational collaboration tech-

nologies, both constructs have already been revealed to be the main predictors (total effects) for 

intention (Brown et al. 2010). We follow the argumentation of the original TAM and propose: 

H2a: Perceived usefulness of networked IOIS positively influences intention. 

H2b: Perceived usefulness of networked IOIS positively influences attitude. 

H3a: Perceived ease of use of networked IOIS positively influences intention. 

H3b: Perceived ease of use of networked IOIS positively influences attitude. 

3.2.2 Direct effects of network trust

The role of trust between human beings is generally regarded as a crucial success factor, espe-

cially when opportunistic behavior is a major threat. In interorganizational networks, with col-

laboration based on the inter-dependency of network members, single actors do not have full 

control over the situation and are dependent on others. In such settings, trust is essential for 

effectiveness (El Khatib et al. 2013). Unfortunately, trust is believed to be facilitated predomi-

nantly through personal relationships, membership in common social networks, and even phys-

ical touch; this distribution makes the building and maintenance of trust among network mem-

bers much more difficult (Jarvenpaa and Leidner 1998).  

While the concept of trust found broad consideration in acceptance research, most studies focus 

on trust between two individuals. Trust in a group of organizations, which is our understanding 

of network trust, has only been studied infrequently (Pavlou and Gefen 2004). This conceptu-

alization differs from dyadic trust, since the trust object is more generalized. However, it also 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



C.3 Dimensions of Trust in the Acceptance of IOS in Networks 125 

differs from generalized trust since we have a well-defined collective, i.e., the members of the 

network. Taking this stance of a trust object, it can be argued that trust in a specific group 

influences the assessments, beliefs, and behavior of the trustor and his willingness to be vulner-

able to their actions (Fukuyama 1995). Similar to the understanding of Gefen et al. (2003), we 

define trust in the network as the subjective belief that interactions with the network members 

will occur in a manner consistent with the expectations of trustworthy behavior. We argue our 

stance, with specifics of networked IOIS, that there is a well-defined group of contributors with 

uncertainties of contribution where we may be at the mercy of opportunistic behavior.  

When speaking about applicable trust concepts, most research refers to three interconnected 

levels (McKnight et al. 2002). First, trusting beliefs is the rational expectation that the trust 

object has attributes that are favorable to the trustor. Second, trusting intentions is understood 

as the willingness to depend upon the trust object. Third, trusting behavior describes the assured 

action which shows that the trustor in fact relies upon the trust object. We take the first stance, 

which means that instead of controlling the network members, the trustor relies on the network. 

Trust in an interorganizational setting has been found to increase cooperation and to lead to 

open communication and information sharing (Doney and Cannon 1997; Ring and van de Ven 

1994). IT-adoption research on IOIS also widely recognizes the importance of trust. Since net-

worked IOIS involves an increasing degree of human interaction, this holds especially in this 

context. The nature of networked IOIS lies in the unstructured form, direction, and content of 

reciprocal relationships among users (Kumar and van Dissel 1996). Furthermore, unlike other 

types of IOIS, networked IOIS generally lacks formalized protocols, rules, and standards. In-

formal collaboration is the basis for collaboration, and trust must outweigh the necessity to 

control (Chi and Holsapple 2005).  

Therefore, from a user perspective, perceived usefulness of such a system is determined by the 

trust in the network. If the individual user perceives that the network members will behave 

opportunistically and not participate in that reciprocal relation (e.g., knowledge sharing), then, 

from individual’s point of view, the performance expectancy of the IOIS will be low. This 

relation is also consistent with research by Gefen et al. (2005) and Nicolaou and McKnight 

(2006). Hence, we posit that: 

H4a: Network trust positively influences Perceived usefulness of networked IOIS. 
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Moreover, research on trust found that high levels of trust directly stimulate favorable attitudes 

(Anderson and Narus 1990), and people who are socially connected have highly favorable atti-

tudes towards each other (John 1984). Research on e-commerce also shows this connection in 

the IS context (Jarvenpaa et al. 2000; Macintosh and Lockshin 1997). We follow this argumen-

tation in saying that a high level of trust in the network members also influences the attitude 

towards the collaborative system. Consequently, we offer the following hypothesis: 

H4b: Network trust positively influences attitude towards networked IOIS. 

3.2.3 Direct effects of trust in technology

Besides trust in human beings, (Hertel et al. 2004) proposed the consideration of trust in tech-

nology (TT) in interorganizational settings. Trust in technology describes the functionality and 

reliability of the technical system.  

Again, we specify the stance we take regarding the applicable trust concept. When speaking 

about trust in technology, IS research often refers to trusting beliefs (Mcknight et al. 1998; 

McKnight et al. 2002). The trustor is willing to be vulnerable to the behavior of the trustee, 

irrespective of possibilities of controlling the other part. More precisely, McKnight (2005) 

stresses the importance of the trusting belief in competence. First, belief in the functional capa-

bilities describes whether the system supports the task the trustor wants to do. Second, belief in 

reliability, which means the system does what it is designed to do without interruption, delays, 

or unexpected results. 

Translating this to networked IOIS, if the systems used do not work reliably, the user may 

believe that the outcome is not determined by their efforts but mostly by the system. Further-

more, if the user does not trust the system’s functionality, the user believes he is not supported 

in doing his task. Both then reduce the perceived usefulness of the system (also proposed by 

Gefen et al. (2005) and McKnight (2005)). Accordingly, we hypothesize: 

H5a: Trust in technology positively influences perceived usefulness of networked IOIS. 

Moreover, McKnight (2005) proposes that trust in technology is not fully mediated through 

perceived usefulness, which is also consistent with Vance et al. (2008). He argues that trust in 

IT is a general assessment, and unless the user trusts IT to be reliable in filling his needs, there 

is little reason to adopt it. Thus, it influences attitude towards the technology. Hence, we pro-

pose: 

H5b: Trust in technology positively influences attitude towards networked IOIS. 
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3.3 Research Methodology

3.3.1 Sample and data collection procedure

For this study, an online survey method was chosen. The link to the survey was distributed 

among managers in German networks. The underlying database builds upon Cluster Observa-

tory - a database for regional networks managed by the Center for Strategy and Competitiveness 

at the Stockholm School of Economics. Randomly 1953 participants were selected and person-

alized survey invitations were sent out. Of the participants, 180 passed the two filter questions 

that were asked to determine whether the participant works in a computer-supported network. 

That gives a return rate of just below 10 %. From these 180 cases, 59 were excluded due to 

quality criteria such as missing values, the implausibility of demographics, and network char-

acteristic answers. Overall, 121 complete cases that fulfilled all quality criteria were collected. 

Small- and medium-sized organizations accounted for the largest share: 36 % had fewer than 

10 employees and 38 % had fewer than 50. The average network had 59 members and ranged 

from 3 to 400 organizations.  

3.3.2 Measurement of constructs

The theoretical constructs that are the subjects of this study need operationalization. All scales 

were adopted from previous research. All constructs in the survey were measured using multi-

item scales with seven-point Likert rating systems. Measurement items for network trust and 

trust in technology are borrowed from network research by Möller (2006a), respective research 

by Büssing and Broome (1999), and Hertel et al. (2004). Measures for TAM constructs are 

derived from Davis et al. (1989). The translation into German and rephrasing for the study’s 

context was done by the authors and was checked afterwards for both comprehensiveness and 

clarity. Thus, two academics and three experts from the field revised the questionnaire. The 

interviews did not yield any major changes for the scales; however, following some remarks, 

minor improvements have been implemented. 

3.4 Data Analysis and Results

In order to test the theoretical model, a SEM approach was used. We decided on the partial least 

squares method (PLS) because it has fewer demands for sample size and excels at prediction 

(Ringle et al. 2012). Moreover, it makes no normal distribution assumption. Our analysis was 

supported primarily using the software SmartPLS 2.0. We used SPSS Statistics for tests that 

are not available in the SmartPLS packages.  
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The data analysis follows the widely adopted two-step approach to structural equation model-

ling (Anderson and Gerbing 1988). In order to ensure validity and reliability of the instruments, 

we first assess the quality of the measurement model. We then analyze the structural model.  

3.4.1 Non-responses, common method bias, and measurement validation

According to Chin (1998b), when using PLS, the sample size should exceed two measures. 

First, the sample size must be higher than 10 times the number of indicators for the scale with 

the largest number of indicators. Second, the sample size must be higher than 10 times the 

largest number of paths directed to any construct in the model. Our sample size, which includes 

121 cases, meets both criteria.  

Especially low response rates bear the risk of non-responses. In order to account for the threat, 

i.e., if the answers of respondents differ from the potential answers of those who did not answer, 

we checked for mean differences of the construct items of the first third and last third of the 

sample (Armstrong and Overton 1977). The results of a t-test revealed no significant differences 

(p < .10) between both time periods, which indicates that non-response is not a concern for this 

study. 

A single informant assessed both independent and dependent variables in our model; hence, 

common method variance (CMV) poses a potential threat to the validity of the results 

(Podsakoff et al. 2003). In order to antagonize CMV ex ante, we randomized items within the 

questionnaire and guaranteed participants full anonymity. Furthermore, we checked for CMV 

ex post. Following Podsakoff et al.’s suggestion (2003), we ran an exploratory factor analysis. 

Not a single factor emerges from the data, and a general factor does not account for the majority 

of the covariance among the measures. The result suggests that common method bias is not a 

major concern in this study. 

Table C-14. CA, CR, AVE, and inter-construct correlations

Construct CA CR AVE PU EU IT TT INa INb
PU .95 .96 .86 .93
EU .94 .96 .85 .69 .92
NT .90 .92 .71 .34 .30 .84
TT .86 .90 .70 .50 .65 .29 .83

ATT .96 .98 .96 .59 .61 .24 .64 .98
INT .89 .95 .90 .66 .56 .24 .64 .81 .95

Note: CA: Cronbach’s alpha; CR: composite reliability; AVE: average variance extracted; bolded numbers: 
square root of AVE.
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Table C-15. Item loadings and cross loadings

Item
Construct

PU EU IT TT ATT INT
PU1 .91 .66 .24 .50 .56 .59
PU2 .94 .65 .31 .41 .56 .59
PU3 .92 .64 .39 .47 .53 .62
PU4 .95 .64 .32 .49 .52 .64
EU1 .65 .91 .32 .57 .58 .52
EU2 .65 .94 .24 .54 .54 .49
EU3 .61 .93 .24 .64 .56 .50
EU4 .66 .91 .31 .66 .56 .55
IT1 .32 .31 .83 .24 .23 .15
IT2 .22 .19 .83 .25 .15 .14
IT3 .28 .22 .87 .26 .31 .32
IT4 .27 .28 .86 .19 .14 .16
IT5 .31 .26 .83 .25 .13 .20
TT1 .55 .65 .29 .86 .58 .54
TT2 .37 .49 .28 .86 .52 .55
TT3 .27 .42 .14 .77 .48 .43
TT4 .44 .58 .22 .85 .55 .61
ATT1 .60 .59 .25 .63 .98 .72
ATT2 .55 .60 .22 .63 .98 .76
INT1 .57 .49 .24 .64 .72 .95
INT2 .60 .58 .21 .59 .76 .95
Note: Bolded numbers: item loadings; other cells: cross loadings.

In order to assess the fit of the hypothesis and empirical data, the measurement model was tested 

for three criteria: content, convergent, and discriminant validity. Content validity refers to the 

degree to which a construct measures all facets of the underlying social construct. We assured 

content validity by using existing scales from IS, network, and socio-psychological research. 

Moreover, we pre-tested our constructs by interviewing senior practitioners. Convergent valid-

ity refers to whether items measuring a construct correspond with one another. Three measures 

for convergent validity were evaluated for each reflective measure: individual item reliability, 

composite construct reliability (CR), and average variance extracted (AVE). As depicted in 

Table C-15, each item loaded on its own construct at .70 or above, which indicates individual 

item reliability (Gefen and Straub 2005). The CR varies between .90 and .98, i.e., above the 

acceptable limit of .70 (Hulland 1999). All AVE also exceeded the lower bound of .50 

(Bhattacherjee and Premkumar 2004). Discriminant validity refers to whether theoretically dis-

tinct concepts are empirically distinct from one another. We used the criterion of Fornell and 

Larcker (1981) to assess discriminant validity. The AVE for each construct is greater than the 

variance shared with other constructs (see square root AVEs on the diagonal in Table C-14), 

confirming discriminant validity. Lastly, we checked cross-loadings and, as expected, all items 
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have higher loadings on their assigned construct than on the other constructs in the model (Chin 

1998b). Our analyses suggest that our measurement model is both acceptable and reliable. 

3.4.2 PLS structural model

In order to evaluate the structural model, we applied the bootstrapping resampling procedure 

(1000 samples). This is recommended for sample sizes greater than 100 (Kock 2011). Figure 

C-4 presents the estimates of the PLS analysis and the significance levels of the bootstrapping. 

(Chin 1998b) regards R² above .33 as average and R² above .67 as substantial. The variance 

explained quality criteria is met by all three dependent variables. According to Lohmöller 

(1989), path coefficients should exceed .10 in order to indicate support for a hypothesis. First, 

the basic structure of TAM can be partly supported. INT is significantly influenced by ATT 

(H1, b = .65, p < .01) and PU (H2a, b = .26, p < .01). In addition, PU impacts ATT (H2a, b = 

.29, p < .01) and PEOU significantly influences PU (H3a, b = .61, p < .01). However, the direct 

effect of PEOU on ATT in our sample is not significant. Second, our data only supports one 

influence of NT. While the coefficient between NT and PU was revealed to be significant (H4a, 

b = .14, p < .05), the relation between NT and ATT (H4b) could not be shown empirically. 

Third, the impact of TT on PU is not significant in our sample (H4a); however, the impact on 

attitude can be supported (H4b, b = .40, p < .01). In our model, EU, NT, and TT can explain 51 

% of the variation in perceived usefulness. In total, the variance explained for ATT by the TAM 

predictors, NT, and TT is 52 %. ATT and PU together account for 71 % of the variance in INT.  

 

Figure C-4. PLS and bootstrapping results of structural model
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In order to examine total effects, we also calculated total effects and effect sizes. Finally, we 

checked for Stone-Geisser Q² coefficients (see Table C-16 for both). The effect size is a meas-

ure for the total influence of an exogenous latent variable on an endogenous variable and indi-

cates the relevance of the relation. Chin (1998b) regards effect sizes below .02 as too weak to 

be considered, below .15 as small, bellow .35 as medium, and above .35 as large.  

Table C-16. Total effects, effect sizes, Stone-Geisser Q-squared coefficients

Construct PU EU NT TT ATT Q²
PU - .61** (.43) .14* (.03) .06 (.00) - .41
ATT .29** (.10) .32* (.06) .05 (.02) .42** (.19) - .46
INT .46** (.23) .37** (.22) .02 (.02) .29** (.17) .65** (.90) .62
Note: ** p<.01; * p<.05; Q²: Stone-Geisser coefficients; bolded numbers: total effects; parentheses: Cohens f² 
(effect size) for total effects.

All effect sizes exceed the minimum threshold, which underlines the practical relevance of this 

model. All total effects on INT, except that of NT, are highly positive and significant. In addi-

tion, all effect sizes on INT, except of NT, are above the threshold for a medium classification. 

This strengthens the assumption of following TRA and including attitude as a mediator between 

the predictors and INT. In order to measure the ability of the path model to predict the manifest 

measures from the latent measures, we computed cross-validity communality through blind-

folding. The communality-Q² for the measurement model as well as the redundancy-Q² for the 

path model is above 0 for all constructs. The construct cross-validated redundancy (Stone-

Geisser criterion, Q²) for all latent constructs is also above 0. We interpret this as an indicator 

of the global fit of our measurement model (Chin 1998b; Fornell and Cha 1994). 

3.5 Discussion

This study has several findings that are validated in an empirical study. Based on a socio-tech-

nical perspective and TAM, we built a theoretical model predicting the intention to use net-

worked IOIS in collaborative settings and integrating two perspectives of trust: network trust 

and trust in technology. The empirical results reveal a good fit of the general model.  

Our results suggest that the general structure of TAM is only partly applicable in the context of 

networked IOIS. Although we can demonstrate that ATT influences INT, PU influences ATT 

and INT, and PEOU influences PU, the impact of PEOU on ATT is not significant. This is in 

line with findings from Brown et al. (2010), who studied the acceptance of collaboration tech-

nologies in two studies. Similarly, their results showed that PEOU has no direct impact and is 

mainly mediated through PU. Moreover, in our case the relation (as indicated by the value of 

the path coefficient with b = .14) is only just above the threshold of the 5 percent significance 
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level. Accordingly, our results do not contradict the general applicability of TAM as a founda-

tion for networked IOIS.  

As hypothesized, NT positively influences PU. It is clear that if the user of a networked IOIS 

does not trust in the other network organizations that participate in the system, the perceived 

performance of the whole system decreases. This is in line with argumentation and findings 

from Gefen et al. (2003). In a similar setting on eVoting, they argued that users are forced to 

trust other stakeholders of the system since they have no warranty that they will provide the 

expected benefits. However, we could not show the direct effect of NT on ATT. In addition, 

the inclusion of the indirect effect on ATT, i.e., the effect mediated through PU, exhibits insig-

nificant total effects (b = .05, p > .05) and only a small effect size (.02). An explanation for the 

weak effect of NT might be our assumption that trust only flows in one direction. Other research 

indicates that there may be also a relation in the other direction (Hu et al. 2011; Ratnasingam 

2005). It is argued that technology integration contributes to consistent behavioral patterns 

among the partners. However, we do not take this process-oriented thinking of trust building 

and instead focus on the one-directional perspective in our study. 

A rather interesting result is that in the case of TT, the sample indicates an inverse relationship. 

On the one hand, TT has a strong positive correlation with ATT. Both direct effect and effect 

size (effect size without the mediation over PU is .19) have the highest impact on ATT among 

all constructs. On the other hand, our sample did not show a significant effect of TT on PU, 

which is not in line with suggestions by McKnight (2005) and Gefen et al. (2005). This is sur-

prising as the trusting belief in the competence (functionality and reliability) is expected to be 

related the perceived performance gains (Gefen et al. 2005). However, the high total relevance 

of TT on INT could be shown (effect size on INT is .17). 

Examining the relative importance of the two trust measures on INT revealed that TT outstrips 

NT. While TT shows a relevant impact in both total effect (.29, p < .01) and effect size (.17), 

NT reveals only a small effect. The effect size (.02) is just above the threshold for small rele-

vance. However, the results underline that a socio-technical perspective of networked IOIS 

contributes to the understanding of the corresponding acceptance. 

Overall, the model as a whole has a high level of explanatory power. Compared to other studies 

using TAM as foundation for their work, the explained variance of the dependent variables are 

high (e.g., Gefen et al. 2003, 2005). In the context of interorganizational collaborations, trust in 

network members as well as trust in the underlying technology is an essential ingredient for IS 

post-adoption.  
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As with all research, the analysis needs to be set in the right light considering the limitations of 

this study. The sample consists of organizations from a public database of business networks 

where networks are listed on their own initiative. Therefore, we could not guarantee represent-

ativeness. Moreover, a single informant approach has been used to gather the data. Although 

we agree that an endogen measure of actual system usage would be preferable, we go with this 

long tradition in TAM research and rely on self-reported data on usage intention. The test for 

common method variance did not yield any problematic results. Lastly, cultural differences 

have proven to also influence trust (Gefen et al. 2005; Vance et al. 2008). Our sample consists 

of only German participants. As a consequence, findings derived from the empirical survey 

should be subject to further investigation considering different contexts.  

3.6 Conclusion

The goal of this study was to evaluate the multiple roles of trust in acceptance of networked 

IOIS in interorganizational collaborations. A socio-technical perspective helped us to identify 

two relevant trust objects, i.e., trust in the network and trust in technology. Based on TAM, we 

suggested including both dimensions in the context of networked IOIS and interorganizational 

collaboration. Data was collected with a web survey covering networks in Germany. Overall, 

we gained 121 full data sets from professionals in this survey. Using structural equation mod-

eling with PLS, we tested our theoretical model. 

It was determined that both trust in the network and trust in the underlying technology influence 

the acceptance of networked IOIS. Our data support the hypothesis that if a user has a high level 

of trust in his network partners, it is more likely that he will find the system useful. Furthermore, 

support is found for the hypothesis that if a user highly trusts the networked IOIS itself, his 

attitude towards the networked IOIS will be influenced, which in turn influences intention to 

use the system.  

This research contributes to the body of knowledge by concluding from socio-technical theory 

that it is worthwhile to consider two perspectives of trust, namely trust in network members and 

trust in technology. To our surprise, IS adoption studies are often vague when it comes to the 

definition of the trust object and they only seldom include more than one trust perspective. 

