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1. Introduction 
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1.1 Offering solutions 

 

The sales models for many large companies in business-to business (B2B) markets have 

become more complex and less efficient, putting pressure on profit margins (Bain & 

Company 2013). One of the key factors that account for this problem is that customer needs 

have grown more sophisticated. Indeed, customers increasingly request both off-the-shelf 

products and specific offerings of complex products and support (Davie, Stephenson, and 

Valdivieso de Uster 2010; Lingqvist, Lun Plotkin, and Stanley 2015; McKinsey 2015). In 

order to accommodate these customer demands, firms turn to offering solutions (Davie, 

Stephenson, and Valdivieso de Uster 2010; Lingqvist, Lun Plotkin, and Stanley 2015; Nordin 

and Kowalkowski 2010). Solutions are customized, integrated bundles of products, services, 

support, and knowledge (Tuli, Kohli, and Bharadwaj 2007; Ulaga and Reinartz 2011). 

Firms turn to solutions to differentiate their offerings (Worm et al. 2017) and to add 

value to customer business processes (Terho et al. 2012). Offering solutions is perceived as an 

alternative way of value creation that is preferred over price competitions (ABN AMRO 

2016). Firms that successfully offer solutions can thus sustain profitability despite declining 

product margins. Moreover, offering solutions allows firms to build long-term customer 

relationships (Coreynen, Matthyssens, and Van Bockhaven 2017). Such customer 

relationships enable firms to attain a competitive advantage, which further enhances their 

performance (Worm et al. 2017). 

Despite the opportunities of offering solutions, many firms find it extremely difficult 

to realize the expected benefits (Gebauer, Fleisch, and Friedli 2005). Anecdotal and academic 

research cautions against the overly simplistic view of solutions as a universal route to 

gaining competitive advantage in all market conditions (Worm et al. 2017, p. 491). There are 

at least two reasons to expect firms’ internal efficiency may decrease by offering solutions. 

First, offering solutions requires substantial customer-specific investments (Worm et al. 

2017), while firms will initially experience lower production runs, lower levels of automation, 

and longer assembly set-up times (McKinsey 2016). Moreover, firms often incur additional 

(and hidden) expenses. However, these additional expenses may not be immediately followed 

by increases in customer demand, resulting in diminishing returns (Gebauer, Fleisch, and 

Friedli 2005; Visnjic Kastalli and Van Looy 2013). Second, firms that offer solutions face 

many uncertainties about the behavior of customers and partners, and risk is often transferred 

from the customer to the firm (Worm et al. 2017). To cope with these uncertainties and risks, 
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firms incur different costs (e.g., safeguarding, adaptation, and performance costs; Worm et al. 

2017), which further squeezes their margins. 

 

1.2 Offering solutions: The role of customization 

 

How firms create solutions that meet customer-specific needs is captured by customization 

(Lampel and Mintzberg 1988), which is considered to be the most central aspect of offering 

solutions (Nordin and Kowalkowski 2010). Customization involves the design, modification, 

or selection of those goods and services that make up a solution, in order to fit into a 

customer’s business environment (Tuli, Kohli, and Bharadwaj 2007). Firms that customize 

their offerings thus aim for the highest level of value creation, through impacting the business 

processes of specific customers (Coreynen, Matthyssens, and Van Bockhaven 2017). 

While different types of customization exist in practice (Ceci and Pencipe 2008), 

scientific literature barely acknowledges this fact (Nordin and Kowalkowski 2010). An 

important exception is the study by Lampel and Mintzberg (1996), who discuss customization 

strategies along a continuum ranging from less to more customer specificness (Nordin and 

Kowalkowski 2010). Low customer-specific solutions are created through mass 

customization, a strategy that enables firms to use mass-produced, standardized components 

to configure an offer (Lampel and Mintzberg 1996). More customer-specific solutions are 

created through tailored customization, a strategy that enables firms to offer a prototype to 

potential buyers and tailor it to individual needs. High customer-specific solutions are created 

through pure customization, a strategy that enables firms to include all the customers’ wishes 

in the design of an offer that is fully made-to-order (Lampel and Mintzberg 1996). These 

generic strategies provide valuable insights that later studies were able to build on (e.g., Duray 

et al. 2000). However, more theoretical sophistication is still needed on the nature of 

customization in B2B versus business-to-consumer (B2C) and high- versus low-technology 

markets (Nordin and Kowalkowski 2010). 

The B2B literature on offering solutions generally foregoes the differences that exist 

in customization by firms in B2B versus business-to-consumer (B2C) markets (Nordin and 

Kowalkowski 2010). B2B firms have traditionally deployed pure customization strategies, but 

are forced to reconsider their traditional approaches in favor of increased standardization and 

cost efficiency (Bask et al., 2011). In contrast, B2C firms transformed from mass production 

to mass customization, which means that they make small adjustments to their standard 

offerings to allow for some form of personalization. Web-based configurators and rapid 
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manufacturing technologies have increased the prevalence of mass customization in B2C 

markets and scientific literature (see Fogliatto, da Silveira, and Borenstein 2012 for an 

overview). Accounting for these different starting points and objectives of customization in 

B2B and B2C firms could help prevent terminology confusion, and would improve our 

understanding of suggestions offered in the literature on which customization approaches 

firms deploy. 

The nature of customization also differs between firms in high versus low technology-

intensive (TI) markets. For firms operating in low TI markets, it is easier to create and 

maintain solutions because technology does not lie at the core of their offerings. In contrast, 

for firms operating in high TI markets, technology plays a key role. Firms in TI markets 

create solutions that are based on significant amounts of scientific and technical know-how, 

and their offerings are generally complex (John, Weiss, and Dutta 1999). Consequently, the 

costs of creating something for the first time are high, while ongoing improvements and 

introductions quickly render existing technologies obsolete (John, Weiss, and Dutta 1999). 

Furthermore, the value of technological innovations has led TI firms to focus on engineering 

superior product features as opposed to meeting customer-specific needs, which may be why 

offering solutions has a less positive impact on their profitability compared to firms in low TI 

markets (Worm et al. 2017). 

Many firms in TI markets are increasingly implementing modularity to foster 

standardization and efficiency while offering solutions (Bask et al. 2011; Storbacka 2011). 

Modularity involves dividing systems into modules (i.e., groups of components) that can be 

designed independently but function together as a whole (Baldwin and Henkel 2015; Sanchez 

1996; Ulrich 1995). Implementing modularity requires changes to organizational processes 

and systems (Schilling 2000). However, while modularity may help TI firms to create 

solutions more efficiently, deploying modularity is difficult because of the complexity of the 

solutions that these firms offer (John, Weiss, and Dutta 1999; Workman 1993). 

To conclude, while it is important for TI firms in B2B markets to carefully consider 

how to reap the potential benefits of creating solutions through customization (Worm et al. 

2017), the existing literature provides little guidance. This dissertation aims to further develop 

the knowledge field on the customization of solutions through filling three notable gaps in the 

literature, discussed below. 

 



10 
 

1.2.1 Gap 1: The nature of customization in TI firms 

The extant literature provides some valuable insights into the importance of 

customization in TI firms (Ghosh, Dutta, and Stremersch 2006), but research has mainly 

focused on broad customization strategies (e.g., Bask et al. 2011; Lampel and Mintzberg 

1996) or mass customization strategies in B2C settings (e.g., Fogliatto, da Silveira, and 

Borenstein 2012; Liechty, Ramaswamy, and Cohen, 2001; Wind and Ramaswami 2001). In 

contrast, research that discusses customization by TI firms in B2B markets is scarce (e.g., 

Töllner, Blut and Holzmüller 2011; Wang et al. 2017). This lack of research is remarkable 

because the nature of customization differs in B2C and B2B contexts. For example, while 

modularity is often proposed as an important mechanism for efficient customization (Duray et 

al. 2000), its implications for customization differ greatly between B2C and TI B2B markets. 

Modularity allows firms in B2C markets to offer more customer-specific products and enjoy 

more flexible manufacturing and production processes (Lampel and Mintzberg 1996). In 

contrast, modularity requires TI firms to move away from offering highly customer-specific 

solutions toward offering solutions that are configured from predefined, standardized modules 

(Bask et al., 2011). Adopting higher degrees of modularity therefore implies that TI firms 

offer less customer-specific solutions, which will likely affect their ability to innovate and 

offer value (Schaarschmidt, Walsh, and Evanschitzky 2018).  

Because the literature on customization and solutions has paid limited attention to TI 

firms in B2B markets, or simply assumes the existence of customization with the role of 

modularity as an efficiency mechanism, there is an urgent need to better understand the nature 

of customization in TI firms.  

 

1.2.2 Gap 2: Mediating mechanisms of customization 

Research shows that customization affects internal processes and firm performance 

(e.g., Bhaskarabhatla 2016; Haug, Ladeby, and Edwards 2009; Kotha 1995). However, the 

majority of research on customization tends to focus on either internal processes or firm 

performance measures. Research concerning the effects of customization on internal 

processes argues that it affects employees’ work enjoyment (Edwards et al. 2005 in Haug, 

Ladeby, and Edwards 2009) and internal processes such as organizational learning (Egelman 

et al. 2017). Research on performance effects suggests that customization affects firms’ 

innovativeness (Schaarschmidt, Walsh, and Evanschitzky 2018), their costs and revenues 

(e.g., Wang et al. 2017), their long-term performance (e.g., Bhaskarabhatla 2016), or broadly 
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posits that there are likely both benefits and costs resulting from customization (e.g., Kotha 

1995).  

Empirical research that reconciles these fragmented findings is still lacking. In 

particular, an integrated perspective is needed that provides insights into the mediating 

mechanisms of customization for TI firms in B2B markets. In particular, we need insights into 

how customization affects firms’ internal processes, and how this affects performance.  

 

1.2.3 Gap 3: Contingencies affecting customization implications 

The effects of customization are contingent on several factors (Wang et al. 2017; 

Worm et al. 2017), such as the capabilities of employees and the external characteristics of TI 

firms’ industries (e.g., Bhaskarabhatla 2016; Ghosh, Dutta and Stremersch 2006). However, 

research findings on these contingencies are either too general or remain suggestive, causing 

managers in TI firms to struggle with decisions on which type of customization is beneficial 

under their conditions. For example, research shows that most is gained from customization 

when customers are highly knowledgeable, have insights into their own preferences, and are 

able to express these preferences (Ceci and Prencipe 2008; Franke, Keinz, and Steger 2009). 

Customization may thus become more valuable as B2B buyers become increasingly 

knowledgeable (Toman, Adamson, and Gomez 2017). Furthermore, modularity allows firms 

to incorporate modules from other parties, such as suppliers (John, Weiss, and Dutta 1999). 

As suppliers can contribute to, or detract from, TI firms’ customization performance, 

suppliers’ product quality, performance, and delivery reliability may become more important 

(Tracey and Leng Tan 2001). Because the success of a customization approach depends on 

both customer and supplier qualities, TI firms need to consider if the characteristics of these 

value network partners are supportive of their customization approach. However, empirical 

findings that combine these aspects are lacking. In addition, researchers argue that 

customization effects in TI markets may be more sensitive to changing customer needs and 

technological uncertainty (Calantone, Dröge, and Vickery 2002; Ghosh, Dutta, and 

Stremersch 2006; John, Weiss, and Dutta 1999; Worm et al. 2017). However, empirical 

research that considers this sensitivity is limited. Finally, while research proposes that 

managers should pay attention to invest in specific resources and skills and assess whether 

relevant capabilities are present in order to successfully offer solutions (Worm et al. 2017), 

specific guidance that matches these skills and capabilities to their customization effort is not 

provided. 
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To conclude, it is still needed to reconcile the currently diffuse findings by uncovering 

the contingencies and conditions under which customization generates benefits for TI firms. 

 

1.3 Objectives and research of this dissertation 

 

The purpose of this dissertation is to help fill these three gaps through three distinct, yet 

related studies. More details on the objectives, methodology, and data of these three studies 

can be found in Table 1.1. 

 

1.3.1 Study 1 

Many firms in TI markets aim to create solutions for their customers that are both 

effectively customized and profitable (Day 2004; Storbacka 2011; Tuli, Kohli, and Bharadwaj 

2007; Wang et al. 2017). Although previous research has acknowledged that customization 

creates value, it remains unclear which approaches TI firms can take to create solutions that 

are valuable for both the customer and the firm. Furthermore, insights into the internal firm 

capabilities that are needed to offer value to both customers and TI firms are lacking. The first 

study of this dissertation therefore synthesizes various customization approaches by TI firms 

from semi-structured interviews with 34 key informants, firm archival data, and two focus 

groups, and complements these findings with customization insights proposed in the 

literature. This results in a taxonomy of four approaches: (1) engineer-to-order, (2) tailored 

configuration, (3) mass customization, and (4) standardized integration. These four 

approaches demonstrate how TI firms create solutions based on their adopted degrees of 

modularity and solution space freedom. The impact of each approach is explored by 

identifying managerially relevant contingencies such as capabilities and customer and 

supplier characteristics. Propositions are drafted that state under which external conditions 

each approach results in value creation for both the customer and the firm. In addition, the 

importance is discussed of ensuring that each approach fits the capabilities of the firms’ 

customer-facing functions (CFFs; marketing, sales, and service) – specifically their ability to 

generate and disseminate market intelligence, and their problem-solving skills. 

 

1.3.2 Study 2 

In addition to offering solutions, TI firms today need to remain innovative and 

consider their impact on the environment (Boër et al. 2013; Medini, Da Cunha, and Bernard 
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2015). However, many TI firms find it challenging to pursue both customization and 

sustainable innovation. The second study of this dissertation uses organizational learning 

theory to provide insights into how TI firms can achieve ‘win-win’ situations where 

sustainable innovation is increased through customization. First, it is argued that modularity 

reflects knowledge specialization and solution space freedom reflects knowledge variety. 

Both of these customization dimensions affect organizational learning and, in turn, sustainable 

innovation. Second, it is argued that the relationship between customization and 

organizational learning is affected by supplier sophistication. Survey data from 166 

respondents are used to empirically test the conceptual model and hypotheses. Polynomial 

response surface analysis confirms that customizing by balancing high degrees of modularity 

and solution space freedom results in superior organizational learning. Furthermore, 

organizational learning fully mediates the effect of customization on sustainable innovation. 

These effects are not strengthened by high levels of supplier sophistication. Rather, 

customizing by combining high degrees of modularity to constrained solution spaces 

increases learning for TI firms working with less sophisticated suppliers.  

 

1.3.3 Study 3 

Many TI firms adopt customization as a strategy to improve their chances of survival 

in today’s uncertain environments. However, the prisoner’s dilemma of customization (Arora 

et al. 2008; Dewan, Jing, and Seidmann 2003) captures the paradoxical situation where firms 

pursue customization in order to create customer solutions and survive, but fail to achieve 

their ideal results due to struggles with being cost effective (Arora et al. 2008; Tuli, Kohli, 

and Bharadwaj 2007; Wang et al. 2017). Previous research shows that potential benefits of 

customization are contingent on external dynamics that differ across industries. The third 

study of this dissertation uses the strategy-structure-performance (SSP) framework to show 

how TI firms can improve their chances of survival through customization. First, it is argued 

that customization affects TI firms’ financial slack, which is an important source for firm 

survival and regeneration, and that the degree of cross-functional cooperation between 

departments reflects the structure that mediates this relationship. Specifically, the level of 

cross-functional cooperation is determined by TI firms’ (non-)alignment of modularity and 

solution space freedom in their customization strategy. Second, it is argued that the 

relationship between customization and cross-functional cooperation depends on the market 

and technological turbulence in the firm’s industry. Survey data from 120 industry 
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respondents are complemented with secondary data on firm finances and industry dynamics to 

empirically test the conceptual model and hypotheses. 

Polynomial response surface analysis confirms that customizing by aligning high 

degrees of both modularity and solution space freedom increasingly benefits cross-functional 

cooperation. Furthermore, TI firms with higher levels of cross-functional cooperation 

subsequently have more financial slack available. The results of the multi-level model show 

that alignment benefits cross-functional cooperation when market turbulence is high and 

technological turbulence is average or low. However, when technological turbulence is high, 

firms should balance moderate levels of modularity and solution space freedom to achieve the 

relatively highest level of cross-functional cooperation.  
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Table 1-1: Research overview 

  Study 1 Study 2 Study 3 

Title Creating Valuable 

Customer Solutions:  

A Contingency Theory 

of Customization 

Approaches in 

Technology-Intensive 

Firms 

Balancing Modularity and 

Solution Space Freedom: 

Effects on Organizational 

Learning and Sustainable 

Innovation 

How customization 

strategies enable survival in 

turbulent environments: The 

role of cross-functional 

cooperation 

Objective Develop a taxonomy 

of solution 

customization 

approaches in TI firms 

and identify important 

contingencies for 

value creation 

Show how supplier 

characteristics affect the 

way various customization 

approaches influence 

organizational learning and 

subsequently sustainable 

innovation 

Show under what 

environmental conditions 

various customization 

approaches affect cross-

functional cooperation and 

subsequently financial slack 

Main 

Research 

Question 

How can TI firms 

create solutions that 

are valuable for both 

customers and the 

firm, and what 

contingencies affect 

the relationship 

between customization 

and value creation? 

What is the relationship 

between customization 

through modularity and 

solution space freedom, 

organizational learning, and 

sustainable innovation and 

what is the role of supplier 

sophistication? 

Under which environmental 

conditions do various 

combinations of modularity 

and solution space freedom 

increase cross-functional 

cooperation, and how does 

this in turn affect financial 

slack? 

Performance 

measures 

Customer value 

Firm value 

Organizational learning  

Firm sustainable innovation 

Cross-functional 

cooperation 

Firm financial slack 

Contingencies Customer /Supplier 

Sophistication  

Responsive /Proactive 

Market orientation  

Configurative 

/Creative problem 

solving 

Supplier sophistication Market turbulence 

Technological turbulence 

Literature 

Base 

Service-dominant 

logic, customization & 

modularity, market 

orientation, problem 

solving, customer & 

supplier characteristics 

Customization & 

modularity, organizational 

learning, organizational 

ambidexterity, knowledge 

theory, sustainable 

innovation 

Customization, strategy-

structure-performance 

paradigm, cross-functional 

cooperation, organizational 

adaptation, financial slack 

Methodology 

and analysis 

Semi-structured 

interviews  

Qualitative (grounded 

theory) 

Survey 

Polynomial regression with 

response surface analysis 

Survey & secondary data 

Polynomial regression with 

response surface analysis 

Sample 34 key informants  

57 participants in 2 

focus groups 

166 respondents  

3 interviews 

66 participants in 1 group 

discussion 

120 respondents  

18 industries (2011-2015) 

37 participants in 2 group 

discussions 

Data 450 pages of interview 

transcripts and 

archival data 

Survey data Survey data & annual 

reports  

Lexis Nexis  

CBS Statline 
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1.4 Outline of this dissertation 

 

The following chapters of this dissertation consist of three independent studies and an overall 

conclusion and discussion. Although the studies in chapters 2, 3, and 4 differ in their 

underlying theories and emphasis, they share the common theme of customization and its 

implications on the performance of TI firms. Table 1.1 provides an overview of these three 

studies. Each study considers different aspects relevant to creating solutions in TI firms and 

responds to the gaps and objectives defined earlier in this chapter. While there may be overlap 

in definitions, assumptions, and argumentations among the separate studies, these chapters are 

to be read independently of each other. To conclude, chapter 5 presents an overall discussion 

of the thesis, including contributions, managerial implications, and overarching suggestions 

for future research. The research output and the key contributions of the (co)-authors are 

highlighted in Table 1.2. 

 

Table 1-2: Overview of the (co-)authors' key contributions 

  M.A. Vos E.J. Nijssen N. Raassens M. van der Borgh 

Chapter 1         

Writing main text ✓ 
   

Corrections and feedback ✓ ✓ ✓ ✓ 

Chapter 2     

Design of study ✓ 
 

✓ ✓ 
Literature review ✓ 

   

Data collection ✓ 
   

Data analysis ✓ 
 

✓ ✓ 

Interpretation of results ✓ 
   

Writing main text ✓ 
   

Corrections and feedback ✓ ✓ ✓ ✓ 
Chapter 3     

Design of study ✓  ✓  

Literature review ✓ 
 

✓  

Data collection ✓ 
   

Data analysis ✓    

Interpretation of results ✓  ✓ 
 

Writing main text ✓ 
   

Corrections and feedback ✓ ✓ ✓ ✓ 

Chapter 4     

Design of study ✓ 
 

✓ 
 

Literature review ✓ 
   

Data collection ✓ 
   

Data analysis ✓ 
  

✓ 
Interpretation of results ✓ 

 
✓ 

 

Writing main text ✓ 
   

Corrections and feedback ✓ ✓ ✓ 
 

Chapter 5     

Writing main text ✓ 
   

Corrections and feedback ✓ ✓ ✓ 
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2. Creating valuable customer solutions: A contingency theory 

of approaches in technology-intensive firms 

 

  



18 
 

2.1 Introduction 

 

Many firms in technology-intensive (TI) markets find it complex and challenging to create 

solutions for customer business problems without sacrificing profitability (Day 2004; 

Storbacka 2011; Tuli, Kohli, and Bharadwaj 2007; Wang et al. 2016). Traditionally, most TI 

firms have relied on pure customization approaches (e.g., engineer-to-order (ETO)) to create 

custom-tailored goods and services for their business customers. However, a recent McKinsey 

study (2016, p. 10) conducted within the machinery industry states that “the higher 

complexity of the offered products and solutions in combination with ever-shorter product 

cycles is imposing stronger pressure on returns and demands more agility in production and 

product development.” Given these performance issues, managers in TI industries need 

guidance about how to make smart choices in their customization approach (Booz Allen 

Hamilton 2003).  

Previous studies suggest that TI firms can reduce the complexity of the customization 

effort by adopting mass customization (Davies, Brady, and Hobday 2007; Storbacka 2011; 

Ulaga and Reinartz 2011; Wang et al. 2016), enabled through modularity, digitalization, and 

lean production. Mass customization can be a viable option to lower coordination costs in 

business-to-consumer (B2C) environments. However, mass customization may have 

unfortunate consequences for TI firms in business-to-business (B2B) environments, such as 

reduced innovative capability and internal employees being resistant to the simplification of 

work (Edwards et al. 2005 in Haug, Ladeby, and Edwards 2009). Furthermore, mass 

customization may be inadequate to solve all customer business problems (Haug, Ladeby, and 

Edwards 2009), since it is difficult to predict which changes will occur in the design and 

specifications of TI solutions (Ghosh and John 2005). Paradoxically, these issues could make 

mass customization less valuable compared to pure customization for TI firms. 

While the emerging body of research on customization has provided important 

insights (see Table 2.1 for a more detailed overview), we still know little about which 

distinctive approaches TI firms employ to create solutions that are valuable to both customers 

and the firm. In addition, despite the broad attention given to customization, we know little 

about what affects the success of various customization approaches in TI firms (Ghosh, Dutta, 

and Stremersch 2006). Rather than simply agreeing that customization is important, we need 

to better understand how TI firms can ensure that their customization efforts succeed in 

creating value. To address this fundamental issue, we examine three main research questions 

(see Table 2.1): 
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1. What distinctive customization approaches do firms within TI industries deploy to 

address customers’ needs?  

2. How do the characteristics of partners in the value network (i.e., customers and 

suppliers) influence the value created through each of the different customization 

approaches? 

3. How should TI firms leverage their customer-facing functions to create value with 

each customization approach? 

 

By answering these questions, we contribute in the following ways. First, we 

synthesize various approaches to create solutions from in-depth interviews with 34 experts 

and 2 focus groups, and combine these with findings from the literature, to develop a fine-

grained taxonomy of four customization approaches. Specifically, we show that customization 

approaches are distinguished by two dimensions: (1) the degree of modularity and (2) the 

degree of design freedom in the solution space. Modularity refers to the extent to which the 

constituent functional subparts (i.e., modules) of a solution can be developed independently 

and can easily be configured to function together as a whole (Baldwin and Henkel 2015; 

Ghosh, Dutta, and Stremersch 2006; Ulrich 1995). The degree of solution space freedom 

reflects the extent to which the firm accommodates customer-specific design changes 

(Medini, Da Cunha, and Bernard 2015; Steiner 2014; Tang, Wang, and Ullah 2016). We 

demonstrate that these dimensions represent variability in how TI firms create solutions that 

offer value for both the customer and the firm.  

Second, we identify the sophistication (i.e., characteristics and expertise) of both 

customers and suppliers in the value network as important contingencies to creating value 

with a particular customization approach. Current research mainly focuses on the role of the 

downstream partners when creating solutions, while the roles of upstream partners are hardly 

taken into account. However, as value is created jointly by all parties involved (MacDonald, 

Kleinaltenkamp, and Wilson 2016; Vargo and Lusch 2014), we argue that the success of each 

approach is contingent upon the characteristics of both customers and suppliers, and the TI 

firms’ internal ability to manage and respond to these parties. Managers in TI firms can use 

these insights to determine which approach would be most valuable under the conditions of 

their firm’s value network. 
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Table 2-1: Overview of selected marketing studies on customization approaches, and contributions of this study 

 Mass customization Engineer-to-order Gaps and 

contributions  

Underlying 

assumptions (for 

TI firms) 

Customization strategies differ along 

processes. Customized 

standardization: products are made to 

order from standardized components. 

Tailored customization: Adapt 

prototype to individual needs, 

customization in fabrication (Lampel 

and Mintzberg 1996). 

Technology allows firms to tailor 

services to needs of individual 

customers (Rust and Huang 2014). 

Products achieve mass customization 

capability through modularity, 

services have infinite, free variation 

(Rust and Chung 2006). 

Pure customization: design, 

fabrication, assembly and 

distribution are all customized 

(Lampel and Mintzberg 1996). 

TI solutions have complex 

components, unanticipated changes 

in design and specifications are 

more likely. Identifying all 

contingencies is costly or 

impossible (Ghosh and John 2005). 

Traditional engineering design: 

obtain highest performance in cost 

constraint. Systems composed of 

highly integrated, tightly coupled 

components (Sanchez and 

Mahoney 1996). 

Research gap: 

Insights into 

customization 

strategies for TI 

firms in B2B 

markets necessary, 

unclear how to 

implement and 

leverage modularity, 

and how to 

customize designs. 

Contribution 1: 

Propose overarching 

taxonomy for 

solution 

customization in TI 

firms that accounts 

for specific 

conditions of B2B 

markets and focuses 

on variability in 

generating value for 

the customer and the 

firm. 

Dominant focus B2C Capital goods, CoPS, TI industry 

Selective 

research insights 

into 

implementation 

customization/ 

modularity 

Create variety: change features of 

individual modules, standardize basic 

architecture and relations 

(Frederiksson and Gadde 2005). 

Modularization, standardized 

customization: design not customized, 

components mass produced (Lampel 

and Mintzberg 1996). 

Composing complex, customized 

products is more difficult when 

modularity is low and technological 

unpredictability is high (Ghosh, 

Dutta, and Stremersch 2006). 

Important decisions: product design 

(platform, modularity), managing 

technological innovations (John, 

Weiss, and Dutta 1999). 

Objectives Increase customization and 

personalization. 

Increase efficiency, reduce 

complexity. 

Selective 

performance 

outcomes 

Personalized service forges deeper 

customer relationships and increases 

profitability. Satisfaction-productivity 

trade-off: customization increases 

costs (Rust and Huang 2014). 

Deliver effective solutions at 

profitable prices (Tuli, Kohli, and 

Bharadwaj 2007). 

Goals of customization: the 

successful delivery of products that 

match customer needs and 

preferences in a profitable way 

(Ghosh, Dutta, and Stremersch 

2006). 

Selective 

research insights 

into capabilities 

Contingent hierarchy, documentation 

emphasis, customer interactor 

stability, process articulation (Tuli, 

Kohli, and Bharadwaj 2007). 

Business consulting, systems 

integration, operational service, value 

assessment (Keränen and Jalkala 

2013). 

Design-to-service, hybrid offering, 

deployment, configuration menu 

(Ulaga and Reinartz 2011). 

“Customer knowledge mobilization 

resources” enable firms to 

understand customer needs and 

incorporate that knowledge to 

generate solutions (Ghosh, Dutta, 

and Stremersch 2006).  

Mobilize supplier resources to 

design customized solution or 

adjust components (Wuyts, Dutta, 

and Stremersch 2004). 

 

Research gap: 

Current literature 

focuses on 

managing customers 

(hardly on 

suppliers), scarce 

evidence of detailed 

specification of 

necessary 

capabilities on CFF 

level. 