Furthermore, in contrast to other adoption studies on IOIS, we do not adapt a dyadic view of 

trustor and trustee. We argue that in the case of networked IOIS, the trust of an organization to 

the network members as a whole is the relevant dimension. Hence, this study is a first step into 

a more differentiated integration of trust in IOIS acceptance research. Future research on the 
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role of trust in networked IOIS should take a broader view and incorporate findings from other 

theories (e.g., Brown et al. 2010).  
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D. Studies on Interorganizational IT Value

This chapter represents the last of the three central parts of this cumulative dissertation and 

presents three studies on interorganizational IT value. Consequently, it strives to provide an-

swers to the third research question, i.e., how value is created in organizations of the wood 

industry through investments in interorganizational IT. While the first study (Study D.1) has 

been conducted in the context of interorganizational networks in general, Study D.2 as well as 

Study D.3 focus on organizations of the wood industry.  

Study D.1 first examines how network attributes facilitate IT integration. In particular, the study 

explores commitment and trust among network partners as antecedents of interorganizational 

IT integration. Subsequently, Study D.2 focuses on organizations in the wood industry and ex-

plains how IT integration in conjunction with other capabilities leads to supply chain integra-

tion, thereby enabling the creation of value. Finally, the last study (Study D.3) sheds light on 

the circumstances during which IT creates value. Therefore, it focuses on the relationship be-

tween investments in IT and supply chain performance. The study examines how this relation-

ship is moderated by certain sector-specific product- and process characteristics of the wood 

industry. 
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1.1 Introduction

Since the importance of external resources and collaboration across organizational boundaries 

for firms’ competitive success continues to grow dramatically, research on interorganizational 

relationships has become prominent in both business and information systems (IS) research 

(e.g., Im and Rai 2014; Provan et al. 2007; Sanders 2007). The potential advantages of partici-

pation in interorganizational relationships are manifold and have been unanimously attested in 

the literature. The essence of the majority of these articles is that interorganizational relation-

ships help firms create relational value by combining resources, sharing information and 

knowledge, increasing speed to market, and gaining access to foreign markets and competitive 

advantages (Barringer and Harrison 2000). Despite the existence of various forms of interor-

ganizational relationships in the tension between markets and hierarchies, over the past two 

decades interorganizational networks in particular have been widely recognized by academics 

and practitioners as an important form of multi-organizational governance, as they offer con-

siderable advantages for organizations in both private and public sectors (Provan and Kenis 

2007). The continual progress of information- and communication technologies plays a funda-

mental role in the functioning of those networks and has emerged as a crucial tool in managing 

business-to-business relationships (Pereira 2009; Thomas et al. 1996). Thus, the integration of 

information systems across partnering organizations has become the backbone of collaboration 

in interorganizational networks (Prasad et al. 2013). It facilitates information sharing, enhances 

organizational flexibility and responsiveness, and minimizes risks and costs (Rajaguru and 

Matanda 2013). Therefore, prevailing research highlights its importance in co-creating rela-

tional IT value (Chen et al. 2013; Rai et al. 2006; Saraf et al. 2007). 

However, the integration of boundary-spanning information technologies is inherently com-

plex, since it involves multiple partners with different associated interests, cultures, and strate-

gic intentions. As a result, their implementation can be problematic, as it claims significant 

effort to redefine and extend the boundaries of participating organizations (Rajaguru and 

Matanda 2013). Consequently, organizational characteristics and behavior, such as compatibil-

ity and congruency between partnering organizations, are a primary ingredient for successful 

IT integration in interorganizational networks. The importance of organizational attributes in 

the context of interorganizational information sharing and collaboration across organizational 

boundaries has so far been highlighted by various studies in different contexts (e.g., Grover and 

Saeed 2007; Lee and Lim 2005; Rajaguru and Matanda 2011; Teo and King 1997). However, 

antecedents of IT integration identified in previous studies have primary been derived from 
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highly technology driven contexts, and thus are mostly restricted to IT related factors of inte-

gration in pure and do not consider network-related characteristics. Since collaborative rela-

tionships in interorganizational networks differ from this perspective for a variety of reasons, 

we argue that it is necessary to examine network attributes as antecedents of IT integration. 

Thus, this study addresses the following research question: Which network characteristics fa-

cilitate the development of IT integration capabilities in order to enhance value co-creation in 

interorganizational networks? 

Drawing on the commitment-trust theory (Morgan and Hunt 1994), we develop and test a re-

search model and hypotheses to explain how network attributes facilitate IT integration. Be-

cause modern types of supply chains can be characterized as network constellations (Chen and 

Paulraj 2004; Miles and Snow 2007), we investigate interorganizational networks in this study. 

The remainder of this study is structured as follows. We begin with a general discussion on 

aspects of interorganizational IT integration, followed by an overview of its network-related 

antecedents. We then use the commitment-trust theory as a theoretical lens and integrate net-

work-related factors for the research model and hypothesis development. Subsequently, we pre-

sent the methodology and data analysis. The paper closes with a discussion of results, implica-

tions as well as directions for future research are given. 

1.2 Theoretical Background

1.2.1 IT capabilities in interorganizational networks

In the context of the “Productivity Paradox of IT” (Brynjolfsson 1993) and based on the re-

source-based view (RBV) (Barney 1991), researchers have argued that IT investments per se 

do not lead necessarily to competitive advantage (Mata et al. 1995; Nevo et al. 2007; Santhanam 

and Hartono 2003; Wade and Hulland 2004). Because IT-related resources, such as software 

and hardware, are widely available on the market and mobile in nature, they can be easily du-

plicated by competitors (Powell and Dent-Micallef 1997). According to the RBV, firms should 

develop unique capabilities to use their IT resources in a more effective and efficient way than 

their competitors in order to achieve sustained advantage (Bharadwaj 2000). The same applies 

for interorganizational networks, where legally and economically, autonomous organizations 

work together to achieve common goals (Camarinha-Matos and Afsarmanesh 2008). While 

earlier research has been focused on investments in specific interorganizational technologies, 

such as Electronic Data Interchange (EDI) (Zaheer and Venkatraman 1994), recent research 

highlights the importance of interorganizational capabilities. In order to create relational value, 
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firms have to create idiosyncratic inter-firm linkages and combine their resources and capabil-

ities in a unique way, which creates competitive advantage that could not be attained in isolation 

(Dyer and Singh 1998). Thus, by building interorganizational IT-based capabilities, such as IT 

customization (Klein and Rai 2009), IT governance structures (Prasad et al. 2013), and IT ad-

vancement (Jean et al. 2010), network firms are able to co-create value by joint IT investments 

(Kohli and Grover 2008). 

In various studies, IT integration has been introduced as an interorganizational IT capability 

that facilitates the building of higher-order business capabilities (Barua et al. 2004; Chen et al. 

2013; Rai et al. 2006; Rajaguru and Matanda 2013; Saraf et al. 2007) and enhances relational 

value (Benitez-Amado and Ray 2012; Bharadwaj et al. 2007; Chang et al. 2008; Rajaguru and 

Matanda 2009). It refers to “the extent to which the IS applications of a focal firm work as a 

functional whole in conjunction with the IS applications of its business partners” (Saraf et al. 

2007, p. 324) and encompasses integrated IT infrastructure, data, and applications (Barua et al. 

2004; Fischer 2008; Rai et al. 2006; Saraf et al. 2007). 

1.3 Network Characteristics and Antecedents to Interorganizational IT Integration

Previous research has investigated various factors that could influence interorganizational IT 

integration. As shown in Table D-2, most studies examine the relationship between IT-related 

factors and IT integration in networks and do not investigate network-related characteristics. 

For example, various studies show a positive effect of IT infrastructure flexibility on IT inte-

gration in interorganizational networks (Benitez-Amado and Ray 2012; Hu et al. 2011; Saraf et 

al. 2007). Furthermore, Grover and Saeed (2007) demonstrate that environmental factors and 

market and product characteristics influence interorganizational IT integration. However, net-

work-related factors are rarely investigated in the context of interorganizational IT integration. 

So far, technical, strategic, cultural compatibility (Rajaguru and Matanda 2013) and partner 

dependence (Seggie et al. 2006) were identified as antecedents to interorganizational IT inte-

gration, which refer to characteristics of the network relationships. 
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Table D-2. Antecedents to interorganizational IT integration in extant empirical literature

Study Network type
Antecedents to interorganizational 
IT integration

(Kim et al. 2006) Supply chain relationships in the 
logistics industry

Applied technological innovation
Administrative innovation

(Seggie et al. 2006) Supply chain relationships Partner dependence
(Bharadwaj et al. 2007) Supply chain relationships in the 

manufacturing industry
Manufacturing IS coordination

(Grover and Saeed 2007) Supply chain relationships in the 
electronics industry

Information sharing environment
Demand uncertainty
Product complexity
Market fragmentation
Market volatility

(Saraf et al. 2007) Relationships in high-tech and 
financial service industries

IS flexibility

(Hu et al. 2011) Supply chain relationships IS flexibility
IS standardization

(Benitez-Amado and Ray 
2012)

Mergers and acquisitions relationships IT infrastructure flexibility

(Rajaguru and Matanda 
2013)

Supply chain relationships in the 
retailing industry

Technical compatibility
Strategic compatibility
Cultural compatibility

Researchers have identified a variety of network-related factors which can influence the per-

formance and capabilities of network partners, such as goal congruency, compatibility, strategic 

importance, interdependency, or long-term orientation (Kim et al. 2013; Möller 2006b; 

Rajaguru and Matanda 2013). The commitment-trust theory by Morgan and Hunt (1994) iden-

tified two key factors which are critical for the success of interorganizational relationships. 

Commitment refers to the belief of network partners that the relationship is “so important as to 

warrant maximum efforts at maintaining it” (Morgan and Hunt 1994). Actors in a committed 

relationship expect that the relationship will continue for a long time, and thus commitment can 

be seen as an indicator for the stability and strength of the relationship (Golicic and Mentzer 

2006; Kumar et al. 1995). Consequently, commitment will lead to a lower propensity to leave 

the relationship (Morgan and Hunt 1994). Trust generally refers to the belief that another party 

has beneficial attributes (Nicolaou and McKnight 2006). In this study, we view trust as interor-

ganizational, meaning trust in other organizations by actors of a focal firm (Zaheer et al. 1998). 

Three key aspects of trusting beliefs are frequently mentioned in the literature (Mayer et al. 

1995; Nicolaou et al. 2011): integrity, i.e., honesty of firms; benevolence, understood as a pos-

itive orientation to other firms; and competence, defined as the ability to perform expected 

tasks. Trust is an effective interorganizational governance mechanism because it can be seen as 

a substitute for formal contracts and control mechanisms (Dyer and Singh 1998; Uzzi 1997). 

Both factors contribute to cooperative behavior (Morgan and Hunt 1994). 
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1.4 Research Model

Our study has the goal to investigate network characteristics in the context of value co-creation 

by interorganizational IT integration. For this purpose, we integrate two research streams into 

our research model (see Figure D-1). First, we draw on the RBV and IT capability literature. 

Based on the common nomology in the IS literature, we introduce IT integration as an interor-

ganizational capability, which enhances the co-creation of relational value. Second, we use the 

commitment-trust theory as a theoretical basis to integrate network-related factors into our re-

search model for the following reasons. First, commitment and trust have both been identified 

as antecedents to various interorganizational factors and capabilities, such as information and 

knowledge sharing (Cai et al. 2010; Chen et al. 2013; Klein and Rai 2009; Li and Lin 2006), 

performance (Sarkar et al. 2001), supply integration (Vijayasarathy 2010) and EDI adoption 

(Hausman and Stock 2003; Zaheer and Venkatraman 1994). Second, although Morgan and 

Hunt (1994) investigate marketing relationships, these relationships encompass supply chains 

and thus the theory provides appropriate insights for interorganizational networks (Msanjila 

and Afsarmanesh 2008). 

 

Figure D-1. Proposed research model

1.4.1 IT integration as interorganizational capability

An integrated IT infrastructure can be seen as the backbone of interorganizational networks 

(Prasad et al. 2013), making the support of interorganizational processes possible. Although 

less integrated IS, such as e-mail, can support interorganizational activities (Chi and Holsapple 

2005), there is nothing idiosyncratic about these systems (Bharadwaj et al. 2007; Saraf et al. 

2007). Consequently, they will not contribute to relational IT value in the same manner as in-

tegrated systems, which can be seen as relation-specific investments (Chen et al. 2013). Such 
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investments increase the willingness of network partners to engage in further value-adding ini-

tiatives (Saraf et al. 2007). This applies particularly to IT integration, because it is customized 

and specific to the network (Saraf et al. 2007). Furthermore, IT integration strengthens the co-

ordination of collaborative activities (Dong et al. 2009; Kim et al. 2006) for the following rea-

sons. First, integrated functions of IT systems, such as consistent data and seamless access to 

data, enable improved visibility and information flow of interorganizational business processes 

(Bharadwaj et al. 2007). Second, integrated IT facilitates the coordination of network resources 

(Liu and Chen 2010), such as IT resources. Third, IT integration leads to improved decision 

making and interactions, because network partners have more accurate information about each 

other’s plans and operations (Bharadwaj et al. 2007). Consistent with these arguments, it can 

be suggested that: 

H1: IT integration capability is positively related to relational IT value. 

1.4.2 Commitment and trust as network characteristics

In order to create relational value through interorganizational capabilities, network relationships 

have to be idiosyncratic, rare, and difficult to imitate (Dyer and Singh 1998). They thus have to 

clearly differ from market arm’s length relationships, where firms only exchange goods or ser-

vices and do not cooperate, e.g. by investments in common assets. Consequently, network part-

ners need a high level of cooperation to meet these requirements and therefore to develop idio-

syncratic linkages (Duffy 2008; Kumar and van Dissel 1996; Mentzer et al. 2000; Sarkar et al. 

2001). Although cooperation is a key aspect of interorganizational networks in general 

(Camarinha-Matos and Afsarmanesh 2008), the intensity of cooperation can differ between net-

works and results from an evolutionary process (Duffy 2008; Johnson and Sohi 2001; Spekman 

et al. 1998). For this purpose, it is necessary to investigate network characteristics as anteced-

ents to IT integration. According to the commitment-trust theory, commitment and trust con-

tribute to a higher level of cooperation between partners that is necessary for the presence of 

interorganizational IT integration in this research model. These two network-related factors 

characterize networks which truly cooperate, differ from arm’s length relationships, develop 

unique capabilities and engage in joint activities (Bunduchi 2005; Chi and Holsapple 2005; 

Golicic and Mentzer 2006; Kumar et al. 1995; Spekman et al. 1998). 

IT integration between network partners requires capital and effort (Chen et al. 2013). Moreo-

ver, relation-specific investments, such as IT integration, have less value outside the network 

(Heide and John 1990; Wilson and Vlosky 1998). Integrated hardware and software can also 
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easily be used for other purposes. However, relation-specific tasks, such as mapping of data 

elements, have to be performed, which leads to switching costs (Grover and Saeed 2007). If 

firms do not expect a long-term relationship with their partners as well as future benefits, they 

will be unwilling to invest in such relation-specific technologies (Kim et al. 2013; Mentzer et 

al. 2000). Consequently, IT integration requires a high level of commitment between network 

partners (Rajaguru and Matanda 2013). Committed network partners will accept short-term 

losses resulting from high investments in relation-specific technologies because they expect 

long-term benefits from the relationship (Vijayasarathy 2010). Furthermore, network partners 

want to become more deeply involved in the network and thus have an intention to invest effort 

and capital (Kumar et al. 1995). In summary, commitment contributes to the willingness of 

network partners to invest in relation-specific resources (Mentzer et al. 2000), such as integrated 

IT systems. Based on the above reasoning, we argue that: 

H2: Commitment is positively related to IT integration capability. 

Despite the fact that IT integration can have beneficial effects for network partners, it increases 

the risk of being vulnerable, because firms could be locked into an unfavorable relationship 

(Saraf et al. 2007). When network members perceive each other as trusted partners, they accept 

to make themselves vulnerable because they believe in each other’s integrity, benevolence, and 

competence (Dyer and Chu 2003; McEvily et al. 2003). They accept risks of relation-specific 

investments because trust reduces uncertainty about their partners (Krishnan et al. 2006; Kumar 

and van Dissel 1996). Consequently, believing in the cooperative behavior of their network 

partners, firms are more willing to make relation-specific investments (Chen et al. 2013; 

Mentzer et al. 2000), such as integrating IT systems. Furthermore, networked IOS are charac-

terized by low structurability and high potential for conflict (Kumar and van Dissel 1996). Un-

der these circumstances, informal governance mechanisms, like trust, are efficient because they 

outweigh the necessity to control (Chi and Holsapple 2005). These arguments can be supported 

by various studies that investigated the effect of trust on interorganizational capabilities, such 

as knowledge sharing (Cai et al. 2010; Klein 2007) and supply integration (Chen et al. 2013; 

Vijayasarathy 2010). Thus, we argue that trust also facilitates the interorganizational capability 

of IT integration. 

H3: Trust is positively related to IT integration capability. 

Finally, it has to be considered that trust positively affects commitment. Relationships based on 

high trust are so highly valued for network partners that they want to continue the cooperation 

for a long time and thus commit to the relationship (Morgan and Hunt 1994; Vijayasarathy 
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2010). The positive relationship between trust and commitment is already part of the commit-

ment-trust theory by Morgan and Hunt (1994) and is also empirically supported by 

Vijayasarathy (2010). Consequently, a positive effect is also expected in this investigation. 

H4: Trust is positively related to commitment. 

1.5 Research Methodology

1.5.1 Operationalization of research variables

All scales were adopted from previous research and are reflective in nature. The constructs in 

the survey were measured using multi-item scales with seven-point Likert rating systems. A 

scale with 5-items for relational value has been adapted from Prasad et al. (2013). It measures 

the degree to which IT-related investments in the network lead to business value. For IT inte-

gration, a scale with 4-items from Saraf et al. (2007) has been adapted, which covers the infra-

structure, data, and software layer. A 3-items scale for commitment has been adapted from 

Morgan and Hunt (1994). Finally, trust is measured with a 6-items scale from Nicolaou et al. 

(2011). It encompasses the three key aspects of trust, namely integrity, benevolence and com-

petence. An overview of the scales and their items can be found in the Appendix. Given that 

this investigation was conducted in Germany, all items were translated into German by the 

authors. The German questionnaire was then back-translated into English by other researchers 

to check for and eliminate semantic discrepancies. 

1.5.2 Data collection procedure and sample characteristics

The sampling frame in this investigation was provided by Cluster Observatory9, an online da-

tabase for regional networks in Europe. A list of 226 regional networks in Germany was ob-

tained from this database from which 4,300 firms were randomly picked. Survey invitations 

targeted persons who are responsible for the management of IT in the respective firm. After 

two weeks, reminder e-mails were sent to encourage response. From the 4,300 original firms 

sampled, 324 e-mail deliveries failed and 24 firms did not exist anymore. Those firms had to 

be excluded from the sample frame (Armstrong and Overton 1977). From the resulting sample 

frame size, 238 surveys were completed, resulting in a response rate of 6.02 percent. A total of 

10 questionnaires were discarded because these participants commented that they had not given 

valid answers. In summary, the sample consists of 228 firms. 

                                                 
9 www.clusterobservatory.eu
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The average size of the organizations in the sample is as follows: small (< 50 employees) 53 %, 

medium (< 250 employees) 21 %, and large (>= 250 employees) 26 %. Around one third of the 

firms are working in the manufacturing industry (34 %). Professional, scientific and technical 

activities (22 %) as well as information and communication (18 %) are also frequently men-

tioned. Organizations working in the wholesale, retail trade, and logistics industry (7 %), as 

well as in financial and insurance activities (2 %), account for a minor share in the sample. 

Other participants mainly mentioned multiple industry types (17 %). 

1.6 Analysis and Results

In order to test the theoretical model, a SEM approach was used. We decided on the partial least 

squares method (PLS) because it has fewer demands for sample size and makes no normal 

distribution assumption (Ringle et al. 2012). SmartPLS 2.0.M3 was used as the primary statis-

tical software for the analysis. SPSS Statistics 22 was used for tests that are not available in the 

SmartPLS packages.  

In order to ensure validity and reliability of the instruments, we first assess the quality of the 

data and the measurement model. We then analyze the structural model. Finally, an additional 

mediation analysis is conducted. 

1.6.1 Data diagnostic checks

Because of the low response rate in this investigation, it might be argued that persons who did 

not respond differ significantly from those who did. This problem is known as non-response 

bias (Armstrong and Overton 1977). To test the non-response bias, the procedure by Armstrong 

and Overton (1977) was used. They argue that late respondents are similar to those who did not 

respond. Thus, early and late respondents should be compared for any significant differences. 

In this investigation, late respondents were those who completed the questionnaire after receiv-

ing a reminder e-mail. Of the respondents in the sample, 48 percent (n = 110) were early re-

spondents and 52 percent (n = 118) were late respondents. T-tests were conducted on all meas-

urement items and demographic variables used in this investigation. No significant differences 

were found between early and late respondents for any measure at a significance level of 0.05, 

which suggests that non-response bias is not an issue in this investigation. 

Because all measures in this investigation were collected by a single questionnaire, common 

method bias might threaten validity. The Harman’s single-factor test was performed to test for 

common method bias (Podsakoff 1986). All measurement items used in the investigation were 
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subjected to an exploratory factor analysis. No single factor emerged from the analysis, and no 

factor accounted for most of the variance. Thus, it can be concluded that there is no evidence 

of presence of common method bias in this investigation. 

1.6.2 Measurement model

Table D-3. Item-to-total correlations and cross-loadings

Items

Construct
Relational value 

(RV)
IT Integration 
Capability (IN)

Commitment 
(CO)

Trust 
(TR)

RV1 .852 .536 .248 .178
RV2 .924 .554 .304 .219
RV3 .952 .531 .290 .206
RV4 .916 .516 .299 .230
RV5 .901 .532 .257 .168
IN1 .319 .700 .193 .186
IN2 .464 .837 .289 .196
IN3 .606 .910 .211 .148
IN4 .534 .899 .191 .107
CO1 .206 .138 .903 .751
CO2 .230 .261 .846 .584
CO3 .376 .301 .892 .650
TR1 .207 .183 .515 .744
TR2 .211 .172 .637 .782
TR3 .095 .045 .578 .809
TR4 .127 .113 .619 .848
TR5 .230 .195 .687 .859
TR6 .196 .177 .641 .849
Note: Bolded numbers: item loadings; other cells: cross loadings.

The measurement model is analyzed according to the recommendations for PLS estimations by 

Hair et al. (2011) for reflective measures. This includes the assessment of convergent and dis-

criminant validity. Convergent validity refers to whether items measuring a construct corre-

spond with one another. Individual item reliability, composite construct reliability (CR), and 

average variance extracted (AVE) were evaluated for each reflective measure. As depicted in 

Table D-3, each item loaded on its own construct at .70 or above, which indicates satisfactory 

levels of individual item reliability (Gefen and Straub 2005). The CR of all constructs are above 

the acceptable limit of .70 (Hulland 1999). All AVE also exceeded the lower bound of .50 

(Bhattacherjee and Premkumar 2004). Accordingly, we argue for convergent validity in the 

measurement model. Discriminant validity refers to whether theoretically distinct concepts are 

empirically distinct from one another. First, cross-loadings were checked and, as expected, all 

items have higher loadings on their assigned construct than on any other construct in the model 

(Chin 1998a). Second, the criterion of Fornell and Larcker (1981) was used as a further measure 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



D.1 The Influence of Network Characteristics on Interorganizational IT Integration 147 
 

to assess discriminant validity. The AVE for each construct is greater than the variance shared 

with other constructs (see square root AVEs on the diagonal in Table D-4). The results of the 

analysis of the measurement model suggest that the data could be used for the analysis on the 

structural level. 

Table D-4. Mean, standard deviation, AVE, CR, and inter-construct correlations

Construct Range Mean Std. dev. AVE CR 1 2 3 4
1. Relational value 1 - 7 2.925 1.578 .828 .960 .910
2. IT integration Capability 1 - 7 2.974 1.521 .707 .905 .588 .841
3. Commitment 1 - 7 4.450 1.259 .776 .912 .307 .261 .881
4. Trust 1 - 7 5.043 1.055 .666 .923 .220 .183 .755 .816
Note: Bolded numbers: square root of AVE.

1.6.3 Structural model

In addition to the PLS estimations, bootstrapping was performed with 1000 subsamples to as-

sess the significance of the hypothesized relationships in the research model. The results are 

depicted in Figure D-2. 

 

Figure D-2. Partial least squares and bootstrapping estimations for the structural model

1.6.4 Post-hoc mediation analysis 

Because the data indicates an indirect relationship between trust (independent variable) and IT 

integration (dependent variable) over commitment (mediator), we conducted additional media-

tion analysis and followed the four steps described in Baron and Kenny (1986). First, we 

checked whether trust (the independent variable) significantly accounts for variation in IT in-

tegration (dependent variable). Indeed, when excluding commitment from the model trust sig-

nificantly predicts IT integration capability (b = .203, p < .001). Second, trust (independent var-

iable) accounts significantly for variation in the mediator, i.e., commitment (b = .755, p < .001). 

Third, commitment accounts significantly for variations in IT integration (b = .286, p < .001). 

IT Integration 
Capability (R² = .069)

Relational IT Value
(R² = .345)

Trust

Commitment
(R² = .571)

.755 ***

.286 ***

-.033 n.s.

.588 ***

*** p<.001
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Fourth, when controlling for commitment (mediator), the influence of trust (independent vari-

able) on IT integration becomes insignificant (b = .033, p > .05). This indicates a full mediation. 

Finally, we checked the strength and significance of the indirect effect by bootstrapping the 

indirect path (Preacher and Hayes 2004). With b = .197 and p < .001 for the indirect effect, the 

results suggest that commitment fully mediates trust on IT integration. 

1.7 Discussion and Conclusion

Our study sets out to explain the role of network characteristics in the context of value co-

creation by interorganizational IT integration. We developed a research model which integrated 

the interorganizational capability of IT integration, as well as trust and commitment as its net-

work-related antecedents. Based on data gathered from 228 organizations working in regional 

networks, we could show that commitment and trust are important network characteristics when 

it comes to interorganizational IT integration. 

Our study contributes to the growing body of literature that explores the role of interorganiza-

tional IT capabilities in co-creating relational value (e.g. Chen et al. 2013; Prasad et al. 2013; 

Rajaguru and Matanda 2013; Saraf et al. 2007). So far, the role of network characteristics in the 

context of interorganizational IT integration has rarely been examined. By using the commit-

ment-trust theory as theoretical basis, we could show how interorganizational networks can be 

characterized in order to build the capability of IT integration. Consistent with previous work 

on interorganizational IT capabilities (e.g. Cai et al. 2010; Chen et al. 2013; Klein and Rai 2009; 

Vijayasarathy 2010), we demonstrated that commitment and trust also facilitate the building of 

the IT integration capability. The findings indicate that a high level of cooperation between 

network partners is necessary for developing IT integration capabilities. Interorganizational 

networks thus have to differ from arm’s length relationships and have idiosyncratic character-

istics in order to integrate IT systems. In contrast, it might be argued that interorganizational 

networks which are more transactional and less cooperative can also adapt IS to fit their needs, 

such as improving communication and lowering transaction costs, and thus co-create value 

(Bunduchi 2005; Tafti et al. 2013). However, these types of relationships will not gain a sus-

tained advantage (Mentzer et al. 2000) and will not have idiosyncratic characteristics (Dyer and 

Singh 1998). Consequently, they will not develop a unique IT integration capability and not 

generate relational IT value in the same manner as high cooperative networks. The results sup-

port the foregoing arguments, showing that commitment has a significant effect on interorgan-

izational IT integration. Furthermore, the effect of trust is fully mediated by commitment. 
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Contrary to expectations and previous studies, trust, however, did not have a positive direct 

effect on interorganizational IT integration. In fact, there are inconsistencies in literature about 

these relationships, especially with regard to knowledge sharing (Cheung et al. 2010; Hu et al. 

2011). There are two possible explanations for this finding. First, Germany can be seen as a 

high-trust culture (Lane and Bachmann 1996). Also, regional networks are often based on trust 

(Sydow 1992). Thus, managers will assume, until proven otherwise, the trustworthiness of net-

work partners (Gallivan and Depledge 2003). Consequently, trust might not be crucial in these 

circumstances, and it affects IT integration only through commitment. These arguments are 

supported by the high mean value of trust in relation to other constructs of this research model 

(see Table D-4). Second, it might be possible that trust is a dynamic process. Thus, well-inte-

grated IT systems can in turn enhance trust (Bunduchi 2005; Gallivan and Depledge 2003). 

Such feedback loops (Hu et al. 2011) might have decreased the effects of trust in this investi-

gation. 

For practitioners, the results imply that firms have to choose interorganizational networks and 

network partners properly. Network partners should have shared values in terms of common 

goals, policies, and behavior (Morgan and Hunt 1994). However, differences among partners 

may, to a certain extent, be valuable in order to create synergies (Lavie et al. 2012). Firms 

should thus concentrate on a few networks which have such attributes and foster commitment 

among network partners. Subsequently, they need to establish long-term oriented and stable 

interorganizational networks. Building trust was shown as another way of achieving commit-

ment among network partners. In addition to the selection of complementary partners, frequent 

contact, fulfillment of promises, and building of reputation are some of the ways to build trust 

in interorganizational networks (Doney and Cannon 1997). 

The results of this study must be interpreted with caution due to the following limitations. The 

target population of regional networks has some characteristics, such as high trust, that have to 

be considered when interpreting the findings. Although regional networks provide an appropri-

ate target population to study the influence of network characteristics on IT integration, the 

results of the study may, to some degree, not be fully generalized. Thus, future research could 

attempt to extend this research model to other network types as well as to international contexts. 

Moreover, there is also the typical limitations of cross-sectional surveys. However, statistical 

tests were conducted to show that the probability of non-response bias and common-method 

bias is minimal. Nevertheless, longitudinal studies could receive insights into the dynamic pro-

cess of trust and commitment building in the context of interorganizational IT integration.  
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Further research should follow in order to investigate network characteristics in the context of 

interorganizational IT integration more deeply. Although the results of this study confirm that 

the commitment-trust theory provides a strong theoretical basis for examining how to derive 

interorganizational IT integration, other network-related theories can provide insights on how 

to extend this research domain and explore more network-related factors. Furthermore, it should 

be investigated if a high level of trust and commitment is always desirable. In the context of 

interorganizational IT integration, researchers argue that there is a tension between integration 

and flexibility of IT infrastructures, because highly integrated IT systems are difficult to adopt 

for new network partners (Saraf et al. 2007). Such considerations might also be applied to net-

work characteristics. In some circumstances, a certain level of conflict and control in contrast 

to commitment and trust might be desired (Gallivan and Depledge 2003). Consequently, future 

research needs to investigate mechanisms to foster cooperative behavior in order to co-create 

value by IT integration capabilities. 

1.8 Appendix

Operationalization of the research constructs 
Relational IT value (Prasad et al. 2013) 
Level of agreement on a 7-point Likert scale from “very low” to “very high”  
PF1 IT-related investments within the network have decreased operational costs of network partners. 

PF2 IT-related investments within the network have increased market power of network partners. 

PF3 IT-related investments within the network have improved financial position of network partners. 

PF4 IT-related investments within the network have improved competitive position of network partners. 

PF5 IT-related investments within the network have reduced business risks of network partners. 

IT integration capability (Saraf et al. 2007) 
Level of agreement on a 7-point Likert scale from “very low” to “very high” 
IN1 Data are entered only once to be retrieved by most applications of the network partners. 

IN2 Data can be easily shared among network partners. 

IN3 Most software applications of network partners are successfully integrated within in the network. 

IN4 Most software applications of network partners work seamlessly across the network partners. 

Commitment (Morgan and Hunt 1994) 
Level of agreement on a 7-point Likert scale from “very low” to “very high” 
CO1 The relationships among network partners are something they are very committed to. 

CO2 The relationships among network partners are something they intend to maintain indefinitely. 

CO3 The relationships among network partners deserves their maximum effort to maintain. 

Trust (Nicolaou et al. 2011) 
Level of agreement on a 7-point Likert scale from “very low” to “very high” 
TR1 If required help, network partners would do their best to help each other. 

TR2 Network partners are interested in each other’s well-being, not just their own. 

TR3 Network partners can be characterized as honest. 

TR4 Network partners keep their commitments. 

TR5 Network partners perform their role in the network very well. 

TR6 Overall, network partners are capable and valuable member of the network. 
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has highlighted the importance of IT capabilities that integrate an organization with 
its network of partner organizations. However, antecedents of IT integration have 
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2.1 Introduction 

Firms are becoming increasingly dependent on external resources and the need for collaboration 

across organizational boundaries continues to grow. Due to this research on interorganizational 

relationships has attracted significant attention in both business and the information systems 

(IS) discipline. The potential benefits of interorganizational collaboration among supply chain 

partners are manifold and have been unanimously attested in the literature. These advantages 

include the creation of relational value by combining resources, sharing information and 

knowledge, increasing speed to market, and gaining access to foreign markets and competitive 

advantages (e.g., Rai and Tang 2010). In this context, information and communication technol-

ogies play a decisive role: the integration of information technology (IT) has become the back-

bone of collaboration in supply chains as it enhances organizational flexibility and responsive-

ness while reducing risks and inventory costs (Rajaguru and Matanda 2013).  

As a result, the prevailing research highlights the importance of developing interorganizational 

IT capabilities that integrate an organization with its network of suppliers, customers, or chan-

nel partners. Despite some controversial findings on the relationship between investments in IT 

and economic outcomes, there is growing evidence that IT creates value under certain condi-

tions in general (e.g., Melville et al. 2004) and in terms of supply chain performance (SCP) in 

particular (e.g., Klein and Rai 2009). Furthermore, best-practice examples of firms, such as 

United Parcel Service, Cisco Systems, or Dell Computers, demonstrate how the exploitation of 

integrated IT leads to superior performance (e.g., Rai et al. 2006). However, the integration of 

boundary-spanning IT in such networks is challenging and inherently complex because it in-

volves multiple partners with different associated characteristics, interests, cultures, and strate-

gic intentions. The integration of interorganizational IT is therefore problematic and requires 

significant effort (Rajaguru and Matanda 2013). In this context, several studies have already 

highlighted the importance of organizational attributes (e.g., Mandrella et al. 2015; Rajaguru 

and Matanda 2013). 

However, antecedents of interorganizational IT integration have been primarily derived from 

highly technology-driven contexts and thus refer mostly to IT-related factors of integration, 

such as technical compatibility (Rajaguru and Matanda 2013), IT infrastructure (Benitez-

Amado and Ray 2012), or IS flexibility and standardization (Saraf et al. 2007). In contrast, 

research that incorporates and examines network-related characteristics as antecedents of inter-

organizational IT integration is limited. As a result, the role of organizational attributes in the 

context of IT Integration remains largely unexplored.  
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To address this gap in the current literature, we draw on the relational view and the distinction 

between lower- and higher-order capabilities, examining collaborative network structure as a 

primary antecedent to interorganizational IT integration. Based on this particular form of supply 

chain governance (Chen and Paulraj 2004), we go on to explore the interdependencies and 

mechanisms of how interorganizational IT integration within a nomological network with other 

lower-order capabilities leads to supply chain integration, thereby enabling the creation of value 

and helping organizations obtain a competitive advantage.  

The remainder of this paper is structured as follows. In the next section, we provide background 

on the relational view as well as the concept of lower- and higher-order capabilities in the con-

text of IT integration. We then present our theoretical framework and derive hypotheses. After-

wards, the design and procedure of the empirical investigation is outlined. Finally, we reflect 

and discuss the implications of this study and conclude with limitations and directions for future 

research.  

2.2 Theoretical Background and Research Model 

Collaboration through IT-supported interorganizational processes can have a huge impact on 

co-creating value (Saraf et al. 2007). Building on the resource-based view (RBV), researchers 

have argued that firms should develop unique capabilities to use their IT resources more 

efficiently and effectively than their competitors in order to create competitive advantage 

(Bharadwaj 2000; Wade and Hulland 2004). Furthermore, researchers suggest that capabilities 

can be conceptualized as a hierarchy, with a set of lower-order capabilities being leveraged to 

develop a higher-order capability that in turn leads to sustained performance gains (Barua et al. 

2004; Rai et al. 2006). Interorganizational higher-order capabilities blend interorganizational 

resources with interorganizational processes and are embedded in the social, structural, and 

cultural contexts of networked firms (Rai et al. 2006). Lower-order capabilities shape the de-

velopment of higher-order capabilities, such as supply chain process integration and agility ca-

pabilities, which then lead to performance gains for supply chains. In this context, IT capabili-

ties, such as IT integration, are widely defined as lower-order capabilities (e.g., Liu et al. 2013; 

Rai et al. 2006). 

The relational view by Dyer and Singh (1998) argues that a firm’s resources and capabilities 

may span its boundaries and that firms have to create idiosyncratic inter-firm linkages, combin-

ing their resources and capabilities in a unique way to create a competitive advantage that they 

would be unable to attain on their own. According to the relational view, interfirm relationships 
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must be rare or difficult to imitate and therefore differ substantially from arm’s length market 

relationships in order to generate relational value. On this assumption, Dyer and Singh (1998) 

assume four main sources of relational value: (1) Relation-specific assets refer to investments 

in assets that are specific to the interfirm relationship, such as closely located sites, customized 

tools or machineries, and human resources for the relationship. Another important source for 

relational value is (2) knowledge sharing routines, as partner firms can provide new ideas and 

knowledge that lead to innovations. Firms can also create relational value by (3) combining 

their complementary resources and capabilities. This combination can result in synergetic ef-

fects, thus generating greater value than the sum of the individual resources and capabilities of 

each network partner. Finally, (4) effective governance mechanisms enable a synergistic com-

bination of resources, capabilities, and knowledge and are therefore a valuable source of rela-

tional value. (Dyer and Singh 1998) distinguish between third-party enforcement of agree-

ments, such as legal contracts, and self-enforcing safeguards, which they classify into formal 

safeguards, such as financial hostages, and informal safeguards, for example, trust. They argue 

that informal safeguards are the most effective governance mechanisms, as they minimize trans-

action costs. 

 

Figure D-3. Research model

The proposed research model builds on the two theoretical lenses described above and is pre-

sented in Figure D-3. First, building on the distinction between lower- and higher-order capa-

bilities, we interpret supply chain integration as a higher-order capability and therefore as a 

primary source of SCP. Interorganizational IT integration is conceptualized as a lower-order 

capability, which shapes the development of supply chain integration capabilities, in turn lead-

ing to performance gains for supply chain members. Second, building on the relational view, 

we place IT integration in a nomological network with other lower-order capabilities that match 

the sources of relational value proposed by Dyer and Singh (1998). Following this view, IT 

integration can be interpreted as a relation-specific asset as well as a complementary capability 
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(Chen et al. 2013; Saraf et al. 2007). The knowledge-sharing layer is represented by interorgan-

izational communication, whereas collaborative network structure represents an effective gov-

ernance mechanism that also shapes communication and IT integration. Given that we assume 

a hierarchy of capabilities, a direct effect between lower-order capabilities and SCP is not pro-

posed (Rai et al. 2006). 

2.2.1 Supply chain integration as a higher-order capability

Supply chain integration is defined as the extent to which supply chain partners have inte-

grated their business process – in particular, the information, material, and financial flows (Ngai 

et al. 2011; Rai et al. 2006). In this study, we hypothesize that supply chain integration is a 

primary source of SCP. We investigate the impact on operational performance because first-

order benefits of integration are expected to be realized at an operational level, which in turn 

leads to ultimate business outcomes, such as customer satisfaction and sales growth (Devaraj 

et al. 2007). Operational performance is conceptualized by the speed, quality, cost, and flexi-

bility of the supply chain order-fulfillment process (Hult et al. 2006).  

Integrated information flows in a supply chain lead to economies of scale and reduced inventory 

costs, improved cycle times, improved forecasting, as well as synchronized delivery and pro-

duction processes (Rai et al. 2006). It has also been shown to eliminate the bullwhip effect (Lee 

et al. 1997). Furthermore, integrated processes enable supply chain partners to respond more 

quickly and cost-efficiently to market changes (Ngai et al. 2011) and react more flexibly to 

individual customer demand (Li et al. 2009). Moreover, the efficiency of financial flows can be 

enhanced by integration through, for example, more efficient payment processes, shorter in-

voicing cycle times, and better cash flow management (Rai et al. 2006). As various studies have 

demonstrated a positive effect of supply chain integration on SCP measures (e.g., Chen et al. 

2013; Rai et al. 2006; Vickery et al. 2003), we propose a first hypothesis: 

H 1: Supply chain integration is positively related to supply chain performance.