Contribution 2: 

Explore important 

characteristics of 

external parties 

involved in 

customization 

processes. 

Contribution 3: 

Explore CFF 

capabilities that 

affect how various 

customization 

approaches can 

create value. 

Selective 

research insights 

into customer and 

supplier 

conditions 

Effects of customization are 

moderated by customers’ need for 

uniqueness (Franke and Schreier 

2008). 

Solutions are composed of 

requirements definition, 

customization-integration of goods/ 

services, deployment, support (Tuli, 

Kohli, and Bharadwaj 2007). 

Customer knowledge critical to 

customize complex products 

(Stremersch et al. 2003). 

In modular designs, nuances in 

know-how can be captured and 

transferred through interfaces, so 

development work can proceed 

independently across firms (John, 

Weiss, and Dutta 1999). 

Selective 

research insights 

into role CFFs 

As focus shifts from manufacturing to 

service, focus shifts from operations 

to marketing (Rust and Huang 2014). 

Understanding customization 

structure important. Marketing, 

sales, customer prospecting, 

information dissemination, supply-

side should fit “customization 

style” (Ghosh, Dutta, and 

Stremersch 2006). 
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Third, we propose that the value of a particular customization approach varies along 

the degree to which customer-facing functions (CFFs: marketing, sales, and service) are able 

to accumulate, leverage, and translate customer business problems and market intelligence 

into appropriate solutions. Prior literature has focused on the general importance of creativity 

(Moreau and Engeset 2016), market orientation (Narver, Slater, and MacLachlan 2004; 

Narver and Slater 1990), or the lack of strategic marketing in TI firms (John, Weiss, and Dutta 

1999; Workman 1993). We propose that the success of customization approaches varies 

according to their fit with internal capabilities (Ghosh, Dutta, and Stremersch 2006) and 

conceptualize market orientation and problem-solving capabilities at the level of the CFFs 

involved in the customization process (Plouffe et al. 2016). This makes our conceptualization 

interesting for managers seeking guidance on how to select and train CFF employees. 

 

2.2 Research methodology 

 

Since no empirical studies describe how TI firms approach the creation of solutions for 

business customers (see Table 2.1), a discovery-oriented, theories-in-use approach was 

adopted (Zaltman, LeMasters, and Heffring 1982), in which we blended in-depth interviews 

with existing literature to develop conceptual themes (Eisenhardt 1989; Strauss and Corbin 

1998). Using a qualitative approach allowed us to develop a general theory shaped by the 

views of participants who were familiar with the phenomenon under study (Corbin and 

Strauss 2008; Creswell et al. 2007; Strauss and Corbin 1998). This method is consistent with 

previous work that has explored complex marketing issues for which existing theories lacked 

sufficient detail (e.g., Johnson and Sohi 2016; Ulaga and Reinartz 2011). 

 

2.2.1 Sample and data collection 

Data for this study was drawn from multiple sources (see Töytäri and Rajala 2015 for 

similar practice). The primary means of data collection were interviews with key informants 

in which key decision makers with extensive knowledge on the phenomenon under study 

were sampled (Strauss and Corbin 1998). Informants were selected for this study based on 

their knowledge of, and role within, the firm’s solution creation processes, i.e., they were 

aware of their firm’s concepts, including its (end) customers, suppliers, and system designs 

(e.g., Johnson and Sohi 2016; Kohli and Jaworski 1990; Tuli, Kohli, and Bharadwaj 2007). 

To maximize the diversity among informants and reveal a variety of perspectives, we 

included managers from different departments (e.g., marketing, sales, engineering, R&D, 

manufacturing, procurement). Informants worked at multiple levels within their firms, which 
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enabled them to offer perspectives from varying degrees of seniority and experience (Johnson 

and Sohi 2016). To provide an integrative view on the matter, we also interviewed consultants 

who were specialized in customization and modularity in the TI industry.  

We interviewed key informants until saturation of the data was reached, which was at 

34 informants (Guest, Bunce, and Johnson 2006; Mason 2010). Table 2.2 (Panel A) provides 

an overview of the sample characteristics. Interviews lasted between 60 and 120 minutes, and 

29 interviews were audiotaped and transcribed. Five informants did not consent to being 

audiotaped, so during these interviews we made detailed notes and verified these notes with 

the informants. For consistency, the same researcher conducted all interviews. In addition, we 

collected and analyzed complementary archival data (Marshall and Rossman 1999), which 

were either provided by key informants (e.g., (internal) presentations, flyers, brochures, and 

other depictions that helped people understand the process of creating solutions) or retained 

from publicly available data sources (e.g., websites, newsletters). 

The preliminary results were presented and discussed during two focus group 

discussions, where 57 managers from various TI firms participated. The first session of the 

focus groups was co-hosted by a well-established industry magazine at the premises of a large 

TI firm. The discussions largely confirmed our results and interpretations, thus increasing our 

confidence in the findings. Table 2.2 (Panel B) provides an overview of the demographics of 

the participants of these two focus groups. 

 
Table 2-2: Sample characteristics 

Panel A: Interviews (n = 34)* 
Respondent function n Current position n Industry groups n 

Sales/marketing 13 Entry and mid-level 

(representative, manager, 

product manager) 

11 Manufacturing (electronics, 

equipment, engineering 

products, industrial products) 

28 

Engineering/R&D 11 Upper (director, business 

director, consultant) 

13 Services (consultancy, software, 

system integration 

6 

Operations 5 Executive level (CEO, 

CTO, COO) 

10   

Procurement 2     

Panel B: Focus groups (n1 = 10 and n2 = 47 for session 1 and session 2, respectively) 

Respondent function n1/n2 Current position n1/n2 Industry groups n1/n2 

Sales/marketing 2/18 Entry and mid-level 

(representative, manager, 

product manager) 

0/25 Manufacturing (electronics, 

equipment, engineering 

products, industrial products) 

10/33 

Engineering/R&D 6/17 Upper (director, business 

director, consultant) 

0/14 Services (consultancy, software, 

system integration 

0/14 

Operations 1/2 Executive level (CEO, 

CTO, COO) 

0/8   

Procurement 0/3     

Other (business 

administration, 

processes) 

1/7     

*  We interviewed respondents from 29 different firms with different positions in the value chain. 
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2.2.2 Interview protocol 

All interviews were semi-structured and began in an exploratory manner, which 

allowed the interviewer to focus on each informant’s phenomenological interpretations of 

how the processes to create customer unfolded in their firm (Glaser and Strauss 1967). In 

addition, informants were encouraged to discuss the topic in as much detail as possible and 

the interviewer asked follow-up questions in an iterative manner, to encourage the informant 

to expand on the points raised (cf. Johnson and Sohi 2016; Tuli, Kohli, and Bharadwaj 2007). 

To aid the interviewer, an interview protocol was used, which centered around five questions: 

(1) What kind of solutions does your firm offer? (2) How do the order, development, and 

delivery processes develop, and what are important events and decisions? (3) What are your 

responsibilities in these processes and how are your colleagues involved? (4) In your view, 

what constitutes a valuable project and why? and (5) In what way are parties from outside of 

your firm involved? 

 

2.2.3 Data analysis and interpretation  

The multi-source approach resulted in over 450 pages of single-spaced data. Data from 

the different sources were coded according to grounded theory (i.e., open, axial, and selective 

coding; Glaser and Strauss 1967). First, three researchers independently identified emerging 

concepts and themes in the data (Strauss and Corbin 1998). The results were compared and 

discussed, and from this, a preliminary coding plan was developed. After the data was coded 

in detail, we identified relevant antecedents, activities, strategies, issues, and outcomes related 

to creating solutions as an integrative means to create customer and firm value. We 

investigated the relationships between constructs before developing the overall framework 

and further refining the coding plan. Finally, for selective coding, we integrated all of the 

relevant constructs into an overall framework. These constructs (see Appendix A) were then 

analyzed and used to develop a conceptual model. 

 

2.2.4 Reliability and validity of analysis 

To maintain analytical rigor and establish the trustworthiness of the data, we followed 

three steps recommended for qualitative inquiry (Johnson and Sohi 2016; Lincoln and Guba 

1985; Marvasti and Silverman 2008). First, we used specialized software which allows for 

comprehensive data treatment and thorough examination to facilitate the meticulous 

structuring and documentation. The transcripts of the interviews were all stored within the 

software program, and a tree-node structure allowed us to examine cross-category overlaps as 

well as multiple relevant quotations pertaining to the same category from different 
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respondents. This process allowed us to more easily compare and contrast the responses and 

increased the interpretability based on industry, firm type, and personal characteristics. 

Second, we sought cases that would refute the findings by actively looking for 

inconsistencies or systematic differences. For example, it could be argued that certain 

processes through which solutions are created are firm-specific, which would render the 

findings not generalizable. However, while differences in approaches were discovered and 

explicated in the conceptual framework, no other industry, firm, or individual patterns were 

determined to be influential. 

Third, we employed constant comparison of the data to validate emergent themes and 

findings uncovered from the interviews. Any emergent insights leading to new questions and 

inquiries from previous interviews were included in subsequent interviews. Finally, a subset 

of statements (25%) (cf. Van Oorschot et al. 2013) was cross-coded by a second, independent 

researcher, which resulted in an index of reliability of Iᵣ = .92 (Perreault and Leigh 1989), 

which is adequate for exploratory work coded by two independent judges (Rust and Cooil 

1994). Based on the concepts that emerged from the qualitative study, supplemented with 

ideas from the existing literature, we next propose a new perspective on solution creation in 

TI firms and identify key drivers and contingencies that influence its desired outcomes. 

 

2.3 Conceptualization of customization approaches 

 

Based on the existing literature and our field study, we propose four approaches that TI firms 

follow to create solutions for business customers: (1) Standardized integration, (2) Engineer-

to-order (ETO), (3) Mass customization, and (4) Tailored configuration (see Appendix A for 

illustrative quotes). These approaches are based on two well-known concepts in the marketing 

and design literatures: (i) the degree of modularity TI firms adopt and (ii) the degree of 

solution space freedom (see Figure 2.1). The degree of modularity refers to the extent to 

which the constituent functional subparts (i.e., modules) of a solution can be designed 

independently and can easily be configured to function together as a whole (Baldwin and 

Henkel, 2015; Ghosh, Dutta, and Stremersch 2006; Ulrich 1995). The degree of solution 

space freedom determines the extent to which the firm allows alterations to the solution’s 

design or to the design of its modules to meet specific customer needs (Duray et al. 2000; 

Medini, Da Cunha, and Bernard 2015; Steiner 2014). Although previous research on 

customization often defines solution space freedom as the number of options available in, for 
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instance, mass customization toolkits (e.g., Franke and Schreier 2008), we expand the 

definition to accommodating design choices not yet available in the current choice set.  

While the first three approaches have received some attention, the existing marketing 

literature provides no description of how to create solutions via a tailored configuration 

approach (i.e., highly modular architecture, unconstrained solution space). The empirical 

findings confirm that many TI firms operate under conditions that demand a tailored 

configuration approach, as opposed to ETO or mass customization. Our taxonomy builds on 

modularity and solution space freedom as the two core concepts of customization. Next, we 

discuss the benefits and drawbacks of the four identified approaches. 

 

Figure 2-1: Overview of customization approaches of technology-intensive firms 

 

 

2.3.1 Standardized integration 

Standardized integration refers to the processes that enable TI firms to create and mass 

produce standardized solutions without using interchangeable components (Ulrich 1995). So, 

out of the four customization approaches, this approach has the lowest degree of flexibility to 

differentiate between customers. Fully integrated solutions have little or no modularity in their 

architectures. The components are thus tightly coupled, in the sense that a change in one 

component requires compensatory changes in other components (Sanchez 1999). While these 
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solutions can be scalable (e.g., larger), their designs are predefined. The variety of solutions 

the TI firm can offer its customers is thus constrained to a limited set of predetermined 

options. In general, TI firms that adopt a standardized integrated approach make (almost) no 

distinctions between individual customers, and customers have no direct influence on the 

solution’s design or production (Lampel and Mintzberg 1996).  

While some of the TI firms in our sample provided standardized integrated solutions 

made of mass-produced and fully standardized parts, this approach is often not adopted by TI 

firms due to high technological volatility and the knowhow-intensity of their solutions. To 

illustrate, TI firms often operate in technological volatile markets and their customers have 

complex needs. These firms are thus required to create knowhow-intensive solutions, which 

makes standardized integration a less suitable approach. The advantages of solutions created 

through standardized integration are the lower production complexity and lower associated 

costs. In addition, this approach represents more predictable production and lower degrees of 

customer involvement in solution design. However, the disadvantage of this approach is that 

TI firms are required to forecast customer demand and hold stock of components (either in-

house or at the supplier), which is more costly to sustain in smaller markets. Furthermore, 

standardized integration generally does not enable TI firms to offer unique customer value, 

which can subject their solutions to the ‘commodity magnet’ where price is the only 

differentiator (Rangan and Bowman 1992). As one CEO explains: 

“We have seen that both on products and knowledge, you can no longer talk 

in general solutions, you have to talk customized solutions. [..] With our top 150 

customers, you see that they are saying: Even if it is very small, in some way, we 

want you to add value, we want a customized solution. And it can be very simple 

but also very complex. [..] If I only sell commodities [..] I will remain very 

sensitive to benchmarks if they can get it cheaper at my competitor.” (19) 

 

Thus, even if TI firms customize through standardized integration at relatively shorter 

lead times and relatively lower prices, such solutions often do not create optimal value for 

customers, as they do not fit their specific needs. In addition, this approach may harm TI 

firms’ long-term performance because margins are under pressure. Consequently, informants 

stated that creating solutions through this approach often boils down to long and hard price 

negotiations. To overcome these barriers, TI firms in our sample generally refrained from 

using standardized integration and instead relied on other approaches to maximize value. 
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2.3.2 Engineer-to-order 

 Engineer-to-order (ETO) refers to approaches that enable TI firms to create and 

design fully integrated and customer-specific solutions, often in close cooperation with the 

customer (Duray et al. 2000; Gosling and Naim 2009; Hicks, McGovern, and Earl 2000). 

Through ETO, TI firms respond to the idiosyncratic needs that customers express (Narver, 

Slater, and MacLachlan 2004) by developing and building purely customized solutions on 

demand (Lampel and Mintzberg 1996). TI firms with an ETO approach often operate in niche 

markets and achieve higher margins on their projects, since they are able to build more unique 

solutions than their competitors. As an R&D manager explains: 

“I will continue to do ETO because I can get higher margins with that, I’m 

doing something very specific, [..] I’m not going mainstream because I just want 

to get those margins and I’m a small firm.” (24) 

 

However, solutions created via ETO are generally highly complex, with fully 

integrated components and operations (Bask et al. 2011; Hvam 2006). Although an ETO 

approach increases the alignment between the solution and customer requirements, the tightly 

coupled designs often create a highly complex architecture that is difficult, costly, and time-

consuming to modify (Sanchez 1999). As one production manager explains: 

“Based on a conceptual predesign we determine a certain price for the 

materials and the engineering hours. Based on that we calculate a sales price to 

offer to the customer. [..] And if the customer says OK you can do this order, 

then the real work starts for us. Because if regular engineering starts, so not 

conceptual predesign but the true design, only then can we determine in detail 

what should really be in that installation, what components etc. [..] So in that 

design phase we are going to determine what that installation should look like. 

Then it needs to be made, enters our firm, we build up parts of it, add our own 

cables and software, test the whole installation. [..] Then the customer comes to 

have a look, and they can take it if they approve. And you’d wish that the 

customer-decoupling point is very late, where it becomes customer specific, so 

we could for example also easily sell [such an installation] to another customer, 

but that isn’t the case.” (23) 
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The aforementioned downsides of an ETO approach may decrease value for the firm, 

as it requires a project-based approach which results in higher costs and lower cross-project 

learning. As one consultant explained about one of their client firms:  

“At [this firm], everything was ETO and very history based, needed 5, 6, 700 

hours to create a machine, so they could only make a few every year. And 

everything was under pressure, because the processes and the margins were 

different every time.” (01) 

 

Or, as a system integrator’s engineering manager explains: 

“…if you would ask 10 engineers to create a new solution for some problem 

and they were all equally experienced, you would get 10 different solutions. And 

they would all be good but sometimes errors would sneak in. [..] So the quality is 

very variable, and that variability is costing you money.” (13) 

 

Therefore, many TI firms struggle with the complexity and higher costs inherent to 

creating solutions via an ETO approach. To reduce this complexity and increase margins, TI 

firms increasingly look for opportunities to re-use knowledge and increase standardization, 

and to incorporate technologies, components, and services sourced from third party suppliers 

(Davies, Brady, and Hobday 2007). However, this is difficult to accomplish through tightly 

coupled, integrated architectures. As a result, TI firms increasingly opt to implement higher 

degrees of modularity in their solutions. 

 

2.3.3 Mass customization 

Mass customization refers to the processes that enable TI firms to create and build 

solutions according to mass production objectives, with predefined functional components 

that can be configured to closely address the needs of individual customers (Da Silveira, 

Borenstein, and Fogliatto 2001; Duray et al. 2000; Pine 1993). Although TI firms that 

leverage mass customization create solutions for relatively small markets, they still optimize 

their internal processes by predefining the solution space and standardizing engineering 

efforts (Haug, Ladeby, and Edwards 2009). Compared to ETO, TI firms that use mass 

customization thus constrain the available options or possibilities for the customer to a 

predefined choice set (Salvador, De Holan, and Piller 2009). TI firms that adopt a mass 

customization approach use modularity to achieve manufacturing efficiencies, while 

simultaneously preserving the flexibility to address a wide range of customer needs (Duray et 
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al. 2000; Sanchez 1999). To achieve both manufacturing efficiencies and flexibility, modules 

need to be fully specified up-front, which can only be done correctly if the customers’ 

behaviors and needs are well understood (Sanchez 1999). One R&D manager explains what 

this meant for their firm: 

“Customer-focused mass production. That is what we do, with that modularity 

you can work very customer focused and still have a large production. This 

makes you more competitive and you no longer need a department with people 

managing the stuff, or a purchasing department buying everything in small 

series.” (17b) 

 

Since mass customization is enabled by high degrees of modularity and low degrees of 

solution space freedom, customization is less complex than through an ETO approach. In fact, 

these solutions are created by configuring modules instead of engineering designs. 

Customization then becomes the responsibility of downstream stakeholders, like salespeople 

or the customers themselves. In addition, solutions are often cheaper to create because 

configuring modules requires relatively little effort. A manager explains: 

“…so it’s cheaper to design, [..] it has less growing pains when you are 

working modular, [people] need less knowledge.” (17a)  

 

In addition, the constrained solution space limits the customer’s options to change 

designs, as one business director explains: 

“This machine closely resembles [mass customization] because in this case, 

the option to have something specific is unavailable. Because everything has 

been put into the system in advance. The engineering is completely gone.” (03) 

 

However, many managers experience these low degrees of solution space freedom as 

very difficult, mainly due to customer pressures to incorporate customized functions. As one 

engineering manager explains: 

“We notice customers are increasingly demanding changes to our systems. So 

in the modules I just mentioned, suddenly you have to do something different. 

And you could say that you’re not doing it, but then you won’t sell to anybody. 

So you have to move with them.” (22) 

 



30 
 

Thus, a downside of mass customization in TI markets is that firms are often forced to 

design customer specials to stay competitive, which interferes with standardized processes. 

Furthermore, solutions for business customers often consist of highly complex systems, which 

are created during multi-party projects with high costs and large time-spans. This makes 

modularization with low degrees of solution space freedom difficult to sustain. One market 

director explains: 

“Let’s say you have a warehouse and you want to automate that. Then I’m 

going to ask you what you need [..] you have a combination of techniques, they 

need to be connected, some software, a system [..] then you’re thinking about 

concepts of 5, up to 150 million [euro’s, ed.]. They [customers] also need a 

process, simulation, what happens if they grow by 10% [..] then it’s build in our 

factories or in someone else’s, needs to be installed on site, another year gone.. 

[..] So you do have some building blocks but it is not a standardized product. It is 

always tailor-made. That’s why [in the project business], modularization is so 

difficult.” (15) 

 

So, although mass customization enables TI firms to efficiently configure customer 

solutions, such processes are often very difficult to implement in TI markets due to regular 

customer-specific requests and the complexity of multi-party projects. To overcome these 

barriers, many TI firms move toward a more hybrid approach. 

 

2.3.4 Tailored configuration 

Tailored configuration is characterized by those processes that enable TI firms to 

create and build solutions that are highly modular, but also highly flexible so parts of the 

design can be engineered specifically for - or with - each customer. Although some processes 

are comparable to those of mass customization, a tailored configuration approach differs 

because firms are able to continuously engineer new subparts for individual customers. Many 

of the TI firms in our sample pursue this approach. Tailored configuration is often adopted 

when TI firms aim to combine the benefits of design freedom from engineer-to-order, with the 

efficiency benefits of mass customization. One CEO clearly explains: 

“We see that as building for your customer. That is the reason we still build 

20% customer specific, why we don’t offer the same as our competitor. 80% inside 

is the same, only that 20% customer specific they can’t get from the competition. 
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So that 20% we offer is that little shape, that small building thing, or just a little 

more flexibility than they can get from another supplier.” 

 

As another CEO explains, these TI firms aim to create highly modular solutions, but 

still engineer certain functionalities specifically for or with each customer: 

“Customers want a dedicated solution to their process. [..] So you need a lot 

more tailor-made functionalities. [..] And you have to do that as cheap as possible. 

[..] Well then, we make it completely customer specific. But we also try to keep 

those small building blocks as modular as possible.” 

 

TI firms with a tailored configuration approach thus regularly incorporate custom- 

designed attributes into their modular solutions to offer value in a cost-effective manner. The 

downside of this approach is that the customization process can become highly ambiguous. 

For example, many firms encounter difficulties regarding the decision whether certain 

functions should be predefined or custom designed. These decisions may result in tension 

between commercial and technological departments, which escalates the decision-making to 

managers who then need to decide between offering standards or specials. One consultant 

explains: 

“There is often tension there. Salespeople prefer to sell the least “no’s” as 

possible, “we will make this for you”, and engineering says “Jeez, again another 

variant?” but engineers also have an issue, because engineers are very much driven 

by making the best solution, and not the fit for purpose solution.” (09) 

 

In our sample, we noted that many TI firms use decision-making tools to facilitate 

decision-making in the design process, for example by asking for a business case for each 

requested special. Although this may constrain the design freedom of the sales and 

engineering force, it also provides a platform for discussion by encouraging them to reflect on 

the costs and benefits of each customer special. A consultant explains: 

“Salespeople, they are people who are often great at talking, so they will give a 

huge plea for that option, but if you can show how that impacts the value chain or 

make it official, what are the costs, then you can contrast the impact of a decision 

or wish against the expected market share.” (09)  
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In sum, although each approach has the potential to create valuable solutions for the 

customer and the TI firm, each also comes with possible downsides that may inhibit value 

creation. We therefore adopt a contingency perspective to investigate what determines TI 

firms’ ability to create valuable solutions that also offer value to the firm (see Figure 2.2). 

 

Figure 2-2: Conceptual framework 

 

 

2.4 The moderating role of customer and supplier characteristics 

 

Since standardized integration is often not deployed by high TI firms and more suitable for 

low TI firms, in the remainder of this chapter we focus only on the three customization 

approaches that are most frequently leveraged in TI firms: ETO, mass customization, and 

tailored configuration. Next, we discuss how the relationship between customization and firm 

and customer value is contingent on customer and supplier characteristics. 

Informants repeatedly emphasized the importance of considering the proficiency and 

knowledge of both customers and suppliers to create valuable solutions. Indeed, previous 

research confirms that TI firms are generally required to collaborate with partners, thus 
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extensively integrating both customers and suppliers into their development processes 

(Jassawalla and Sashittal 1998). The actual ability of TI firms to create superior value then 

strongly depends upon the sophistication of other parties in their value network (Harrigan 

1988; Mohr and Sarin 2009; Porter 1998). One procurement manager explains how the 

sophistication of their customers influences them and subsequently their suppliers: 

“Customers increasingly want a dedicated solution for their processes. [..] They 

say the machine has to be as light, compact, and as cheap as possible. So you 

should make this module exactly so that it best fits that machine. [..] We get a lot 

of feedback in one way or the other from many customers. And worse, they 

continuously pressure us to improve. And we also do the same with our suppliers.” 

(06) 

 

We explore two potential conditions that influence whether customization approaches 

result in value: (i) the sophistication of business customers and (ii) the sophistication of the TI 

firm’s suppliers (see Figure 2.2). Appendix B provides illustrative quotes for the constructs. 

The customer’s level of sophistication refers to the extent to which customers are aware of 

their own needs and able to communicate those needs (Souder 1988), and their level of 

training or experience in relation to the technologies comprising the solution (Ceci and 

Prencipe 2008). Sophisticated business customers are sensitive to nuances and differences and 

are attracted to solutions that solve their particular problems (Li and Calantone 1998; 

Wheelwright and Clark 1992). Highly sophisticated customers often have detailed technical 

knowledge and capabilities and prefer to be more involved during the development process. 

Less sophisticated customers, on the other hand, are often unaware of their needs (Simonson 

2005) and are best helped with solutions that are composed of predefined components 

(Davies, Brady, and Hobday 2007).  

Sophisticated customers often do not accept or appreciate a constrained solution space. 

According to our informants, sophisticated customers often seem to be less satisfied by 

standardized solutions that may sub-optimally address their needs, and resort to continuously 

pressuring TI firms to create specials. Indeed, previous research indicates that sophisticated 

customers with well-defined preferences seem to be less willing to accept standard offers and 

generally require high-tech, complex solutions, while less-sophisticated customers require 

simpler, more standardized solutions (Ceci and Prencipe 2008; Simonson 2005). Under the 

condition that customers are highly sophisticated, TI firms would thus generate more value if 

they adopted a customization approach with high solution space freedom that would allow 
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them to create solutions that exactly match their customers’ demands. In addition to customer 

sophistication, one consultant explained the importance of considering supplier 

characteristics:  

“You need to translate this into value, right? Value versus costs. So overall, I would 

say, translate customer needs, but look broader. So, supply chain performance, and 

also responsibility, ramp-up, ramp-down…, is your supply chain capable of ramping 

up with you?” (09) 

 

The level of supplier sophistication refers to suppliers’ operational and technical 

competences, where highly sophisticated suppliers focus on reducing delays, using rapid 

problem solving, providing accurate information, and delivering high quality (Flynn, 

Schroeder, and Sakakibara 1994; Hartley et al. 1997). Sophisticated suppliers often take a 

more central role in creating solutions due to their operational and technical capabilities, and 

involving them in the customization process can improve the solution (Primo and Amundson 

2002). Adding high-quality parts enhances the solution’s value and allows firms to focus 

more on their core competences. When more suppliers are able to develop parts that may fit in 

a solution, the number of possibilities to address specific consumer needs increases (Sanchez 

1999). Yet TI firms can only outsource entire modules if suppliers are highly operationally 

and technically competent. When suppliers are less sophisticated, outsourcing entire modules 

is not preferable or possible. Under such conditions, TI firms need to take full responsibility 

for designing and creating the solution. One manager explains how they had to reconsider the 

position of their suppliers when they decided to implement a high degree of modularity: 

“Look the downside is of course who is making those modules. At the moment 

you’re getting entire modules from a supplier… well you can imagine if you are 

building modular it is also possible that you do pre-assembly for a certain part, or you 

compose ten or twenty parts into one, which then form a module.. that means that the 

supplier of that module becomes critical. Because he knows exactly what that module 

is composed of. So you can’t just source that from another supplier.” (10) 

 

Based on the above, we develop three propositions to determine under which 

conditions the three customization approaches generate value. First, we propose that when the 

TI firm’s customers are highly sophisticated and suppliers are not, an ETO approach will 

more likely result in valuable customer solutions. Under these conditions, TI firms are capable 

of designing and building solutions for all their customers’ needs. Sophisticated customers 
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can be closely involved in the solution’s design process and help ensure a good result. 

Moreover, because suppliers are not sophisticated, the firm cannot rely on them to design and 

develop highly technical functionalities, but can only purchase simple or standard 

components. To create a solution that fully matches a customer’s needs, TI firms should take 

full responsibility for design and engineering, and recognize that sourcing larger and more 

complex parts from these less sophisticated suppliers would be ineffective and inefficient. 

Therefore, TI firms with highly sophisticated customers and less sophisticated suppliers could 

create the most value with an ETO approach. Thus,  

P1a:  Under conditions of high customer sophistication and low supplier 

sophistication, an ETO approach creates value for both the TI firm and its 

customers. 

 

Second, we argue that for TI firms operating in value networks with less sophisticated 

customers and highly sophisticated suppliers, a mass customization approach should create 

the most value. Creating solutions with a high degree of modularity and a low degree of 

solution space freedom means that the TI firm offers configurable, standardized 

functionalities, often with fewer errors. This is interesting for less sophisticated customers, 

who focus on minimizing risks and problems and have more difficulties articulating their 

specific needs. The engineering manager of a modular system integrator explains: 

“Those customers that are standard to us, have no standards themselves. They 

say well here’s the assignment and if you ask for it [..] they pull a list out of some 

drawer with preferred materials and it has things on there that aren’t even made 

anymore. You see this for example with [semi-public firms]. On the other side, [..] 

there are firms which have a very clear vision on managing an installation and all 

costs that are involved.” (13)  

 

In this case, configuring a solution from a predetermined set of modules aids less 

sophisticated customers that have no specific demands or insights into preferences and related 

technical specifications. Adopting a high degree of modularity also means that TI firms can 

increasingly outsource entire modules and can closely involve their suppliers in solution 

specification. When TI firms’ suppliers are highly sophisticated, firms can rely on their 

capabilities to create customer value. One CEO explains how this is done by TI firms that ask 

for fully designed, highly advanced modules for the TI firm’s customers: 
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“They should manage the architecture of the total system, and then arrange it 

so that they can outsource such a module. And with [customer X], they even go as 

far as outsourcing the whole development on a module level. So you outsource 

only based on your specifications. [..] What we make, it can deviate this much on 

temperature, this much on positioning, speed, whatever. Because the total system 

should reach a certain performance, and you’re a module part of the performance 

of that whole system. [So, our people] need to understand that impact and the 

complexity of what we need to do.” (25) 

 

Therefore, TI firms with highly sophisticated module suppliers and less sophisticated 

customers can depend upon suppliers to add value to a solution, while focusing on minimizing 

complexity and delivery times. In this case, a mass customization approach would create the 

most value. Formally: 

P1b: Under conditions of low customer sophistication and high supplier 

sophistication, a mass customization approach creates value for both the TI 

firm and its customers. 

 

Third, we argue that for TI firms operating with highly sophisticated customers and 

highly sophisticated suppliers, a tailored customization approach should create the most value. 

In our data, we observed that in many TI markets both customers and suppliers are highly 

sophisticated. This high level of sophistication can become problematic when sophisticated 

customers demand tailored designs, and the TI firm outsources entire modules within the 

solution. The firm is now responsible for managing the requirements and capabilities of 

customers, suppliers, and the firm, but still needs to create and offer the final solution as an 

integrated bundle. In such cases, TI firms aim to implement a high degree of modularity to 

benefit from sophisticated suppliers, but also offer additional customized engineering to meet 

the individual demands of sophisticated customers. Specifically, firms need to be able to 

outsource the development and production of modules, while allowing the customer to remain 

involved and add customer-specific functionalities. Therefore, when both customers and 

suppliers are highly sophisticated, TI firms can create the most value with a tailored 

configuration approach. Thus: 

P1c: Under conditions of high customer sophistication and high supplier 

sophistication, a tailored configuration approach creates value for both the TI 

firm and its customers. 
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2.5 The moderating role of CFF characteristics 

 

The data consistently showed that successfully creating value largely depends on how well 

customer-facing functions (CFFs) are able to gather, disseminate, and respond to market 

intelligence, and the extent to which they are able to find appropriate solutions for customer 

problems. CFFs are the functional departments involved in the customization, coordination, 

and/or fulfillment of the solution (Plouffe et al. 2016). A truly valuable solution should be 

offered, deployed, and supported as an integrated bundle that solves customer business 

problems (Nordin and Kowalkowski 2010; Storbacka 2011; Tuli, Kohli, and Bharadwaj 2007; 

Ulaga and Reinartz 2011), where value results from the interaction between parties 

(MacDonald, Kleinaltenkamp, and Wilson 2016). Given that marketing, sales, and service are 

mainly responsible for and involved in customer interaction and coordination, we consider 

how TI firms should leverage these CFFs with each customization approach. Specifically, we 

discuss how CFFs (1) generate, disseminate, and respond to market intelligence (Jaworski and 

Kohli 1993; Kohli and Jaworski 1990) (i.e., CFFs’ proactive and responsive market 

orientation) and (2) solve customer problems (i.e., CFFs’ creative and configurative problem-

solving). Appendix C provides an overview of definitions and illustrative quotes. 

 

2.5.1 CFFs market orientation 

The value TI firms create with a particular customization approach depends in part 

upon how CFFs learn about and integrate customer needs, competitor intelligence, and 

product attributes when creating and delivering superior value to customers, i.e., the degree to 

which CFFs are market-oriented (Lam, Kraus, and Ahearne 2010). For TI firms, having 

strong market-oriented norms is especially important given the knowledge-based character of 

customer solutions (Mohr and Sarin 2009). In our data, we observed that CFFs learn from 

customers and competitors in different ways when addressing customer problems. More 

specifically, we found that CFFs displayed (1) mainly a responsive market orientation in 

which they learn about current and expressed needs, (2) mainly a proactive market orientation 

in which they learn about future and latent needs, and (3) a combination of both orientations. 

Consistent with previous literature, we propose that proactive and responsive market 

orientations are capabilities that can co-exist (Narver, Slater, and MacLachlan 2004). 

Because market orientation reflects a company-wide culture where strong norms guide 

CFFs’ daily practices (Lam, Kraus, and Ahearne 2010), whether TI firms create true value 

with an approach depends on the presence of these market-oriented practices. For example, a 
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more responsive market orientation is more effective and efficient when TI firms have a 

downstream customer order decoupling point, whereas a proactive market orientation would 

be more helpful when TI firms have an upstream customer order decoupling point, as is 

explained by one module supplier’s head of R&D: 

“I think there is a very substantial difference between engineering-to-order, 

companies who get a request and then start to think well how shall we realize that, and 

we are actually a bit the other way around. We have already thought about which 

requests we would get. And we kind of only have to make the right combination. So, 

we actually do not respond to a customer demand. The customer’s demand responds to 

a set of possibilities, or the Lego block that you have made. And there is a 

fundamentally different philosophy behind that. [..] I do think that it is fundamentally 

different. You do not have that many decisions left to take later on in the process. 

When that customer shows up you only have to decide whether it fits or not, and 

collect the right building blocks.” (17) 

 

First, we argue that for TI firms operating with CFFs who are mainly responsive and 

not very proactive in their market orientation, an engineer-to-order approach should create the 

most value. ETO is generally driven by the customer’s order, and thus requires less latent and 

future insights. Therefore, a proactive market orientation is usually unnecessary. Proactive 

practices may potentially be harmful as these might lead to offering solutions that customers 

are not seeking. Rather, a responsive market orientation will focus CFFs’ efforts and attention 

on the firm’s capabilities, to “build what they can sell”. Moreover, if CFFs have a dominant 

responsive market orientation it actually becomes very difficult for TI firms to switch to other 

customization approaches (besides ETO) that have a more upstream customer order 

decoupling point. Previous research indicates that the historically prevailing preference of 

many TI firms for engineering-related knowledge has resulted in marketing skills being 

undervalued (Leonard-Barton 1995). Consequently, marketing skills such as latent needs 

analysis and forecasting are often undeveloped (John, Weiss, and Dutta 1999; Workman 

1993). As one CEO explains: 

“This isn’t something we have done until now. Because we have always said: 

That what we can sell, we are going to build and deliver. So [identifying latent 

needs], we never really had to do that.” (04-b) 
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Thus, when a TI firm’s CFFs have a highly responsive market orientation and lack a 

proactive market orientation, an ETO approach is most likely to create value: 

P2a: Under conditions of high CFF responsive market orientation and low CFF 

proactive market orientation, an ETO approach creates value for both the TI 

firm and its customers. 

 

Second, we posit that when customer-facing functions have a highly proactive market 

orientation, and a less-responsive market orientation, a mass customization approach should 

create the most value. According to our informants, due to TI firms’ long-term focus on the 

development of modular architectures and platforms, they can only leverage the potential of 

high degrees of modularity when their CFFs (and especially marketing; also see Sanchez 

1999) are able to foresee the future needs and problems of their customers. In addition, CFFs 

need to be able to understand how they can support the customers’ long-term value creation 

during the development of product and solution architectures (Storbacka 2011). When a TI 

firm does not have CFFs with a proactive market orientation, mass customization is difficult 

to execute and less likely to succeed. The head of global engineering and R&D, responsible 

for implementing modularity within their firm, explains their struggle with this: 

“When we have done this, we have all the tools in place to move from sales to 

a configuration. But if the product is not designed in that way… Right now, we 

are able to modularize our products, but do not ask me how. There are many 

differences between our customers that we do not know about. We have 

functionalities that allow you to add options much earlier, but how should we 

determine those options? And which markets we might serve in the future? We 

need more insights into the needs of today, and in three years from now.” (28) 

 

Since a mass customization approach has a low degree of solution space freedom, 

placing too much emphasis on current customer requests may result in TI firms being unable 

to create value, since the costs of changing the predefined modules would diminish margins. 

As a marketing manager explained:  

“Well you develop your products according to changing market needs, so they 

need to be flexible in that sense. And then you try and find the common 

denominator. But it is very difficult to get that need very clearly from the market. 

It is often a latent need so they aren’t able to name it. But by being in that process 

and seeing where does it hurt, there you are able to create value [..] But if you’re 



40 
 

not careful you will be having conversations like this button should be red instead 

of blue and you don’t want to end up there.” (26b) 

 

We observe that mass customizing TI firms need to take a more long-term approach 

and need CFFs that are able to define and analyze their customers’ latent needs. Therefore, 

CFFs would need a more proactive market orientation and a lower responsive market 

orientation. Formally: 

P2b: Under conditions of low CFF responsive market orientation and high CFF 

proactive market orientation, a mass customization approach creates value for 

both the TI firm and its customers. 

 

Third, we posit that for TI firms operating with CFFs who have developed both a 

highly proactive and responsive market orientation, a tailored configuration approach should 

create the most value. TI firms with a tailored configuration approach need to generate and 

disseminate accurate intelligence on both expressed and latent needs to maximize customer 

value, while keeping the costs of developing and delivering the solution at an economically 

profitable level. In this case, CFFs should be able to identify latent customer needs to be 

addressed with predefined modules, as well as accurately respond to expressed customer 

requests. The need for CFFs to have both a responsive and proactive market orientation 

materializes through an increased focus on how these TI solutions are managed and 

supported. One CEO explains: 

“What we see now is that the value network is in constant contact with each 

other. Remote diagnosing is such a theme. More components have become 

smart. So all signals of a [module] well you can do something with those, or say 

it is faltering, so you can do preventive maintenance. So from a distance, firms 

are constantly staying in touch with these customers. [..] But that can also result 

in saying this machine is using unnecessary energy, [..] shall I send a service 

mechanic or should we talk about a new machine?” (19) 

 

For a tailored configuration approach, CFFs need to constantly monitor customer 

processes and satisfaction and accurately respond to this intelligence. This constant 

monitoring also provides opportunities to propose updates or improvements. Thus, tailored 

configuration requires CFFs with both proactive and responsive orientations. More formally: 
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P2c:  Under conditions of high CFF responsive market orientation and high CFF 

proactive market orientation, a tailored configuration approach creates value for 

both the TI firm and its customers. 

 

2.5.2 CFFs problem-solving capabilities 

The value TI firms create with a specific customization approach depends in part on 

the extent to which the created solution actually solves the customer’s problems—i.e., the 

extent to which customer needs and problems are translated into functional requirements of 

the solution. One CEO explained the importance of problem solving for their firm: 

“So that is a challenge for our [CFFs], to get the right information from the 

customer, to understand the customer’s problems. That is of course the most important 

job a [CFF] has. [..] The fast lane to customer success is really listening to where are 

the true problems with that customer. […] What is important for our [CFFs], is to 

translate either the explicit or implicit customer needs to a value proposition we can 

make money with. Well most [CFFs] know our strengths and how we can solve 

specific customer problems.” (25) 

 

In this study, we distinguish between two capabilities through which CFFs can solve 

customer problems, i.e., creative problem solving, characterized by generating and 

emphasizing novelty, unconventionality, and being able to formulate what problem to solve 

(Newell, Shaw, and Simon 1962), and configurative problem solving, characterized by 

choosing, integrating, combining, and recombining (i.e., configuring) from a set of known 

options. Whereas creative problem solving requires more divergent thinking to create a new 

solution for problems that are unknown in advance, configurative problem solving is more 

convergent, as it involves the ability to efficiently create the optimal solution for a known 

problem (Varian 2004; Yoo et al. 2012). 

CFFs need to consider three aspects during this process: (1) the problem itself (the 

initial state), (2) the set of operators (rules and strategies) that are deployed to solve the 

problem, and (3) the desired outcome or end-state, the solution (Moreau and Engeset 2016). 

The extent to which these aspects are defined and constrained or free determines the 

capabilities that CFFs need to solve the customer’s problem (Moreau and Engeset 2016). 

Given that CFF capabilities generally take time to develop and are difficult to imitate (Day 

1994), we consider them in this paper as contingencies of the effectiveness of a TI firm’s 

customization approach. 
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First, we argue that for TI firms where CFFs have well-developed creative problem-

solving capabilities and poorly developed configurative problem-solving capabilities, an ETO 

approach should create the most value. CFFs in TI firms practicing ETO are required to solve 

unknown customer problems and create solutions within an unconstrained or ill-defined 

solution space. ETO processes in general require CFFs to analyze customers’ specifications, 

translate these into a design, and produce specifications to generate high quality, customer-

specific solutions. Such processes require a high amount of creativity to navigate their 

ambiguity (Moreau and Engeset 2016; Newell, Shaw, and Simon 1962). As one CEO 

explains: 

“We are trying to help our customers and offer them ideas, but we also try to 

involve [..] creativity and make clear that certain things that [customers] want but 

maybe think aren’t possible, or too expensive or too complex, that that actually is not 

the case. There is no technical limitation. It’s about everything you can do with it.” 

(07) 

 

Indeed, informants indicate that lacking such creative problem-solving capabilities is 

fatal when employing an ETO approach, since there are no pre-defined building blocks and 

cross-project learning is scarce. As such, CFFs seldom need to combine or recombine existing 

functionalities. Indeed, the general objective of ETO firms is to build what they can sell, 

which requires CFFs to create new solutions for unknown customer problems. We thus 

observe that TI firms with an ETO approach require CFFs to deploy more creative, as 

opposed to configurative, problem solving. Thus: 

P3a: Under conditions of high CFF creative problem-solving and low CFF 

configurative problem-solving, an ETO approach creates value for both the TI 

firm and its customers. 

 

Second, we posit that for TI firms where CFFs have poorly developed creative 

problem-solving capabilities and well-developed configurative problem-solving capabilities, a 

mass customization approach should create the most value. In a mass customization approach, 

CFFs address customer problems with predefined modules within a constrained solution 

space. As such, CFFs need to be able to apply mainly convergent thinking processes where 

the aim is to find the correct solution as efficiently as possible (Cropley 2006; Yoo et al. 

2012).  
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When working with a mass customization approach, a TI firm’s CFFs should be 

competent enough to integrate modules, skills, and knowledge from both the TI firm and its 

partners (Prencipe, Davies, and Hobday 2003). In order to decide which predetermined 

functionalities and modules to combine, CFFs need an extensive understanding of 

functionalities, knowledge of the underlying technology, and knowledge of the system’s 

behavior. One sales manager explains: 

“It’s a completely different kind of knowledge, you’re dealing with very different 

systems that should connect. A motor from [our partner] has this protocol, but we have 

that protocol, that’s no problem but they have very different components you need to 

connect. [..] We have some very successful people. They just tell the customer OK you 

can place this box here, we have some components, click and that’s it, quotation 

within 24 hrs. But it should fit you to do that. And you need the knowledge to arrange 

it like that. [..] I also need to tell that customer: you can do this smarter. [This module, 

that module], connect it to your [system], you can build it modular like this and that. 

[..] So you need [..] to think in a very different way.” (27)  

 

Thus, for mass customizing TI firms, CFFs need knowledge about functional modules, 

their combinations and interactions, and the overall system. CFFs need to be skillful in 

operating within constrained solution spaces to find solutions that effectively address 

customer problems; however, this may also hamper their ability to effectively address 

customer problems that fall outside the predefined choice set. CFFs do not need to engage in 

experimentation to develop multiple ideas to serve as a potential solution. Or, as a sales 

manager indicates: 

“Standardization has a positive influence on how much time is needed to deliver 

but a negative influence on flexibility. It feels like there is no trust in both the 

customer or in the salesperson. According to me, a salesperson should be creative and 

playful, which is ruined because of this highly standardized process.” (14) 

 

In this case, being very creative would result in an inability to create value, since CFFs 

would constantly be confronted with the limitations of a constrained solution space. We thus 

propose that a mass customization approach requires CFFs to deploy convergent, as opposed 

to divergent, problem-solving skills (Cropley 2006). Formally: 
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P3b: Under conditions of low CFF creative problem solving and high CFF 

configurative problem solving, a mass customization approach creates value 

for both the TI firm and its customers. 

 

Third, we posit that for TI firms where CFFs have well-developed creative problem-

solving capabilities and well-developed configurative problem-solving capabilities, a tailored 

configuration approach should create the most value. Tailored configuration is characterized 

by both high degrees of modularity and high degrees of solution space freedom. Therefore, 

while CFFs have access to a predetermined set of modules to solve known customer 

problems, they also need to create new functionalities to solve unknown customer problems. 

Tailoring the predefined configuration then is done through divergent (i.e., experimenting and 

developing new ideas) and convergent (i.e., combining and recombining existing modules) 

thinking. This is explained by one CEO: 

“The benefit of that whole process is that people start to realize: Hey, my work can 

become much more interesting because I can get to work with verified building 

blocks, new building blocks, so that we can possibly serve even more customers 

without extending the whole machine range, but by looking at what combinations we 

can make, which options might be missing, [design] those options, and then to handle 

much more customer issues with a much lower and more manageable complexity.” 

(03) 

 

Tailored configuration would therefore require a more hybrid type of problem solving 

by CFFs, as CFFs need to be able to deploy both convergent and divergent thinking. Thus: 

P3c: Under conditions of high CFF creative problem solving and high CFF 

configurative problem solving, a tailored configuration approach creates value 

for both the TI firm and its customers. 

 

2.6 Discussion 

 

2.6.1 Theoretical implications 

With this study, we advance the existing theory on solutions and customization in 

three ways. First, the current study provides a comprehensive taxonomy of four approaches 

that TI firms adopt to create solutions. More specifically, by distinguishing between the 

degree of modularity and the degree of solution space freedom, we are able to put 
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standardized integration, engineer-to-order, mass customization, and tailored configuration in 

an overall framework that explains the different ways in which TI firms customize. As such, 

we integrate the large research streams in marketing and operations management on mass 

customization, engineer-to-order, and customization in general, but also identify a 

customization approach that is neglected in academic research but ubiquitous in TI industries: 

tailored configuration. Compared to other customization approaches, tailored configuration is 

more challenging as TI firms need to balance both solution space freedom and standardization 

in modules. However, TI firms are often forced to adopt this approach to create and capture 

value. By providing more insights into how TI firms can effectively customize their offerings, 

we better understand what ultimately affects value creation (MacDonald, Kleinaltenkamp, and 

Wilson 2016; Tuli, Kohli, and Bharadwaj 2007; Wang et al. 2016). In doing so, our research 

responds to calls made by several scholars to provide valuable insights into the understudied 

domain of B2B markets (Lilien 2016) by exploring how to create solutions to increase value 

for business customers and the firm itself (Griffin et al. 2013). 

Second, this study’s findings extend previous research about how important it is for 

customers to be able to indicate their problems and needs (Simonson 2005; Wang et al. 2016), 

by identifying both customer and supplier sophistication as important contingencies. Value 

creation in TI industries is often a collaborative effort (MacDonald, Kleinaltenkamp, and 

Wilson 2016; Vargo and Lusch 2014), and our study shows that value creation extends 

beyond the sophistication of customers (i.e., the extent to which they understand their own 

needs) to include both upstream and downstream stakeholders in the firm’s value network. 

Specifically, we illustrate that TI firms with sophisticated customers that require highly 

personalized solutions should consider implementing approaches that accommodate these 

needs, whereas TI firms with less sophisticated customers will likely benefit more from 

restricting the choice set. In addition, sophisticated suppliers may be able to close the gap 

between customer needs and the firm’s offerings. With these findings, we respond to a call by 

Tuli, Kohli, and Bharadwaj (2007) by explicitly considering how differences in the 

sophistication of both customers and suppliers challenge solution providers. In addition, we 

enrich prior research on solution providers’ increasing dependence on their supplier network 

(Davies, Brady and Hobday 2007; Storbacka 2011), by applying a contingency approach to 

how sophistication affects the value created by particular customization approaches. 

Third, this study identifies crucial capabilities of customer-facing functions that TI 

firms have or need to develop when opting for a particular customization approach. 

Specifically, we show that the conventional means of generating and disseminating market 
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intelligence through a responsive market orientation fails to create value for approaches that 

require modularization and long-term development. While previous work has stated that TI 

firms generally lack strategic marketing capabilities (John, Weiss, and Dutta 1999; Workman 

1993), we propose that the need for long-term market intelligence increases when TI firms 

deploy mass customization or tailored configuration. The conceptualization of responsive and 

proactive market orientation at the CFF level represents a refinement of market orientation 

that reflects how market intelligence disseminates throughout the firm. In addition, whereas 

previous research has acknowledged the importance of creativity for problem solving 

(Moreau and Engeset 2016), this study is the first to conceptualize this phenomenon within a 

B2B solutions context and supplement it with the skills needed to solve problems through 

configuring modules within constrained solution spaces. By conceptualizing configurative 

problem solving, we respond to a long-standing call by Sanchez (1999) to qualify which 

capabilities CFFs need to create modular solutions.  

 

2.6.2 Managerial implications 

For this study, we interviewed professionals from the TI B2B industry on how to 

create customer solutions. Although this paper is conceptual, these interviews have provided 

valuable insights for practitioners that enable us to provide a step-by-step guideline for 

managers of TI firms to decide which approach to leverage and how. 

 First, managers in TI firms should ensure that their customization approaches are 

aligned with the characteristics of their customers and suppliers. There are several ways to 

operationalize this. For example, TI firms may invest in close cooperation with customers or 

suppliers, through knowledge sessions or in smaller development projects, to learn more 

about their capabilities and needs. Such events could provide all parties with additional 

insights into certain strategies and the benefits of specific approaches, which may create a 

shared “dominant logic” among these parties. In addition, TI firms may need to pay more 

attention to managing the entire value network. For example, if TI firms operate in markets 

with many highly sophisticated customers but still want to pursue mass customization, 

managers may need to reduce the number of potential customers they target. Although 

reducing the number of potential customers lowers the available market size and opportunities 

for scale and scope efficiencies, it also lowers operational costs by minimizing heterogeneity 

in demands. An alternative strategy could be to invest in informing customers and suppliers 

through promotional materials and websites on the benefits of, and motives behind, their 
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approach, involving them in certain development projects, or outsourcing some engineers to 

work in development teams at the customer or supplier firm. 

Second, we suggest that managers should choose appropriate methods and strategies to 

enable their CFFs to actually translate customer and market intelligence into valuable 

solutions. Throughout our study, managers stressed the difficulties CFFs had with, for 

example, selling standardized instead of customized solutions. These difficulties were partly 

due to the fact that salespeople responded to every customer need or preferred to be highly 

creative when solving business problems. To be successful with more modular approaches, 

however, managers might invest in training their CFFs in configurative problem solving, to 

effectively solve customer problems and anticipate customer needs. Training employees is 

even more important for a tailored configuration approach, which requires CFFs to be 

proficient in both configurative and creative problem solving. In fact, TI firms with this 

approach might consider adjusting their recruitment policy in order to hire people with 

varying complementary capabilities or by adopting a team-based approach where these 

capabilities are complemented. The coordination of customer solutions in tailored 

configuration requires a more advanced change management process that helps CFFs 

determine whether a customer special actually provides more value than the existing options 

in the solution space. 

Third, managers repeatedly emphasized that implementing a customization approach 

with a higher degree of modularity requires a high level of information sharing and advanced 

knowledge management. Advanced information sharing and knowledge management may be 

more difficult for TI firms who are used to employing an ETO approach, since there is often 

little cross-project learning. These firms need to pay special attention to implementing 

systems that keep track of development projects and design rules. In addition, TI firms that 

implement modular solutions also need to pay more attention to gathering and sharing market 

intelligence. These firms are generally not used to analyzing data on (latent) needs, usage, or 

technological developments, but should increasingly manage information from all parties 

involved. 

 

2.6.3 Limitations and future research opportunities 

This research has some limitations that provide directions for future research. First, we 

formulate research propositions from interview data and a literature study. These propositions 

offer research opportunities for quantitative studies. In particular, our discussion provides a 

foundation for researchers to develop measurement scales to test how the approaches affect 
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value creation. Specifically, as we build our approaches on the degrees of modularity and 

solution space freedom, it would be interesting for future research to study the effects (and 

interaction) of these two customization dimensions.  

In addition to these limitation-based research directions, this study offers three other 

research opportunities. First, future research could investigate additional conditions or 

contexts under which value is created. For example, the Internet of Things increases the need 

for connectivity and data sharing within the value chain due to the connectedness and 

intelligence of devices (McKinsey 2016). Certain relational characteristics such as trust and 

knowledge sharing within the value chain may be necessary to create value with these 

solutions from the Internet of Things. Other possible questions might consider relevant 

characteristics of firms operating in these new environments. For example, different processes 

may be required to create connected solutions, and other kinds of knowledge or capabilities 

from CFFs may be needed to create value. 

Second, whereas this study conceptualizes customization approaches on a high level, 

further research might study how these processes unfold in more detail. Specifically, more 

detailed examinations of solution-development processes can advance our knowledge and 

understanding that is currently based on descriptions of traditional new product development 

processes. We particularly encourage research that explores the steps and decisions of these 

solution-development processes that show how TI firms leverage both modularity and 

solution space freedom in creating customer solutions. Such results would provide valuable 

insights into how these firms manage the trade-off between creating standards or specials. 

Third, we found evidence that many TI firms struggle to shift between approaches in 

order to provide customer solutions. In our sample, many firms started originally with a 

dominant ETO approach and tried to shift towards a more modular approach. However, 

implementing modularity often resulted in many problems and internal and external 

resistance. We thus encourage future research to adopt a change perspective that examines the 

changes that occur when firms implement modularity. 
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3. Balancing modularity and solution space freedom: 

Effects on organizational learning and sustainable 

innovation1 

                                                
1 This chapter is based on Vos, M. A., Raassens, N., Van der Borgh, M., & Nijssen, E. J. (2018). Balancing 

modularity and solution space freedom: effects on organisational learning and sustainable innovation. 

International Journal of Production Research, 1-20. 
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3.1 Introduction 

 

To adapt to global competitive pressures, firms must accommodate heterogeneous customer 

needs while mitigating their ecological and environmental impact (Boër et al. 2013; Medini, 

Da Cunha, and Bernard 2015). On the one hand, the consumerization of business-to-business 

(B2B) buying results in customers insisting on complex solutions against lower costs (Davie, 

Stephenson, and De Uster 2010; Lingqvist, Plotkin, and Stanley 2015). On the other hand, 

increasing global environmental concerns prompt firms to pay more attention to sustainable 

innovation, i.e., creating or improving products and processes to contribute to the ecological 

environment (Boons et al. 2013; Chen, Lai, and Wen 2006; Fiksel et al. 2014; Flores et al. 

2008; Foxon and Pearson 2008). While firms have to pursue both customization and 

sustainable innovation to remain competitive (Boër et al. 2013; Medini, Da Cunha, and 

Bernard 2015), the manufacturing challenges that these goals pose are complex and 

interdependent (Boër et al. 2013). For example, for sustainable innovation firms need to 

progressively reduce the use of material and emissions, while customization requires firms to 

simultaneously enabling an increasing variability of customer options at minimized delivery 

times. When firms’ internal systems do not provide the flexibility to reconcile these goals, 

their organizational processes may become overstretched by these interdependent challenges 

(Boër et al. 2013). 