2.2.2 Lower-order capabilities

Interorganizational communication is defined as the exchange of ideas, knowledge, and 

opinions among senior executives in the supply chain relationship (Chen and Paulraj 2004; Rai 

et al. 2012). In contrast to information flows related to supply chain integration, which are op-

erational, standardized, and support routine processes, interorganizational communication fo-

cuses on a better understanding between supply chain partners, building a consensus, and in-

volves personal contacts between personnel.  
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Communication between supply chain partners enhances coordination and the management of 

dependencies in a supply chain, thus reducing the complexity of supply chain activities (Rai et 

al. 2012). Supply chain partners must also understand each other’s processes to successfully 

integrate them, which is facilitated by frequent communication, resulting in synchronized and 

harmonized processes and resource allocation (Klein and Rai 2009; Rai et al. 2012). Moreover, 

communication between supply chain partners leads to interorganizational learning (Paulraj et 

al. 2008), which is important for building interorganizational capabilities (Dyer and Singh 

1998), such as supply chain integration. Furthermore, interorganizational communication in-

creases the transparency between supply chain partners, thus reducing uncertainty and oppor-

tunistic behavior (Chi and Holsapple 2005). Previous studies have found a positive relationship 

between communication and logistics integration (Prajogo and Olhager 2012) and relational 

value (Paulraj et al. 2008; Rai et al. 2012). Therefore, we propose the following hypothesis: 

H 2: Interorganizational communication is positively related to supply chain integration.

Interorganizational IT integration refers to “the extent to which the IS applications of a focal 

firm work as a functional whole in conjunction with the IS applications of its business partners” 

(Saraf et al. 2007). It encompasses integrated IT infrastructure, data, and applications and is 

conceptualized by the use of electronic communication and transactions between supply chain 

partners (Chen and Paulraj 2004; Rai et al. 2006; Saraf et al. 2007). 

In combination with interorganizational IT processes, IT integration enables the development 

of higher-order capabilities, including supply chain integration (Rai et al. 2006). According to 

the relational view, IT integration can be seen as a relation-specific investment (Chen et al. 

2013). Such investments increase the willingness of supply chain partners to engage in further 

value-adding initiatives. This applies particularly to IT integration because it is specific to the 

supply chain (Saraf et al. 2007). Furthermore, IT integration strengthens the synthesis and co-

ordination of collaborative activities (Kim et al. 2006), including information, material, and 

financial flows, for the following reasons. First, integrated functions of IS, such as consistent 

data and seamless access to data, enable improved visibility and information flow of supply 

chain processes (Bharadwaj et al. 2007). Second, through better access to data, such as inven-

tory status, integrated IT improves the coordination and integration of supply chain resources, 

leading to a smooth flow of financial and physical resources (Ngai et al. 2011). Third, IT inte-

gration leads to improved decision making and interactions because supply chain partners have 

more accurate information about each other’s plans and operations (Bharadwaj et al. 2007). IT 

integration has already been found to be an important antecedent to interorganizational higher-
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order capabilities, such as supply chain capabilities (Rajaguru and Matanda 2013) and supply 

chain integration (Chen et al. 2013; Rai et al. 2006). Therefore, we propose a third hypothesis: 

H 3: Interorganizational IT integration is positively related to supply chain integration. 

Interorganizational IT integration also contributes to communication between supply chain 

partners. The resulting reduction of technical barriers and seamless access to data leads to more 

effective communication in a supply chain (Kim et al. 2006). This facilitates richer and higher-

value knowledge exchange by making it easier to assimilate and acquire the knowledge of sup-

ply chain members (Malhotra et al. 2005). Moreover, supply chain partners can create 

knowledge repositories or common databases through integration, which enhance the transfer 

of knowledge (Santhanam and Hartono 2003). Furthermore, integrated systems offer the possi-

bility of monitoring and more effective communication through standardized systems, thus 

leading to feedback and learning effects (Scott 2000). Paulraj et al. (2008) and Rai et al. (2012) 

examine the positive impact of IT capabilities on interorganizational communication. There-

fore, we propose the following hypothesis: 

H 4: Interorganizational IT integration is positively related to interorganizational communica-

tion.

Collaborative network structure is defined as the coordination between supply chain partners 

that is built on informal social systems in contrast to hierarchical authority (Paulraj et al. 2008). 

It is characterized by strong interdependencies between supply chain partners, a lack of power 

and influence, and limited vertical integration (Chen and Paulraj 2004), thus matching the idea 

of informal safeguards proposed by (Dyer and Singh 1998). 

The development of integrated IS requires capital and effort, but such investments have less 

value outside the supply chain relationship (Chen et al. 2013). Because of strong interdepend-

encies resulting from a collaborative network structure, supply chain partners accept short-term 

losses resulting from large investments in relation-specific technologies; in return they expect 

long-term benefits from the relationship (e.g., Seggie et al. 2006). Moreover, the shared respon-

sibility and accountability enhances the willingness and motivation of supply chain partners to 

engage in value-adding initiatives (Prasad et al. 2013), such as developing common IT integra-

tion capabilities. Further, when managing interorganizational resources, such as integrated IS, 

opportunistic behavior can occur, fueled by conflicts and distrust between firms (Chi and 

Holsapple 2005). In this context, informal and collaborative governance structures are very 

effective because they prevent these problems in a cost-effective manner (Dyer and Singh 
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1998). Seggie et al. (2006) find that supply chain partner dependence leads to a higher degree 

of interfirm system integration. Therefore, we propose the following hypothesis: 

H 5: Collaborative network structure is positively related to interorganizational IT integration.

As discussed above, a collaborative network structure prevents problems related to the oppor-

tunistic behavior of supply chain partners, which is also relevant for interorganizational com-

munication. Firms might fear that their partners would use shared proprietary knowledge to 

their detriment as a possible future competitor (Dyer and Singh 1998). A collaborative network 

structure prevents these problems by increasing the visibility of supply chain partners and their 

willingness to engage in common activities, thus facilitating communication (Prasad et al. 

2013). In addition, informal mechanisms based on equality intensify contact between partners 

and therefore lead to increased knowledge exchange and communication (Kale et al. 2000). 

Paulraj et al. (2008) reveal a positive relationship between a collaborative network structure 

and interorganizational communication. Therefore, we propose:

H 6: A collaborative network structure is positively related to interorganizational communica-

tion. 

2.3 Research Design 

2.3.1 Measurement of constructs 

All scales were adapted from validated measures used in corresponding research and were 

measured using multi-item scales with seven-point Likert rating systems. The literature on com-

petitive priorities provides the basis for the performance variable included in this study. It sug-

gests that four priorities are directly tied to supply chain performance, namely speed, quality, 

cost, and flexibility. Speed refers to the ability to deliver on time, according to a set schedule. 

Quality focuses the continuous improvement of supply chain processes to increase product re-

liability and customer satisfaction. Cost reflects an organization’s effort to reduce costs. Lastly, 

flexibility refers to supply chain agility, adaptability and responsiveness (Hult et al. 2006). To 

capture the broad scope and in accordance with previous research, SCP was modeled as a mul-

tidimensional second-order construct reflecting the different dimensions (Chen et al. 2013; Hult 

et al. 2006). Supply chain integration covers the important flows across the supply chain, en-

compassing materials, information, and finances. As the construct was adopted from Rai et al. 

(2006), it is conceptualized as a formative second-order construct with three different sub-con-

structs: information flow integration, physical flow integration, and financial flow integration. 
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The constructs of interorganizational IT integration and interorganizational communication 

were adapted from the study of Chen and Paulraj (2004). While the former conceptualizes the 

technical aspects of electronic transactions and communication in supply chains in various 

forms, the latter denotes the intensity of communication and interaction between supply chain 

partners. The measures for the independent variable also follow existing scales from previous 

research and characterize collaborative and non-power-based relationships as well as interfirm 

cooperation (Chen and Paulraj 2004). Lastly, as larger firms tend to enjoy scale efficiencies, 

organizational size plays a critical role for the integration of interorganizational IT and supply 

chains (Zhu and Kraemer 2005). In order to account for the differences among organizations 

we included this measure as a control variable in terms of the number of employees.  

2.3.2 Data-collection procedure and sample characteristics

Data was collected between July and September 2015 from organizations in the German wood 

industry, which accounts for the largest share of employees and the second largest annual turn-

over in Germany and is thus one of the most significant sectors of the German economy. The 

industry was chosen as the unit of analysis for three primary reasons: First, the wood industry 

exhibits a low-to-medium rate of diffusion of IT in general and interorganizational IT in partic-

ular (Trang et al. 2014). Hence, compared to more mature industries, we expect to see a high 

degree of variance in interorganizational IT integration. Second, despite the relatively low dif-

fusion of IT, previous studies have demonstrated the importance of IT integration within this 

industry context (Zander et al. 2015). Third, due to product and process characteristics, collab-

oration and coordination across organizational boundaries is highly beneficial within this par-

ticular sector. As a result, members of the wood industry are often organized in interorganiza-

tional networks (Trang et al. 2016). Given the reasons discussed above, we argue that the wood 

industry is a suitable starting point for our study.  

The sampling frame for the study was provided by Fordaq database, which is a sector-specific 

network that provides a business database with contact information. Respondents were gathered 

using an online survey method. Personalized survey invitations were distributed among organ-

izations involved in woodworking, wood processing, wood building, or the timber trade. Target 

respondents for the survey were considered to be executive or senior managers with direct re-

sponsibility for IT or supply chain functions. Of the 203 questionnaires returned, 53 were ex-

cluded due to quality criteria, such as missing values, implausibility of firm characteristics, or 

IT usage behaviors. Overall, 150 cases that fulfilled all quality criteria were collected. Small- 

and medium-sized enterprises (SMEs) represent the largest share within our sample: 50.6 % 
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have fewer than 50 employees, 32.7 % have between 50 and 250 employees, and 16.7 % are 

large-scale organizations with more than 250 employees. The respondent pool is made up of 

CEOs (38.8 %) and senior IT managers (12.7 %) as well as senior managers from different 

functions, including purchasing and supply (10.6 %), production and logistics (24.4 %), and 

marketing and sales (13.5 %). Further, the various sub-sectors of the wood industry are repre-

sented as follows: woodworking (32.9 %), wood processing (28.8 %), wood building (13.0 %), 

timber trade (16.4 %), other (8.9 %). 

2.4 Data Analysis and Results 

Before analyzing the theoretical model, we tested the underlying data for the threat of non-

response and common method bias. We then used a structural equation modeling (SEM) ap-

proach to evaluate the proposed hypotheses. We argue for a variance-based model estimation 

since it has fewer demands on sample size and excels at prediction (Ringle et al. 2012). Our 

data analysis follows the widely adopted two-step approach for SEM: We first assess the quality 

of the measurement model to ensure validity and reliability and then analyze the structural 

model. 

2.4.1 Non-response bias and common method bias

To account for the threat of non-response, we checked for mean differences between the con-

struct items in the first third and the last third of the sample (Preston and Karahanna 2009). A 

t-test revealed non-significant differences (p < 0.1), indicating that non-response is not a major 

threat for this study (Armstrong and Overton 1977). A single informant assessed both the de-

pendent and independent variables of our study. Accordingly, common method variance 

(CMV) poses a potential threat to the validity of the results. Therefore, following the approach 

of Podsakoff et al. (2003), we used Harman’s single-factor test and ran an exploratory factor 

analysis. The results reveal that no single factor emerges from the data and that a general factor 

does not account for the majority of the covariance among the measures. Hence, CMV should 

not be a concern for this analysis.  

2.4.2 Measurement model assessment 

The reflective constructs, were tested for content, convergent, and discriminant validity. We 

ensured content validity by drawing on established theories and existing scales from related 

research. Three measures were used to offer evidence of convergent validity: individual item 
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reliability, composite construct reliability (CR), and average variance extracted (AVE). As de-

picted in Table D-6, all items load on their assigned construct at .70 or above, indicating item 

reliability (Gefen and Straub 2005). The CR ranges between .874 and .956, which is also above 

the acceptable limit of .70 (Hulland 1999). 

Table D-6. FL, AVE, and inter-construct correlations

Construct FL AVE CR 1 2 3 4 5 6 7 8 9 10
1. Collaborative structure .825–.870 .716 .938 .846
2. Interorg. IT integration .787–.823 .646 .916 .713 .803
3. Interorg. communication .806–.841 .689 .917 .747 .652 .830
4. Physical integration .835–.861 .730 .905 .741 .764 .773 .854
5. Financial integration .878–.880 .776 .874 .689 .698 .760 .791 .881
6. Information integration .822–.842 .795 .919 .713 .691 .720 .834 .760 .892
7. Cost .857–.898 .871 .944 .546 .572 .603 .562 .485 .603 .933
8. Speed .880–.925 .804 .953 .590 .587 .585 .609 .532 .680 .884 .896
9. Flexibility .887–.903 .812 .956 .585 .616 .655 .622 .547 .655 .815 .881 .901
10. Quality .856–.914 .780 .952 .486 .488 .451 .502 .402 .518 .877 .771 .854 .883
Note: FL: factor loadings; AVE: average variance extracted; CR: composite reliability; Bolded numbers: 
square root of AVE. 

In addition, the AVE of all constructs exceeds the minimum threshold of .50 (Bhattacherjee and 

Premkumar 2004). The AVE is also applied to evaluate the distinctiveness of constructs (Chin 

1998a; Fornell and Larcker 1981). As the square root of AVE for each construct is greater than 

the variance shared with other constructs, discriminant validity can be confirmed. Furthermore, 

we checked the cross-loadings; all items display higher loadings on their assigned factor than 

on any other construct within the model (Chin 1998a). Lastly, the formative construct was eval-

uated for both the relevance of the factors and the threat of multicollinearity. The results indicate 

that all factor weights significantly (p < .01) account for a relevant share (w > .10) of the con-

struct. To account for the threat of multicollinearity, we evaluated the variance inflation factor 

(VIF). The VIFs range between 2.933 and 4.076 and do not exceed the threshold of 5 (Hair et 

al. 2011). Hence, we argue that our model is both acceptable and reliable.  

2.4.3 Structural model assessment 

To evaluate the structural model we used a bootstrapping procedure with 3000 samples. The 

central criterion for the assessment of the PLS structural model is the explained variance of the 

endogenous variables, which lies on a satisfactory level compared to other studies on IT inte-

gration in interorganizational contexts (e.g., Mandrella et al. 2015; Rai et al. 2006; Rajaguru 

and Matanda 2013). The estimates of the path coefficients (b) and the significance levels are 

depicted in Figure D-4.  
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Figure D-4. PLS results of the structural model

The structural model supports our hypothesis and demonstrates that supply chain integration 

significantly influences SCP (b = .632; p ≤ .01). Furthermore, both interorganizational commu-

nication (b = .482; p ≤ .01) and IT integration (b = .363; p ≤ .05) are positively associated with 

supply chain integration, offering support for Hypotheses 2 and 3. Further, IT integration also 

significantly influences interorganizational communication (b = .650; p ≤ .01). Turning to Hy-

potheses 5 and 6, the results show that collaborative network structures significantly affect the 

degree of IT integration (b = .713; p ≤ .01) and communication (b = .283; p ≤ .05). Lastly, we 

found no significant effect of the control variable (b = -.030; p ≥ .10). 

2.5 Discussion and Conclusion 

This study aims to contribute to the growing stream of research that examines the role of inter-

organizational IT capabilities in co-creating relational value. Therefore, we developed and 

tested a theoretical model that integrates collaborative network structures as a lower-order ca-

pability and an antecedent of IT integration. By drawing on the relational view and the concept 

of lower- and higher-order capabilities, the study provides empirical evidence on the important 

role of collaborative network structures in the context of interorganizational IT integration.  

Consistent with the prevailing literature (e.g, Rai et al. 2006), the study highlights the im-

portance of integrating supply chain processes to improve operational SCP. The results show 

that relation-specific investments in IT, enable the development of higher-order capabilities and 

substantially affect supply chain integration. We also examined the interdependencies between 

IT integration and other lower-order capabilities. The data indicates that the reduction of tech-

nical barriers as well as seamless access to data through interorganizational IT integration also 

facilitate interorganizational communication, which in turn leads to supply chain integration as 

a higher-order capability. Moreover, the analysis supports our argumentation that organiza-

tional attributes and network characteristics are as relevant as the IT-related antecedents of IT 

integration highlighted in previous research (e.g., Rajaguru and Matanda 2013; Saraf et al. 
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2007). In particular, the data suggests that collaborative network structure, as a particular form 

of supply chain governance, is an important lower-order capability and prerequisite for both 

interorganizational IT integration and interorganizational communication. This is largely con-

sistent with findings from previous research on IT integration. For example, Rajaguru and 

Matanda (2013) demonstrate the facilitative role of organizational compatibility in terms of 

shared values, principles, and strategies for interorganizational IT integration and the develop-

ment of supply chain capabilities. In addition, Mandrella et al. (2015) emphasize that commit-

ment and trust between partner organizations are important organizational characteristics and 

necessary antecedents of boundary-spanning IT integration. However, the study’s findings also 

contrast with results from previous research maintaining that centralized, hierarchical, and more 

formalized network structures can lead to higher levels of IT-based value co-creation and col-

laboration success (e.g., Samaddar et al. 2006; Trang et al. 2015). As a result of these contra-

dictory findings, future research in the context of IT value co-creation should consider both 

technical as well as organizational aspects of lower-order capabilities in order to explore and 

fully understand their interactions and interdependencies as well as their influence on interor-

ganizational IT integration and related performance outcomes.  

For practitioners, the results show that interorganizational relationships with supply chain part-

ners and IT should not be managed independently from one another. In fact, collaborative struc-

tures are highly relevant for successfully integrating IT across organizational boundaries. 

Therefore, organizations within a supply chain should pay close attention when selecting new 

network partners in order to foster and maintain collaborative relationships that enable interor-

ganizational integration. Hence, integration decisions should not be based solely on technical 

compatibility but also on organizational characteristics.  

We acknowledge that there are several limitations of this study, which can be remedied by 

extending this research in a number of directions. First, a portion of the variance remains unex-

plained. Hence, future research should incorporate further determinants that might affect inter-

organizational IT integration and performance. Second, the specific context limits generaliza-

bility. Thus, future research should expand our study to cross-sectional and cross-cultural con-

texts. Third, the study relies on a single-informant approach and uses self-reported perceptions. 

Therefore, we encourage future researchers to gather data from multiple sources. Fourth, be-

cause we collect measures of IT capabilities and IT success at a single point in time, the results 

may be time shifted. Therefore, future studies should confirm findings by using longitudinal 

data. Fifth, there may also be circumstances in which a certain level of conflict and control 
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between partnering organizations is desired. Thus, future research should identify and examine 

efficient mechanisms for fostering IT integration under such conditions.  

 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



D.3 The Impact of Environmental Uncertainty on IT-Value in Supply Chains 165 

3 The Impact of Environmental Uncertainty on IT-Value in Supply 

Chains
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3.1 Introduction

During the past two decades, nothing has changed business operations like the emergence of 

the Internet and its related information and communication technologies have (Johnson and 

Whang 2002; Sanders 2007). This rapid growth of information technology (IT) and web-based 

information sharing has particularly influenced the field of supply chain management (SCM), 

which is founded on the collaboration among supply chain partners (Narasimhan and Jayaram 

1998; Sanders 2007; Vaharia 2002). As a result, IT-enabled collaboration across partnering 

organizations has become the backbone of supply chain business structures. It is seen as an 

essential enabler of SCM activities because it facilitates information sharing, thereby enhancing 

organizational flexibility and responsiveness while minimizing risk and inventory costs 

(Rajaguru and Matanda 2013). Consequently, fostering supply chain collaboration via infor-

mation and communication technologies has generated much excitement in both research and 

practice (Rai et al. 2006; Rosenzweig 2009).  

Therefore, academics have extensively examined the relationships between IT-related invest-

ments and organizational performance and, more recently, how multiple organizations can col-

lectively leverage IT to co-create value from investments in IT (Grover and Kohli 2012). De-

spite controversial empirical findings on the relationship between IT-related investments and 

economic outcomes, there is growing evidence that IT does create value under certain condi-

tions in general (Masli et al. 2011; Melville et al. 2004; Staiger 2004) and in terms of supply 

chain performance (SCP) in particular (Klein and Rai 2009; Wang et al. 2013; Wu and Chuang 

2010).  

However, if the value of a best practice, such as IT-enabled supply chain integration and col-

laboration, is supported by empirical evidence, research should shift from the justification of 

its value to the understanding of the contextual conditions under which it occurs (Sousa and 

Voss 2008). Among other factors, environmental uncertainty (EU) has been emphasized as an 

important contextual factor that may affect the general effectiveness of a best practice (Souder 

et al. 1998; Venkatraman 1989), particularly the relationship between supply chain integration 

and performance (Jean et al. 2008; Koufteros et al. 2005; Wong et al. 2011).  

Though the relevance of such contextual factors with regard to the impact of IT investments 

has been highlighted in several studies (e.g., Melville et al. 2004, 2007; Wade and Hulland 

2004), prior research has focused primarily on investigating the environmental conditions that 

drive or mediate information integration and IT-enabled collaboration rather than examining 
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how these conditions moderate performance outcomes (Jean et al. 2008; Wong et al. 2012). As 

a result, research on this topic remains scarce.  