The manufacturing paradigms of customization and sustainable innovation are 

frequently referred to in the literature, yet mainly treated in isolation. Recent research has 

brought the two paradigms together and has proposed to simultaneously model customization 

and sustainability (e.g., Boër et al. 2013; Medini, Da Cunha, and Bernard 2015). However, the 

way that customization affects firms’ sustainability remains open to debate (Boër et al. 2013; 

Medini, Da Cunha, and Bernard 2015; Pourabdollahian, Taisch, and Piller 2014). Firms could 

deploy modularity to resolve the difficulty of simultaneously pursuing customization and 

sustainable innovation (Chen, Lai, and Wen 2006; Davies, Brady, and Hobday 2007; Tang, 

Wang, and Ullah 2017), because modularity may enhance flexibility and sustainable product 

development (Ülkü and Hsuan 2017). However, modularity can also add variety to the 

operative resources needed (Raddats et al. 2016), which negatively affects firms’ 

environmental impact (Medini, Da Cunha, and Bernard 2015). Against this backdrop, the goal 

of this research is to understand the relationship between customization and sustainable 

innovation. In particular, this study argues that pursuing both customization and sustainable 
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innovation does not necessarily imply a trade-off. Rather, the pursuit of customization can 

increase sustainable innovation. 

We contribute to the existing literature in three ways. First, as previously discussed in 

Chapter 2, we suggest that customization should not be viewed one-dimensionally, i.e., as two 

ends of a spectrum with standardization on one end and pure customization on the other (see 

Lyons et al. 2013 for an overview), but rather two-dimensionally (cf. Duray et al. 2000). 

Specifically, we propose that customization captures the degree of modularity and solution 

space freedom the firm has adopted. The degree of modularity refers to the extent to which 

the constituent functional subparts (i.e., modules) of a solution can be developed 

independently and can easily be configured to function together as a whole (Baldwin and 

Henkel 2015; Ghosh, Dutta, and Stremersch 2006; Ulrich 1995). Firms that customize 

through higher degrees of modularity are able to offer more flexible configurations to their 

customers (Tang, Wang, and Ullah 2017). The degree of solution space freedom determines 

whether the solution’s design can be adjusted to meet specific customer needs (Duray et al. 

2000; Medini, Da Cunha, and Bernard 2015; Steiner 2014). Business customers in 

technology-intensive (TI) industries often demand additional engineering and design changes 

(Davies et al. 2011; Egelman et al. 2017). For example, a customer might ask a firm in the 

semiconductor industry to develop a new (part of a) machine with very specific positioning 

systems at higher speeds, or to incorporate a new polishing technique into the system. TI 

firms that allow high degrees of solution space freedom accommodate these requests, while 

TI firms with constrained solution spaces only accommodate requests with predefined 

functionalities. Together, the two dimensions determine the customization approach a firm 

pursues. We contribute to the literature on modularity and customization (e.g., Baldwin and 

Henkel 2015; Duray et al. 2000; Ghosh, Dutta, and Stremersch 2006; Tang, Wang, and Ullah 

2017; Ulrich 1995) by showing that modularity indeed interacts with the accommodation of 

design changes by TI firms (Furlan, Cabigiosu, and Camuffo 2014). Furthermore, we validate 

and extend earlier research by Lyons et al. (2013) and show that our conceptualization allows 

for a more fine-grained and appropriate categorization of customization, particularly for TI 

firms. 

Second, in line with Adler, Goldoftas, and Levine (1999) and Markides (2013), we 

propose that the challenge of simultaneously managing both routine (i.e., modularity) and 

nonroutine tasks (i.e., solution space freedom) can be framed as an ambidexterity challenge. 

Therefore, we use ideas and concepts from the ambidexterity literature to examine the effects 

of customization (cf. Markides 2013). Drawing on the ambidexterity literature and 
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organizational learning theory, we propose that customization affects firms’ organizational 

learning processes (cf. Egelman et al. 2017; Wiersma 2007), which then drives their 

sustainable innovation (Albort-Morant, Leal-Millán, and Cepeda-Carrión 2016). In particular, 

we argue that the level of organizational learning depends on the alignment or non-alignment 

of modularity and solution space freedom. TI firms that align modularity and solution space 

freedom effectively are ambidextrous. TI firms that do not align these dimensions focus on 

either solution space freedom or modularity. To detect how (non-)alignment affects 

organizational learning, we employ polynomial regression analysis and three-dimensional 

response surface plots (Edwards and Parry 1993). Our findings contribute to research that 

proposes that modularity functions as a mechanism for problem solving and knowledge 

management (Baldwin and Henkel 2015; Brusoni et al. 2007; D'Adderio and Pollock 2014; 

Mikkola 2003). They also attest to the synergy effects of modularity with solution space 

freedom on organizational learning by showing that these dimensions can be supportive or 

complementary to each other. 

Third, this paper contributes to research on supply chain management and the role of 

modularity in supply chains (Piran et al. 2016; Zhang, Huang, and Rungtusanatham 2008). 

When conditions in the downstream market (i.e., customization) create a need for flexibility, 

more demands are placed on upstream supplier relationships (Wathne and Heide 2004). While 

the supply chain literature offers ideas on how customization, and modularity in particular, 

might affect the supply chain (e.g., Boër et al. 2013; Brusoni and Prencipe 2001), there is 

scant empirical validation of the role of suppliers when firms customize. Building on 

knowledge theory, we argue that customization poses a coordination problem (Wang et al. 

2017) between the firm and its suppliers, where the firm needs to coordinate both internal and 

external information flows (Gulati and Singh 1998). The amount and quality of supplier 

knowledge determine the effectiveness of knowledge transfer (Azadegan and Dooley 2010). 

Therefore, we argue that TI firms’ learning mechanisms are affected by the sophistication of 

their suppliers, i.e., suppliers’ technical competencies and their ability to share knowledge and 

innovate (Azadegan and Dooley 2010; Eggers et al. 2017). This study extends the above 

mentioned literature by moving from a simplistic understanding (i.e., “suppliers are 

important”) to a more nuanced model that incorporates high and low supplier sophistication. 

From a managerial perspective, determining how customization affects organizational 

learning and, in turn, sustainable innovation provides insights into whether and how TI firms 

should go about implementing a customization approach. In using our two-dimensional 

conceptualization, managers learn how to leverage customization to develop sustainable 
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innovations. Moreover, this study identifies an additional criterion for supplier selection, 

namely supplier sophistication. While we do not believe that supplier sophistication will 

surpass basic issues of cost, quality, and performance, supplier sophistication may be an 

important consideration for TI firms that pursue (non-)alignment and aim to increase 

organizational learning.  

The remainder of this study is organized as follows. We begin by presenting our 

conceptual framework and hypotheses. We then describe the research methodology used to 

test the hypotheses and present the empirical results. Finally, we discuss the theoretical and 

managerial implications and the study’s limitations, and we outline avenues for future 

research. 

3.2 Conceptual framework 

 

The primary purpose of this study is to empirically examine the relationships between 

customization (i.e., different combinations of modularity and solution space freedom), 

organizational learning, and sustainable innovation while taking into account supplier 

sophistication. Figure 3.1 summarizes our conceptual framework. We develop the core 

concepts, model, and hypotheses below. 

 

Figure 3-1: Conceptual framework 

 

 

3.2.1 Customization through Modularity and Solution Space Freedom 

Customization is aimed at creating unique value for individual customers (Wang et al. 

2017) and can be defined as the degree to which a firm’s solution is adapted to meet specific 
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customer needs (Fornell et al. 1996, p. 9). Modularity is a key enabler of customization 

(Duray et al. 2000). It enables components to be flexibly combined to provide high variety 

(Worren, Moore, and Cardona 2002), which allows firms to configure different solutions. 

Because high degrees of modularity often imply that modules cannot change outside of a 

predefined range (Sanchez and Mahoney 1996), customization is offered through a predefined 

set of options. Thus, while modularity offers customers some level of choice, it does not offer 

individual customers the option to request a completely specific solution. However, true 

customization allows customers to specify all key attributes of a solution (Duray et al. 2000; 

Lyons et al. 2013). Therefore, we argue that customization in TI firms involves two 

dimensions: the degree of modularity and the degree of solution space freedom.  

Solution space freedom refers to the degree to which firms accommodate specific 

customer requests or changes to designs (Salvador, De Holan, and Piller 2009; Steiner 2014; 

Ulrich and Tung 1991; Wang et al. 2017). It determines whether functionalities available to 

solve customer problems are predefined or can be custom designed on demand (Medini, Da 

Cunha, and Bernard 2015; Steiner 2014). TI firms that fully constrain the solution space 

choose not to respond to undefined design requests, whereas TI firms with unconstrained 

solution spaces accommodate custom designs or changes to create solutions completely 

according to specific customer needs. TI firms can combine various degrees of modularity 

and solution space freedom, which defines the customization approach they pursue (as 

outlined in Chapter 2). 

 

3.2.2 Organizational learning 

Organizational learning is defined as “the dynamic process of creating new knowledge 

and transferring it to where it is needed and used, resulting in the creation of new knowledge 

for later transfer and use” (Kane and Alavi 2007, p. 796). It enables firms to extend, modify, 

and reconfigure their existing knowledge (Pavlou and El Sawy 2011) and change their actions 

through this process. We take an information-processing perspective on organizational 

learning, whereby information processing involves information acquisition, distribution or 

interpretation (Huber 1991). Information acquisition is the process of absorbing and storing 

new information in memory. Information distribution refers to the process of distributing and 

disseminating relevant information from different sources. Information interpretation is the 

process by which acquired and distributed information is given one or more commonly 

understood interpretations (Huber 1991).  
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It is important to note that organizational learning is conceived as a principal means of 

achieving strategic renewal. To achieve strategic renewal, firms should explore and create 

new knowledge while simultaneously exploiting what they already know (Crossan, Lane, and 

White 1999). Early work on organizational learning has argued that there is a difference 

between creating new knowledge and using existing knowledge (Cohen and Levinthal 1990). 

Often, a tension arises between creating new knowledge and using existing knowledge 

(Crossan, Lane, and White 1999). Therefore, we perceive organizational learning as a 

dynamic process that occurs both over time and across firm boundaries. Organizational 

learning is determined to a large extent by the context in which it takes place (Brown and 

Duguid 1991; Crossan, Lane, and White 1999). We argue that firms learn in accordance with 

their strategic focus. Our two customization dimensions represent this strategic focus and thus 

the internal context. The external context is represented by supplier sophistication. 

 

3.2.3 Customization and organizational learning 

To build our hypotheses, we argue that modularity represents the presence of 

knowledge specialization, i.e., gaining cumulative experience in a specific task (Narayanan, 

Balasubramanian, and Swaminathan 2009; Schilling et al. 2003). Solution space freedom 

represents the presence of knowledge variety, i.e., exposure to and working on new or 

different tasks (Staats and Gino 2012). Both knowledge specialization and variety influence 

organizational learning (cf. Boh, Slaughter, and Espinosa 2007; Narayanan, Balasubramanian, 

and Swaminathan 2009; Schilling et al. 2003). 

Modularity can be considered as a problem-solving mechanism that divides complex 

problems into independent or quasi-independent sub-problems (Brusoni et al. 2007). Modules 

can be separated by their underlying technical knowledge (Baldwin and Henkel 2015). If 

modules are separated properly, each can be developed by independent specialists inside or 

outside the organization (Baldwin and Clark 2000; Robertson, Casali, and Jacobson 2012; 

Sanchez and Mahoney 1996), or as Brusoni et al. (2007, p. 122) put it, “each module, at the 

extreme, could become the sole business of specialist firms.” In this case, higher degrees of 

modularity increase knowledge specialization (Langlois 2002; Mikkola 2003) and drive firms 

to pursue specialized learning curves (Schilling 2000). Thus, modularity fuels task 

differentiation and higher degrees of modularity represent higher levels of knowledge 

specialization (Mikkola 2003).  

Solution space freedom reflects knowledge variety, i.e., the dispersion of knowledge 

and experience across distinct problem-solving tasks (Narayanan, Balasubramanian, and 
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Swaminathan 2009). A large variety in problem-solving tasks might stimulate firms to 

consider more possible knowledge associations (Cohen and Levinthal 1990; Schilling et al. 

2003). Many customer-specific requests thus increase knowledge variety (Egelman et al. 

2017). Knowledge variety refers to the ability to understand and combine many different 

knowledge domains to address specific customer requests, which can provide a robust basis 

for learning (Cohen and Levinthal 1990). TI firms may exploit a pre-defined solution space to 

solve customer requests, which lowers task and knowledge variety. Alternatively, if the 

solution space is unconstrained, TI firms work more closely with customers to understand 

their needs and may explore unknown solutions. This increases knowledge variety across 

different domains. Thus, higher degrees of solution space freedom represent higher levels of 

knowledge variety. 

Based on Narayanan, Balasubramanian, and Swaminathan (2009), we argue that 

different combinations of modularity and solution space freedom result in different levels of 

organizational learning. Figure 3.2 represents our conceptualization of TI firms’ 

customization approaches based on different degrees of modularity and solution space 

freedom. Next we develop our hypotheses. We will focus on alignment and non-alignment of 

our two dimensions and their impact on organizational learning.  

 

Figure 3-2: Customization through (non-)aligning modularity and solution space freedom. 
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We propose that pursuing both dimensions simultaneously can be framed as an 

ambidexterity challenge (cf. Adler, Goldoftas, and Levine 1999; Cao, Gedajlovic, and Zhang 

2009; Markides 2013), i.e., the challenge of jointly managing knowledge specialization and 

knowledge variety. Thus, ambidextrous TI firms align high degrees of modularity and 

solution space freedom through flexible structures that facilitate task switching (Adler, 

Goldoftas, and Levine 1999), for example by pursuing a tailored configuration strategy. We 

contend that modularity and solution space freedom can be complementary or supportive of 

one another and argue that each may help leverage the effects of the other (cf. Cao, 

Gedajlovic, and Zhang 2009). When firms adapt solutions to customer needs, they become 

more responsive and ensure a constant influx of new, varied knowledge (Narayanan, 

Balasubramanian, and Swaminathan 2009; Schilling et al. 2003; Staats and Gino 2012). Firm 

responsiveness minimises the risk of inertia. Solution space freedom thus leverages the 

positive effects of modularity. In an analogous manner, high degrees of modularity allow 

ambidextrous firms to leverage the effects of solution space freedom. Modularity offers a 

framework to systemise the creative processes that arise from unconstrained solution spaces 

(cf. Adler, Goldoftas, and Levine 1999). This framework may provide the focus needed to 

increase the benefits gained from knowledge variety (Schilling et al. 2003). Prior research 

confirms that organizational learning increases when firms combine both knowledge variety 

and specialization (Narayanan, Balasubramanian, and Swaminathan 2009; Staats and Gino 

2012). 

In contrast, low ambidextrous firms align low degrees of modularity and solution 

space freedom. While the solutions offered by low ambidextrous firms can be scalable (e.g., 

larger), their designs are predefined and there is minimal configuration. Low ambidextrous 

firms limit the variety and customer-specificity of their solutions to a set of predetermined 

options, which may negatively affect their ability to incorporate changes and learn 

(Robertson, Casali, and Jacobson 2012). Based on the above, we propose a linear relationship, 

such that higher degrees of both modularity and solution space freedom (i.e., high 

ambidexterity) increase organizational learning. We thus expect a significant, positive slope 

along the alignment line: 

H1a: Organizational learning increases when modularity and solution space 

freedom increase while remaining in alignment (i.e., as the degree of modularity 

and solution space freedom are at essentially the same level). 
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TI firms that do not align modularity and solution space freedom are not 

ambidextrous. These firms focus on either modularity (i.e., knowledge specialization) or 

solution space freedom (i.e., unrelated knowledge variety), and risk inertia or failing to 

appropriate existing knowledge (cf. Cao, Gedajlovic, and Zhang 2009). TI firms that focus on 

specialization combine high degrees of modularity and constrained solution spaces. These 

firms follow a strategy akin to mass customization by configuring solutions using predefined 

functional components (Sanchez 1999) to achieve near mass production efficiency (Boër et al. 

2013; Da Silveira, Borenstein, and Fogliatto 2001; Duray et al. 2000; Pine 1993). Although 

high degrees of modularity increase knowledge specialization (Langlois 2002; Mikkola 2003), 

it may also cause inertia and path dependence when the solution space is constrained. 

Knowledge could become the responsibility of those producing and updating each module, 

with the results simply combined as ‘black boxes’ (Robertson, Casali, and Jacobson 2012). 

Overly specialized knowledge reduces learning possibilities (Brown and Duguid 1991), the 

development of new capabilities (Schilling et al. 2003), and increases the risk of learning 

myopia (Boh, Slaughter, and Espinosa 2007; Narayanan, Balasubramanian, and Swaminathan 

2009). Thus, firms customizing mainly through high degrees of modularity will experience 

lower levels of organizational learning. 

TI firms that customize mainly through solution space freedom may also experience 

lower levels of organizational learning. These firms may pursue an engineer-to-order 

approach and accommodate all customer-specific requests, but risk assimilating new 

knowledge without exploiting existing knowledge. Indeed, as knowledge variety increases, 

these firms are faced with an abundance of unrelated information and forfeit any synergy 

effects (Schilling et al. 2003). In addition, these firms are often organized around customer 

requirements specified in unique project orders. Learning often does not occur because the 

tendency in project-based organizations is to focus on creating new knowledge without 

assimilating knowledge, i.e., they get caught up in the ‘doing’ only (Barron et al. 1998). 

Based upon the above reasoning, we expect TI firms that do not align modularity and 

solution space freedom to be highly susceptible to either inertia or failing to appropriate 

existing knowledge, which leads to lower levels of organizational learning. Our expectation 

corresponds to a significant, negative curvature along the non-alignment line. Hence, we 

hypothesise: 

H1b: Organizational learning decreases with rising levels of non-alignment of 

modularity and solution space freedom. 
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3.2.4 The moderating role of supplier sophistication 

Much potentially useful knowledge resides outside of the firm (Azadegan and Dooley 

2010). To complement their in-house knowledge, TI firms thus need to rely on their suppliers 

(Brusoni, Prencipe, and Pavitt 2001), an important source of external knowledge (Albort-

Morant, Leal-Millán, and Cepeda-Carrión 2016). Based on knowledge management theory, 

we argue that different customization approaches require different types of supplier 

knowledge in order to increase learning. While modularity requires TI firms to mobilize 

information and knowledge to improve existing designs, solution space freedom encourages 

TI firms to acquire new knowledge to create new designs. These different knowledge 

requirements explain the varying abilities of TI firms to benefit from the knowledge of their 

suppliers. Suppliers can provide two types of knowledge: (1) knowledge that is targeted to the 

needs and concerns of the focal firm (Cohen and Levinthal 1990) and (2) more innovative, 

complex knowledge (Azadegan 2011). We propose that the success of (non-)aligning 

modularity with solution space freedom depends upon the ability of TI firms to access, 

assimilate and integrate novel or routine knowledge provided by suppliers. 

With regard to alignment, TI firms want to maintain their strategic agility by being 

both aligned to the existing technology (embedded in modules) and adaptive to customer-

specific requests. The outsourcing of tasks related to this objective requires particular 

expertise on the part of the supplier. For example, the supplier should be able to contribute to 

development, search for diverse alternatives in a large number of solution domains, and 

simultaneously understand the focal firm’s existing routines. As also discussed in Chapter 2, 

this expertise is captured by the suppliers’ level of sophistication (Azadegan and Dooley 

2010; Eggers et al. 2017; Primo and Amundson 2002). Highly sophisticated suppliers are 

capable of developing and introducing new products and processes (i.e., suppliers are 

innovative; Azadegan and Dooley 2010), and contribute to problem solving by providing 

information and delivering quality (Flynn, Schroeder, and Sakakibara 1994; Hartley et al. 

1997; Krause, Pagell, and Curkovic 2001). Thus, sophisticated suppliers provide new 

knowledge focused on improvements, development and innovation (Azadegan 2011). We 

thus expect that sophisticated suppliers will positively affect organizational learning that 

accrues from aligning high degrees of modularity and solution space freedom. By contrast, 

less sophisticated suppliers provide familiar knowledge, as expectations are known and tasks 

performed are routine-intensive and well-defined (Azadegan 2011; Heide and John 1990). 

This may even impede the learning effects accruing from alignment. Therefore, we 

hypothesize: 
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H2a: The positive effect of aligned and increasing modularity and solution space 

freedom on organizational learning is stronger for more sophisticated suppliers than 

for less sophisticated suppliers. 

 

With regard to non-alignment, TI firms risk inertia (in case of a modularity focus) or 

risk failing to appropriate existing knowledge (when the focus is on solution space freedom). 

These risks cannot be mitigated by working with sophisticated suppliers, for two reasons. 

First, when TI firms focus mainly on modularity, they may not be able to integrate knowledge 

obtained from sophisticated suppliers. Highly sophisticated suppliers are proactive in 

approaching firms with new technologies and innovations that require non-routine problem 

solving and that deviate from existing knowledge (cf. Chen, Li, and Liu 2015). The hierarchy 

and boundaries created by high degrees of modularity may cause knowledge assimilation 

problems (Brusoni and Prencipe 2013; Brusoni, Prencipe, and Pavitt 2001; Furlan, Cabigiosu, 

and Camuffo 2014). Specialized modular structures that substitute inter-organizational 

information sharing (Cabigiosu and Camuffo 2012) can create “mental prisons” that prevent 

TI firms from recognizing important changes or contradictory outside knowledge. Moreover, 

the novel information continuously provided by sophisticated suppliers might disturb the 

hierarchy corresponding to high degrees of modularity, which inhibits interfirm knowledge 

exchanges (Furlan, Cabigiosu, and Camuffo 2014). Thus, assimilating highly sophisticated 

suppliers’ knowledge is at odds with customizing through high degrees of modularity. 

Second, TI firms that combine high degrees of solution space freedom and low 

degrees of modularity will also be unable to benefit from the knowledge of sophisticated 

suppliers. As Brusoni and Prencipe (2013, p. 171) argue, “within innovation ecosystems, 

firms must be able to develop heuristics, routines, and procedures to change their internal and 

external patterns of communications, command, and information filters.” Achieving this is 

particularly difficult for TI firms that focus mainly on knowledge variety because these firms 

continue to approach solutions as one-off efforts. The time and resource constraints that 

characterize project-based customization limit the firm’s opportunities for reflection (Barron 

et al. 1998; Sanchez and Mahoney 1996). Limited reflection makes it difficult to relate to 

suppliers (Söderlund, Vaagaasar, and Andersen 2008). When sophisticated suppliers continue 

to provide novel information, the firm’s ability to learn is confounded because the necessary 

structures will not be formed (Teece, Pisano, and Shuen 1997). Moreover, the one-off nature 

of projects inhibits firms from developing routines. Once projects end, firms may fail to see 

the information’s utility for other projects when they lack the necessary structures and 
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routines (Almeida and Soares 2014). These firms reinforce their failure to appropriate existing 

knowledge. Thus, while highly sophisticated suppliers can be an important source of external 

knowledge, issues arising from customization approaches that rely mainly on solution space 

freedom render this information and knowledge meaningless.  

In contrast, low supplier sophistication may mitigate the problems experienced by 

firms with an overt focus on modularity. These firms use existing knowledge, develop 

existing skills, and focus on the refinement and extension of existing competencies, 

technologies, and paradigms, which continuously improves their resources and processes (cf. 

Chen, Li, and Liu 2015). These firms may benefit handsomely from collaborating with less 

sophisticated suppliers because the external knowledge contributes to improving existing 

operations and solutions. Furthermore, the information structure embedded in interface 

specifications provides a way to structure tasks (Gomes and Joglekar 2008), which would 

enable external knowledge to be assimilated when suppliers are less proactive or less capable 

of knowledge sharing (Cabigiosu and Camuffo 2012). In contrast, TI firms that customize 

through high degrees of solution space freedom lack the structure to appropriate knowledge 

from less sophisticated suppliers. These firms lack the framework to systematically accrue 

and implement any form of external knowledge. In sum, TI firms that focus mainly on 

solution space freedom will not increase organizational learning via less sophisticated 

suppliers, though less sophisticated suppliers will positively contribute to the learning 

mechanisms of firms with high degrees of modularity. Based on the above, we hypothesize: 

H2b: The negative effect of non-aligned modularity and solution space freedom on 

organizational learning is weaker for less sophisticated suppliers than for more 

sophisticated suppliers. 

 

3.2.5 Sustainable innovation  

Sustainable innovation refers to transforming existing products and processes into 

more sustainable versions (Albort-Morant, Leal-Millán, and Cepeda-Carrión 2016). 

Sustainable innovation is aimed at creating or improving products and processes to keep 

resource use and waste production within appropriate environmental limits (Foxon and 

Pearson 2008). This implies innovation in product and process technologies that are necessary 

for energy-saving, pollution prevention, waste recycling, green product designs or corporate 

environmental management (Chen, Lai, and Wen 2006). Reducing emissions, recycling, and 

reducing the use of materials and resources are important aspects of sustainable process 

innovation. Choosing the least polluting materials, using the least amount of materials and 
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resources, and creating products that are easy to recycle, reuse, and decompose are aspects of 

sustainable product innovation (Chen, Lai, and Wen 2006). 

 

3.2.6 Organizational learning and sustainable innovation  

We propose that TI firms can perform better at sustainable innovation through 

organizational learning. Innovation requires firms to actively build, adapt, and apply 

knowledge through problem solving across functional barriers (Leonard-Barton 1995). These 

requirements also hold true for sustainable innovation, which requires firms to integrate ideas 

to protect the environment through innovation. If knowledge generated in one part of the firm 

can also be used elsewhere, innovativeness will improve (Knott 2003). Organizational 

learning is therefore considered to be directly related to TI firms’ ability to innovate, as it 

enables them to recognize the value of new information, assimilate it, and apply it (Brown and 

Duguid 1991; Cohen and Levinthal 1990).  

Thus far, we have proposed a (negative) positive relationship between (non-)aligning 

modularity and solution space freedom and organizational learning. Because organizational 

learning can cause TI firms to change their actions (Kane and Alavi 2007; Pavlou and El 

Sawy 2011), it qualifies as a key process between customization and sustainable innovation. 

Existing research states that learning drives innovation (Cohen and Levinthal 1990) and that 

sustainable product and process innovation are driven by the firm’s dynamic processes 

(Albort-Morant, Leal-Millán, and Cepeda-Carrión 2016; Ayuso, Rodríguez, and Ricart 2006). 

We therefore expect TI firms’ sustainable innovation not to be directly affected by 

customization, but rather, to be mediated by organizational learning. Formally: 

H3: Organizational learning mediates the relationship between customization and 

TI firms’ performance on (a) sustainable product innovation and (b) sustainable 

process innovation.  

 

3.3 Research methodology 

 

3.3.1 Sample 

We prepared a survey instrument to collect the data required to test our hypotheses. 

Our final sampling frame was a sub-sample of Dutch business-to-business (B2B) firms which 

were subscribed to the newsletter of a high-profile Dutch industry magazine. We applied two 

selection criteria. First, we specifically stated in the cover letter of the survey that the 

questionnaire was aimed at firms active in the TI industry. Second, we explicitly stated that 
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the survey required the respondents to have knowledge about modularity and customization 

issues. The survey was sent to 395 industry professionals working in TI firms. A total of 255 

respondents participated in the online survey. After we removed the invalid responses (mostly 

due to missing data that could not be reasonably imputed), we used the results of the 

remaining 166 respondents for further analyses, which is a response rate of 42%. The majority 

of the respondents were active in the machinery (45%) and electronic equipment (12%) 

industries. In addition, the majority of respondents worked at the departmental management 

level (30%) or at the higher management level (46%). We retrieved company names from 128 

respondents and were able to control for potential differences or inflated results caused by 

respondents who work for the same company. In particular, we performed two robustness 

checks. First, we used a fixed effects model to control for unobserved differences between 

firm members. Second, we assessed inter-rater agreement (cf. Boyer and Verma 2000; all 

correlations > .7) and merged questionnaires from respondents working for the same firm 

(leading to a sample size of n = 148). Our findings remained robust to these alternative 

specifications.  

To test for non-response bias, we followed the procedure suggested by Armstrong and 

Overton (1977). First, we collected Dutch census statistics on industry representation. The 

results of a t-test showed that the representation of respondents in our sample from different 

industries was not statistically different from the population characteristics (t = 1.36, p > .10). 