Of the literature that does exist, findings are rather limited. First, most studies that consider the 

moderating role of contextual factors focus solely on internal firm characteristics and neglect 

the influence of industry or macroeconomic factors, such as EU (Schryen 2013). Second, evi-

dence reported thus far is contradictory, as empirical results indicate that EU does not always 

moderate relationships between supply chain integration and performance. Furthermore, even 

if moderating effects exist, their direction varies (Wong et al. 2011). Third, the variety of ap-

proaches in conceptualizing EU and performance prohibits a meaningful comparison of results 

or conclusions about the contingent effects. Fourth, and perhaps most importantly, there is a 

lack of conceptual foundations in information systems (IS) research that can provide a theoret-

ical explanation for the varying moderating role of contextual factors with regard to the rela-

tionship between IT investments and performance outcomes (Jean et al. 2008).  

In sum, the body of literature on the importance of various contextual factors for the relationship 

between IT-related investments and performance is still too small to draw any clear picture, 

particularly from an IS perspective (Jean et al. 2008; Schryen 2010, 2013). Thus, by examining 

the conditions under which IT-enabled collaboration creates value in terms of SCP, this study 

contributes to the nascent stream of IT business value research, which incorporates contextual 

factors with regard to the impact of IT investments. In particular, the study aims to offer insights 

into the conditions under which IT creates value. Therefore, we developed and empirically 

tested a theoretical model to examine the contingent role of EU.  

By doing so, this study differs from previous and related research endeavors in a number of 

aspects. As research on IT value has highlighted the need to examine how multiple organiza-

tions can leverage IT to co-create value (Kohli and Grover 2008), we focus on SCP as a de-

pendent variable rather than on individual firm performance. Moreover, to capture a broader 

scope, we operationalize SCP as a multidimensional construct, reflecting four different outcome 

dimensions. We concentrate on the sources of EU that have been regarded as most relevant in 

supply chain contexts. In addition, and in contrast to approaches applied in former studies (e.g., 

Wade and Hulland 2004; Wong et al. 2012, 2011), we collapse the construct of EU into four 

dimensions, which enables us to adopt a more differentiated perspective. Furthermore, we draw 

upon the information processing view (Galbraith 1973) as a conceptual foundation for our study 

because it offers valuable insights for research on IT value in the presence of EU. Lastly, we 

follow the very recent suggestion of Sabherwal and Jeyaraj (2015) for the design of studies on 
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IT value and concentrate on a single relationship between an IT-based independent variable and 

a dependent variable to strengthen the focus our study. 

The remainder of this paper is structured as follows. In the next section we provide a back-

ground on organization information processing theory (OIPT) and elaborate upon our concep-

tualization of IT-enabled collaboration. We then present our theoretical framework and derive 

hypotheses. Afterwards, we outline the design and procedure of the empirical investigation. We 

then reflect upon the implications of this study, concluding with limitations and suggestions for 

future research.  

3.2 Theoretical Background 

In this section we first discuss OIPT as a conceptual foundation for our study and define the 

relevant contextual factors with regard to EU in supply chains. We then highlight and clarify 

the role of IT-enabled collaboration as an information processing capability.  

3.2.1 Organizational information processing theory 

The information processing view of the firm argues that organizations need quality information 

to cope with uncertainty and improve their decision making. It posits that resolving uncertainty, 

defined as a lack of information, is the central task in organizational design, highlighting the 

strategic importance of information processing for interorganizational activities in supply 

chains (Galbraith 1973). This notion of OIPT is consistent with contingency theory, which sug-

gests that performance depends on the alignment between an organization’s structure and its 

environmental conditions (Sillince 2005). However, while contingency theory only posits the 

need for alignment, OIPT extends this perspective by providing a theoretical reason explaining 

why such alignment is valuable in improving performance. In particular, OIPT emphasizes the 

importance of aligning information processing capabilities with information processing needs, 

which arise from uncertainties, in order to reach performance gains (Grover and Saeed 2007; 

Premkumar et al. 2005; Wong et al. 2015). 

Information processing theorists have proposed various sources and types of uncertainty that 

can vary across and within different organizations (Gattiker and Goodhue 2004; Wong et al. 

2015). However, we focus on EU because it has been regarded as an inherent condition of 

interorganizational interaction in supply chains (Miller 1987; Wong et al. 2011). Previous re-

search has identified two major dimensions of EU, namely complexity and dynamism (Duncan 

1972; Miller and Friesen 1982). While complexity captures the number of factors and their 
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interactions relevant to decision making, dynamism involves the relative rate of change for 

those factors as well as the ability to predict these changes. In accordance with previous litera-

ture, we use product complexity to represent the first dimension and technological uncertainty, 

demand uncertainty, and supply uncertainty to capture the dimension of dynamism (Premkumar 

et al. 2005). These factors reflect the dimensions of EU and have been regarded as being most 

relevant to supply chain contexts and the information processing needs of organizations 

(Bensaou and Anderson 1999; Bensaou and Venkatraman 1996; Chen and Paulraj 2004; Davis 

1993; Fynes et al. 2004; Heide and John 1990; Premkumar et al. 2005). 

Technological uncertainty is defined as the extent of technological changes evident within an 

industry (Chen and Paulraj 2004). It refers to the technical level of future product and process 

changes as well as the inability to accurately forecast the technical or design requirements for 

the product (Fynes et al. 2004; Premkumar et al. 2005). Demand uncertainty reflects changes 

in demand for the processed product and the inability to accurately predict these fluctuations, 

which may result in forecast errors (Premkumar et al. 2005; Walker and Weber 1987). These 

forecast errors are influenced by unknown or unpredictable variations in both the quantity and 

timing of demand that is experienced in a supply chain (Fynes et al. 2004). Supply uncertainty 

is similar to demand uncertainty, in that it is also related to the unpredictability of quantity and 

timing (Fynes et al. 2004). However, in contrast to demand uncertainty, it represents the dyna-

misms in supply in terms of availability, stability, and consistency in quality that influence 

timeliness and inspection requirements (Chen and Paulraj 2004; Premkumar et al. 2005). Prod-

uct complexity also contributes to uncertainty in supply chains (Premkumar et al. 2005) and is 

defined as the degree of customizability, intricacy, and variety (Sancha et al. 2014). It also 

refers to the nature of the product in terms of the diversity of inputs as well as the adjustments 

required from suppliers (Wong et al. 2012).  

According to OIPT, organizations typically have two strategies for coping with EU and the 

resulting increased information needs: First, developing buffers in order to reduce the effect of 

uncertainty (increase slack) and, second, increasing adaptability by implementing structural 

mechanisms, which provide real-time, accurate, and relevant information to reduce uncertainty 

(Grover and Saeed 2007). An example of the latter is the implementation of advanced infor-

mation processing capabilities through integrated IS. These IS enhance the flow of information 

and facilitate collaboration among organizations within the supply chain (Huang et al. 2014; 

Premkumar et al. 2005; Wang et al. 2013), which is reflected in our conceptualization of IT-

enabled collaboration described below. 
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3.2.2 IT-enabled collaboration as an information processing capability 

Based on the resource-based view, IT value researchers argue that IT resources per se – such 

as software, hardware, and IT personnel – do not lead to value, because they are imitable and 

mobile. Instead, firms should develop unique capabilities for implementing and using IT re-

sources in combination with other organizational resources. By doing so, these IT capabilities 

are rendered organizationally embedded and not easy transferable, thereby leading to business 

value (Bharadwaj 2000; Ray et al. 2005; Wade and Hulland 2004). Extended to interorganiza-

tional relationships, IT capabilities refer to the use of interorganizational IS (IOS) in combina-

tion with other resources to perform interorganizational business activities and processes (Rai 

et al. 2006). Information processing capability describes the ability to gather, interpret, and 

synthesize information properly in order to deal with uncertainties (Huang et al. 2014; Tushman 

and Nadler 1978). This capability can be enabled by IT, as integrated IOS allow for the ex-

change of high quality information, more efficient information processing, and enhanced ab-

sorptive capacity (Malhotra et al. 2005; Roberts and Grover 2012). 

In this study, we investigated an interorganizational information processing capability that has 

garnered much attention in research: IT-enabled collaboration. This capability is defined as 

business-to-business activities – such as information, decision, resource, and process sharing – 

that are facilitated by IT (Johnson and Whang 2002). Literature has examined IT-enabled col-

laboration both on a general level as well as more specifically. Various studies have investigated 

particular tools, such as supply chain collaboration systems (Hadaya and Cassivi 2012), and 

dimensions, e.g., IT-enabled integration (Rai et al. 2006) and information sharing (Barua et al. 

2004). We chose IT-enabled collaboration to investigate the role of uncertainties in value co-

creation for several reasons: First, as a generic and comprehensive capability, it encompasses a 

majority of IT-enabled business-to-business activities. Second, previous studies have shown 

that IT-enabled collaboration influences firm and SCP both directly (Ko et al. 2007; 

Rosenzweig 2009) and indirectly through intermediate factors, such as interorganizational 

learning (Choi and Ko 2012). Third, it has already been introduced as a suitable capability for 

investigating the role of contextual factors (Chan et al. 2012; Chong et al. 2009b; Rosenzweig 

2009).  

3.3 Research Model and Hypotheses 

In accordance with previous research and OIPT, the study’s research model (Figure D-5) is 

based on the following theoretical underpinnings. The first basis is the assumption that IT-
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enabled collaboration as an information processing capability facilitates interorganizational in-

formation sharing and integration with supply chain partners, thus enhancing performance 

(Choi and Ko 2012; Malhotra et al. 2005; Wang et al. 2006). Second, as OIPT argues that high 

uncertainty increases information processing needs, which must be matched by expanding in-

formation processing capabilities (Galbraith 1973), the model assumes that the relationship be-

tween IT-enabled collaboration and SCP is moderated by the degree of EU.  

Drawing on the moderation perspective of fit (Venkatraman 1989), in the following sections 

we develop the theoretical model that guides our study and derive our hypotheses in order to 

explain the moderating effects of EU on the proposed relationship between IT-enabled collab-

oration and SCP. 

 

Figure D-5. Research model

3.3.1 Linking IT-enabled collaboration and supply chain performance 

According to the prevailing literature, IT-enabled collaboration that leverages interorganiza-

tional IS leads to value through both a better exchange of information and communication as 

well as an improved coordination with partners along the supply chain. The standardized ex-

change of information and communication among partnering organizations with compatible IS 

(Koufteros et al. 2005) reduces technical barriers and facilitates seamless information 

flows. This IT-enabled collaboration enables organizations to deal with large amounts of data 

(Barua et al. 2004; Wong et al. 2015), resulting in improved visibility of information within the 

supply chain (Barua et al. 2004; Choi and Ko 2012; Roberts and Grover 2012; Wong et al. 

2015). Going beyond the improved flow of information, this boundary-spanning mechanism 

also establishes a common platform for coordinating operations among partners in a supply 

chain that require inputs and developmental efforts from various partners (Galbraith 1973), such 

as production planning, product design and development, or distribution network design. These 

joint organizational efforts reduce the chance for organizations to make conflicting decisions 

(Premkumar 2000; Wong et al. 2015). Hence, IT-enabled collaboration empowers organiza-

tions within a supply chain to work together more efficiently and effectively than their less 
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integrated counterparts (Rosenzweig 2009) in terms of cost reductions, process speed and qual-

ity improvements, as well as increased flexibility (Johnson and Whang 2002; Rosenzweig 2009; 

Wang et al. 2013). As a result, organizations engaged in IT-enabled collaboration are able to 

enhance both operational SCP in the short run as well as strategic benefits in the long run (Choi 

and Ko 2012; Mukhopadhyay and Kekre 2002). Therefore, and in accordance with prevailing 

research, we submit the following hypothesis:  

Hypothesis 1: IT-enabled collaboration is positively related to supply chain performance.  

3.3.2 IT-enabled collaboration and supply chain performance in context

Now, the salient question arises of whether the proposed positive relationship in Hypothesis 1 

is influenced by certain contextual factors. In this study we therefore consider the various di-

mensions of EU to moderate the specific relationship between IT-enabled collaboration and 

SCP. Accordingly, the focus of this study lies on the strength of the moderation effect. Thus, 

the aim is to examine the impact of EU on the proposed relationship (Hypothesis 1), but we do 

not particularly focus on the joint effect of IT-enabled collaboration and EU on performance 

outcomes, drawing instead on the moderation perspective of fit (Venkatraman 1989).  

According to OIPT, there is a need to improve information processing capabilities under high 

uncertainty (Galbraith 1973). Indeed, EU demands organizations to acquire and process addi-

tional, rich information (Koufteros et al. 2005; Wong et al. 2011), which requires that external 

integrative mechanisms be used to collect information (Galbraith 1973), coordinate and monitor 

the business activities of partnering organizations (Miller 1992), and facilitate flexible re-

sponses as well as rapid decision making (Sitkin and Sutcliffe 1994; Wong et al. 2011). There-

fore, we argue that the proposed positive relationship between IT-enabled collaboration and 

SCP is strengthened under high levels of EU, as the fit between information needs and infor-

mation processing capability results in improved performance (Premkumar et al. 2005). In the 

following, we reflect on this general assumption and discuss the moderating effect for each 

dimension of EU considered in greater detail.  

Technological uncertainty, or the rate of technological change, substantially influences gov-

ernance structures of transactions between organizations (Heide and John 1990; Walker and 

Weber 1987). Frequent improvements or changes in product functionalities, manufacturing pro-

cesses, and shifts in the design of components create significant information needs for partner-

ing organizations (Premkumar et al. 2005), as they often rely on emerging technologies that 
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require clarification and assistance during diffusion (Fynes et al. 2004). As a result, organiza-

tions are expected to process information more frequently with partners in the supply chain in 

order to enhance knowledge about new technologies and capabilities (Premkumar et al. 2005). 

Hence, when technology is changing rapidly, organizations must be able to collaborate more 

flexibly and share information more quickly than when technology is more predictable (Fynes 

et al. 2004). Accordingly, IT-enabled collaboration is expected to be more valuable for SCP 

when technological uncertainty is high. Therefore, we propose a second hypothesis:  

Hypothesis 2: Technological uncertainty strengthens the relationship between IT-enabled col-

laboration and supply chain performance. 

Demand uncertainty creates adaptation problems between organizations within a supply chain 

and significantly increases requirements for coordination mechanisms (Grover and Saeed 2007; 

Heide 1994; Walker and Weber 1984). Under conditions of high demand uncertainty, organi-

zations must monitor forecasts continuously and are forced to perform adjustments accordingly 

in order to predict fluctuations and effectively respond to deviations (Walker and Weber 1987). 

As a result, organizations require timely information and tighter information linkages with part-

nering organizations to communicate the frequent changes (Premkumar et al. 2005). In contrast, 

forecast errors and deviations from estimates are likely to be fewer for organizations operating 

under stable demand, where customer needs and preferences do not change frequently, resulting 

in less benefit from mutual adjustment processes (Fynes et al. 2004). As the primary strategy 

for reducing demand uncertainty is the timely availability of relevant information (Grover and 

Saeed 2007), organizations operating in volatile demand environments are more likely to ben-

efit from expanded information processing capabilities that provide structured and near-real-

time information to supply chain partners (Premkumar et al. 2005). Accordingly, we argue that 

IT-enabled collaboration has a greater contribution to SCP when demand uncertainty is high.  

Hypothesis 3: Demand uncertainty strengthens the relationship between IT-enabled collabora-

tion and supply chain performance. 

Supply uncertainty is similar to demand uncertainty in that it relates to the unpredictability of 

the quantity and timing of supply. Significant dynamism in supply can generate risk in supply 

chain processes (Cannon and Perreault 1999; Premkumar et al. 2005), such as manufacturing 

downtime, quality and yield problems, order-entry errors, forecast inaccuracies, or logistical 

malfunctioning (Fynes et al. 2004; Walker and Weber 1987). Therefore, under such conditions, 

organizations require more information for flexible and timely decision making (Premkumar et 

al. 2005). The exchange of information along the supply chain as well as close collaboration 
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and coordination via electronic linkages with partnering organizations have been found to be 

highly effective in reducing the risk of supplier failure and supply uncertainties (Lee 2002). 

Hence, as with demand uncertainty, organizations operating in volatile supply environments 

are likely to benefit more from IT-enabled information processing capabilities than those oper-

ating in stable supply environments (Fynes et al. 2004). Therefore, we propose the following 

hypothesis:  

Hypothesis 4: Supply uncertainty strengthens the relationship between IT-enabled collabora-

tion and supply chain performance. 

Product complexities, which reflect the final factor of EU, are said to contribute to uncertainty 

in a transaction (Malone et al. 1987; Premkumar et al. 2005). A complex and customized prod-

uct without standard specification requires greater interaction and information sharing with 

partnering organizations as well as joint actions in the design and manufacturing process 

(Premkumar et al. 2005). As a result, complex products typically call for the exchange of rich, 

product-related information across multiple functional areas of supply chain partners (Novak 

and Eppinger 2001; Rosenzweig 2009). In the presence of these factors, close and collaborative 

relationships are needed and organizations prefer tightly integrated supply chains to facilitate 

the flow of information via electronic linkages (Bensaou and Anderson 1999; Brown and 

Eisenhardt 1995; Wong et al. 2012). In contrast, when products are low in complexity, the value 

of IT-enabled collaborative relationships is likely to be diminished for SCP outcomes, as min-

imal information exchange is required (Wong et al. 2012). In such a case, interorganizational 

coordination within the supply chain can instead be accomplished by simple procedures and 

preplanning. Accordingly, we propose a fifth hypothesis: 

Hypothesis 5: Product complexity strengthens the relationship between IT-enabled collabora-

tion and supply chain performance. 

3.4 Research Design 

3.4.1 Measurement of constructs

All scales for both the dependent and independent variables were adopted from validated 

measures used in prior and corresponding research and were translated into German. The results 

were independently cross-checked by two researchers and discrepancies were discussed until a 

common understanding was reached. An overview of all measurement instruments including 

both items and original authors can be found the Appendix. Previous research has suggested 
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that SCP is a multidimensional construct; therefore, to capture its broad scope, SCP is modeled 

as a second-order construct reflecting four first-order dimensions, namely quality, speed, cost, 

and flexibility (Chen et al. 2013; Hult et al. 2006). The operationalization of the independent 

variables also follows the original scales from corresponding research and are as follows: IT-

enabled collaboration, product complexity, technological uncertainty, supply uncertainty, and 

demand uncertainty. In accordance with prior literature, all independent variables were modeled 

as reflective constructs and items were measured using a seven-point Likert scale, except for 

one: the product complexity construct is suggested to be measured with a single-item scale that 

ranges from the manufacture of standardized products to customized products (Rosenzweig 

2009; Saeed et al. 2005). The scale for IT-enabled collaboration was adapted from Chan et al. 

(2012). In line with previous research, we measured this capability by the actual use of IOS in 

major domains of supply chain collaboration (Rai et al. 2012; Subramani 2004). Furthermore, 

as firm size plays a critical role in the use and integration of interorganizational IS in supply 

chains (Zhu and Kraemer 2005) – larger firms tend to enjoy scale efficiencies and are equipped 

with more resources (Wong et al. 2012) – we included this measure as a control variable in 

terms of the number of employees.  

3.4.2 Sample and non-responses 

To test the theoretical model, data was collected between July and September 2015 from or-

ganizations in the German wood industry, which is Europe’s second largest in terms of produc-

tion value. Furthermore, the wood industry is one of the most significant sectors in Germany, 

accounting for the largest share of employees and the second largest annual turnover. The wood 

industry was chosen as the unit of analysis for three interrelated reasons: First, this industry 

exhibits a low to medium rate of IS diffusion in general (Arano and Spong 2012; Karuranga et 

al. 2005; Vlosky and Smith 2003). Therefore, compared to more mature industries, we expect 

to see a higher degree of variance in IT-enabled collaboration. Second, despite the relatively 

limited diffusion of IS, previous studies have demonstrated the importance of technological 

integration through IS for the wood industry (Trang et al. 2014; Zander et al. 2015). Third, the 

processing and utilization of renewable resources, such as wood, is typically characterized by 

a high level of complexity and EU regarding quantity, quality, and the time of availability 

(Narodoslawsky et al. 2008; Zander et al. 2016). Thus, both the internal and external contextual 

factors considered in this study are highly relevant in this industry context. Given the low dif-

fusion of IS and its potential benefits – particularly against the background of the existing EU 
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– we argue that the wood industry is a suitable starting point for analyzing the conditions under 

which IT-enabled collaboration contributes to better SCP.  

Respondents were gathered from the Fordaq database using an online survey method. Fordaq 

is a sector-specific network that provides a business database with contact information, special-

ized in the forestry and wood cluster and. Personalized survey invitations were distributed 

among organizations involved in woodworking, wood processing, wood building, or the timber 

trade. A total of 203 questionnaires were returned, leading to an overall response rate of just 

below 10 %. However, of these cases, 53 were excluded due to quality criteria, such as missing 

values or implausibility of firm characteristics and IT usage behaviors. Hence, a final sample 

of 150 complete cases that fulfilled all quality criteria remained. The sample characteristics are 

summarized in Table D-8.  

Table D-8. Sample characteristics

Industry sub-sector Respondent’s title
Woodworking industry 32.9% CEO 38.8%
Wood processing industry 28.8% Senior IT manager 12.7%
Wood building industry 13.0% Senior manager 48.5%
Timber trade 16.4% Purchasing & supply 10.6%
Other 8.9% Production & logistics 24.4%

Number of employees Marketing & sales 13.5%
Small (<50) 50.6%
Medium (50–250) 32.7%
Large (>250) 16.7% N=150

Low response rates are typical for this kind of web-based survey (Preston and Karahanna 2009); 

however, they bear the risk of non-response. To account for this threat, we used two common 

measures: First, the sample characteristics are similar to those of the basic population, indicat-

ing that our sample is fairly representative. Second, we checked for mean differences between 

the construct items in the first and the second halves of the sample (Armstrong and Overton 

1977); the results of the t-tests revealed no significant differences (p < .10). Both indicate that 

non-responses are not a major threat for this study.  

3.5 Data Analysis and Results 

To test the proposed model and hypotheses, we used a structural equation modeling (SEM) 

approach. We decided to apply the partial least squares method (PLS) for two reasons: First, it 

has fewer demands for sample size and excels at prediction. Second, a normal distribution is 

not required (Ringle et al. 2012). The analysis was supported primarily using the software 

SmartPLS 2.0. In addition, SPSS Statistics 21 was used for tests that are unavailable within the 
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SmartPLS package. The data analysis follows the widely adopted two-step analytic approach 

for SEM (Anderson and Gerbing 1988). First, the quality of the measurement model should be 

assessed to ensure validity and reliability. Then, the structural model can be analyzed.  

3.5.1 Measurement model assessment 

According to Chin (1998a), the sample size should exceed 10 times the number of indicators 

for the scale with the largest number of indicators. In addition, the sample size must be greater 

than 10 times the number of paths directed to any latent variable in the model. Our sample size, 

which includes 150 cases, meets both criteria.  

A single informant assessed both the independent and dependent variables in our study. As a 

result, common method variance (CMV) poses a potential threat to the validity of the results 

(Podsakoff et al. 2003). Therefore, following the approach of Podsakoff et al. (2003), we 

checked for CMV with Harman’s single factor test and ran an exploratory factor analysis. The 

results reveal that no single factor emerges from the data and that a general factor does not 

account for the majority of the covariance among the measures. Hence, CMV is not a major 

concern for this study.  

Table D-9. FL, CR, AVE, and inter-construct correlations

Construct FL AVE CR 1 2 3 4 5 6 7 8 9
1. IT-enabled collab. .788–.863 0.876 .935 .936
2. Product complexity n/a n/a n/a .746 n/a
3. Tech. uncertainty .870–.933 0.820 .870 .836 .859 .906
4. Demand uncertainty .875–.940 0.837 .863 .826 .851 .750 .915
5. Supply uncertainty .887–.931 0.828 .951 .811 .832 .859 .785 .910
6. Quality .877–.894 0.790 .938 .557 .233 .382 .375 .398 .889
7. Cost .807–.861 0.795 .723 .442 .086 .266 .291 .255 .831 .892
8. Speed .840–.876 0.751 .938 .303 -.049 .114 .134 .116 .696 .860 .867
9. Flexibility .844–.901 0.913 .939 .387 .016 .180 .204 .190 .784 .886 .817 .955
Note: FL: Factor loadings; AVE: average variance extracted; CR: composite reliability; Bolded numbers: 
square root of AVE; Note: FL, AVE, and CR cannot be computed for formative or single item measures.

To assess the fit of the proposed hypotheses and empirical data, the measurement model was 

tested for content, convergent, and discriminant validity. We assured content validity by using 

established theories and existing scales from related research. Three measures were evaluated 

to offer evidence of convergent validity: individual item reliability, composite construct relia-

bility (CR), and average variance extracted (AVE). Due to low factor loadings, one item each 

from IT-enabled collaboration and quality scale were dropped (see Appendix). Afterwards, as 

depicted in Table D-9, all items loaded on their assigned construct at .70 or above, which indi-

cates an acceptable limit of item reliability (Gefen and Straub 2005). The CR ranges between 
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.723 and .951, which is also above the acceptable limit of .70 (Hulland 1999). Furthermore, the 

AVEs for all constructs exceed the minimum threshold of .50 (Bhattacherjee and Premkumar 

2004). The AVE is also used to evaluate discriminant validity (Chin 1998a; Fornell and Larcker 

1981); as the AVE for each construct is greater than the variance shared with other constructs 

(square root of AVEs on the diagonal in Table D-9), the distinctiveness of constructs – and thus 

discriminant validity – can be confirmed. Finally, we checked the cross-loadings. As expected, 

all items display higher loadings on their assigned constructs than on any other construct within 

the model (Chin 1998a). Hence, our analysis suggests that our model is both acceptable and 

reliable.  

3.5.2 Structural model assessment

To evaluate the structural model and test our hypotheses, we used a bootstrapping re-sampling 

procedure (5000 samples) to compute inference statistics, as is the preferred method when the 

sample size is greater than 100 (Kock 2011). The central criterion for the assessment of the PLS 

structural model is the explained variance of the endogenous variable. With an explained vari-

ance of .560, this value lies at a satisfactory level. However, the explained variance is typically 

highly dependent on the research context (Hair et al. 2011). Therefore, we also computed the 

Stone-Geisser Q2 coefficient with a blindfolding procedure to determine the predictive rele-

vance of the structural model. With a value of .393, this measure clearly exceeds the minimum 

threshold of 0 (Hair et al. 2011).  

 

Figure D-6. PLS results of the structural model

The estimates of the path coefficients as well as the significance levels of the bootstrapping 

procedure for both direct and moderating effects are presented in Figure D-6. The structural 

model indicates that IT-enabled collaboration positively and significantly (b = .312; p ≤ .01) 

influences SCP, providing strong support for Hypothesis 1. With regard to the contextual fac-

tors considered in our model, which were proposed to influence the relationship between IT-
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enabled collaboration and SCP, the results offer support for two of the four remaining hypoth-

eses. The analysis demonstrates that both demand uncertainty (b = .406; p ≤ .05) and supply 

uncertainty (b = .307; p ≤ .10) positively influence this relationship, offering support for Hy-

pothesis 3 and 4. However, we found no empirical support for Hypothesis 5, as the level of 

product complexity was revealed not to influence the relationship between IT-enabled collabo-

ration and SCP. That is, the interaction effect of IT-enabled collaboration and product complex-

ity in SCP is not statistically significant (b = .114; p ≥ .10). Turning to technological uncertain-

ties, the results also do not support Hypothesis 2: The level of technological uncertainty does 

not moderate the relationship between IT-enabled collaboration and SCP. In contrast to our 

theoretical assumption, the results display a negative effect (b = -.205). However, this relation 

cannot be shown to be empirically significant (p ≥ .10). Lastly, we found no significant effect 

of the control variable (b = -.051; p ≥ .10). 

3.6 Discussion 

3.6.1 Summary of findings 

The results of the analysis regarding the relationship between IT-enabled collaboration and per-

formance (H1) support our expectation and highlight the value of developing information pro-

cessing capabilities for partnering organizations within a supply chain. Based upon survey data 

gathered from 150 supply chain executives and senior managers, the empirical analysis suggests 

that IT-enabled collaboration is key for achieving greater SCP in terms of speed, flexibility, 

cost, and quality. These findings are largely consistent with prior research on IT value co-crea-

tion (e.g., Chen et al. 2013; Lee et al. 2014; Rajaguru and Matanda 2013). However, by drawing 

on the OIPT, our analysis goes one step further and examines how this relationship is influenced 

by several contextual factors arising from different dimensions of EU. In particular, we observe 

that both demand uncertainty (H3) and supply uncertainty (H4) strengthen the relationship be-

tween IT-enabled collaboration and SCP. Hence, consistent with our argumentation and the 

information processing view of the firm, organizations operating in environments with volatile 

supply and demand benefit particularly from IT-enabled information processing capabilities, as 

they enable organizations to respond to changing conditions in a flexible and timely manner. 

These findings are generally in line with previous research on the contextual role of volatile 

supply and demand (e.g., Fynes et al. 2004). However, the results are also in contrast to findings 

from related research on the contingent effects of EU. For example, both Koufteros et al. (2005) 

as well as Wong et al. (2011) report insignificant moderating effects of EU. Furthermore, Wong 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



180 D.3 The Impact of Environmental Uncertainty on IT-Value in Supply Chains 

et al. (2012) find that the positive association between information integration and performance 

is strengthened when the firm experiences a low level of EU. However, the comparability of 

results from the studies mentioned above is limited because they only consider EU as a unidi-

mensional construct.  

In terms of technological uncertainty, the empirical analysis does not offer support for Hypoth-

esis 2. Instead, the results suggest a negative moderating effect of technological uncertainty on 

the relationship between IT-enabled collaboration and SCP. However, this relation cannot be 

shown to be empirically significant. In fact, there is conflicting empirical evidence regarding 

the effects of technological uncertainty on organizations’ integration decisions (Walker and 

Weber 1987). According to Fynes et al. (2004) and Krause (1999), a possible explanation is 

that organizations prefer to keep technology in-house, where it represents a competitive ad-

vantage. This is particularly true for the wood industry, where the sharing of information and 

knowledge is often restricted to non-core and non-sensitive activities (Zander et al. 2016). Fur-

thermore, small organizations, which account for the largest share in our sample, tend to be less 

innovative than their larger counterparts, resulting in lower levels of technological change and 

uncertainty in general (Wagner and Hansen 2005).  

Finally, the analysis demonstrates that the relationship between IT-enabled collaboration and 

SCP is not significantly influenced by the level of product complexity and thus offers no support 

for Hypothesis 5. Simultaneously, the results indicate that product complexity significantly and 

negatively impacts SCP, emphasizing the relevance of this factor. However, these results are 

consistent with findings from previous research. According to Rosenzweig (2009), a potential 

explanation for this is that under certain conditions, IT-enabled collaboration can be beneficial 

across varying degrees of product complexity: For complex products, it enables the exchange 

of rich, product-related information and facilitates the flow of information via electronic link-

ages. In contrast, when products are low in complexity and subject to high volumes, properly 

executed IT-enabled collaboration can still be worthwhile, as it allows for close collaboration 

with key customers and the optimization of product flows across the supply chain. 

3.6.2 Implications and contributions 

The study incorporates contextual factors with regard to the impact of IT investments on per-

formance outcomes and sets out to offer insights on the question regarding the conditions under 
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which IT creates value in the context of supply chains. By drawing on the information pro-

cessing view of the firm, our study findings offer valuable contributions and implications to 

both research and practice. 

The first theoretical contribution concerns the conceptualization of constructs. The study 

demonstrates that EU should not be seen as a single, unidimensional construct reflecting various 

dimensions simultaneously; instead, our results indicate that these dimensions are empirically 

distinct from one another. Unlike previous studies that conceptualize EU as a unidimensional 

construct, our approach allows for comprehensive model development and a deeper understand-

ing of the moderating role of the various dimensions of EU. Moreover, this approach may have 

the potential to resolve the contradicting results from previous research. Second, the study is 

one of the few in research on IT value that draws on the OIPT and applies the moderation 

perspective of fit in terms of moderated regression analysis to examine the role of contextual 

factors. Despite some divergences, our results support the basic structure of the theoretical 

model, highlighting both the applicability as well as the merits of OIPT as a theoretical lens for 

research on IT value in general and research on IT value co-creation in particular. Third, by 

drawing on OIPT and considering different dimensions of EU as inherent conditions of inter-

action in supply chains, the study directly responds to calls for both more theory-driven empir-

ical research on supply chain management (Chen et al. 2013) and investigating the role of con-

textual factors with regard to the relationship between IT-related investments and performance 

(Schryen 2013). 

Although this study focuses on a specific industrial sector, our results are largely consistent 

with theory and may to some extent be generalizable to other sectors, as environmental uncer-

tainty is an important factor in supply chains across various domains. Hence, in terms of prac-

tical implications, this study provides important recommendations for supply chain executives 

and IT managers. First, the findings highlight that developing efficient information processing 

capabilities is crucial for mitigating uncertainty in supply chains. In particular, organizations 

should consider investing in information processing capabilities when operating under volatile 

conditions of demand and supply. Second, as a result of the former, our findings demonstrate 

that contextual factors are highly related to performance outcomes of IT-enabled collaboration. 

Therefore, managers should carefully reflect upon the conditions of their business environments 

before investing in the development and implementation of IT-related capabilities. Third, prac-

titioners can profit from our study, as it equips managers with both theoretical background and 

empirical evidence relating to why investments in IT may not necessarily reap the expected 
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performance outcomes. Lastly, our study provides a useful tool for measuring contextual fac-

tors, which managers can apply to diagnose the conditions of their business environment.  

3.6.3 Limitations and future research

We acknowledge that there are several limitations of the study, which can be remedied by ex-

tending our work in a number of directions. First, although our findings offer support for our 

theoretical assumptions, a portion of the variance remains unexplained, as is the case for most 

empirical studies. Therefore, future research might consider incorporating further determinants 

and moderating factors. For example, despite EU being a key factor affecting the performance 

of operations, it is not the only contingency factor. There are also likely to be means of mitigat-

ing uncertainties in supply chains other than IT-enabled collaboration. Second, while we argue 

that the wood industry is a suitable starting point for analyzing contextual factors, this specific 

context makes it harder to generalize, as the strength of factors may vary due to industry-spe-

cific requirements and processes. Although the survey of a single industry has its advantages, 

future studies should investigate industries with different characteristics in order to improve 

generalizability. Third, the unit of analysis of this study is the supply chain of an organization 

and its primary products, allowing for the consideration of supply chain–wide patterns. How-

ever, it would be worthwhile to examine the role of contextual factors and their influence on IT 

value at different stages of a supply chain in order to clarify the role of varying operational 

procedures. Fourth, this study does not consider that the different dimensions of EU might in-

fluence each other. For example, product complexity is often associated with high levels of 

demand uncertainty (Rosenzweig 2009). Although the analysis supports our conceptualization 

of constructs and suggests that the various dimensions of EU are empirically distinct from one 

another, the inter-construct correlations indicate that these dimensions are interrelated, which 

might have influenced our results. Therefore, future research should proceed by examining 

these interactions and their influence on the relationships between IT investments and perfor-

mance in greater detail. For example, considering and analyzing EU as a multidimensional hi-

erarchical construct could enhance our understanding of how the different dimensions of EU 

are related to one another as well as how and under what circumstances this affects the rela-

tionship between IT investments and performance outcomes. Fifth, we used a single informant 

approach and captured self-reported perceptions of the dependent and independent variables. 

Although this is common in IS research (e.g., Saraf et al. 2007), the findings are nonetheless 

susceptible to the effects of CMV. While the results from Harman’s single-factor test suggest 
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that CMV is not significantly present in our data, we encourage future research to collect ob-

jective performance indicators and data from multiple sources and informants across the supply 

chain. Lastly, there is a threat in using measures of IT capabilities and IT success collected at a 

single point in time, as effects may be time shifted. Therefore, future studies should take the 

opportunity to substantiate findings using longitudinal data.  

3.7 Conclusion

Our study advances the knowledge frontier of IT value research and contributes to the nascent 

stream that incorporates contextual factors with regard to the impact of IT investments on per-

formance outcomes. By drawing on OIPT, the study sheds light on the salient question of the 

conditions under which IT creates value in the context of supply chains and offers an explana-

tion for the mixed results in previous literature. Based on our empirical findings, we provide 

academics and managers with insights into the contextual role of EU and provide guidance for 

both research and practice. 
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3.8 Appendix

Construct Scale
IT-enabled
Collaboration
(Chan et al. 2012)

(Please rate how frequently you use the following IT tools in your supply chain): 
1. Direct procurement tools. 2. Replenishment tools. 3. Projected shortages tool. 
4. Delivery and tracking tool. 5. Design tool 6. Supply chain planning forecasting 
tool. 7. Capacity planning tool 8. Business strategy tool.*

Product 
Complexity
(Rosenzweig 2009)

(Please select one category below that best describes the degree of customization 
for the primary products manufactured in your organization) 1. Mostly standard 
products with no options. 2. Mostly standard products with standard options. 
3. Mostly standard products modified to customer specifications. 4. Mostly stand-
ard products with options modified to customer specifications. 5. Mostly custom-
ized products manufactured to customer specifications.

Technological 
Uncertainty
(Fink et al. 2007)
(Chen and Paulraj 2004)

1. There is a high probability of product improvements in the next two years. 2. We 
are often able to predict the nature of product improvements. 3. There have been 
many changes in the product over the past five years 4. Our industry is characterized 
by rapidly changing technology. 5. If we don’t keep up with changes in technology, 
it will be difficult for us to remain competitive. 6. The rate of process obsolescence 
is high in our industry. 7. The production technology changes frequently and suffi-
ciently.

Supply 
Uncertainty
(Chen and Paulraj 2004)

1. The suppliers consistently meet our requirements. 2. The suppliers produce ma-
terials with consistent quality. 3. We have extensive inspections of incoming critical 
materials from suppliers. 4. We have a high rejection rate of incoming critical ma-
terials from suppliers.

Demand 
Uncertainty
(Chen and Paulraj 2004)

1. Our master production schedule has a high percentage of variation in demand. 
2. Our demand fluctuates drastically from week to week. 3. Our supply require-
ments vary drastically from week to week. 4. We keep weeks of inventory of the 
critical material to meet the changing demand. 5. The volume and/or composition 
of demand are difficult to predict.

Supply Chain
Performance 
(Hult et al. 2006)
(Chen et al. 2013)

Quality: 1. The quality of the order fulfillment process is getting better every time. 
2. We have recently seen an improvement in the quality of the order fulfillment 
process.* 3. We are satisfied with the quality of the order fulfillment process. 
4. Based on our knowledge of the order fulfillment process, we think it is of high 
quality. 5. The quality of the order fulfillment process could not be much better than 
it is today. Speed: 1. The length of the order fulfillment process is getting shorter 
every time. 2. We have recently seen an improvement in the cycle time of the order 
fulfillment process. 3. We are satisfied with the speed of the order fulfillment pro-
cess. 4. Based on our knowledge of the order fulfillment process, we think it is short 
and efficient. 5. The length of the order fulfillment process could not be much 
shorter than it is today. Cost: 1. The cost associated with the order fulfillment pro-
cess is getting better every time. 2. We have recently seen an improvement in the 
cost associated with the order fulfillment process. 3. We are satisfied with the cost 
associated with the order fulfillment process. 4. Based on our knowledge of the 
order fulfillment process, we think it is cost efficient. 5. The cost associated with 
the order fulfillment process could not be much better than it is today. Flexibility:
1. The flexibility of the order fulfillment process is getting better every time. 2. We 
have recently seen an improvement in the flexibility of the order fulfillment pro-
cess. 3. We are satisfied with the flexibility of the order fulfillment process. 
4. Based on our knowledge of the order fulfillment process, we think it is flexible. 
5. The flexibility of the order fulfillment process could not be much better than it is 
today.

Note: * Item has been removed due to low factor loadings. 
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E. Contributions

The effective use of modern information and communication technologies fosters collaboration 

across firm boundaries and enables organizations to work together more efficiently. As a result, 

the application of interorganizational IT represents a necessary prerequisite for the efficient 

utilization of renewable resources and can be seen as a crucial step towards the transition from 

a fossil-based to a bio-based society. Therefore, this cumulative dissertation seeks to provide 

insights into the conditions and causal mechanisms that drive and facilitate the usage of inter-

organizational IT in networks of the wood industry. Nine different studies, covering qualitative 

and quantitative research, have been presented to provide information about relevant phenom-

ena. Each study offers recommendations and guidance for both decision and policy making as 

well as for future research.  

The last chapter of the dissertation first recapitulates and synthesizes the foregoing studies with 

regard to the core research questions (Section E.1). Subsequently, aggregated implications for 

research and practice will be presented (Section E.2). Finally, the thesis closes with concluding 

remarks on limitations and future research directions (Section E.3).  

 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



186 E.1 Results and Findings for Organizations of the Wood Industry 

1 Results and Findings for Organizations of the Wood Industry

This chapter summarizes the results and findings of the studies included in this cumulative 

thesis with regard to the core research questions and the three Parts that represent the body of 

the dissertation. Nine distinct but interrelated studies have been presented in order to explore 

the domain and to explain related interorganizational IT usage behaviors in the wood industry. 