Second, we performed the extrapolation method, based on the assumption that subjects who 

respond less readily, incompletely or inaccurately are more like non-respondents. We found 

no significant differences between industry, function, and tenure characteristics of groups of 

early respondents, late respondents, and non-respondents, suggesting that non-response bias is 

not a serious threat. Third, we conducted a wave analysis according to the last respondent 

method using our final data set. This method is recommended as it incorporates information 

about the trend in responses from early and later waves, yet stays within the range of the data 

(Armstrong and Overton 1977). Seventy-five percent of the respondents in our final dataset 

participated in the first wave and twenty-five percent in the second wave (i.e., after the first 

reminder). We then compared the responses of both groups to all the independent and 

dependent variables in our theoretical model. The results of the independent sample t-tests 

showed no significant differences between the groups (all p-values > .05). Thus, we are 

confident that non-response bias is not a serious issue. 
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3.3.2 Measures 

The variables of interest in this study were measured using multi-item scales. The 

multi-item variables were based on an unweighted average of relevant items. For consistency, 

all items were measured using 7-point Likert scales. All survey items were based on or 

adapted from measures used in previous research and based on input from an expert panel of 

academics. Moreover, they were pretested on employees at TI firms who were knowledgeable 

about modularity, product development, and operations issues. Only minor changes needed to 

be made following their remarks. Using our final sample, we conducted numerous analyses 

(described below) to verify that our measures were sound (see Gibson and Birkinshaw 2004 

for similar practice). 

The dependent variables, sustainable product innovation and sustainable process 

innovation, were both measured with four items obtained from previous research by Albort-

Morant, Leal-Millán, and Cepeda-Carrión (2016) and Chen, Lai, and Wen (2006). The degree 

of modularity was measured with five items derived from Ghosh, Dutta, and Stremersch 

(2006) and Worren, Moore, and Cardona (2002). Solution space freedom was measured with 

five items adapted from previous work by Steiner (2014) and Wellige and Kleer (2015). 

Organizational learning was measured with five items obtained from previous work by 

Pavlou and El Sawy (2011). Supplier sophistication was measured with eight items based on 

scales adapted from previous work on supplier quality control, delivery performance, and 

innovativeness (Azadegan and Dooley 2010; Krause, Pagell, and Curkovic 2001; Primo and 

Amundson 2002). Internal reliability of all constructs is high (α’s > .8). The complete set of 

measurement items for our constructs, including the item loadings and reliability, is provided 

in Table 3.1. As firm size is known to affect innovative performance and learning (Cohen and 

Levin 1989; Knott 2003), we controlled for this variable in our analyses. Firm size was 

measured as a dummy variable, which indicated whether the focal firm was small, medium, or 

large. 

 

3.3.3 Validation 

We assessed external validity by presenting our findings during a group discussion 

with 66 managers from TI industries. These managers confirmed our interpretations, which 

strengthened our beliefs that the findings are generalizable. Furthermore, 53% of these 

managers stated that their firm combined high degrees of modularity with high degrees of 

solution space freedom, while 14% combined high degrees of modularity with low degrees of 
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solution space freedom. Thus, we are confident that our proposed alternative 

conceptualization of customization is prevalent in TI firms.  

We first conducted a principal component analysis (PCA) to validate our assumption 

that modularity and solution space freedom are both separate dimensions of customization. 

After removing item 3 of the solution space freedom scale, which had a cross-loading above 

.45 and correlated the lowest with the other items in the scale, we generated two components 

with PCA, both with Cronbach’s α above .8. We next assessed convergent and discriminant 

validity and found that correlations between factors did not exceed .7, all average variances 

extracted (AVE) exceeded .5, and all maximum shared variances (MSV) < AVE (Bagozzi and 

Yi 1988; Henseler, Ringle, and Sarstedt 2015) (see Table 3.2). To assess model fit, we 

conducted a confirmatory factor analysis (CFA) to simultaneously validate the measures of all 

the variables used in this study. The results of the CFA are presented in Table 3.2. The items 

loaded significantly on their respective constructs. To improve model fit we decided to only 

include items with loadings above .5 or delete items to increase the scale’s threshold to .7. 

The item loadings and the overall model fit results suggest acceptable unidimensionality and 

convergent validity for the measures (Bagozzi, Yi, and Philips 1991; Bollen 1989; Hoskisson 

et al. 1993). The results of the final model show an acceptable fit ((χ2/df) = 1.66; Comparative 

Fit Index (CFI) = .93; Tucker-Lewis Index (TLI) = .92; Root Mean Square Error of 

Approximation (RMSEA) = .06, PCLOSE = .02, 90% CI = [.05, .07]). 
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Table 3-1: Measurement items, item loadings, and reliability. 

Scale Items 
Loading 

path 

Cronbach’s 

α 

Sustainable product 

innovation 

We choose materials that produce the least amount of pollution for 

our solution development or design 

.89 .89 

 We choose materials that consume the least amount of energy and 

resources for our solution development or design 

.85  

 We use the fewest amount of materials to comprise the solution 

during development or design 

.69  

 We deliberate whether the solution is easy to recycle, reuse, and 

decompose before conducting development or design 

.82  

Sustainable process 

innovation 

We effectively reduce the emission of hazardous substances or 

waste in the manufacturing processes 

.86 .88 

 We recycle waste and emissions, and allow them to be treated and 

re-used in manufacturing processes 

.80  

 We reduce the consumption of water, electricity, coal, or oil .80  

 We reduce the use of raw materials in the manufacturing process .78  

Modularity Our solutions have been decomposed into separate modules  .72 .85 

The configuration of our solutions is based on standard interfaces .83  

 The composition of our solutions is perfectly modular .83  

 The composition of our solutions can be chosen without taking 

into account other aspects (e.g., components, design, standards) of 

the product 

.70  

 Certain aspects of our solution configuration can be easily replaced 

with similar configurations from another manufacturer without 

raising compatibility issues (D) 

.50  

Solution space 

freedom 

We define an initial set of functional attributes that meets the 

heterogeneous requirements of a broad group of customers (R) 

.82 .80 

 We develop an initial set of functional components that addresses a 

large numbers of different customer requirements (R) 

.86  

 We have a “choice menu” of features or components that 

customers can choose from in order to create solutions (D) 

.64  

 We restrict customer choices to options that are already present in 

the system (R) 

.56  

 We have a predefined all possible changes of designs that are 

offered to customers (R)  

.53  

Organizational 

learning 

We have effective routines to identify, value, and import new 

information and knowledge 

.84 .91 

 We have adequate routines to assimilate new information and 

knowledge 

.85  

 We are effective in transforming existing information into new 

knowledge 

.88  

 We are effective in utilizing knowledge into new solutions .77  

 We are effective in developing new knowledge that has the 

potential to influence development 

.77  

Supplier  

Sophistication 

Our suppliers are proactive in approaching us with innovations .71 .84 

Our suppliers are very capable of collaborating and providing 

reliable input 

.83  

 Our suppliers have well-developed project management 

capabilities 

.70  

 Our suppliers are able to conform to our specifications .68  

 The level of technological capabilities of our suppliers is low (R) 

(D) 

.45  

 Our suppliers consistently deliver products on promised due dates 

(D) 

.54  

 Our suppliers are willing to share key technological information .78  

 Our suppliers have quality and process certifications that are 

relevant in our industry (D) 

.58  

Note: Reverse-coded items are indicated by (R), deleted items are indicated by (D).  
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Table 3-2: Convergent and discriminant validity. 

Construct CR AVE MSV 1 2 3 4 5 6 

1. Sustainable product 

innovation 

.89 .67 .64 .82      

2. Sustainable process innovation .88 .66 .64 .80 .81     

3. Modularity .85 .60 .39 .39 .39 .77    

4. Solution space freedom .80 .51 .39 -.27 -.16 -.62 .71   

5. Organizational learning .90 .65 .25 .50 .47 .45 -.25 .81  

6. Supplier sophistication .86 .55 .18 .25 .36 .29 -.12 .42 .74 

Note: All CR >.7; all AVE > .5; all MSV < AVE. Bold values on the diagonal represent the square root of the AVE, none are 

lower than their correlations with another factor. These results indicate that there are no validity concerns. 

 

We tested model fit again by loading all items of sustainable product innovation and 

sustainable process innovation onto one variable (cf. Albort-Morant, Leal-Millán, and 

Cepeda-Carrión 2016). As a model with a composite construct for sustainable innovation has 

a worse model fit ((χ2/df) = 1.99; CFI = .89; TLI = .88; RMSEA = .08; PCLOSE = .00), we 

decided to continue with our initial model that includes sustainable product innovation and 

sustainable process innovation as separate constructs (cf. Chen, Lai, and Wen 2006). 

 

3.3.4 Common method variance 

We followed several procedural steps suggested by Podsakoff et al. (2003) in order to 

avoid common method bias. We separated the proximity and methodology of the 

measurements and used a cover story to ensure anonymity and reduce evaluation 

apprehension. However, since the dataset contained responses from single respondents across 

multiple firms, common method variance needed to be checked to ensure that there were no 

major problems caused by response bias. Following the steps suggested by Podsakoff et al. 

(2003, p. 898), we controlled for an unmeasured latent method factor. We compared the CFA 

of this model to our theoretical model and found that the model fit worsened (BIC=936.69) 

and the common latent factor accounted for less than 1% of the total variance. Furthermore, 

we compared the factor loadings of our items on their theoretical constructs and found that 

none significantly decreased or increased. Common method variance is most likely a problem 

when biased responses inflate or deflate bivariate linear relationships (Podsakoff, MacKenzie, 

and Podsakoff 2012). While biased responses inflate linear effects (Podsakoff, MacKenzie, 

and Podsakoff 2012), they cannot inflate quadratic and interaction effects (Siemsen, Roth, and 

Oliveira 2010). As we mainly use the polynomial regression (and interaction) terms to test the 

majority of our hypotheses, common method bias might be less of an issue. Altogether, we do 

not consider common method variance to be an issue for this study. 
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3.3.5 Analytical approach  

A polynomial response surface modelling technique is recommended as an effective 

analytical approach to assess how the combination of two predictor variables that share a 

conceptual domain relates to an outcome (Auh et al. 2016; Edwards and Cable 2009; Edwards 

and Parry 1993; Shanock et al. 2010). Polynomial regression can be used instead of 

moderated regression, as it provides much more information about combinations of variables 

compared to traditional moderated regression techniques (Shanock et al. 2010). Traditional 

difference scores confound the effects of each of the component measures on the outcome and 

are thus unable to show the extent to which each of the components contributes to the 

outcome variable. Difference scores also do not allow us to determine whether or not 

components should exceed or align with each other to achieve the desired outcome, whereas 

polynomial regression allows us to retain the independent effect of each component measure 

and to examine the extent to which each component contributes to variance in the outcome. 

Furthermore, our three-dimensional model offers more valuable information than two-

dimensional models, which aids in the interpretation of our results. For more detailed and 

sophisticated discussions, and to fully understand the differences between using polynomial 

regression and difference scores, interested readers might consult Shanock et al. (2010), 

Edwards (1994, 2002), Edwards and Parry (1993), and Edwards and Cable (2009).  

Because the degree of modularity and solution space freedom share the same 

conceptual domain, i.e., customization, we can apply the polynomial modelling technique to 

test our hypotheses. We also meet the other key assumptions of this method, since our 

predictor variables are measured on the same numeric scale in order to determine the degree 

of correspondence (Edwards 2002; Shanock et al. 2010). Before conducting the polynomial 

regression analyses, we should determine the base rate of discrepancies in our sample 

(Shanock et al. 2010). We therefore standardized the scores of predictor constructs and 

compared the percentages of participants with standardized scores on one predictor variable 

that are half a standard deviation above or below the score on the other variable. We 

computed the difference in scores on modularity more than half a standard deviation from 

solution space freedom and found that over 55% of our sample has values that meet this 

criterion. We therefore conclude that it makes practical sense to explore how discrepancies 

between these dimensions of customization relate to organizational learning. 

We estimated the dependent variable by entering five polynomial terms into the 

equation, specifically, modularity (M), solution space freedom (S), and the three higher-order 

effects (i.e., M2, S2, and MS) that were created as product terms of M and S after scale-
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centering (cf. Edwards and Cable 2009). The estimated coefficients that are related to how 

each term individually affects organizational learning were not directly employed to test any 

hypothesis, but were used to compute the slope and curvature along the (non-)alignment lines 

(Edwards and Parry 1993). Since the R2 of learning was significantly different from zero (see 

Table 3.3), we could then evaluate the four surface tests rather than examine the regression 

coefficients as in common regression analysis (Edwards 2002; Shanock et al. 2010). Conform 

Shanock et al. (2010), we computed the slopes and curvatures along the alignment (M = S) 

and non-alignment (M = -S) lines as alignment slope (M + S) and curvature (M2 + MS + S2) 

and non-alignment slope (M - S) and curvature (M2 - MS + S2).  

To test our mediation hypotheses, we subsequently followed the block variable 

approach. In this approach, we compute customization as a block variable computed from the 

five polynomial terms that compose TI firms’ customization approach (i.e., degree of 

modularity, solution space freedom, their squares, and their product). We compute the block 

variable as a weighted composite score by multiplying the polynomial regression coefficients 

from Model 1 by the raw data, i.e., bC1M+bC2S+bC3M2+bC4MS+ bC5S2 (cf. Edwards and 

Cable 2009). This block variable or composite score is then used to test the mediation 

hypotheses H3a and H3b.  

 

3.4 Results 

 

Table 3.3 reports the estimated standardized coefficients. Model 1 (i.e., the baseline 

model) indicates that the degree of modularity is positively and significantly related to 

organizational learning (.38, p < .01). We used the estimated coefficient for each polynomial 

term to compute the slope and curvature along the (non-)alignment lines, which appear in 

Table 3.4. Along the non-alignment line (M = -S), the slope is positive and significant (.33, p 

< .01), while the curvature is negative and significant (-.12, p < .05). The inverted U-shape 

suggests that customization through both high degrees of modularity with low degrees of 

solution space freedom and low degrees of modularity with high degrees of solution space 

freedom results in lower levels of organizational learning. Moving along the non-alignment 

curvature in Figure 3.3, we see that the degree of non-alignment is more important than the 

direction of non-alignment. To the left and right of Figure 3.3, we see that organizational 

learning decreases as the balance of a customization approach changes in favour of either 

higher degrees of modularity or higher degrees of solution space freedom.  
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Along the alignment line (M = S), only the slope is positive and significant (.27, p < 

.05), while the curvature is not (see Table 4). Moving along the alignment slope in Figure 3.3, 

we see that the level of organizational learning is lower when both the degree of modularity 

and solution space freedom are low. This level increases when these customization 

dimensions are both equally present and high. Thus, these results indicate that the slope of the 

surface of the alignment line is positive and linear and that organizational learning is higher 

when modularity and solution space freedom are both high than when they are both low (cf. 

Edwards and Parry 1993, p. 1597). Overall, these findings lend support for H1a and H1b, 

such that (non-)alignment of modularity and solution space freedom (negatively) positively 

affects organizational learning.  

 

Table 3-3: Model results. 

Direct (polynomial) effects  Model 1 Model 2 Model 3 

Modularity (M) → Organizational learning .38** .38** .37** 

Solution space freedom (S) → Organizational learning -.03 -.03 -.02 

M2 → Organizational learning -.11 -.11 .02 

M x S → Organizational learning .18 .18 .21 

S2 → Organizational learning .06 .06 -.00 

M → Sustainable product innovation  .16  

S → Sustainable product innovation  -.10  

M2 → Sustainable product innovation  .18*  

M x S → Sustainable product innovation  -.02  

S2 → Sustainable product innovation  -.12  

M → Sustainable process innovation  .16  

S → Sustainable process innovation  .01  

M2 → Sustainable process innovation  .06  

M x S → Sustainable process innovation  -.18  

S2 → Sustainable process innovation  -.11  

Organizational learning → Sustainable product innovation .44** .39** .44** 

Organizational learning → Sustainable process innovation .45** .42** .45** 

Supplier sophistication → Organizational learning   .42** 

M x Supplier sophistication → Organizational learning   -.16 

S x Supplier sophistication → Organizational learning   -.06 

M2 x Supplier sophistication → Organizational learning   -.17 

M x S x Supplier sophistication → Organizational learning   -.11 

S2 x Supplier sophistication → Organizational learning   -.05 

Firm size: Medium → Organizational learning -.16 -.16* -.17* 

Firm size: Large → Organizational learning -.10 -.10 -.10 

Firm size: Medium → Sustainable product innovation .05 .08 .05 

Firm size: Large → Sustainable product innovation .05 .03 .05 

Firm size: Medium → Sustainable process innovation .15 .18* .15 

Firm size: Large → Sustainable process innovation .24** .25** .24** 

AIC 1526.97 1519.10 1511.00 

RMSEA .10 .00 .07 

CFI .91 1.00 .91 

TLI .78 1.00 .82 

R2 Organizational learning .22** .22** .34** 

R2 Sustainable product innovation .19** .28** .19** 

R2 Sustainable process innovation .23** .29** .23** 
Note: We report the standardized coefficients estimated from the main and interaction effects models.  
* p < .05 (2-tailed test), ** p < .01 (2-tailed test). 
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Table 3-4: Slope and curvature for (non-)alignment lines. 

 Model 1 Model 3 

 Polynomial effects Low supplier 

sophistication 

High supplier 

sophistication 

Alignment (M=S)     

Slope (M+S) .27* .43 .13 

Curvature (M2 + MS + 

S2) 

.08 .24 .01 

Non-alignment (M= -S)    

Slope (M – S) .33** .38* .24** 

Curvature (M2 – MS + S2) -.12* -.09 -.13** 
Note: * p < .05 (2-tailed test), ** p < .01 (2-tailed test). 

 

Figure 3-3: Organizational learning as a function of the degrees of modularity and solution space freedom in a 

customization approach. 

 

 

3.4.1 Moderation 

To test the interaction hypotheses (H2a–b), we followed the approach suggested by 

Aiken, West, and Reno (1991) and tested the polynomial moderation hypotheses by adding 

supplier sophistication and the interaction with each polynomial term to the model. After 

estimating the interaction effects model, we computed two equations: one for firms with 

highly sophisticated suppliers (where we substituted values one standard deviation (δ =1.07) 

above the mean) and the other for less sophisticated suppliers (where we substituted values 

one standard deviation (δ =1.07) below the mean). We then tested the hypotheses by 
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computing the slope and curvature along the (non-)alignment lines. Table 3.3 indicates that 

Model 3 results in smaller Akaike information criteria (AIC) values than Models 1 and 2, 

suggesting that the interaction effects model is appropriate. We used the estimated 

coefficients from Model 3 to compute the slopes and curvatures at high and low levels of 

supplier sophistication (cf. Aiken, West, and Reno 1991). As Table 3.4 shows, for lower 

levels of supplier sophistication, only the slope along the non-alignment line is positive and 

significant (.38, p < .05), whereas for higher levels of supplier sophistication, both the slope 

(.24, p < .01) and the curvature (-.13, p < .01) of the non-alignment line are significant. In 

both cases, the slope of the alignment line is no longer significant. We therefore conclude 

that, when suppliers are less sophisticated, both the positive effect of alignment and the 

negative effect of non-alignment on learning is decreased. In Figure 3.4, we show how the 

non-alignment curvature is affected for both low and high levels of supplier sophistication. 

For less sophisticated suppliers, the direction of non-alignment differentially influences 

organizational learning, depending on either the degree of modularity or the degree of 

solution space freedom. When the degree of modularity is higher than the degree of solution 

space freedom, organizational learning will be less affected compared to when the degree of 

solution space freedom is higher than the degree of modularity. This different effect is 

represented by a significant positive slope of the non-alignment line for less sophisticated 

suppliers. As can be seen in Figure 3.4, organizational learning seems to increase as the 

degree of modularity (but not the degree of solution space freedom) increases to 2, but this 

effect levels off again as the degree of modularity increases further. In contrast, the non-

alignment curvature remains negative for firms working with highly sophisticated suppliers, 

suggesting that the highest levels of organizational learning are achieved through balancing 

moderate levels of modularity and solution space freedom. Overall, these findings provide 

support for H2b, but not for H2a. 
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Figure 3-4: The effect of non-aligned modularity and solution space freedom on organizational learning for low versus high 

supplier sophistication. 

 

 

3.4.2 Mediation  

To test the mediation hypotheses (H3a-b), we employed the block variable approach 

(cf. Edwards and Cable 2009). In the following mediation analysis, the block variable 

represents customization and replaces the polynomial terms (Edwards and Cable 2009). We 

used a bootstrapping technique (5,000 samples) to compute the bias-corrected confidence 

intervals (CIs) of 95% and test the significance of the indirect effects. Table 3.5 presents the 

results of this analysis. 

 

Table 3-5: (In)Direct effects relating customization to organizational learning and sustainable innovation. 

 Sustainable product 

innovation 

Sustainable process 

innovation 

Organizational learning 

Direct effects    

Organizational learning .42** .45**  

Customization .06 .01 .42** 

Firm size: Medium .05 .15 -.17* 

Firm size: Large .04 .24* -.10 

    

Indirect effects    

Customization .17** .19**  

    

R2: .23** .20** .21** 
Note: “Customization” is computed from the five polynomial terms for TI firms’ customization approach (i.e., degree of 

modularity, solution space freedom, their squares, and their product). We report the standardized coefficients estimated from 

the model with the block variable. Bias-corrected bootstrapped confidence intervals of the indirect effects of customization 

on sustainable product innovation (.17, 95% CI = [.09, .28]) and sustainable process innovation (.19, 95% CI = [.10, .31]) 

exclude zero.  
* p < .05 (2-tailed test), ** p < .01 (2-tailed test).  
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The block variable representing customization (composed of modularity and solution 

space freedom) is positively related to organizational learning (.42, p < .01). In addition, 

organizational learning is positively related to sustainable product innovation (.42, p < .01) 

and sustainable process innovation (.45, p < .01), and the effects of customization on 

sustainable product and process innovation are not significant when organizational learning is 

taken into account (i.e., full mediation). Bias-corrected bootstrapped confidence intervals of 

the indirect effects of customization on sustainable product innovation (.17, 95% CI = [.09, 

.28]) and sustainable process innovation (.19, 95% CI = [.10, .31]) exclude zero. Overall, 

these findings lend support for H3a and H3b such that organizational learning fully mediates 

the effects of customization on sustainable product and process innovation. 

 

3.5 Discussion 

 

TI firms are urged to prioritize both sustainability (Figge and Hahn 2012; Flores et al. 2008) 

and customization (Davie, Stephenson, and De Uster 2010). However, pursuing both is 

difficult because sustainable innovation requires changing designs, development and 

production processes (Flores et al. 2008), while customization challenges traditional 

operational boundaries (Åhlström and Westbrook 1999). In this paper, we argue that TI firms 

should not consider customization and sustainable innovation as a trade-off. Rather, TI firms 

can increase sustainable innovation through customization. In particular, we argue that 

customization can be conceptualized along two dimensions, i.e., the degree of modularity and 

the degree of solution space freedom, and we show that customization can foster sustainable 

product and process innovation through organizational learning. Additionally, we show that 

supplier sophistication moderates the relationship between customization and organizational 

learning. 

 

3.5.1 Implications 

Our findings have implications for both academics and practitioners. First, from an 

academic perspective, we further advance our understanding of customization, which has far-

reaching implications for operations management (Åhlström and Westbrook 1999). In 

response to the pressure on TI firms to offer complex solutions (Lingqvist, Plotkin, and 

Stanley 2015), several papers have been published on implementing and excelling at mass 

customization (e.g., Davies, Brady, and Hobday 2007; Duray et al. 2000; Hvam 2006; Wang 

et al. 2014), on the importance of using modularity to achieve manufacturing flexibility (e.g., 
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Baldwin and Henkel 2015; Duray et al. 2000; Ulrich 1995), or on how the solution space 

represents design flexibility (e.g., Lyons et al. 2013; Salvador, De Holan, and Piller 2009). An 

assumption underlying these related literature streams is that the effects of modularity and 

solution space freedom are independent. This study proposes a more nuanced perspective by 

combining both of these critical, interrelated identifiers of customization and comparing the 

effects of varying combinations. This complementary view broadens the current debate on 

customization. Our results corroborate the proposed nuance to customization as we find that 

varying degrees of modularity and solution space freedom result in various learning rates 

within TI firms. Therefore, this study contributes to the literature on customization and the 

role of modularity (Salvador, De Holan, and Piller 2009; Sanchez and Collins 2001; Steiner 

2014; Wang et al. 2017) by offering a more hybrid perspective and by showing that the effects 

of modularity should be considered jointly with the freedom to accommodate customer-

specific designs.  

Second, we contribute to the existing literature on organizational learning (e.g., 

Narayanan, Balasubramanian, and Swaminathan 2009; Schilling et al. 2003; Staats and Gino 

2012) by showing that organizational learning explains how TI firms are able to arrive at win-

win situations in which they simultaneously pursue customer-specific manufacturing and 

sustainable innovation. With this finding, we contribute to literature on (organizational) 

learning that has previously suggested that balancing both knowledge specialization (arising 

from modularity) and knowledge variety (arising from free solution spaces) is needed to foster 

learning (e.g., Narayanan, Balasubramanian, and Swaminathan 2009; Schilling et al. 2003; 

Staats and Gino 2012).  

In addition, we add to previous research stating that architectural decisions affect TI 

firms’ knowledge processing mechanisms (Brusoni et al. 2007; Brusoni and Prencipe 2001), 

as the results of our polynomial regression analysis show that balanced and equally present 

customization dimensions indeed affect organizational learning. To be specific, establishing 

either knowledge specialization or variety in isolation through either high degrees of 

modularity or solution space freedom leads to suboptimal organizational learning. In contrast, 

an ambidextrous approach of aligning high degrees of modularity to high degrees of solution 

space freedom increases organizational learning. We thus empirically confirm that highly 

modular architectures may negatively affect organizational learning (Robertson, Casali, and 

Jacobson 2012) but alignment to high degrees of solution space freedom allows TI firms to 

achieve learning benefits (Schilling et al. 2003).  
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Further, our mediation results show that organizational learning is the mechanism that 

explains how modularity and solution space freedom affect sustainable innovation. Some 

authors have argued that modularity affects sustainability (Davies, Brady, and Hobday 2007) 

because it allows firms to upgrade solutions to increase their life-cycle (Brusoni and Prencipe 

2001). Others have suggested that modularity may detract from achieving sustainability goals 

(Medini, Da Cunha, and Bernard 2015). Researchers have also suggested that modularity may 

directly improve product innovativeness, albeit with diminishing returns (Lau, Yam, and Tang 

2011), but the same researchers have argued that the effects of modularity on product 

performance are mediated by learning (Lau, Yam, and Tang 2007). Our results somewhat 

reconcile these conflicting findings. To be specific, our results support early work suggesting 

that modularity affects learning (Langlois and Robertson 1992) and corroborate research 

stating that the performance effects of modularity are mediated by internal processes (e.g., 

Jacobs, Vickery, and Droge 2007; Worren, Moore, and Cardona 2002). To conclude, 

organizational learning enables TI firms to change their actions with respect to sustainable 

innovation through the acquisition, distribution, and interpretation of knowledge and insights 

gained via customization. 

Third, our model builds on knowledge theory to account for the moderating role of 

supplier sophistication. Solving customers’ business problems requires different types of 

knowledge and capabilities, which are often distributed among the firm’s partners (Brusoni 

and Prencipe 2013). Contrary to our expectations, the positive effect of aligning modularity 

and solution space freedom on organizational learning disappears for TI firms working with 

highly sophisticated suppliers. Rather, moderate degrees of modularity and solution space 

freedom, and thus knowledge specialization and variety, may increase organizational learning 

when the supplier base is highly sophisticated. A possible explanation could lie in the learning 

mechanisms that are at play. Because the costs of understanding (or developing) knowledge 

within the firm are greater than those of obtaining knowledge from suppliers (Williamson 

1985), TI firms might not want to acquire all relevant knowledge themselves and instead 

delegate knowledge to suppliers (Robertson, Casali, and Jacobson 2012). Therefore, under the 

condition that TI firms are able to gain knowledge from sophisticated suppliers, high levels of 

knowledge specialization or variety may no longer be necessary.  

The mitigated learning effect of non-alignment when suppliers are less sophisticated 

suggests that customization with higher degrees of modularity (and slightly lower degrees of 

solution space freedom) enhances organizational learning. These findings might be explained 

in light of the mirroring hypothesis, which suggests that there can be two opposite knowledge 
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sharing mechanisms at play when firms leverage modularity (Cabigiosu and Camuffo 2012; 

Colfer and Baldwin 2016; Furlan, Cabigiosu, and Camuffo 2014). Our findings suggest that 

higher degrees of modularity may imply either less knowledge sharing when suppliers are 

more sophisticated (the “trade-off” hypothesis) or more knowledge sharing when suppliers are 

less sophisticated (the “complementarity” hypothesis). These findings contribute to previous 

research by suggesting that both knowledge-intensive and routine-intensive suppliers may 

contribute to organizational learning in different ways (Azadegan 2011). 