Each study focuses on different aspects with regard to a better understanding of the domain, 

Interorganizational IT adoption, or interorganizational IT value. While the first Part (Part B) is 

explorative in nature, Part C as well as Part D have an explanatory approach. Figure E-1 illus-

trates how the different studies relate to each other.  

 

Figure E-1. Relationships of studies included in this thesis

All empirical data for both qualitative and quantitative studies has been gathered from organi-

zations in the wood industry. Exceptions are study C.3 and study D.1 which focus on the role 

of trust and commitment in networked organizations in general. However, the results can be 

transferred to the context of interorganizational networks in the wood industry.  

1.1 General Findings Regarding the Domain of Interorganizational Networks in the 

Wood Industry

The first section comprises of three exploratory studies that have been conducted with the aim 

of exploring the domain to get a deeper understanding of the unit of analysis. Consequently, the 

studies provide answers to the first research question on how networks in the wood industry 

emerge and operate and what sector-specific characteristics exist (Figure E-2). Each study sheds 

light on this issue from a different perspective. While Study B.1 provides an overview of current 
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literature from an IS perspective, the second study (B.2) explores drivers and operating princi-

ples of interorganizational networks in the wood industry. Lastly, Study B.3 explores the do-

main by identifying sector-specific characteristics that are related to IT usage behaviors.  

Figure E-2. Synthesized findings on the domain of interorganizational networks in the wood industry

The first study (B.1) contributes by identifying literature on interorganizational networks in the 

IS discipline and provides an overview of interorganizational IT that support collaboration in 

networks. Relevant literature is classified with regard to contingent variables, including net-

work type, focal firm influence, level of analysis, and focus in terms of managerial- or techno-

logical orientation. The results are summarized in a concept matrix, which provides researchers 

and practitioners easily accessible information.  

Table E-1. Core research question and core contribution of Study B.1

Findings of Study B.1

Title E-Collaboration in Interorganizational Networks: A Literature Review and an Agenda for Fu-
ture Research

Core research 
question

To what extent has the body of literature already explored IT-enabled collaboration in the con-
text of interorganizational networks?

Core 
Contribution

The current state of research on interorganizational IT support in the context of networks is 
examined and categorized using a concept matrix. The study identifies relevant studies as well 
as gaps in current literature and provides direction for future research. 

The second study (B.2) draws from different theoretical perspectives and uses an exploratory 

case study approach in order to examine how interorganizational networks in the wood industry 

Part B: Exploring the Domain

RQ 1: How do networks in the wood industry emerge and operate and which industry-specific characteristics can be identified?  
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• Overview of state-of-the-art literature on interorganizational IT support in networks
• Conceptualization of existing literature and identification of research gaps
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evolve and operate. The findings demonstrate that regardless of size and sub-sector, organiza-

tions in the wood industry display similar patterns of behavior. The study identifies supply 

uncertainty, interdependent core activities, the creation of relational rents, and asset specificity 

as major drivers of network formation in the wood industry. In addition, trust among network 

partners as well as knowledge- and information sharing are revealed to be important contextual 

factors that influence network effectiveness, providing an argument for fostering IT-enabled 

collaboration. Further, these factors also have to be considered for the design of governance 

arrangements and the selection of network partners. Moreover, the results indicate that pressure 

from the business environment in terms of prevailing rules and procedures or industry norms is 

rather nonexistent in the wood industry. This provides an initial indication of what may con-

tribute to the low diffusion of IT in the wood industry. 

Table E-2. Core research question and core contribution of Study B.2

Findings of Study B.2

Title Drivers of network governance: a multitheoretic perspective and insights from case studies in 
the German wood industry

Core research 
question

What are the main drivers for the emergence of interorganizational networks in the wood in-
dustry?

Core 
Contribution

The study explores drivers for the emergence of interorganizational networks in the wood in-
dustry. Furthermore, it examines operating principles and reveals both driving and contextual 
factors that are related to collaboration in interorganizational networks of the wood industry 
(i.e., trust, knowledge sharing, information sharing). These factors have to be considered when 
designing governance arrangements for networks as they influence both network effectiveness 
and efficiency. 

The third study (B.3) explores industry characteristics of the wood industry from three different 

viewpoints, which have been regarded as relevant in the context of interorganizational IT 

(Gregor and Johnston 2000), including industry view, organizational view, and environmental 

view. Based upon 12 expert interviews covering 11 different organizations the study identifies 

the high amount of small and medium-sized enterprises, aged staff, the heterogeneity of IT 

infrastructures as well as a low diffusion of IS in general and the low government support as 

major industry related reasons for not adopting interorganizational IT in the wood industry. The 

study links these underlying causes to existing decision variables of the TOE framework, which 

provides the basis for Study C.1.  
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Table E-3. Core research question and core contribution of Study B.3

Findings of Study B.3 

Title Integrating Industry Characteristics in Interorganizational IS Adoption Models: A Mixed 
Method Approach

Core research 
question

Which IT-related and sector-specific characteristics of the wood industry can be identified? 

Core 
Contribution

The study explores causes of the low degree of interorganizational IS diffusion in the wood 
industry. The identified industry characteristics are organizational size, aged staff, a low diffu-
sion of IS in general, low government support, and the heterogeneity in IT infrastructures. 
These characteristics can be linked to existing explanatory TOE variables. 

1.2 Findings Regarding the Adoption of Interorganizational IT

This section comprises three studies on the adoption of interorganizational IS, which provide 

answers to the second guiding research question of this thesis. While Study C.1 and Study C.2 

have been conducted in the context of the wood industry, Study C.3 examines interorganiza-

tional networks in general. However, all Studies contribute to the issue of what shapes the adop-

tion of interorganizational IS in the wood industry and how the diffusion can be promoted. 

Study C.1 particularly focuses on factors of IS adoption with regard to specific industry char-

acteristics. On a more general level, Study C.2 offers both guidance for theoretical framing as 

well as insights into the role of different theoretical lenses and associated adoption variables at 

different stages of the IT assimilation process. Lastly, Study C.3 examines the role of trust for 

post adoption usage and diffusion. The synthesized findings are depicted in Figure E-3.  

 

Figure E-3. Synthesized findings on the adoption of interorganizational IS in the wood industry

RQ 2: Which sector-specific characteristics shape the adoption of interorganizational IT in the wood industry and how can the diffusion be promoted? 

Study C.2
• Recommendations for base model choice for studies on interorganizational IT adoption on firm levels
• The low degree of diffusion cannot solely be attributed to missing technologies; various TOE-factors have to be taken into account

Study C.1
• Organizational decision variables have their roots in certain industry-specific characteristics
• Measures for the promotion of interorganizational IT should focus on these decision variables
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Study C.3
• Network trust and trust in technology are important antecedents of IOS usage
• Both factors are important determinants for overcoming barriers of IOS diffusion
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The fourth Study (C.1) included in this cumulative dissertation continues from Study B.3 on 

industry characteristics. Consequently, it builds on the TOE framework and the findings of the 

aforementioned Study and examines the role of technological-, organizational-, and environ-

mental factors that were regarded as particularly relevant for the adoption of interorganizational 

IS in the wood industry. The findings reveal that a perceived relative advantage, technological 

readiness in terms of physical and human IT assets, pressure from external business partners, 

and the regulatory environment are highly relevant and significantly influence the adoption 

decision. Together with the insights gathered from Study B.3, effective measures for promoting 

interorganizational IS can be designed along the identified specific industry characteristics. 

Table E-4. Core research question and core contribution of Study C.1

Findings of Study C.1

Title Integrating Industry Characteristics in Interorganizational IS Adoption Models: A Mixed 
Method Approach

Core research 
question

What sector-specific characteristics affect the adoption of interorganizational IS in the wood 
industry?

Core 
Contribution

The study demonstrates that partner pressure, relative advantage, regulatory environment, and 
technological readiness significantly influence the diffusion of IOS in the wood industry. These
constructs have their roots in certain industry characteristics. Measures for the promotion of 
interorganizational IT should focus on these decision variables and have to be designed along 
the lines of underlying industry characteristics.

The fifth study (C.2) provides recommendations for base model choice for studies on interor-

ganizational IT adoption on firm levels. Three theoretical lenses – each with a different focus 

on IT adoption – have been compared with regard to their predictive power at different stages 

of the IT adoption process. For the context of the wood industry the results demonstrate that 

both TOE model as well as UTAUT empirically outperform the TTF model, which focuses on 

the fit between task- and technology related characteristics. This implies that the low degree of 

IS diffusion cannot solely be attributed to missing technologies and IT standards as introduced 

in Section A.2.3. In contrast, the results suggest that various organizational, environmental fac-

tors have to be taken into account when studying interorganizational IT adoption in the wood 

industry. Consequently, a more detailed analysis using TOE model has been conducted in Study 

C.1 (Study C.2 and Study C1 have been inversely arranged in this thesis)10.  

                                                 
10 Study C.2 and Study C.1 are sequential in nature. However, the studies have been inversely arranged in this thesis due to the
strong connection between Study B.3 and Study C.1. 
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Table E-5. Core research question and core contribution of Study C.2

Findings of Study C.2 

Title E-Business Adoption at the Firm Level: Comparing the Predictive Power of Competing IS 
Adoption Models

Core research 
question

Which theoretical lens should be applied for studying interorganizational IT adoption in the 
wood industry? 

Core 
Contribution

In contrast to predominating persuasion, the phenomenon of low IT diffusion in the wood in-
dustry has its roots not solely in insufficient or missing technologies, such as missing IT stand-
ards. In fact, various organizational and environmental factors have to be taken into account 
when studying interorganizational IT adoption.  

The sixth study (C.3) draws on the technology acceptance model (TAM), which can be seen as 

a derivate of UTAUT. The study investigates two dimensions of trust in the acceptance 

(i.e., post adoption usage) of interorganizational IS in networks. As trust is suggested to be an 

important facilitator for the functioning of relationships among organizations in the wood in-

dustry (see Study C.2), the study examines both trust in technology as well as trust among 

network partners. The results support the assumption that trust among network partners con-

tributes to the perceived usefulness of the systems, which in turn influences the intention of 

usage. Further, trust in technology (i.e., IOS) reveals to be an important determinant of the 

attitude towards using, which again leads to higher levels of usage intention. Since the study 

focuses on the post adoption phase and measures the actual system usage, it provides insights 

on how to overcome the IT assimilation gap, which is described as the phenomenon that the 

diffusion of a technology tends to lack behind its adoption (Fichman and Kemerer 1999).  

Table E-6. Core research question and core contribution of Study C.3

Findings of Study C.3 

Title Dimensions of Trust in the Acceptance of Interorganizational Information Systems in Net-
works: Towards a Socio-Technical Perspective

Core research 
question

What is the role of trust in the acceptance (e.g., post adoption usage) of interorganizational IS 
in networks?

Core 
Contribution

The study demonstrates that trust among network partners is an important antecedent of per-
ceived usefulness of interorganizational information systems. Moreover, trust in technology 
revealed to be an even more important determinant for the attitude towards using the system. 
The findings reveal that both trust in technology and trust among network partners are im-
portant factors for overcoming barriers of IOS diffusion.

1.3 Findings Regarding the Creation of Interorganizational IT Value

The last section comprises three studies on the creation of interorganizational IT value (Part D). 

Consequently, the studies provide answers to the third research question on how the usage of 

interorganizational IT leads to value and how it is influenced by the sector-specific character-

istics of the wood industry. As trust was revealed to be an important prerequisite for both the 
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functioning of networks (Study B.2) and for interorganizational IS diffusion (Study C.3), Study 

D.1 draws on these findings and elaborates the role of commitment and trust among partnering 

organizations with regard to the creation of interorganizational IT capabilities in networks. Sub-

sequently, Study D.2 also focuses on the question of how networked organizations should in-

teract with each other in order to create value from investments in IT and examines the role of 

collaborative network structures in the interorganizational networks of the wood industry. 

Lastly, Stud D.3 investigates how the relationship between IT-enabled collaboration and oper-

ational performance is influenced by certain product- and process specific characteristics of the 

wood industry. The main findings are depicted in Figure E-4.  

 

Figure E-4. Synthesized findings on the creation of interorganizational IT value in the wood industry

The seventh study (D.1) draws the commitment-trust theory and examines how these network 

attributes facilitate IT integration capabilities. The findings demonstrate that commitment and 

trust are important characteristics for networked organizations with regard to interorganiza-

tional IT integration. In particular, the result show that commitment is directly related to inter-

organizational IT integration, while the effect of trust is fully mediated by commitment. This 

implies that organizations have to choose network partners properly in terms of common goals, 

policies, and behavior in order to foster commitment among network partners. In addition to 

the selection of partners, organizations need to establish mechanisms for building trustworthy 

Part D: Interorganizational IT Value

RQ 3: How does the usage of interorganizational IT lead to value and how is it influenced by sector-specific characteristics? 

Study D.1
• Commitment and trust are important characteristics for networked organizations with regard to interorganizational IT integration
• Choose networks and network partners in terms of common goals, policies, and behavior to foster commitment among network partners  

Study D.2
• Collaborative network structures are an important prerequisite for interorganizational IT integration and interorganizational communication
• IT integration decisions cannot exclusively rest on technical compatibility and should not be managed in isolation

Study D.3
• Developing efficient information processing capabilities is crucial for mitigating uncertainty
• Sector-specific product- and process characteristics influence the outcomes of IT investments
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relationships, such as frequent contact, the fulfilment of promises, or measures for reputation 

building (Morgan and Hunt 1994).  

Table E-7. Core research question and core contribution of Study D.1

Findings of Study D.1 

Title Influence of Network Characteristics on Interorganizational IT Integration: The Role of Com-
mitment and Trust

Core research 
question

Which network characteristics facilitate the development of IT integration capabilities in order 
to enhance value co-creation in interorganizational networks?

Core 
Contribution

The findings enhance the understanding of how networks can effectively manage IT integration 
in order to create value. The results highlight that commitment among network partners is an 
important determinant of IT integration. Moreover, commitment also serves as a moderator for 
trust in interorganizational networks. Hence, network partners should have shared value and
partnering organizations have to be chosen accordingly.

The eighth study (D.2) draws on the relational view and the concept of lower- and higher-order 

capabilities. It examines collaborative network structure – in terms of coordination between 

partners that is built on informal systems rather than on hierarchical authority – in a set of lower-

order capabilities, which match the sources of relational value (Dyer and Singh 1998). Con-

sistent with extant research (e.g., Rai et al. 2006), the study shows the importance of integrating 

processes to improve operational performance in wood supply chains. Moreover, it is revealed 

that collaborative network structures are an important prerequisite for interorganizational IT 

integration and communication, which in turn lead to supply chain integration and performance 

gains. This indicates that relationships with network partners and IT integration decisions 

should not be managed independently from one another. Instead, collaborative structures are 

highly relevant for successfully integrating interorganizational IT. Further, the results demon-

strate that integration decisions should not be based solely on technical compatibility.  

Table E-8. Core research question and core contribution of Study D.2

Findings of Study D.2 

Title Value Co-Creation in Supply Chains through IT Integration: The Role of Collaborative Net-
work Structure

Core research 
question

How do collaborative network structures influence IT integration and supply chain perfor-
mance of organizations in the wood industry?

Core 
Contribution

The findings demonstrate that collaborative network structures in the wood industry affect IT 
integration and operational performance. Hence, IT integration decisions and interorganiza-
tional relationships should not be managed in isolation. Further, IT integration decisions cannot
exclusively rest on technical compatibility. 

Finally, the ninth study (D.3) draws on the information processing view of the firm (Galbraith 

1973) and incorporates contextual factors with regard to the impact of IT investments on per-

formance outcomes. The study considers relevant sector-specific product- and process charac-
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teristics and demonstrates that contextual factors are related to performance outcomes of IT-en-

abled collaboration. The findings reveal that the development of efficient information pro-

cessing capabilities is crucial to mitigating uncertainty in supply chains of the wood industry. 

Furthermore, both demand uncertainty and supply uncertainty were found to strengthen the 

relationship between investments in IT and performance outcomes. Hence, organizations oper-

ating in environments with volatile supply and demand benefit particularly from investments in 

IT-enabled information processing capabilities. Therefore, organizations should reflect upon 

the conditions of their business environments before investing in the development and imple-

mentation of IT-related capabilities.  

Table E-9. Core research question and core contribution of Study D.3

Findings of Study D.3 

Title Shifting from justification to understanding: The impact of environmental uncertainty on the 
value of IT-enabled collaboration in supply chains

Core research 
question

What sector-specific product- and process characteristics affect the creation of IT value in the 
wood industry?

Core 
Contribution

The study identifies contextual conditions that influence the relationship between IT related 
investments and operational performance. These factors have to be considered before investing 
in IT as they provide an explanation as to why investments in IT may not necessarily reap the 
expected performance outcomes. The results demonstrate that developing efficient information 
processing capabilities is crucial for mitigating both supply and demand uncertainty in supply 
chains of the wood industry. 

2 Contributions to Theory and Practice

This section discusses the major contributions of this thesis with regard to both academics and 

practitioners. First, the main contributions to the IS research community will be outlined. Sub-

sequently, the contributions to practice will be presented and managerial as well as policy im-

plication will be given. 

2.1 Major Contributions to Research 

The studies presented in this thesis advance the knowledge frontier in business and IS research 

in a number of ways. This holds particularly true for the domain of IT adoption and IT value. 

The thesis adds knowledge to these important literature streams by refining and complementing 

established theories with new constructs. Further, it applies and empirically validates these the-

oretical extensions in new contexts and situations. In addition, the thesis also contributes to the 

IS discipline by developing and validating new methodological approaches. An overview of the 

major research contributions for each study can be found in Table E-10. The major theoretical 
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and methodological advances of the thesis for the fields of IT adoption and IT value will be 

outlined in the following.  

Table E-10. Overview of major contributions to research

Part Study Major Contribution to Research  

Ex
pl

or
in

g 
th

e 
D

om
ai

n

B.1 Structured overview of the current literature on IT support in the context of inter-
organizational networks 
Identification of promising future research directions 

B.2 Integration of different streams of literature and theoretical lenses on interorgani-
zational collaboration in networks 
Theoretical model for the formation and functioning of interorganizational net-
works

B.3 Explorative and multi perspective analysis of industry characteristics 
Demonstration of how industry characteristics can be mapped with prevailing IS 
adoption models

In
te

ro
rg

an
iz

at
io

na
l I

T 
A

do
pt

io
n

C.1 Extension of the technology-organization-environment framework with industry-
specific characteristics
Demonstration of how mixed method approaches can shape research on IT adop-
tion 

C.2 Comparison of the predictive power of prominent IS adoption models on firm level 
and at different stages of the IS diffusion process
Recommendations for base model choices for future studies on IT adoption 

C.3 Development of a socio-technical perspective for examining IOS in networks
Extension of the technology acceptance model with two different perspectives of 
trust

In
te

ro
rg

an
iz

at
io

na
l I

T 
V

al
ue

D.1 Integration of the commitment trust theory and the resource-based view
Introduction of commitment and trust as important antecedents of lower-order ca-
pabilities in networks

D.2 Integration of lower- and higher-order capabilities and the relational view
Demonstration of the important role of network characteristics as an informal safe-
guard and antecedent of interorganizational IT integration

D.3 Instantiation of the information processing view of the firm as theoretical lens for 
studies on IT value
Introduction of environmental uncertainty as a multidimensional construct

The first major contribution of this thesis can be attributed to the stream of business research 

that deals with the role of interorganizational networks in advancing environmental sustaina-

bility. Since interorganizational networks enable organizations to take full advantage of by-

products and reusable materials while minimizing waste in the supply chain (Behera et al. 

2012), a better understanding of how networks evolve and operate is crucial. However, on a 

general level, there is still only little knowledge on the overall functioning and emergence of 

networks (Provan and Kenis 2007). By applying a qualitative case study approach that focuses 

on network processes as well as by integrating traditional network research into the field of 

networks that address environmental issues, the thesis directly responds to calls from related 
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research (Patala et al. 2014). The developed theoretical framework and the identified contin-

gency variables related to the effectiveness of collaboration provide guidance for researchers to 

better understand the emergence and functioning of networks (Provan and Kenis 2007).  

For the domain of IS research, the thesis first contributes by summarizing the state-of-the-art 

literature on IT support in interorganizational networks and by providing a structured overview 

of the field. This allows for the identification of both research gaps as well as promising future 

research directions. In addition, it also enables academics the quick location and access of rel-

evant information.  

For the field of interorganizational IT adoption, two major advances can be identified. First, the 

thesis provides an extension of the well-recognized technology-organization-environment 

framework by considering different perspectives and multiple viewpoints. It is demonstrated 

how industry characteristics can be integrated in prevailing IT adoption models and how these 

characteristics can be mapped to existing decision variables. This responds to calls from related 

research on the adoption of interorganizational IS, which highlight the need for a further under-

standing of the theoretical background in order to extend and deepen existing research (Gregor 

and Johnston 2000). The second major contribution in the field of IT adoption is the empirical 

comparison of three well established and competing IT adoption models (i.e., TOE framework, 

UTAUT, TTF model). When designing new adoption studies, researchers often refer to one of 

these specific base models and underline their decisions for the respective model with consistent 

empirical support found in prior studies (e.g., Cao et al. 2013; Chan et al. 2012; Zhu et al. 

2006c). However, a discussion of why a specific model has been chosen over any other alter-

native is often missing. Hence, the research included in this thesis offers guidance for future IT 

adoption studies by examining the predictive power of different IT adoption models at different 

stages of the IT assimilation process.  

Two major advances can be offered to the field of research on interorganizational IT value. The 

first contribution lies in the introduction of network characteristics as antecedents of lower-

order IT capabilities. Previous research has primarily derived such antecedents from highly 

technology-driven contexts and has focused on IT-related factors, such as technical compati-

bility, IT infrastructures, or standardization efforts (e.g., Rajaguru and Matanda 2013; Saraf et 

al. 2007). The thesis expands this perspective by integrating commitment and trust as well as 

collaborative network structures as important antecedents of interorganizational IT integration. 

The second major contribution is the application of the information processing view of the firm 

as a theoretical lens for studies on interorganizational IT value. In contrast to previous studies 
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the thesis introduces environmental uncertainty as a multidimensional construct and provides 

an explanation for the contradicting results from previous research in this context. The used 

approach directly responds to calls for more theory-driven empirical research on the role of 

contextual factors with regard to the relationship between IT-related investments and perfor-

mance (Chen et al. 2013; Schryen 2013). 

Finally, the thesis also provides two methodological advancements to the IS discipline. The 

first has been introduced for the comparison of different IT adoption models. Based on the logic 

of parametric multigroup analysis an approach for partial least squares modeling is presented, 

which allows detection of significant differences between dependent constructs. Second, the 

diversity of research methods has often been considered as a major strength of IS research (e.g., 

Baskerville and Myers 2002; Lee 1999; Sidorova et al. 2008). Despite this methodological di-

versity, there is a dearth of research in the IS discipline that employs a mixed method approach, 

accounting for less than 5 percent of empirical studies published (Venkatesh et al. 2013). Con-

sidering the calls for conducting and publishing mixed method research (e.g., Cao et al. 2006; 

Venkatesh et al. 2013), the thesis advances the knowledge frontier in IS research by offering 

insights on how the combination of qualitative and quantitative research methods can shape 

research on IT adoption. The thesis provides guidance on how to develop richer insights into 

various phenomena of interest, which cannot be fully understood using only quantitative or 

qualitative methods.  

2.2 Implications for Policy Making and Practice

Research in the field of information systems has often been decried to have a lack of practical 

relevance and debates in the IS community have centered on the importance of contributing to 

practice via IS research (Gregor and Hevner 2013). As this thesis aims to guide both policy-

makers as well as decision makers in the wood industry, it directly responds to these concerns 

that highlight the need to publish both theoretical and practical contributions (Gregor and 

Hevner 2013). Consequently, the major implications for policymakers and practitioners will be 

outlined in the following and are summarized in Figure E-5 on page 200.  

The first implications refers to the adoption of interorganizational IT. The results highlight that 

reasons for non-adopting interorganizational IT often have their roots in a lack of human IT 

competence. As a result, the first step towards the progression of IT in the wood industry lies 

in the reduction of this shortcoming. Hence, organizations in the wood industry should first 

invest in human IT resources in order to acquire sufficient technical skills and knowledge. Such 
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human IT resources are important IT capabilities as they directly enhance interorganizational 

coordination and knowledge sharing (Jean et al. 2008). This will not only result in higher levels 

of technological readiness. It also reduces management obstacles and helps increase the aware-

ness for potential advantages. The second implication regarding the adoption of interorganiza-

tional IT lies in the development of clear and common IT standards, which represent a necessary 

prerequisite for IT adoption and diffusion (Shapiro and Varian 1999b; Zhu et al. 2006b). How-

ever, so far, no standard has found a widespread use in organizations of the wood industry 

(Azouzi and D’Amours 2011). This calls for cooperative initiatives that consider the needs and 

concerns of all actors involved in order to fully exploit the potential benefits of standardization. 

Further, trust in technology and trust among network partners revealed to be important factors 

for overcoming diffusion barriers. While trust in technology can be achieved relatively simple, 

for example by ensuring reliable, dependable, and quality IT performance (Vance et al. 2008), 

building interorganizational trust is a dynamic process of continuous learning, information shar-

ing, and habitation that requires significant efforts (Saunders et al. 2004). Hence, long-term 

trust building initiatives should be fostered. Such initiatives can build on the various consortia 

that already exist among organizations in the wood industry, but have to be expanded and in-

tensified. The same applies to the building of interorganizational IT capabilities. Trust, com-

mitment, and collaborative network structures were revealed to be important antecedents of IT 

integration. Hence, organizations should select network partners according to shared values in 

terms of common goals, policies, and behavior. Further, they should concentrate on few net-

works and collaborative and non-power based relationships to foster commitment among net-

work partners. Frequent contact, fulfillment of promises, and building of reputation are some 

ways to build such relationships (Doney and Cannon 1997). Lastly, the relationship between 

investments in interorganizational IT capabilities and performance outcomes are influenced by 

several contextual factors. Particularly organizations operating under volatile demand and sup-

ply are recommended to invest in information processing capabilities in order to balance uncer-

tainties. However, decision makers have to carefully reflect upon the conditions of their busi-

ness environments before investing in IT capabilities, in order to select the right degree of IT 

integration. Therefore, the thesis provided a useful tool that managers can apply in order to 

diagnose the conditions of their business environment.  

The thesis also yields to implications for policy making that aim to guide the development of 

measures and initiatives, to support organizations in the wood industry with regard to the effec-

tive use of interorganizational IS. Since the regulatory environment has been proven to be an 
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important factor for IT adoption decisions in the wood industry, implications refer mainly to 

the design of measures for fostering adoption and diffusion of interorganizational IS. However, 

at the same time, organizations of the wood industry perceive governmental support as rather 

low. Hence, governmental actions seem to be a key factor for overcoming the lack of interor-

ganizational IT and should be designed along the unique characteristics of the wood industry. 

First, in the short-run, both financial and non-financial support is needed in order to provide 

immediate assistance for overcoming barriers of adoption and diffusion, particularly for small 

and medium-sized organizations. Along the provision of financial support for IT development 

and implementation, measures should focus on the establishment and provision of dedicated 

consulting services. These services can be integrated in – and organized by – the various exist-

ing network initiatives. On the other hand, financial support for research and development could 

be organized by institutional mechanisms, such as the former Holzabsatzfond, which has been 

terminated due to legal barriers. Nevertheless, the reintroduction of such an instrument would 

clearly be a valuable tool. However, the provision of financial support and external services can 

only be a first step. In the second step, initiatives should focus on transferring IT-related 

knowledge to organizations in the wood industry. Therefore, special training and educational 

programs should be implemented in order to create long-lasting effects and ensure that 

knowledge is absorbed and retained. At the same time, initiatives that drive the awareness of 

both the wood industry as an important sector of the economy in general, and the benefits aris-

ing from IT in particular, should be established. This will attract the attention of professional 

IT consultants and software corporations, leading to additional expertise. Subsequently, best 

practice examples that provide signaling effects on follow-up projects should be established to 

demonstrate applicability. Such lighthouse projects with early adopters can enhance the aware-

ness for potential benefits and create pressure for non-adopting organizations. Finally, organi-

zations in the wood industry are often organized in regional networks. However, interregional 

collaboration has been found to foster diffusion of innovations (Gibbons 2004). Hence, initia-

tives for establishing interregional collaboration should be designed.  
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3 Concluding Remarks

The transition from a fossil- and mineral resource-based society towards a path that takes ad-

vantage of renewable resources has received considerable attention. As a result, a variety of 

national and international political initiatives have been launched in order to design this path. 

While the potential benefits of an advanced and widespread use of renewable resources appear 

to be immense, the success of these initiatives will depend heavily on the availability and gentle 

use of natural resources (Hennig et al. 2016; Scarlat et al. 2015). As interorganizational IT plays 

a crucial role for the effective and boundary-spanning allocation of resources by enhancing 

flexibility, efficiency, and responsiveness while minimizing risks and costs (e.g., Kohli and 

Grover 2008; Masli et al. 2011; Melville et al. 2004), the overarching goal of the thesis was to 

offer insights into IT usage behaviors in this context. For that purpose, the wood industry has 

been chosen as the unit of analysis, as it is the most important sector for the transition towards 

a bioeconomy (Bioeconomy Council 2016). Based on nine different explorative and explana-

tive studies, encompassing rich empirical data gathered from 16 case studies and more than 700 

questionnaires, the thesis explores the domain and provides answers to research questions sur-

rounding the fields of interorganizational IT adoption and the creation of interorganizational IT 

value. The acquired practical and theoretical insights provide recommendations and implica-

tions for policy making and decision makers in the wood industry on how to promote the adop-

tion of interorganizational IT, how to overcome diffusion barriers, and how to design structures 

and processes in order to effectively profit from investments in IT. In addition, the thesis also 

provides guidance for academics studying the phenomena of IT adoption and IT value with 

regard to sector-specific characteristics.  

However, each study presented in this thesis bears its own limitations that have to be remedied 

and require further research. The general limitations, covering mainly the generalizability of 

results as well as methodological issues, will be summarized in the following section. Never-

theless, the accumulated knowledge gathered across the different studies leads also to some 

specific directions for future research with regard to the utilization of renewable resources in 

general, and the wood industry in particular. Therefore, the most promising avenues for research 

in this context will be outlined subsequently.  

3.1 Limitations 

The thesis is a first step towards a better understanding of the adoption and diffusion of inter-

organizational IT, the building of interorganizational IT capabilities, and the resulting outcomes 
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for the utilization of renewable resources in general and organizations in the wood industry in 

particular. However, every research has its limitations, as it is also the case for research pre-

sented in this thesis. As a result, researchers, practitioners, and policymakers have to be careful 

when interpreting the results and findings with regard to the following aspects.  

In general, when reflecting upon the findings of the foregoing studies, it has to be noted that 

analyses have been carried out between 2013 and 2016. Hence, insights are generated only from 

a snapshot in time and represent the current status of the wood industry, which is likely to 

change during the coming years. As already stated, the transition from a fossil-based to a bio-

based industry is already on the top of political agendas in Germany, the EU, and also world-

wide. It is likely that resulting political initiatives – if carried out consequently – will have a 

direct or indirect influence on markets, organizations, and associated factors examined in this 

thesis. Consequently, results and findings have to be adapted to the changing conditions.  

Further, the research design bears some threats to the validity and reliability of findings. First, 

case study research as conducted in Study B.2 and Study B.3 has often been criticized for a lack 

of rigor (e.g., Dubé and Paré 2003). Despite the thesis following existing rules and procedures 

in order to address validity and reliability concerns, the findings are still susceptible to the usual 

limitations that come along with qualitative inquiries, including subjectivity and limited gener-

alizability (Bhattacherjee 2012). Second, methodological issues and limitations also have to be 

addressed with regard to the quantitative inquiries conducted in Part C and Part D. All empirical 

studies have been designed as cross-sectional surveys. As this is common in IS research for 

both studies on IT adoption and IT value (e.g., Karahanna et al. 1999; Wang et al. 2013), the 

results can be time shifted. Hence, future research should substantiate findings using longitudi-

nal data. Further, all quantitative empirical studies use a single informant approach and capture 

self-reported measures for both dependent and independent variables. While this approach also 

finds wide application in the IS discipline (Saraf et al. 2007), it bears the threat of CMV bias. 

Despite results from Harman’s single factor test suggest that CMV is not significantly present 

in the data, the results are nonetheless susceptible to the threat of CMV (Podsakoff et al. 2003). 

Hence, future research should try to collect data from multiple informants and objective 

measures.  

In addition to methodological issues, the choice of the subject of analysis may limit the gener-

alizability with regard to findings on interorganizational IT adoption and interorganizational IT 

value. All qualitative and most quantitative studies (C.1, C.2, D.2, and D.3) focus on the wood 
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industry. From an empirical perspective, using data from a single industry allows for the reduc-

tion of industry effects and other alternative explanations that potentially confounds results and 

avoids complications that are inherent in inter-industry studies (Chen et al. 2013; Lee et al. 

2009; Yang et al. 2014; Zhu and Kraemer 2005). While the sampling helps strengthen the focus 

of analysis with regard to the specific characteristics of the wood industry, and thus is highly 

suitable for the context of this thesis, it limits the generalizability of findings to other contexts. 

Therefore, further empirical validation is required. The opposite applies to the studies that have 

been conducted in the general context of networks in Germany (C.3 and D.1). Special care must 

be taken when transferring the results from these studies to the context of the wood industry. 

Although it seems reasonable that the general patterns and the theoretical models can be trans-

ferred to wood networks, the sector-specific characteristics may cause distortions. Hence, 

measures and implications derived from these Studies can only be transferred with particular 

caution to the context of the wood industry.  

3.2 Further Research Directions

When reflecting the findings and results of this thesis, it becomes apparent that this research 

can be extended in a number of directions that lie at the interface of the utilization of wood as 

a renewable resource and the application of interorganizational IT.  

The first area for future research arises from the fact that the wood industry has been chosen as 

the unit of analysis and that no differentiation has been made for the different sub-sectors. The 

findings suggest that organizations in the wood industry display similar patterns of behavior 

across the various sub-sectors when it comes to network formation and operation. However, 

this does not necessarily imply similar IT adoption and IT usage behaviors. For example, the 

pulp and paper industry is suggested to have, on average, higher levels of IT adoption than other 

forest products organizations (Hewitt et al. 2011). Hence, the applicability of findings and re-

sults may – to some extent – vary between the different sub-sectors. As a result, future research 

should proceed by examining IT adoption and IT usage behaviors not only across the different 

sub-sectors, but also at different stages of the wood supply chain. Therefore, in-depth case study 

research provides a suitable tool, as it allows for analyzing and comparing different instances, 

which enables the identification of success factors as well as the derivation of best practice 

examples. In addition, future research should compare the results of this thesis with findings 

from other sectors that provide raw materials to the bioeconomy, such as agriculture. Since the 

agricultural sector is assumed to display similar characteristics, at least with regard to industry 
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structure as well as product- and process characteristics, there is no major reason for assuming 

that the findings cannot be transferred. However, this has to be validated.  

Second, the thesis uses supply chain performance and supply chain integration for capturing 

interorganizational IT value. As these measures have often been attributed to operational or 

process efficiency (e.g., Chen et al. 2013; Rai et al. 2006; Saeed et al. 2011, 2005; Wong et al. 

2012), they can only represent a proxy measure for efficiency with regard to the utilization of 

renewable resources. IS research has already demonstrated the critical role that IT can play in 

enabling and transforming sustainable processes and practices in organizations as well as in 

improving both environmental and economic performance (Melville 2010). However, so far, 

research on IT value has primarily focused on metrics and indicators that are related to eco-

nomic dimensions and financial success of organizations (Rai et al. 2012; Saraf et al. 2007; Zhu 

and Kraemer 2002). In order to demonstrate the environmental impact of IT more clearly, future 

research has to acquire a deeper understanding of how to capture and measure the multifaceted 

aspects of resource efficiency and how it is affected by interorganizational IS. Therefore, new 

and more accurate metrics have to be developed.  

Third, from the perspective of the behavioral science paradigm, the thesis provides additions to 

the knowledge base of the information systems research framework (Hevner et al. 2004). By 

applying, testing, modifying and extending existing theories with regard to the phenomena of 

IT adoption and IT value in the context of the wood industry, the thesis offers the necessary 

theoretical foundations for executing further design-oriented research in this area. As behav-

ioral science and design science research are inseparable in nature, further research can make 

significant contributions by completing the complementary research cycle between design sci-

ence and behavioral science (Hevner and Chatterjee 2010). Consequently, future research 

should proceed with developing, designing, and implementing IT artifacts in terms of prototype 

systems. This will not only demonstrate feasibility and applicability, but also enables research-

ers to evaluate the preliminary findings of this thesis under real-life conditions. The evaluation 

in an appropriate environment provides important feedback information and will enable a better 

understanding of practical problems and business needs (Hevner et al. 2004). 

Finally, digital technologies, viewed as combinations of information, computing, communica-

tion, and connectivity technologies, will significantly change business processes and organiza-

tional capabilities as well as interorganizational relationships in networks (Bharadwaj et al. 

2013). As a result, the topics of digital transformation or Industry 4.0 have generated much 

excitement among both researchers and practitioners across various industries during the recent 

�ieses � er� ist c�p�rightgeschüt�t und darf in �einer ��r� �er�ielf�ltigt �erden n�ch an �ritte �eitergegeben �erden. 
Es gilt nur für den persönlichen Gebrauch.



E.3 Concluding Remarks 205 

years (Bharadwaj et al. 2013; Fitzgerald et al. 2013). This applies also to the wood industry. 

For example, the LIGNA11 (the leading international trade fair for the woodworking industry) 

has been held in 2015 under the theme of Industry 4.0 and put the main emphasis on the trend 

of the digitization of production processes and the shift towards integrated woodworking and 

wood processing machines. In addition, the first academic LIGNA conference in 2016 focused 

on integrated manufacturing in the woodworking industry and also addressed issues related to 

the topic of Industry 4.0. Furthermore, digitalization of the paper industry was the central theme 

at the 17th European Paper Week 2015, which is organized by the Confederation of the Euro-

pean Paper Industries (CEPI). These practical examples illustrate that the wood industry is 

aware of the potential benefits that come along with new technologies. Since interorganizational 

IT represents the core of digitalization and Industry 4.0 (Schmidt et al. 2015), research should 

explore their interconnections and reveal potentials for mutual benefits. If synergies between 

both can be created, then a double-dividend can be achieved for organizations in the wood 

industry. However, as the innovation and bioeconomy director of CEPI stated: “From the forest 

to the consumer, digitalization would allow for better control, more efficient and leaner manu-

facturing […]. However, still more awareness-raising activities are needed to promote the op-

portunities and benefits and lift some of the myths and misunderstandings.”(Siemens AG 

2016). 

 

                                                 
11 www.ligna.de 
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contribution

#1 B.1 E-Collaboration in Interorganizational Networks: A Lit-
erature Review and an Agenda for Future Research

Sebastian Zander 70 %
Simon Trang 20 %
Lutz M. Kolbe 10 %

#2 B.2 Drivers of network governance: a multitheoretic perspec-
tive and insights from case studies in the German wood 
industry

Sebastian Zander 70 %
Simon Trang 20 %
Lutz M. Kolbe 10 %

#3 B.3 Integrating Industry Characteristics in Interorganizational 
IS Adoption Models: A Mixed Method Approach

Sebastian Zander 40 %
Simon Trang 30 %
Markus Mandrella 10 %
Mauricio Marrone 10 %
Lutz M. Kolbe 10 %

#4 C.1 Integrating Industry Characteristics in Interorganizational 
IS Adoption Models: A Mixed Method Approach

Sebastian Zander 40 %
Simon Trang 30 %
Markus Mandrella 10 %
Mauricio Marrone 10 %
Lutz M. Kolbe 10 %

#5 C.2 E-Business Adoption at the Firm Level: Comparing the 
Predictive Power of Competing IS Adoption Models

Simon Trang 70 %
Sebastian Zander 20 %
Lutz M. Kolbe 10 %

#6 C.3 Dimensions of Trust in the Acceptance of Interorganiza-
tional Information Systems in Networks: Towards a So-
cio-Technical Perspective

Simon Trang 45 %
Sebastian Zander 45 %
Lutz M. Kolbe 10 %

#7 D.1 Influence of Network Characteristics on Interorganiza-
tional IT Integration: The Role of Commitment and Trust

Markus Mandrella 30 %
Simon Trang 30 %
Sebastian Zander 30 %
Lutz M. Kolbe 10 %

#8 D.2 Value Co-Creation in Supply Chains through IT Integra-
tion: The Role of Collaborative Network Structure

Sebastian Zander 60 %
Markus Mandrella 20 %
Mauricio Marrone 10 %
Lutz M. Kolbe 10 %

#9 D.3 Shifting from justification to understanding: The Impact 
of environmental uncertainty on the value of IT-enabled 
collaboration in supply chains

Sebastian Zander 50 %
Markus Mandrella 40 %
Lutz M. Kolbe 10 %
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