From a practitioner’s viewpoint, our research presents actionable guidance. In 

particular, this study shows that customization can be a suitable strategy for TI firms to 

exploit ‘win-win’ situations that reconcile environmental protection and customer demands. 

Instead of increasing the degree of modularity and decreasing the degree of solution space 

freedom, as is common with mass customization, our findings suggest that managers of TI 

firms looking to increase levels of organizational learning and sustainable innovation should 

balance both highly modular designs and unconstrained solution spaces. Moreover, managers 

might be interested to consider the sophistication of their supplier base before deciding on 

their customization approach, as supplier sophistication influences the focal firm’s learning 

processes. Alternatively, we may expect managers to decide to cooperate more or less 

intensely with their suppliers, depending on the learning effects they want to achieve. Overall, 

our findings show that sustainability objectives should not necessarily be sacrificed when 

adopting customization. Rather, customized manufacturing environments may contribute to 

sustainable innovation when managers consider alternatives to well-known approaches like 

mass customization. 

 

3.5.2 Limitations and future research directions 

This study has a number of limitations, some of which provide interesting avenues for 

future research. First, we used a survey to assess the relationships between customization, 

organizational learning and sustainable innovation. The results of this survey indicated that 

aligning high degrees of modularity to high degrees of solution space freedom results in the 

highest organizational learning rate. Since a survey only offers a snapshot in time, future 

research might consider developing a dynamic model to assess whether firms switching to 

such a customization approach indeed perform better, both on organizational learning as well 

as on sustainable innovation. 

Second, we controlled for an unmeasured latent method factor to assess common 

method variance. While this method is recommended when researchers have not incorporated 
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marker variables (Podsakoff et al. 2003), for the sake of prudence we suggest that future 

research adopt marker variables in order to capture possible types of common method 

variance (e.g., social desirability, positive or negative affectivity). 

Third, while the focus of our study was on establishing a link between customization 

and organizational learning, our findings provide limited insights on organizational learning 

and how it is affected by customization tasks embedded in modularity and solution space 

freedom. For example, the results suggest that aligning lower degrees of modularity to less 

solution space freedom results in higher organizational learning compared to non-aligning 

higher degrees of modularity to lower degrees of solution space freedom (i.e., mass 

customization). This result contradicts research that showed that mass customization had a 

more positive effect on organizational learning than standardized approaches like mass 

production (Kotha 1995). This contradictory result might be explained by the fact that TI 

firms with standardized customization processes can benefit from integral designs that 

enhance knowledge sharing and interactive learning (Mikkola 2003). Future research might 

consider which firm capabilities explain the varying performance outcomes of the different 

customization approaches. Additionally, other value chain characteristics (e.g., customer and 

supplier characteristics) affecting firm performance should be taken into account. 

Fourth, we did not find that high supplier sophistication affects the relationship 

between aligning modularity and solution space freedom and organizational learning, which 

indicates that other mechanisms (e.g., the degree of outsourcing, relationship quality) might 

be at play to explain how innovative, knowledge-intensive tasks on both the firm and supplier 

side may jointly affect organizational learning. Future research might explore these 

mechanisms and account for other characteristics of partners in the value chain.   
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4. How customization ensures firm survival in turbulent 

environments: The mediating role of cross-functional 

cooperation 
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4.1 Introduction 

 

In order to survive, technology-intensive (TI) firms today adopt customization 

(Bhaskarabhatla 2016), which enables them to react to individual demands and build and 

strengthen their relationships with customers (Ghosh, Dutta, and Stremersch 2006). However, 

despite high expectations of its benefits for firm survival (Bhaskarabhatla 2016; Franke, 

Keinz, and Steger 2009), some researchers have suggested that customization may cause 

firms to struggle to be cost effective (Arora et al. 2008; Tuli, Kohli, and Bharadwaj 2007; 

Wang et al. 2017), which reduces their ability to survive. For example, firms may be able to 

build long-term customer relationships when they offer highly customer-specific solutions 

(Coreynen, Matthyssens, and  Van  Bockhaven 2017), but also incur high additional 

development costs that cannot be offset by selling these solutions to other customers. This 

suggested trade-off between cost effectiveness and accommodating individual customer 

demands is called the prisoner’s dilemma of customization (Arora et al. 2008; Dewan, Jing, 

and Seidmann 2003). Despite attempts to reconcile the conflicting positions, the findings of 

the few empirical studies on the effects of customization on firm survival remain ambiguous 

(Katsikeas, Samiee, and Theodosiou 2006). To illustrate, some authors report a positive 

relationship between customization and firm survival (e.g., Bhaskarabhatla 2016), while 

others continue to report both increased benefits and costs resulting from customization (e.g., 

Kotha 1995). Because research insights remain inconclusive, they do not provide TI firms 

with clear insights on how customization may contribute to their survival. 

These inconclusive research findings concerning the relationship between 

customization and firm survival raise two questions that we address in this study. First, how 

does a TI firm’s customization strategy, determined by a combination of varying degrees of 

modularity and solution space freedom for the solutions they create, affect firm survival? To 

answer this question, we use the strategy-structure-performance (SSP) paradigm to argue that 

the degree of integration and coordination between departments is the key structural 

dimension (Mintzberg 1979) that explains how customization affects firm survival. 

Specifically, we propose that the degree of cross-functional cooperation between departments 

explains how TI firms implement their customization strategy and enhances their ability to 

survive (Adler, Goldoftas, and Levine 1999). For the purpose of our study, we use financial 

slack to measure firm survival, as this provides a proxy for firm resilience. Financial slack 

allows firms to adapt to internal and external pressures, as well as to initiate future changes 

needed (Bourgeois 1981). It is thus an important aspect of a firm’s ability to survive. Second, 
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how do different conditions of environmental turbulence affect the relationship between 

customization and cross-functional cooperation? Understanding the contingent effects of 

external conditions is of strategic value because it may help reconcile the inconsistent findings 

in the literature by identifying relevant boundary conditions. 

We contribute to the extant literature in three ways. First, we draw on SSP theory to 

develop a model that includes strategic decisions on customization (i.e., modularity and 

solution space freedom, conform our conceptualization and tests in Chapters 2 and 3) that lead 

to structural development in the form of cross-functional cooperation. Because TI firms 

perform complex, know-how intensive tasks to create sophisticated solutions (John, Weiss, 

and Dutta 1999; Miller 1986), departments with different skills and goals need to coordinate 

and collaborate intensively (Miller 1986). Indeed, being successful at creating solutions 

requires multiple departments within TI firms to cooperate (Griffin and Hauser 1996; Song, 

Montoya-Weiss, and Schmidt 1997). We thus focus on cross-functional cooperation as the 

core structural dimension that explains how TI firms are able to reap the benefits of their 

customization strategy. We contribute to the existing literature on customization and solutions 

by showing that structural dimensions such as cross-functional cooperation explain how 

customization affects firm survival.  

Second, while the SSP paradigm predicts that a firm’s strategy drives the development 

of organizational structures, it is recognized that this mechanism is influenced by contingent 

factors that lie beyond its internal boundaries (Clifford Defee and Stank 2005). In other 

words, the appropriateness of a particular strategy can be defined in terms of its fit with 

environmental contingencies (Katsikeas, Samiee, and Theodosiou 2006). Because earlier 

research has shown that market dynamics may explain the different outcomes of 

customization for firms within an industry (Bhaskarabhatla 2016), we extend our model by 

including several contingencies related to the external environment. As our interest lies with 

customization in TI industries, we focus on market and technological turbulence and propose 

that the effects of customization strategies on cross-functional cooperation are contingent 

upon the turbulence of the external environment (Stremersch et al. 2003). 

Third, we argue that customization represents firm adaptation to customer needs 

(Hallen, Johanson, and Seyer-Mohamed 1991), which allows firms to achieve financial slack 

(cf. Bourgeois 1981). While customization has been considered as an enabler of survival 

(Bhaskarabhatla 2016) and financial slack is an important element that ensures firm survival 

and resilience (Ahuja, Lampert, and Novelli 2013), their relationship as currently examined in 

literature remains inconclusive. At present, the topic of customization is mainly embedded in 
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the business-to-consumer (B2C) marketing literature (e.g., Franke, Keinz, and Steger 2009; 

Piller, Moeslein, and Stotko 2004) and research in TI contexts is scarce (e.g., Ghosh, Dutta, 

and Stremersch 2006). Management literature has primarily considered financial slack for its 

impact on firm performance, rather than on how it may result from the transformation of 

strategies (see Table 4.1). It thus remains unclear what managers can do to proactively affect 

financial slack (Nohria and Gulati 1996, p. 1260). We contribute by integrating these two 

literature streams. We consider the impact of customization through cross-functional 

cooperation on unabsorbed financial slack, which represents excess uncommitted financial 

resources (Singh 1986), including cash and receivables. Unabsorbed financial slack is re-

deployable and firms can freely allocate it to alternate uses (Kim, Kim, and Lee 2008), which 

makes it an important managerial element in ensuring firm survival.  

The remainder of this paper is structured as follows. In the next section, we build on 

the SSP framework to provide the theoretical background on customization. Then, we build 

our hypotheses on the relationship between customization, cross-functional cooperation, and 

unabsorbed financial slack, and develop hypotheses on the moderating roles of market and 

technological turbulence. We proceed by presenting our research methodology and discussing 

the results of our analyses. Finally, we conclude with theoretical and managerial implications 

and directions for future research.  
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Table 4-1: Overview of selected studies on financial slack 

 Financial slack as dependent 

variable 

Financial slack as predictor or 

moderator 

Gaps and 

contributions  

Selection 

of studies 

Bourgeois 1981; Chakravarthy 1982; 

Cyert and March 1963; Lawson, 

2001; Sharfman et al. 1988 

Bourgeois 1981; Chakravarthy 1982; 

Daniel et al. 2004; Fang, Palmatier, and 

Steenkamp 2008; Josephson, Johnson and 

Mariadoss 2016; Kuusela, Keil and 

Maula 2017; Pierce and Arguinis, 2011; 

Troilo, De Luca and Atuahene-Gima 

2014; Van Acker, Collewaert and Zahra 

2017 

Research gap: 

Insights into 

generating slack for 

firms in TI markets 

necessary, unclear how 

slack is generated. 

Contribution 1: 

Empirical study to 

show how 

customization can 

generate slack  

Contribution 2: Focus 

on cross-functional 

integration as the 

internal structure that 

explains how 

customization 

generates slack. 

Contribution 3: 

Explore the external 

environmental 

conditions that affect 

the relationship 

between customization 

and financial slack 

Study type Conceptual Conceptual, Empirical 

Selective 

research 

insights 

into 

predictors 

of 

financial 

slack 

Firms that have adapted successfully 

generate financial slack. Positive 

strategic performance may increase 

accumulation of slack beyond what is 

needed to maintain basic functions. 

Slack increases when the environment 

is munificent. Specialist organizations 

have less financial slack than 

generalists, and are more vulnerable 

to uncertainty. Slack becomes 

threatened when efficiency rules. 

Potential slack is generated by 

organizational members to fill gaps.  

 

 

Selective 

research 

insights 

into 

effects of 

financial 

slack 

 Financial slack can be unabsorbed, not 

yet assimilated into organizational design; 

or recoverable, shifted from places in 

organizations. Financial slack has a 

positive effect on firm performance. 

Slack creates a cushion that allows firms 

to adapt to internal and external pressures. 

Slack enables resilience. Financial slack 

affects the amount of freedom managers 

have to decide how to change the 

organization in response to performance 

shortfalls. It enables firms to explore new 

market opportunities. Slack enables 

management to implement strategies with 

fewer negative effects. Slack is positively 

related to radical innovation, low slack 

has negative performance effects for 

analyzer strategies. Slack positively 

affects firm value. 

 

4.2 Conceptual framework 

 

The current study considers how firms in TI industries achieve financial slack through 

customization. Conform chapters 2 and 3, we argue that customization refers to a set of 

approaches that address specific customer needs. Key are two important dimensions: the 

degree of modularity and the freedom of the solution space. The first dimension is the degree 

of modularity the firm has implemented to create solutions (Duray et al. 2000; Lyons et al. 

2013). Modularity can be considered as a continuum, along which the predefined components 

of a solution can be separated and recombined through standardized interfaces, which 

facilitates customization (Salonen, Rajala, and Virtanen 2017). However, modularity does not 
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allow components to change outside of a predefined range (Sanchez and Mahoney 1996). 

Literature therefore argues that modularity bounds the degree of customer-specificity that can 

be achieved (Chandra and Kamrani 2004). The second dimension of customization is the 

degree of solution space freedom, which captures customers’ ability to change or specify the 

solution’s design. Solution space freedom thus refers to the degree to which firms 

accommodate customer-specific requests or alterations to designs (Salvador, De Holan, and 

Piller 2009; Steiner 2014; Ulrich and Tung 1991; Wang et al. 2017). While TI firms with high 

degrees of solution space freedom accommodate customer-specific, new designs or alterations 

in order to create solutions that completely fit a customer’s business needs, TI firms with low 

degrees of solution space freedom constrain the set of individual customer requests they 

accommodate. Together, different combinations of modularity and solution space freedom 

represent the customization approach a TI firm deploys. 

Based on the strategy-structure-performance (SSP) paradigm, the current study argues 

that the effectiveness of customization results in financial slack through organizational 

structures (Teece, Pisano, and Shuen 1997), in particular through coordinating decisions and 

behaviors across functional departments (Miles et al. 1978; Mintzberg 1979). How a firm 

divides labor into distinct tasks and achieves coordination between these tasks defines its 

internal structure (Mintzberg 1979). The division and coordination of tasks is captured by 

cross-functional cooperation, which refers to the interaction and communication, and the 

sharing of similar goals and objectives, between different organizational departments (Song, 

Montoya-Weiss, and Schmidt 1997). Because cross-functional cooperation captures the 

degree to which various disciplines (e.g., R&D, engineering, marketing, and sales) interact 

and communicate across departmental boundaries, it is an important organizational structure 

that enables firms to achieve survival (Day 2011; Teece, Pisano, and Shuen 1997).  

Cross-functional cooperation reflects the perceived strategic interdependence of 

functional departments and their need to cooperate for the benefit of the firm (De Luca and 

Atuahene-Gima 2007; Kahn 1996). Because TI firms perform complex and knowledge-

intensive tasks to create solutions (John, Weiss, and Dutta 1999; Miller 1986), different 

functions need to cooperate intensively through open communications (Miller 1986). 

Coordination is also important because different functions are typically responsible for the 

various facets of offering solutions (Tuli, Kohli, and Bharadwaj 2007). The scope of 

cooperation between departments can range from narrowly defined, clearly budgeted short-

term initiatives (i.e., cooperation during a specific project) to broad, open, and long-term 

engagements (i.e., cross-functional cooperation at the organizational level) (Gulati, 
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Wohlgezogen, and Zhelyazkov 2012). In this study, we focus on cross-functional cooperation 

at the organizational level. 

We thus consider cross-functional cooperation as the key structural dimension 

(Mintzberg 1979) that translates customization into financial slack (Adler, Goldoftas, and 

Levine 1999; Bourgeois 1981). Cross-functional cooperation ensures that departments agree 

on the provision and appropriation of shared resources (Gulati, Wohlgezogen, and 

Zhelyazkov 2012). Greater connectivity and coordination between departments can foster a 

shared process view and stimulate global optimization across the organization (Lawrence and 

Lorsch 1967). Employees that share goals and common understandings are better able to 

utilize resources located in different departments. Cross-functional cooperation thus enables 

distinct departments to reach a common frame of reference (Daft and Lengel 1986; Egelhoff 

1991) and represents the structure through which the firm systematically generates and 

modifies its resources and routines (Zollo and Winter 2002). Cross-functional cooperation is 

thus an important requirement for firms to be successful at creating solutions (Griffin and 

Hauser 1996; Song, Montoya-Weiss, and Schmidt 1997). 

To conclude, we propose that cross-functional cooperation represents the internal 

structure that translates a TI firm’s customization strategy into performance, i.e., financial 

slack. Figure 4.1 represents our conceptual framework. 

 

Figure 4-1: Conceptual framework 
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4.2.1 Customization and cross-functional cooperation 

We argue that cross-functional cooperation is influenced by TI firms’ customization 

approaches, i.e. the (non-)alignment of modularity and solution space freedom. Within TI 

firms, the characteristics of a solution’s architecture affect the communication channels 

between involved departments and influence the division of work (Brusoni and Prencipe 

2001; Sanchez 1999; Sanchez and Mahoney 1996; Schilling 2000). A firm’s customization 

strategy thus affects interdepartmental interactions (Kotha 1995).  

TI firms that align high degrees of modularity and solution space freedom in their 

customization strategy balance their customer and architectural orientation. These firms 

accommodate specific customer needs, even if they cannot meet all requests with their 

extensive modular architecture. In this case, serious demands are placed on the coordination 

between functional departments. Departments interact closely in order to optimize and design 

modules while simultaneously adapting solutions to customer-specific requests (Napier, 

Mathiassen, and Robey 2011). In particular, TI firms have to make sure that all potentially 

new components are able to perform together with other components (Schilling 2000), and 

that these components can be embedded within existing modular structures and underlying 

architectures. For example, the marketing and R&D department need to cooperate closely to 

determine how to design solutions that can be adapted, while safeguarding their modular 

architecture. Furthermore, the sales and engineering departments need to cooperate 

continuously to adapt solutions to specific customer needs without compromising existing 

functionalities. These shared goals between departments increase their tendency to cooperate 

(Pinto and Pinto 1991). To conclude, we expect that customizing through aligning 

increasingly higher degrees of modularity and solution space freedom fosters cross-functional 

cooperation within TI firms. We thus expect a significant, positive slope along the alignment 

line.  

H1a: Cross-functional cooperation increases when modularity and solution space 

freedom increase while remaining in alignment. 

 

TI firms that do not align the two customization dimensions focus on pairing either 

high degrees of modularity to low degrees of solution space freedom, or vice versa. When TI 

firms combine high degrees of modularity and low degrees of solution space freedom, they 

tend to prioritize the safeguarding of their modular architectures over accommodating 

customer-specific requests. These firms aim to decentralize production processes, which 

allows departments to work on specific modules in highly autonomous settings (Schilling 
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2000). The resulting standardized procedures greatly reduce the need to achieve cross-

functional understanding and coordination (Hoskisson et al. 1993), and departments 

responsible for various tasks can become largely self-managing and autonomous (Sanchez 

1996). The fixed interfaces of the modules may also function as boundaries between 

departments. Indeed, adopting high degrees of modularity may greatly simplify the internal 

coordination firms need because specified and standardized interfaces form new 

organizational boundaries (Schilling 2000). When paired to low degrees of solution space 

freedom, the firm accommodates no or limited customer-specific changes, which further 

reduces the need for inter-departmental interaction. To illustrate, the sales department can 

simply use the predefined configurator to create solutions and little coordination with the 

engineering department is needed to embed customer-specific changes. We thus expect that 

pairing high degrees of modularity to low degrees of solution space freedom increases the 

division of labor within firms (Brusoni and Prencipe 2001), rather than fostering cross-

functional cooperation. 

Alternatively, TI firms may focus on pairing low degrees of modularity to high 

degrees of solution space freedom. When TI firms customize through low degrees of 

modularity and high degrees of solution space freedom, they tend to prioritize the 

accommodation of customer-specific requests over potentially predefined functionalities. 

These firms thus create and design fully integrated and highly customer-specific solutions on 

demand (Duray et al. 2000; Gosling and Naim 2009; Hicks, McGovern, and Earl 2000; 

Lampel and Mintzberg 1996). We expect that firms that deploy this type of customization 

experience so much interdependence of work processes and technologies, that cross-

functional interaction is plastered with conflicts (Pinto and Pinto 1990). Departments in these 

firms continuously need to weigh customer requirements against current engineering and 

production capabilities (Konijnendijk 1994). This may cause tension in TI firms, because they 

often have dominant engineering departments (Workman 1993). The tendency of these 

engineering departments often is to state that “customers don’t know what they want,” or to 

disqualify input from customer-facing functions (e.g., sales and marketing departments) due 

to their lack of technical expertise (Workman 1993). These barriers to cooperation are well-

known across a broad range of firms (see Griffin and Hauser 1996 for an overview) but may 

be exacerbated by the continuous stream of new customer demands and a lack of modularity 

to enforce a shared framework.  

Based upon the above reasoning, we expect that TI firms that customize primarily 

through high degrees of either modularity or solution space freedom will increase the division 
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of labor across departments or enlarge inter-departmental conflicts. As a consequence, the 

level of cross-functional cooperation within these firms will be lower. We thus expect a 

significant, negative curvature along the non-alignment line. Hence, we hypothesize: 

H1b: Cross-functional cooperation decreases with rising levels of non-alignment of 

modularity and solution space freedom. 

 

4.2.2 The moderating effect of market and technological turbulence 

Thompson (1967) suggested that a firm’s primary task is to cope with the uncertain 

contingencies of the environment. Environmental turbulence within industries accentuates 

risk and uncertainty in the process of creating customer solutions (Calantone, Garcia, and 

Dröge 2003). In turbulent environments, firms must cope with uncertainty regarding customer 

needs, uncertainty regarding which technology paths to follow, and uncertainty regarding the 

resources that should be committed to these endeavors (Mullins and Sutherland 1998). While 

previous research has operationalized environmental turbulence as a unidimensional 

construct, more recent research has demonstrated that the concept is multidimensional 

(Robertson and Gatignon 1998; Sutcliffe and Zaheer 1998). Of particular relevance to the 

present research is the distinction between market and technological turbulence.  

The moderating effect of market turbulence. Market turbulence represents continuous 

changes in customers’ preferences and demands, and in price and cost structures (Mullins and 

Sutherland 1998). TI firms operating in highly turbulent markets likely require regular 

adaptations to satisfy altered customer needs (Jaworski and Kohli 1993), which makes it more 

important for these firms to be able to explore new solutions (Wilden and Gudergan 2015). 

Market turbulence thus prompts firms to reach out to customers (Jaworski and Kohli 1993). 

On the contrary, low market turbulence presents few uncertainties and TI firms do not have to 

implement a lot of modifications in response to customer preferences and demands. 

High market turbulence prompts firms to respond to changes in the market (Wilden 

and Gudergan 2015). TI firms that align modularity and solution space freedom explore new 

functionalities based on customer needs. The positive effects of exploring new opportunities 

and adapting new functionalities are exacerbated in highly turbulent markets (Wilden and 

Gudergan 2015). When market turbulence is high, uncertainty regarding customer 

requirements increases, which implies that functional departments need to coordinate more to 

keep up with processing market intelligence (Atuahene-Gima and Li 2004). This will fuel the 

need for cross-functional cooperation. In markets where customer preferences and demands 
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change rapidly, departments thus communicate and coordinate more to create solutions 

(Napier, Mathiassen, and Robey 2011). 

By contrast, low market turbulence reduces the need for departments to communicate 

and share intelligence (Calantone, Dröge, and Vickery 2002), because it means stability and 

predictability. In this situation, different departments are more likely to accept the division of 

responsibilities, as there is less pressure to act across boundaries. For example, as prices are 

stable and customer preferences predictable, sales and engineering departments need less 

frequent interactions to create solutions.  

In sum, we expect that TI firms that align high degrees of modularity to high degrees 

of solution space freedom experience higher (lower) levels of cross-functional cooperation 

when faced with higher (lower) market turbulence. Formally: 

H2a: The positive effect of alignment on cross-functional cooperation is 

increasingly stronger when market turbulence is high, but increasingly weaker 

when market turbulence is low. 

 

Market turbulence also affects the relationship between non-alignment of modularity 

and solution space freedom and cross-functional cooperation. Firms that overly focus on 

modularity allow functional departments to work on specific modules in highly autonomous 

settings (Schilling 2000). When these firms face low market turbulence, the emphasis on 

functional specialization is exacerbated. In this situation, demand is predictable and each 

department continues to focus on optimizing its own tasks and components in the 

customization process. By contrast, in case of high market turbulence, demand is uncertain. 

Consequently, departments are forced to cooperate in order to integrate rapidly changing 

demands and cost structures into the development of modules and architectures. The 

concentration on increased flexibility to meet demands (i.e., by increasing module variety; 

Worren, Moore, and Cardona 2002) implies a higher need to share resources and intelligence 

between departments, which promotes cross-functional cooperation. 

TI firms that overly focus on higher degrees of solution space freedom as opposed to 

modularity mainly work order based. Customers typically initiate the customization effort, 

define the solution’s specifications, provide financial resources, and at the end benefit from 

the deliverables (Blindenbach-Driessen and Van den Ende 2006). When market turbulence is 

low, each functional department performs its own role towards creating the solution and tends 

to be concerned with their responsibilities. Cross-functional cooperation is therefore not 

necessary. Under conditions of high market turbulence, changes in customer demand are rapid 
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and require departments to respond fast, which increases their need for interdepartmental 

communications. We thus expect that TI firms that non-align modularity and solution space 

freedom experience stronger (weaker) levels of cross-functional cooperation when faced with 

lower (higher) market turbulence. 

H2b: The negative effect of non-aligned modularity and solution space freedom on 

cross-functional cooperation is weaker when market turbulence is high, but stronger 

when market turbulence is low. 

 

The moderating effect of technological turbulence. Firms in technologically turbulent 

environments face uncertainty regarding the best long-term technology paths to follow, and 

uncertainty concerning the resources that should be committed to these technologies (Mullins 

and Sutherland 1998). In addition, departments that face technologically turbulent 

environments have more difficulties with translating rapid technological advancements into 

product features and benefits (Mullins and Sutherland 1998).  

We expect that technological turbulence will supersede the effect of alignment on 

cross-functional cooperation in TI firms. To be specific, under conditions of high 

technological turbulence, firms’ internal competencies may be destroyed (Tushman and 

Nelson 1990), because existing technologies become obsolete (Balakrishnan and Wernerfelt 

1986). TI firms that align modularity to solution space freedom may be more vulnerable, 

because high degrees of modularity require them to safeguard the existing architecture and 

fixed interfaces. Firms that customize through high degrees of modularity need to make long-

term predictions regarding technological developments. To safeguard developed architectures, 

all departments need to comply with the technology (Sanchez 1999). Under conditions of high 

technological turbulence, departments responsible for modular development are forced to 

safeguard the technological compatibility and predefined architectures from potentially 

disturbing input. However, high degrees of solution space freedom enable the constant influx 

of customer-specific requests. This influx may increase information overload for departments 

working to integrate and create solutions, which disturbs internal systems of decision making 

and interaction (Grant and Cibin 1996). For example, when employees in engineering and 

R&D departments face technologically turbulent environments, they may deal with the 

increased uncertainty by distancing themselves from the possibly conflicting influence of 

customer-facing functions to focus on keeping modules up to date with changing 

technologies. By contrast, under conditions of low technological turbulence, TI firms that 

align equally high degrees of modularity and solution space freedom in their customization 
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strategy may still experience higher levels of cross-functional cooperation, as they do not 

need to safeguard their technologies from becoming obsolete.  

We thus expect that, under conditions of high technological turbulence, alignment’s 

impact on cross-functional cooperation will be negative, while its impact on cooperation will 

be positive when technological turbulence is low. Formally: 

H3a: The effect of aligned and increasing modularity and solution space freedom 

on cross-functional cooperation is stronger in environments with low technological 

turbulence, and weaker in environments with high technological turbulence. 

 

Regarding non-alignment, we expect that internal processes will be less affected by 

technological turbulence. When TI firms develop highly modular solutions with low degrees 

of solution space freedom, they benefit from better compatibility between disparate 

technologies (Schilling 2000). These TI firms focus on technologies in which they excel, and 

also invite other firms in their value network to supply modules into their solutions. High 

degrees of modularity imply established boundaries and separated practices that create 

structured mini-environments in which firms can implement new technologies. In addition, 

solution spaces are constrained, and customer requests cannot disturb the solution creation 

process. Thus, the cooperation processes in these firms are less likely to be influenced by high 

degrees of technological turbulence. 

For TI firms that customize through high degrees of solution space freedom and low 

degrees of modularity, we expect that cross-functional cooperation may even be higher under 

conditions of high technological turbulence than low technological turbulence. Earlier 

research states that creating complex, integrated solutions is more intensive when the degree 

of modularity is low and the technological unpredictability is high (Ghosh, Dutta, and 

Stremersch 2006). For example, customer-facing functions and R&D departments need more 

cooperation and communication in order to deliver a solution that has a fully customized 

design, before the technology becomes obsolete. We thus propose: 

H3b: High technological turbulence mitigates the negative effect of non-aligned 

modularity and solution space freedom on cross-functional cooperation. 

 

4.2.3 Firm survival and financial slack 

Slack is a cushion of actual or potential resources that allows firms to survive by 

flexibly adapting to both internal and external pressures (Bourgeois 1981). Firms generate 

slack when there is a fit between their adaptive strategy (i.e., customization), their 
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environment, and their internal structures. When a firm’s customization approach fits their 

specific situation, it thus allows them to generate a surplus of financial resources, i.e., 

financial slack (Cyert and March 1963). Maintaining a certain level of financial slack 

increases firm resilience as it protects the firm from the variances and discontinuities 

presented by its environment, and allows firms to adapt and change in the face of 

environmental turbulence (Lawson 2001; Thompson 1967). Especially firms in TI industries 

are required to protect those resources that permit room to process, adapt, and create solutions 

(Lawson 2001).  

The focus of this study is on unabsorbed financial slack, which refers to the financial 

resources not consumed in the daily operations of a firm (Cyert and March 1963; Mone, 

McKinley, and Barker 1998). Financial slack thus represents uncommitted financial resources 

or capital that is not engaged in the delivery of the firm’s core solutions (Lawson 2001; Singh 

1986). Financial slack tends to be re-deployable, and enables firms to freely allocate financial 

means to alternate uses (Kim, Kim, and Lee 2008). Maintaining enough financial slack is 

especially sensible for firms in TI markets, where unabsorbed slack allows firms to generate 

more diverse solutions in the future and improves their performance (Kovach et al. 2015; 

Moch and Pondy 1977). While higher amounts of unabsorbed financial slack are often 

equated with inefficiency (Modi and Mishra 2011), this is merely a consequence of the fit 

between a firm’s adaptative strategy, i.e., its customization approach, and its environment 

(Chakravarthy 1982). A fitting customization approach thus allows more financial slack to be 

deployed for future developments at the discretion of management.  

 

4.2.4 Cross-functional cooperation and financial slack 

In order to generate financial slack from their customization approach, firms need an 

internal structure such as cross-functional cooperation (Adler 1995; Adler, Goldoftas, and 

Levine 1999). At firm level, high cross-functional cooperation may result in greater asset 

productivity (Swink and Schoenherr 2015). In contrast, high departmental segmentation 

enables short-sighted behavior where employees ignore overall organizational goals and focus 

mainly on optimizing components and removing slack (Lawson 2001). Low levels of cross-

functional cooperation would thus negatively affect the amount of financial slack available, 

while high levels of cross-functional cooperation would increase the amount of financial slack 

available. We thus expect that TI firms can generate financial slack from their customization 

approach through internal structures that enable them to make better use of resources, i.e., 

through higher degrees of cross-functional cooperation. Formally: 
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H4: Cross-functional cooperation mediates the effect of customization on financial 

slack. 

 

4.3 Research methodology 

 

4.3.1 Data sources and sample 

We gathered survey data and annual balance sheet statements to measure firm 

variables. Furthermore, secondary data was used to collect information on measures for the 

industry variables. Our final sampling frame was a sub-sample of the Dutch business-to-

business (B2B) firms subscribed to the newsletter of a high-profile Dutch industry magazine 

which we used in chapter 3. We applied two selection criteria. First, we specifically stated in 

the cover letter of the survey that the questionnaire was aimed at firms active in the TI 

industry. Second, we explicitly stated that the survey required knowledge on modularity and 

customization issues. The survey was sent to 395 industry professionals working in TI firms. 

A total of 255 respondents participated in the online survey. After the removal of 

questionnaires where respondents did not provide their firm’s name, the results of a 

subsample of 120 respondents were used for further analyses, representing a final response 

rate of 30.4%. The majority of the firms operated in the machinery (50.8%) and electronic 

equipment (12.5%) industries. In addition, the majority of respondents worked at 

departmental management (30%) or board/higher management (47.5%) level.  

To test for non-response bias, we compared the results of early and late respondents 

based on the assumption that late respondents represent non-respondents (Armstrong and 

Overton 1977). Studentized t-tests yielded no statistically significant differences between 

these groups, suggesting that non-response bias was not an issue in this sample. To determine 

whether we should account for interdependences caused by the fact that firms are nested 

within industries, we examined the intra-class correlation coefficient (ICC) for our model. We 

found that ICC = .37, indicating that we should take the multilevel structure of our data into 

account (Maas and Hox 2005). We thus deploy multi-level analyses to test our hypotheses. 

 

4.3.2 Measures 

We used annual statements (balance sheet statements) to measure our dependent 

variable, i.e., financial slack. The variables modularity, solution space freedom, and cross-

functional cooperation were measured by multi-item 7-point Likert scales. Our moderating 

variables (i.e., market and technological turbulence) were measured using secondary data. 
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Financial slack was computed by dividing current assets by current liabilities (cf. Iyer and 

Miller 2008) for each firm in the most recent year. Modularity was measured with four items 

conform Ghosh, Dutta, and Stremersch (2006) and Worren, Moore, and Cardona (2002). 

Solution space freedom was measured with four items, which we adapted from previous work 

by Steiner (2014) and Wellige and Kleer (2015). Cross-functional cooperation was measured 

using items from previous work by Song, Montoya-Weiss, and Schmidt (1997). 

Technological turbulence and market turbulence were measured by taking R&D expenditures 

and total sales minus administrative expenditures of firms in each industry (2-digit SIC codes) 

(cf. Krishnan, Martin, and Noorderhaven 2006; Raassens, Wuyts, and Geyskens 2012). These 

were regressed on year (according to the five years prior to answering the survey), and the 

standard error of the regression slope coefficient was divided by the mean of industry R&D 

expenditures or sales. 

We controlled for firm size and age because these may affect cross-functional 

cooperation and resource slack (Bourgeois 1981; Song, Montoya-Weiss, and Schmidt 1997) 

by taking the logarithmic transformation of assets and the number of years since a firm’s 

founding, respectively. The complete set of measurement items for our constructs, including 

the item loadings and reliability, is provided in Table 4.2. All survey items were based on or 

adapted from measures used in previous research and on input from an expert panel of 

academics, and pretested on employees at TI firms who were knowledgeable on modularity 

and product development. Only minor changes needed to be made following their remarks. 

Internal reliability of all constructs was high (α’s > .8). Using our final sample, we conducted 

numerous analyses (described below) to verify that our measures were sound (see Gibson and 

Birkinshaw 2004 for similar practice). 

 

4.3.3 Validation 

To assess measurement model fit, we conducted a confirmatory factor analysis (CFA) 

to simultaneously validate the measures of all survey variables used in this study (see Table 

4.2). The items loaded significantly on their respective constructs. The item loadings and the 

overall model fit results suggested acceptable unidimensionality and convergent validity 

(Bagozzi, Yi, and Philips 1991; Bollen 1989; Hoskisson et al. 1993). The results of the final 

model showed an acceptable fit ((χ2/df) = 1.68; Comparative Fit Index (CFI) = .95; Tucker-

Lewis Index (TLI) = .94; Root Mean Square Error of Approximation (RMSEA) = .08, 

Standardized Root Mean Square Residual (SRMR) = .72). We assessed convergent and 

discriminant validity for our survey items and found that correlations between factors did not 
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exceed .7, all average variances extracted (AVE) exceeded .5, and all maximum shared 

variances (MSV) < AVE (Bagozzi and Yi 1988; Henseler, Ringle, and Sarstedt 2015) (see 

Table 4.3).  

 

Table 4-2: Measurement items, item loadings, and reliability 

Scale Items 
Loading 

path 

Cronbach’s 

α 
Degree of 

modularity 

Our solutions have been decomposed into separate modules  .75 .85 

The configuration of our solutions is based on standard interfaces .84  

The composition of our solutions is perfectly modular .84  

 The composition of our solutions can be chosen without taking 

into account other aspects (e.g., components, design, standards) of 

the product 

.70  

Solution space 

freedom 

We define an initial set of functional attributes that meets the 

heterogeneous requirements of a broad group of customers (R) 

.84 .80 

 We develop an initial set of functional components that addresses 

a large numbers of different customer requirements (R) 

.87  

 We restrict customers choices to options that are already present 

in the system (R) 

.50  

 We have a predefined all possible changes of designs that are 

offered to customers (R)  

.57  

Cross-functional 

Cooperation 

People from all our departments interact .86 .91 

We have open communication among departments .85  

There are similar goals and objectives among departments .67  

There is overall satisfaction with interdepartmental relationships .89  

 There is a give-and-take relationship among departments .83  

 

 

Table 4-3: Correlations and validity. 

Construct 1 2 3 4 5 6 7 8 9 

1. Slack .         

2. Degree of modularity .05 .        

3. Solution space freedom -.01 -.51** .       

4. Cross-functional Cooperation .10 .25** -.05 .      

5. Technological Turbulence .06 -.01 .04 .16 .     

6. Market Turbulence .18 .06 -.08 -.15 .01 .    

7. Size -.03 .15 -.18 -.18 -.24* -.01 .   

8. Age -.12 -.21* .09 -.08 -.08 -.03 .22* .  

9. Profit a .06 -.05 -.00 -.13 .03 .10 .08 .24* . 

10. Revenues b .36** -.04 -.01 -.10 -.22 .15 .61** -.13 -.05 

CR  .86 .80 .91      

AVE  .62 .51 .68      

MSV  .40 .40 .10      

√AVE  .79 .71 .82      

Note: All CR >.7; all AVE > .5; all MSV < AVE, √ AVE: none lower than their correlations with another factor.  

These results indicate that there are no validity concerns. **p <.01, *p <.05. a Secondary data, n=67. b Secondary 

data, n=59. 
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4.3.4 Analytical approach  

Conform Chapter 3, we used a polynomial response surface modelling technique to 

assess how the combination of two predictor variables (i.e., the degree of modularity and 

solution space freedom) that share a conceptual domain (i.e., customization) relates to an 

outcome (i.e., cross-functional cooperation) (Auh et al. 2016; Edwards and Cable 2009; 

Edwards and Parry 1993; Shanock et al. 2010). Using the method and analyses developed by 

Shanock et al. (2010), we computed the slopes and curvatures along the alignment (M = S) 

and non-alignment (M = -S) lines as alignment slope (M + S) and curvature (M2 + MS + S2) 

and non-alignment slope (M - S) and curvature (M2 - MS + S2). We incorporated these in our 

multi-level model and calculated the block variable “customization” based on these 

coefficients (See paragraph 3.3.5 of Chapter 3 for a more detailed explanation). 

 

4.4 Results 

 

4.4.1 Direct effects 

Table 4.4 reports the standardized coefficients of the multi-level regression models. 

Model 1 (i.e., the baseline model) indicates that the degree of modularity is positively and 

significantly related to cross-functional cooperation (.40, p < .05). We used the estimated 

coefficients of Model 1 for each polynomial term to compute the slope and curvature along 

the (non-)alignment lines, which appear in Table 4.5.  

Along the non-alignment line (M = -S), the slope is positive and significant (.30, p < 

.01), while the curvature is negative and significant (-.14, p < .01). The inverted U-shape 

suggests that customization through both high degrees of modularity with low degrees of 

solution space freedom and low degrees of modularity with high degrees of solution space 

freedom results in lower levels of cross-functional cooperation. Moving along the non-

alignment curvature in Figure 4.2, we see that the degree of non-alignment is more important 

than the direction of non-alignment. To the left and right of Figure 4.2, we see that cross-

functional cooperation decreases (i.e., the U-shaped curve levels off) as the balance of a 

customization approach changes in favor of either higher degrees of modularity or higher 

degrees of solution space freedom.  

Along the alignment line (M = S), only the slope is positive and significant (.35, p < 

.05), while the curvature is not (see Table 4.5). Moving along the alignment slope in Figure 

4.2, we see that the level of cross-functional cooperation is lower when both the degree of 

modularity and solution space freedom are low and increases when both dimensions are 
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equally present and high. Thus, these results indicate that the slope of the surface of the X=Y 

line is positive and linear and that cross-functional cooperation is higher when solution space 

freedom and modularity are both high than when they are both low (cf. Edwards and Parry 

1993). Overall, these findings lend support for H1a and H1b, such that (non-)alignment of 

modularity and solution space freedom (negatively) positively affects cross-functional 

cooperation. 

 

Table 4-4: Model results. 

Direct (polynomial) effects Model 1 Model 2 Model 3 
Modularity (M) → Cross-functional cooperation (CFC) .40** .41** .35** 

Solution-space freedom (S) → CFC .03 .08 .05 

M2 → CFC -.05 -.08 -.11** 

MxS → CFC .13 .28 .23* 

S2 → CFC .04 .11 .11 

CFC → Slack .15* .16* .15** 

Market Turbulence → CFC  -.71 -.73* 

Technological Turbulence → CFC  .35 .05 

M x Market Turbulence → CFC  .21**  

S x Market Turbulence → CFC  .18  

M2 x Market Turbulence → CFC  .15*  

MxS x Market Turbulence → CFC  .12  

S2 x Market Turbulence → CFC  .08  

M x Tech. Turbulence → CFC   -.06 

S x Tech. Turbulence → CFC   .04 

M2 x Tech. Turbulence → CFC   -.20** 

MxS x Tech. Turbulence → CFC   -.24** 

S2 x Tech. Turbulence → CFC   -.05 

Firm Size → CFC -.13** -.20* -.22* 

Firm Size → Slack .08 .17 .17 

Firm Age → Slack -.06 -.13 -.13 

M → Slack -.04   

S → Slack -.07   

R2 CFC .30 .44** .35** 

R2 Slack .06* .06** .06** 

Note: We report the standardized coefficients estimated from the main and interaction effects models. * p < .05 

(2-tailed test), ** p < .01 (2-tailed test).  
 

Table 4-5: Slope and curvature for (non-)alignment lines. 

 Model 1 Model 2 Model 3 

 Polynomial 

effects 

Low Market 

Turbulence 

High Market 

Turbulence 

Low Tech. 

Turbulence 

High Tech. 

Turbulence 

Alignment 

(M=S)  

     

Slope (M+S) .35* .00 .86** .35* .30 

Curvature  

(M2 + MS + S2) 

.12 -.05 .43 .74** -.46* 

Non-alignment 

(M= -S) 

     

Slope (M – S) .30** .25** .33** .44** .03 

Curvature  

(M2 – MS + S2) 

-.14** -.20** -.10* -.17** -.06 

Note:* p < .05 (2-tailed test), ** p < .01 (2-tailed test).  
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Figure 4-2: Cross-functional cooperation through (non-)aligning modularity and solution space freedom. 

 

4.4.2 Moderation 

To test the interaction hypotheses (H2 and H3), we followed the approach suggested 

by Aiken, West, and Reno (1991) and tested the polynomial moderation hypotheses by adding 

the mean-centered scores of market and technological turbulence and their interactions with 

each polynomial term to the model. After estimating the two interaction effects models, we 

computed four equations: one for firms in industries with high market turbulence, the second 

for low market turbulence, the third for firms in industries with high technological turbulence, 

and the fourth for low technological turbulence (where we substituted values minus or plus 

one standard deviation (δ =.05 and δ =.34 for market and technological turbulence, 

respectively) into the interaction equations). We then tested the hypotheses by computing the 

slope and curvature along the (non-)alignment lines. We used the estimated coefficients from 

Models 2 and 3 to compute the slopes and curvatures at high and low levels of market and 

technological turbulence (cf. Aiken, West, and Reno 1991).  

As Table 4.5 shows, for low market turbulence, the slope (.25, p < .01) and the 

curvature (-.20, p < .01) along the non-alignment line are significant, while no significant 

effects are found along the alignment line. For high market turbulence, the slope of the 

alignment line (.86, p < .01) and the slope (.33, p < .01) and curvature (-.10, p < .01) of the 

non-alignment line are significant. In Figures 4.3 and 4.4, we show how the (non-)alignment 

lines are affected for both low and high levels of market turbulence. We conclude that, when 

market turbulence is low, the positive effect of alignment on cross-functional cooperation 

Non-alignment 
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decreases, while the negative effect of non-alignment persists. By contrast, when market 

turbulence is high, the level of cross-functional cooperation becomes increasingly higher 

while the negative effect of non-alignment decreases. We thus find support for H2a. 

Testing for H3a-b, for low technological turbulence, both the slope (.35, p < .01) and 

the curvature (.74, p < .01) along the alignment line as well as the slope (.44, p < .01) and the 

curvature (-.17, p < .01) along the non-alignment line are significant. For high technological 

turbulence, only the curvature (-.46, p < .01) of the alignment line is significant. In Figures 

4.5 and 4.6, we show how the (non-)alignment lines are affected for both low and high levels 

of technological turbulence. When technological turbulence is low, the effects of (non-

)alignment on cross-functional cooperation persist. In contrast, when technological turbulence 

is high, the negative effect of non-alignment is weaker, while the positive effect of alignment 

on cross-functional cooperation becomes increasingly negative for firms with either low or 

high levels of modularity and solution space freedom. Overall, these findings provide support 

for hypotheses H3a and H3b. We validated our results during two group discussions, where in 

total 37 employees and managers from TI firms discussed and confirmed our findings. 

 

Figure 4-3: Alignment slope and curvature in industries with low versus high levels of market turbulence.
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Figure 4-4: Non-alignment slope and curvature in industries with low versus high levels of market turbulence.

 

 

Figure 4-5: Alignment slope and curvature in industries with low versus high levels of technological turbulence. 

 

 

Figure 4-6: Non-alignment slope and curvature in industries with low versus high levels of technological turbulence. 
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4.4.3 Mediation  

To test the mediation hypothesis (H4), we employed the block variable approach (cf. 

Edwards and Cable 2009). We multiplied the polynomial regression coefficients from Model 

1 by the raw data to compute the block variable as a weighted composite score, which is 

bC1M+bC2S+bC3M2+bC4MS+ bC5S2. We used a bootstrapping technique (5,000 samples) 

to compute bias-corrected confidence intervals (CIs) of 95% and test the significance of the 

indirect effect. Bias-corrected bootstrapped confidence intervals of the indirect effect of 

customization on financial slack (.22, 95% CI = [.03, .69]) exclude zero. The block variable 

representing customization is positively related to cross-functional cooperation (.85, p < .01). 

In addition, cross-functional cooperation is positive and marginally significant related to 

financial slack (.26, p < .12, two-sided). Bias-corrected bootstrapped confidence intervals of 

the direct effects of cross-functional cooperation on financial slack excluded zero (95% CI = 

[.03, .70]), and the effects of customization on financial slack are not significant when cross-

functional cooperation is taken into account (i.e., full mediation) (-.01, p > .9). The direct 

effect of cross-functional cooperation on financial slack is significant in all multi-level 

models, while there is no significant direct effect of either modularity or solution space 

freedom on financial slack (See Model 1, Table 4.4). Overall, these findings support H4 such 

that cross-functional cooperation fully mediates the effect of customization on financial slack. 

 

4.5 Discussion 

 

In order to survive, TI firms need to be adaptive to their customers while remaining cost 

effective. Although customization may be heralded as a strategy for firms to adapt to their 

environment (Hallen, Johanson, and Seyer-Mohamed 1991), empirical evidence suggests that 

customizing firms often face challenges in being cost effective (Tuli, Kohli, Bharadwaj 2007; 

Wang et al. 2017). In this paper, we discuss cross-functional cooperation as the core internal 

structure needed to transform customization strategies into financial slack, an important 

managerial predecessor for firm survival (Ahuja, Lampert, and Novelli 2013). In addition, we 

provide insights on the external conditions that affect the relationship between customization 

approaches and cross-functional cooperation. In particular, we argue that customization can 

be conceptualized along two dimensions, i.e., the degree of modularity and the degree of 

solution space freedom, and we show that various combinations of these two dimensions have 

different effects on cross-functional cooperation in environments that are either high or low in 

market or technological turbulence.  
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4.5.1 Theoretical implications 

Our findings have several important implications for academics. First, we show that 

cross-functional cooperation is a core structural mechanism that explains how TI firms are 

able to better ensure survival through customization. We build on earlier research that states 

that customization is a form of adaptation (Hallen, Johanson, and Seyer-Mohamed 1991) and 

add to the marketing literature on adaptation by incorporating cross-functional cooperation 

into our model. Cross-functional cooperation partly captures the equal dissemination of 

intelligence between different functional departments (De Luca and Atuahene-Gima 2007), 

and is thus an important internal structure that mediates the relationship between 

customization and firm survival. Our findings confirm that cross-functional cooperation is a 

core internal structure that enables TI firms to translate strategic decisions on adapting to 

customer needs (i.e., customization through modularity and solution space freedom) into the 

generation of excess financial resources (i.e., financial slack) which may later be used to 

create and adapt again.  

These findings build on earlier research suggesting that the degree of modularity 

affects the communication channels between involved departments and influences the 

division of work (Schilling 2000). We jointly consider modularity and solution space freedom 

as the two key dimensions of solution customization. Our focus on these dimensions enables 

us to offer some potential clarification on disagreements in earlier research regarding the 

effects of modularity on cooperation. While Sanchez (1999) proposed that modularity 

requires cooperation of both customer-facing and technical departments in order to become a 

successful part of a firm’s strategy, other researchers argued that modularity promotes internal 

separation and the division of work in organizations (Brusoni and Prencipe 2001; Schilling 

2000). The relationship between modularity and cross-functional cooperation thus seemed 

unclear. Our findings provide empirical support that a focus on modularity hampers cross-

functional cooperation by the increased division of work processes and technologies (Brusoni 

and Prencipe 2001). However, firms that align modularity to solution space freedom may be 

able to increase communication and alignment of shared goals (Pinto and Pinto 1990), which 

promotes cross-functional cooperation. To conclude, we propose that the effect of a modular 

strategy on cross-functional cooperation should not be considered in isolation, but in relation 

to solution space freedom. 

Second, we show that effectively implementing customization strategies into cross-

functional cooperation depends on environmental conditions in the market and technology 

domain. Our findings build on earlier work that states that the appropriateness of an adaptive 
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strategy can be defined in terms of its fit with environmental contingencies (Katsikeas, 

Samiee, and Theodosiou 2006). Through incorporating market and technological turbulence 

in our model, we are able to add to earlier research from Hallen, Johanson, and Seyer-

Mohamed (1991) by opening the black box of how environmental conditions surrounding 

firms affect the relationship between their adaptation to customer needs and internal 

structures. To be specific, we show how the level of cross-functional cooperation resulting 

from a firm’s customization approach is affected by market and technological turbulence. We 

provide detailed insights into how our two customization dimensions fit with turbulence 

caused by either fluctuating market demands or technological developments. As we consider 

environmental turbulence between industries, we offer further support to recent research that 

argued that market dynamics may explain the different outcomes of customization 

(Bhaskarabhatla 2016). 

While earlier research argued that firm survival depends on the fit between its internal 

structure and its environment (Drazin and Van de Ven 1985; Kim and Pae 2007), we attest to 

work that argues that the performance effects of cross-functional cooperation are not 

contingent on environmental turbulence (Jaworski and Kohli 1993; Slater and Narver 1994). 

We performed post-hoc tests to assess if market or technological turbulence affected the 

relationship between cross-functional cooperation and financial slack, but did not find any 

significant results. Our findings thus confirm that the effect of internal structures on 

performance does not depend upon the turbulence of the external environment (cf. Jaworski 

and Kohli 1993; Slater and Narver 1994). We therefore argue that TI firms in highly turbulent 

environments will need to place a greater emphasis on development activities such as creating 

solutions (Calantone, Garcia, and Dröge 2003) by fitting their customization approaches in 

response to environmental uncertainties (Sutcliffe and Zaheer 1998), which subsequently will 

improve the commitment and use of financial resources (Mullins and Sutherland 1998). 

Third, we provide empirical support for earlier researchers’ propositions that argue 

that organizational adaptation (in the form of customization) can generate financial slack (cf. 

Bourgeois 1981). Through our model, we are able to integrate two literature streams whose 

overlap has not been discussed before. To be specific, we contribute to the scarce discussions 

on customization in B2B marketing literature (e.g., Ghosh, Dutta, and Stremersch 2006) and 

the limited insights into its performance effects by incorporating management literature on 

financial slack (see Table 4.1). Our results offer empirical support to theories on how 

financial slack is affected. Through finding that higher levels of cross-functional cooperation 

increases financial slack, we answer to early research calling for more insights into the 
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processes that explain how financial slack is affected (Bourgeois 1981; Nohria and Gulati 

1996). Specifically, we show that a customization strategy that fits with the level of 

turbulence in the external environment does not directly affect financial slack, but that this 

effect is mediated by higher levels of cross-functional cooperation.  

Fourth, we answer future research calls by Worm et al. (2017) by proposing the 

structure that facilitates the performance effects of offering solutions. Our findings show that 

cooperation is the facilitative structure that captures how different functional departments 

align goals and share resources, which enables them to use firm resources more sparsely and 

leaves unabsorbed resources that can be redirected for later use (i.e., financial slack). 

Research has argued that firms offering solutions incur high costs of coordinating the various 

functions and units engaged (Tuli, Kohli, and Bharadwaj 2007; Wang et al. 2017). While 

these costs can be high, the quality of coordination and cooperation between different 

departments is also perceived as very valuable by customers. Although these coordination 

costs are not as visible (i.e., in financial reports) as tangible costs such as raw materials and 

labor, researchers proposed that TI firms should consider these costs when offering solutions 

(Tuli, Kohli, and Bharadwaj 2007). Our findings show that cooperation between departments 

can also offer benefits to firms, as opposed to only incurring costs. We do not dispute that the 

non-tangible costs of cooperation may be high, but rather show the benefits of cooperation in 

the form of departments handling resources more economically. 

 

4.5.2 Managerial implications 

From a practitioner’s viewpoint, our research presents actionable guidance. In 

particular, our findings enable managers to understand better under which environmental 

conditions a customization approach would foster cross-functional cooperation. Moreover, we 

provide empirical insights that contribute to managers’ understanding of the processes that 

affect their firm’s financial slack. Despite early research highlighting the importance of 

investigating the drivers of slack (Bourgeois 1978), at present it remains unclear what 

managers can do proactively to affect slack (Nohria and Gulati 1996, p. 1260). We show that 

managers interested in allowing financial slack to ensure their firm’s agility and survival 

might emphasize and nurture cooperation across different functional departments.  

Overall, our findings provide evidence and understanding for managers facing the so-

called customization prisoner’s dilemma, in that certain customization strategies may indeed 

have negative internal effects in specific industries. In industries with high market turbulence 

and low technological turbulence, an alignment strategy is most beneficial for cross-
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functional cooperation. In contrast, in industries with high technological turbulence, 

customization strategies with either high degrees of modularity or solution space freedom 

may be more beneficial. However, as we find that cross-functional cooperation is generally 

lower in technologically turbulent environments, managers may also need to consider if they 

should put certain internal barriers in place to harness the internal processes from being 

disrupted by continuous technological changes in their industry. One measure may be to 

install a separate innovation and R&D department that can focus solely on the application and 

translation of new technologies, so that this would not force the departments involved in 

creating solutions to limit their interactions. 

 

4.5.3 Limitations and future research directions 

This study has a number of limitations, some of which provide interesting avenues for 

future research. First, while we provide insights into how firms are able to generate financial 

slack, more insights are needed. There is currently a substantial gap between the amount of 

research that considers the performance effects of slack and research that considers slack as a 

performance measure. Future research might study which other organizational structures 

allow firms to have unabsorbed financial slack, such as whether organizations that have 

matrix structures or strong hierarchies experience benefits for the amount of available 

financial resources. 

Second, the focus of this study lies on cross-functional cooperation at the 

organizational level. However, other research has argued that both the timing of cross-

functional cooperation (i.e., during early or late development stages) and the cooperation 

between specific departments (i.e., such as marketing, sales, and service) may provide more 

detailed insights into the effects of cooperation (Ernst, Hoyer, and Rübsaamen 2010). Future 

research could thus consider during which stages of the customization process certain 

departments cooperate and when cooperation has a more beneficial effect on financial slack. 

Especially interesting may be to focus on customer-facing functions and R&D and 

engineering departments. 

Third, while we focused on market and technological turbulence to account for 

environmental dynamics, research has argued that competitive intensity in specific 

submarkets may also exert strong pressures on a firm’s processes. Future research could focus 

on how TI firms are able to survive by customizing in markets that are highly competitive to 

gain more insights into the competitive advantage that customization may provide. 
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5. Discussion and conclusion 
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5.1 Synopsis 

 

TI firms are driven to reconsider the way they customize in order to reap performance 

benefits. Both scholars and practitioners acknowledge that offering solutions and creating 

superior customer value through customization, without negatively affecting firm 

performance, is challenging for TI firms. Nevertheless, little empirical research has been 

conducted on this matter. This dissertation builds on contemporary empirical research to 

extend our knowledge and understanding of the implications of customization in TI firms. By 

means of both qualitative and quantitative research, three studies investigated how 

customization impacts TI firms’ performance (i.e., their value creation, sustainable 

innovation, and their financial slack), by studying the mechanisms through which 

performance is impacted (i.e., organizational learning and cross-functional cooperation) and 

its contingencies (i.e., environmental turbulence, customer/supplier characteristics, and 

customer-facing functions’ capabilities).  

The three empirical studies presented in chapters 2, 3, and 4 of this dissertation offer 

an integrated perspective on the nature and implications of customization by TI firms. So far, 

the literature on customization and creating solutions has paid limited attention to TI firms in 

B2B markets, or simply assumed the existence of customization with the role of modularity as 

an efficiency mechanism. The three studies in this dissertation together improve our 

understanding of the nature of customization, specifically of how this can be approached by 

balancing various degrees of modularity and solution space freedom. Chapters 2, 3, and 4 are 

connected in their definition of customization and the consecutive study of how the defined 

customization approaches affect various facets of firm performance (e.g., value creation, 

sustainable innovation, financial slack). While previous research shows that the effects of 

customization are contingent on several factors, managers in TI firms struggle to decide 

which customization approach would be beneficial to their firm under specific conditions. 

Taken together, the three studies of this dissertation reconcile previously diffuse findings by 

uncovering in which situations a specific customization approach would be most beneficial 

for TI firms aiming to achieve various performance effects.  

This final chapter summarizes and discusses the main conclusions and insights derived 

from the three empirical studies presented in chapters 2, 3, and 4. The various findings are 

integrated and discussed against existing theoretical backgrounds. The chapter further 

presents key theoretical and practical implications and highlights possible future research 

avenues. Chapter 2 focused on developing a taxonomy of customization approaches TI firms 
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deploy to create solutions, based on varying degrees of modularity and solution space 

freedom, and discussed their impact on TI firms’ ability to create value in a broad sense. 

Chapter 3 built on the dimensions of this taxonomy by discussing how the relationship 

between customization and learning is affected by supplier sophistication, and how learning 

increases TI firms’ sustainable product and process innovation. Chapter 4 studied the effects 

of customization on cross-functional cooperation under conditions of low or high 

environmental turbulence, and how cross-functional cooperation affects TI firms’ survival. 

This final chapter will proceed by discussing the findings of these three studies and provides a 

general overview of this dissertation’s main theoretical and practical contributions. It 

concludes by discussing avenues for future research. 

 

5.2 Main conclusions and insights from the research 

 

5.2.1 Conclusions and insights from Study 1 

While the literature on customization strategies and solutions has discussed general 

insights and approaches, our understanding of customization approaches of TI firms in B2B 

markets was limited. The objectives of Study 1 were to 1) distill the nature of customization 

in TI firms by developing a taxonomy, and 2) develop propositions that state under which 

external and internal conditions each customization approach results in value creation for both 

customers and firms. Findings from a qualitative study of semi-structured interviews with 34 

key informants and two focus groups were complemented with findings on customization as 

proposed in the literature.  

Four different customization approaches were identified based on degrees of 

modularity and solution space freedom of solutions. Modularity allows firms and customers to 

configure solutions according to customer needs (Sanchez and Mahoney 1996; Ulrich 1995; 

Worren, Moore, and Cardona 2001). Solution space freedom allows firms to accommodate 

specific customer requests or changes to designs (Salvador, De Holan, and Piller 2009; 

Steiner 2014; Ulrich and Tung 1991; Wang et al. 2017). TI firms’ customization approaches 

are based upon various degrees of modularity and solution space freedom. 

This taxonomy was extended by identifying managerially relevant contingencies and 

developing propositions for the three most prevalent approaches, i.e., mass customization, 

engineer-to-order, and tailored configuration. We identified customer and supplier 

sophistication as important external conditions that affect how each customization approach 

creates value for TI firms and their customers. We identified the capabilities of customer-
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facing functions (CFFs) as important internal conditions that affect how each customization 

approach creates value for TI firms and their customers. Value creation depends on how well 

CFFs are able to gather, disseminate, and respond to market intelligence (i.e., responsive and 

proactive market orientation) and the extent to which they are able to find appropriate 

solutions for identified customer problems (i.e., creative and configurative problem-solving 

skills). Table 5.1 provides an overview of the goals of the four approaches and the external 

and internal conditions that affect their value creation. 

 

Table 5-1: Overview of findings Study 1 

Customization approaches 

 Standardized 

Integration* 
low modularity 

low solution space freedom 

Engineer-to-order 

 
low modularity, 

high solution space freedom 

Mass 

Customization 
high modularity 

low solution space freedom 

Tailored 

Configuration 
high modularity 

high solution space freedom 
Goal Create standardized 

solutions without 

interchangeable 

components 

Create fully integrated 

and uniquely 

customized solutions in 

close cooperation with 

customer 

Create solutions by 

configuring predefined 

modules to closely 

address customer needs  

Create highly modular, 

flexible solutions and 

designing parts 

specifically for - or 

with - each customer. 

Customer-

specificity 

Solutions are scalable Fully customer-specific 

design 

Configure predefined, 

available modules 

Configure modules, 

add customer-specific 

design where needed 

Value network 

characteristics 

needed for 

value creation 

 High customer 

sophistication 

combined with low 

supplier sophistication 

Low customer 

sophistication 

combined with high 

supplier 

sophistication 

Both high customer 

sophistication and high 

supplier sophistication 

CFF 

capabilities 

needed for 

value creation 

 

 

 

 

 

 
 

High responsive market 

orientation with low 

proactive market 

orientation 

 

High creative problem-

solving with 

Low configurative 

problem-solving 

Low responsive market 

orientation with high 

proactive market 

orientation 

 

Low creative problem-

solving with  

High configurative 

problem solving 

Both high responsive 

and proactive market 

orientation 

 

 

Both high creative and 

configurative problem-

solving 

*Because this approach is not prevalent in TI firms, we did not discuss its contingencies in chapter 2. However, this 

approach might be suitable under conditions of low customer and supplier sophistication, and high CFF responsive market 

orientation with low proactive market orientation. 

 

Standardized integration. The findings show that this customization approach is least 

prevalent in TI firms. Although solutions created through this strategy can be customer-

specific in the sense that they are scalable (e.g., they can be made smaller or larger according 

to customer needs), their designs are predefined and they cannot be configured according to 

customer wishes. As (sophisticated) business customers increasingly demand that solutions 

are more adaptable, this diminishes the suitability of this strategy for TI firms. 

Engineer-to-order. The findings show that engineer-to-order (ETO) is the approach 

traditionally deployed by TI firms. Solutions created through this approach are fully 
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integrated and highly customer-specific, often designed in close cooperation with the 

customer. However, many TI firms struggle with the complexity and higher costs inherent to 

ETO. One way to solve this issue is by focusing more on niche markets, with highly 

sophisticated customers who are willing to pay a premium price for offered solutions and 

accept longer delivery times. TI firms with this approach are able to create value when CFFs 

have a high responsive market orientation combined with a low proactive market orientation 

to gather and respond to customer needs. In addition, CFFs need high creative problem-

solving skills to design one-off solutions for individual customers, and low configurative 

problem-solving skills, as configuring modules is often not required.  

Mass customization. The findings show that mass customization refers to a 

customization approach that enables TI firms to create customer-specific solutions according 

to mass production objectives, with predefined, configurable functional modules. Mass 

customization is especially suitable for TI firms with less-sophisticated customers who accept 

predefined functionalities, and sophisticated suppliers who can increase the value of the 

offered solutions. CFFs are able to offer predefined solutions by eliciting and disseminating 

broader market intelligence and thus need a high proactive market orientation combined with 

a low responsive market orientation. In addition, CFFs need low creative problem-solving 

skills to avoid a tendency to design one-off solutions for individual customers, and high 

configurative problem-solving skills to solve customer problems with existing functionalities. 

Tailored configuration. The findings show that tailored configuration is a more hybrid 

approach deployed by TI firms that aim to combine the benefits of free solution spaces with 

the efficiency benefits of modularity to create customer-specific solutions. Tailored 

configuration is especially suitable for TI firms with highly sophisticated customers who are 

interested in and willing to pay for uniquely designed functionalities, and sophisticated 

suppliers who can further add to the value of the offered solution. Furthermore, this approach 

requires agile capabilities from CFFs. CFFs should be able to elicit and disseminate broader 

market intelligence, while also considering the differences in individual customer needs. CFFs 

thus need a high proactive and responsive market orientation. In addition, CFFs need highly 

configurative problem-solving skills to solve customer problems with existing functionalities, 

and highly creative problem-solving skills to design yet undefined functionalities still needed 

for individual customers. 

The propositions formulated provide insights into important external conditions and 

important internal conditions that TI firms should consider as they decide upon their 

customization approach. This study integrates the large research streams in marketing and 
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operations management on customization and identifies tailored configuration as the 

customization approach that is neglected in academic research but ubiquitous in TI industries. 

To conclude, the findings of Study 1 show that there is no one-size fits all approach to 

customization in TI firms, rather, each approach may be valuable under different conditions. 

 

5.2.2 Conclusions and insights from Study 2 

Both previous research and practitioner insights have shown that TI firms find it 

challenging to leverage customization and also achieve sustainable innovation. However, TI 

firms need to pursue both of these goals in order to adapt to global competitive pressures 

(Boër et al. 2013; Medini, Da Cunha, and Bernard 2015). The findings of Study 2 show how 

TI firms can leverage their customization approach in order to achieve sustainable innovation. 

Specifically, we studied 1) the effects of balancing various degrees of modularity and solution 

space freedom on organizational learning, 2) the contingent effect of supplier sophistication, 

and 3) the mediating role of organizational learning in the relationship between customization 

and sustainable product and process innovation. Survey data from 166 respondents were used 

to empirically test the conceptual model and hypotheses.  

The results of a polynomial response surface analysis confirmed that balancing high 

degrees of modularity and solution space freedom (i.e., a tailored configuration approach) in 

customization results in superior organizational learning, which subsequently increases 

sustainable innovation. High levels of supplier sophistication do not strengthen these effects. 

Rather, our results show that non-aligning high degrees of modularity to constrained solution 

spaces (i.e., a mass customization approach) may increase learning for TI firms working with 

less sophisticated suppliers. In addition, organizational learning indeed fully mediates the 

effect of customization on sustainable product and process innovation. The results discussed 

in this chapter thus show that TI firms should not consider customization and sustainable 

innovation as a trade-off. Instead, TI firms are able to arrive at win-win situations in which 

they simultaneously pursue both goals through organizational learning, to enhance their 

competitive advantage. Since organizational learning is a crucial process in achieving these 

goals, it remains important to keep in mind that the level of learning resulting from each 

customization approach depends on the technical competencies, the ability to share 

knowledge, and the innovativeness of suppliers.  

 



112 
 

5.2.3 Conclusions & insights from Study 3 

The prisoner’s dilemma of customization (Arora et al. 2008; Dewan, Jing, and 

Seidmann 2003) captures the paradoxical situation where firms pursue customization in order 

to create customer solutions and survive, but fail to achieve their ideal results due to struggles 

with being cost effective (Arora et al. 2008; Tuli, Kohli, and Bharadwaj 2007; Wang et al. 

2017). In Study 3, we argued that TI firms may be able to resolve this dilemma through cross-

functional cooperation. Specifically, this study 1) discussed the effects of balancing 

modularity and solution space freedom on cross-functional cooperation, 2) the environmental 

conditions (market and technological turbulence) that affect this relationship, and 3) the 

mediating role of cross-functional cooperation in the relationship between customization and 

firm financial slack. Survey data from 120 respondents, firm financial data, and secondary 

industry data were used to empirically test the conceptual model and hypotheses.  

The results of a polynomial response surface analysis confirmed that balancing high 

degrees of modularity and solution space freedom (i.e., a tailored configuration approach) 

increases cross-functional cooperation, which subsequently increases financial slack. Under 

conditions of high market turbulence, these effects are exacerbated. However, under 

conditions of high technological turbulence, lower degrees of cross-functional cooperation are 

found for this approach. In fact, high levels of technological turbulence require moderate 

levels of both modularity and solution space freedom in customization in order to avoid lower 

levels of cross-functional cooperation. In addition, cross-functional cooperation indeed fully 

mediates the effect of customization on firm financial slack, an important predecessor to firm 

survival. These findings show that TI firms may be able to achieve financial slack from 

customization through cross-functional cooperation, although this mechanism is influenced by 

market and technological turbulence. Our more fine-grained understanding of customization 

in TI firms enables us to see how the prisoner’s dilemma may be resolved. To be specific, 

different customization approaches sort different levels of cross-functional cooperation, which 

depends upon how the shared understanding and goal alignment of departments is affected by 

uncertainties within the external environment. 

 

5.3 Overall theoretical contributions 

 

Although the three empirical studies in this dissertation are to be considered independent of 

each other, they also share a number of commonalities. Each chapter studies firm-level 

phenomena in TI markets, being 1) customization through different combinations of various 
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degrees of modularity and solution space freedom, 2) its impact on internal organizational 

processes and performance, and 3) the contingencies affecting these relationships. The overall 

theoretical contributions are discussed below.  

First, the findings of this dissertation indeed counter the idea of general customization 

strategies across markets and industries. The findings extend current literature by moving 

beyond a general conceptualization of customization. We identified different customization 

approaches by recognizing that not only modularity but also the dimension of solution space 

freedom offered to customers should be accounted for. We thus attest to previous research 

that acknowledged that customization should not be viewed one-dimensionally (see Lyons et 

al. 2013 for an overview) but rather two-dimensionally (cf. Duray et al. 2000). Specifically, 

modularity is the first important dimension of customization (Duray et al. 2000; Sanchez 

1999), and solution space freedom is the second important, but often overlooked, dimension 

of customization in TI firms. With this, we answer future research calls to further explore 

what bounds the role of modularity in customization (Wang et al. 2017). Furthermore, 

through these dimensions we are able to understand the foundations of the four customization 

approaches. Using these dimensions thus helps us to better understand how these approaches 

come into being. 

The research further shows that TI firms in B2B markets have an important and often 

overlooked customization approach, i.e., tailored configuration. This approach exists 

alongside three other approaches TI firms deploy; mass customization, engineer-to-order, and 

standardized integration. TI firms with this hybrid approach are in a way willing to 

cannibalize their existing, predefined modules and offerings where necessary, to craft a better 

solution which more closely meets customer business needs (through free solution spaces). 

Since the primary purpose of these firms is thus to enable customer value creation without 

constraints, this approach may grasp the ultimate way to create solutions (Kowalkowski et al. 

2017). Discussing the nature of tailored customization and its implications in this dissertation 

thus contributes to literature on servitization and solutions in that it provides a first 

identification of this important approach. 

Second, research still needed to pay attention to the mediation mechanisms when 

offering solutions, such as to the role of organizational structures (Worm et al. 2017). While 

literature on modularity has paid more attention to mediated performance effects, there 

appears to be an unsolved debate on whether or not performance effects are always mediated. 

For example, researchers argued that the effects of modularity on product performance are 

mediated by firm capabilities (Lau, Yam, and Tang 2007), while the same researchers later 
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proposed that modularity directly affects product performance (Lau, Yam, and Tang 2011). 

The research discussed in this dissertation builds on the premise that customization 

(composed of both modularity and solution space freedom) does not directly affect 

performance. Our findings contribute to early work suggesting that the effects of 

customization (partly by means of modularity) on performance is mediated (Jacobs, Vickery, 

and Droge 2007; Worren, Moore, and Cardona 2002) by organizational capabilities such as 

learning (Langlois and Robertson, 1992; Yam et al. 2011).  

Third, as recently suggested by Worm et al. (2017), research still needed to pay 

attention to the role of firm-level contingencies in achieving success with offering solutions. 

The results of chapters 2, 3, and 4 answer to this call and add further sophistication by 

discussing the contingent effects for separate approaches, as opposed to making generic 

statements on customization effects. For example, important problem solving skills were 

identified that contribute to the value created with each customization approach. Although 

problem solving is a core aspect of offering solutions, it is hardly addressed by current articles 

(see Nordin and Kowalkowski 2010 for an overview). Identifying the roles of both creative 

and configurative problem solving is thus an important contribution to this literature stream. 

By means of moderated-mediation models, the relationship between customization and 

organizational learning was examined, and how this is was affected by supplier sophistication. 

Indeed, firms offering solutions need to consider the business logic and characteristics of a 

broad set of parties in their value network (Kowalkowski et al. 2017). The findings thus 

contribute to the knowledge on which characteristics TI firms would need to consider when 

creating solutions. 

 

5.4 Managerial implications 

 

The findings of this dissertation help managers in TI firms to get more insights into which 

customization approaches exist, and the factors that impact their performance consequences. 

Specifically, the identification of tailored configuration as a customization approach provides 

a valuable alternative for managers who are looking for more efficient customization 

compared to engineer-to-order, but struggle with the constrained solution space of mass 

customization. Table 5.2 provides an overview of the advantages and challenges of each 

approach. Below, the main managerial implications for each approach are discussed. 

Standardized integration. While standardized integration is a customization approach, 

it is least prevalent in TI firms. Managers in these firms could benefit from lower production 
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complexity, lower costs, and higher production predictability due to the standardization of 

functionalities and integrated architectures. However, managers should be cautious that their 

firms do not fall subject to the commodity magnet, due to limited unique customer value 

offered. Furthermore, the levels of organizational learning and cross-functional cooperation 

resulting from this approach are average compared to other approaches. Managers can 

increase these benefits through working with less-sophisticated suppliers, or in industries with 

low technological turbulence.  

Engineer-to-order. Engineer-to-order (ETO) is the approach traditionally deployed by 

TI firms. Managers in these firms could benefit from offering solutions that are more unique 

than those offered by competitors, and from achieving higher margins in niche markets. In 

order to achieve these benefits, managers should be cautious that they protect margins by 

managing the high complexity of these time-consuming projects, and by limiting costs. 

Furthermore, this approach results in lower organizational learning and cross-functional 

cooperation compared to the other approaches. Managers in TI firms thus need to focus more 

on internal strategies to minimize possible negative organizational effects. Often, firms with 

this strategy still allow their employees to get rushed by customers, which is not beneficial to 

creating valuable ETO solutions and may cause internal tensions. Managers would thus need 

to pay more attention to decision-making practices that overcome frictions between 

departments.  

Mass customization. Mass customization has become more popular among TI firms, 

although they struggle to fully implement this customization approach. To avoid this struggle, 

managers in TI firms should be cautious of highly sophisticated customers that force them to 

design customer specials that interfere with standardized processes. Another challenge of 

mass customization is the fear of managers and employees that these less-specific solutions 

offer limited unique customer value. When managers are able to overcome these challenges, 

firms can benefit from lower customization costs, mass production efficiency, and the fact 

that the majority of employees need less knowledge to create solutions, as modules and 

architectures are predefined.  

In order not to limit organizational learning, managers in TI firms need to be aware 

that allowing only the input of highly sophisticated suppliers without paying attention to 

customer input may inhibit their own ability to learn, and thus to innovate sustainably. 

Furthermore, mass customization sorts the relatively highest level of cross-functional 

cooperation under high technological turbulence, but performs notably worse in industries 

with low market turbulence. The performance of TI firms with a mass customization approach 
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could suffer from the lack of customer or market input caused by its constrained solution 

spaces. Managers in TI firms thus need to pay extra attention to possible fixes that enable a 

sufficient influx of customer and market intelligence, such as training employees’ proactive 

market orientation or involving customers. 

 Tailored configuration. Tailored configuration is a more hybrid approach that 

combines the customer benefits of free solution spaces with the efficiency benefits of 

modularity. Managers need to be aware that this duality is also one of the biggest downsides 

of this approach, because constant design changes may interfere with profitability and 

efficiency objectives. Managers thus need to implement mechanisms that regulate the balance 

between offering standard solutions versus customer specials. For example, managers may 

require departments to build business cases to aid the decision between offering standards or 

specials and to manage the highly ambiguous customization process. 

Furthermore, tailored configuration requires agile capabilities and problem-solving 

skills from CFFs, which may not always be present in TI firms and would need to be 

developed further. Managers need to be aware of this need and either focus on training current 

employees or on hiring employees that better fit the profile. Furthermore, managers should 

note that tailored configuration has the relatively highest level of cross-functional cooperation 

in industries with high market turbulence, while it performs notably worse in industries with 

high technological turbulence. It may thus be a suitable approach to face demanding 

customers, but its open solution space invites an influx of customer specials, causing internal 

processes to get frustrated as departments become overwhelmed. Managers thus need to pay 

extra attention to regulating the influx of external knowledge, in order to reap the benefits of 

this approach.  

 

5.5 Future research directions  

 

This dissertation provides valuable insights concerning customization strategies in TI firms. 

In this section, three possible directions for future research are identified. First, chapters 2, 3, 

and 4 of this dissertation use a cross-sectional design to study the effects of customization. 

However, interpretation from this design is limited to a specific moment in time, while the 

findings indicate that many TI firms have experienced changes in their customization strategy, 

moved from one strategy to another, or are currently in this process. During discussions with 

managers from TI firms, several mentioned the issues they experienced with changing from 

one strategy to another, partly due to firm cultures and traditions. A cultural tradition is based 
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on shared values or shared beliefs that can guide behavior. When a TI firm’s employees share 

values, they may form the basis for social expectations or norms and form an organizational 

culture or value system (O’Reilly, Chatman, and Caldwell 1991). Since most TI firms are 

required to move away from traditional customization approaches, their established 

engineering culture (Workman 1993) may cause difficulties among employees. For example, 

shared values may result in a higher appreciation of engineering work as opposed to 

configuration of modules. It would be interesting for future research to conduct a longitudinal 

study and discuss which difficulties may arise when TI firms change their customization 

approaches. 

 

Table 5-2: Main advantages and challenges of each customization approach 

Implications 

 Standardized 

Integration 

Engineer-to-

Order 

Mass 

Customization 

Tailored 

Configuration 
Main 

advantages 
• Low production 

complexity  

• Low costs 

• High production 

predictability 

• High solution 

uniqueness than 

competitors 

• High margins in 

niche markets 

• Low costs  

• Efficiency from mass 

production 

• Need less knowledge  

Combine the 

advantage of design 

freedom from ETO 

with efficiency of mass 

customization 

Organizational 

learning 

Average, increases with 

low supplier 

sophistication 

Generally low Low, increases with 

low supplier 

sophistication 

High, increases with 

low and high supplier 

sophistication 

Cross-

functional 

cooperation 

Average, increases with 

low technological 

turbulence 

Generally low Low, increases with 

high market turbulence 

 

High, increases with 

high market and 

low technological 

turbulence 

Main 

challenges 

Prevent falling subject 

to commodity magnet 

due to limited unique 

customer value 

• Protect margins by 

managing high 

complexity, time-

consuming projects, 

prevent cost 

escalation 

• Ensure 

organizational 

learning 

• Ensure cross-

functional 

cooperation 

Guard standardized 

processes. Limit 

interference by: 

• Resist fear of offering 

limited unique value  

• Resist caving in to 

customer pressures  

• Build business cases 

to decide between 

standard or specials 

to manage highly 

ambiguous 

customization 

process 

• Develop agile CFF 

capabilities  

 

A second avenue for future research lies in discussing how customization effects are 

impacted by changes in production processes across industries that are accelerated by 

developments like the Internet of Things (IoT, Industry 4.0). As autonomous systems and 

machines communicate with each other and with people, new opportunities for service growth 

and innovation can be tapped through large amounts of available data. Interconnected, 

intelligent systems thus provide more opportunities for TI firms to create value. For example, 

because customers demand more insights and intelligence, TI firms need to develop 

technology platforms for connected products and services that can be integrated with each 
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customer’s specific operations (Mueller et al. 2017). Integrating these possibilities of the 

digital economy into combinations of physical goods, intelligence, and services may further 

benefit firms’ profitability and deepen customer relationships (Schaarschmidt, Walsh, and 

Evanschitzky 2018). Future research may thus study how IoT impacts customization by TI 

firms. 

Third and final, we have attempted throughout this dissertation to discuss firm 

performance measures that offer an alternative to the usual suspects of sales or profit 

measures in marketing literature. This seems to fit with current trends: firms are increasingly 

focusing on long-term business goals, and their short-term investment reports for shareholders 

have decreased (Braaksma 2018). Well-known investors and investment associations have 

pleaded to give more weight to firms’ abilities in achieving long-term goals, such as the 

progression firms have made in long term value creation, sustainability, and business 

continuity (Abma 2016; Braaksma 2018). When it comes to the strategic value of 

customization, moving away from a narrow profit focus towards a discussion that includes 

these other performance effects would further advance both scientific and managerial 

knowledge and understanding. It would therefore be interesting for future research to broaden 

the scope of performance measures of customization and discuss their potential differences. 

 

5.6 Closing remarks 

 

While customization is a highly strategic process for TI firms, so far we had only limited 

understandings of its nature and implications. TI firms cannot disregard customization in 

general and simply focus on standardization and efficiency, as customization often provides 

these firms with their competitive advantage and affects the value of the solutions they create. 

This dissertation shows that TI firms should indeed carefully consider how to approach 

customization, as each approach sorts different effects on these firms’ ability to offer 

customer value, their internal processes, and financial and innovative performance. 
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Appendix A 
Illustrative quotes and constructs for customization approaches 

Approaches & 

concepts 

Definition Illustrative quotes (key informants and focus groups) 

Standardized 

integration 

Creating and 

producing 

standardized 

solutions in 

advance, without 

interchangeable 

components. 

(09) Strategy consultant: "Well I think Ford is a good example, of non-modular standardization because they really have one 

standard product. There wasn’t much variation in that product; that saying that you can only buy black ones is of course legendary. 

What Ford did is determining the specs. [..] Building blocks and multiple variants came later, actually. But that standardization was 

an enabler for that customization.”  

(14) Area sales manager, solutions supplier: "The products of [our firm] differ. We have a robot, which is very complex but maybe 

even more of a ‘component’. While our positioning system is different for every customer and consists of modules. But the robot is 

more like a standard solution with some options. [..] Selling standard solutions is more advising based on requirements, the other is 

more about solving a problem.”  

 (19) CEO, solutions supplier: “Actually we want our competences to increasingly grow, like the rings on a tree. Well you can only 

finance that when you have your profitability in order, so that you can increase your knowledge there. But for me it’s also important 

that our solutions add value. And if I only sell commodities you get what I just told you: you will always be very vulnerable to 

benchmarks, if they can get it cheaper at the competition. So we try to get a connection with the customer on different layers so that 

the relationship is also more sustainable.”  

(17b) Engineering manager, solutions supplier: “..So these [standardized integrated] developments are usually just product licenses 

or super standard things, which you can – without any questions – stock and standardize. While the other solutions have so many 

questions and possibilities, are all build modular, those are difficult to sell through a configurator.”  

Engineer-to-

order 

Creating and 

designing fully 

integrated and 

uniquely 

customized 

solutions on 

demand. 

(01) Engineering consultant: "I’m thinking more like engineer-to-order is customer specific. It could be a customer specific part for 

an order that will never be used again. [..] But a downside of building a lot customer specific is that the financial performance is 

worse.”  

(19) CEO, solutions supplier: “We saw that both on products and on knowledge, you can no longer talk generic solutions, you need 

to talk customized solutions.”  

(25) CEO, solutions supplier: “yes well it can’t be exchanged because it’s different every time. Such a solution is for one customer a 

completely different thing than for another customer. But maybe it will eventually develop itself into a standardized solution. Like 

you need to adjust your systems and I will come with my standard solution. Maybe.” 

(17a) R&D manager, solutions supplier: "It has its upsides and downsides. There is a certain drive behind it, a customer always 

makes you pay more attention to the development. But you are really developing it for that specific customer and maybe that is the 

only one who will ever want it, and if you would have taken the time to dig a little deeper and design it differently, it would also be 

applicable in the market.” 



134 
 

Mass 

Customization 

Creating and 

building 

solutions by mass 

production 

objectives, with 

predefined 

modular 

components that 

can be 

configured for 

individual 

customers. 

(01) Engineering consultant: “Our customers [TI firms], traditionally, they would need three weeks to even get to a proposal. And 

that’s possible within an hour now, figure of speech. They can just configure it so they can respond to their customer very quickly 

like this is possible, but maybe you can also consider this and this. Now you can imagine how the optimization has made it possible 

that they can really do that much faster.”  

(03) CEO, solutions supplier: “If you want to modularize you need some standardization. But standardization can feel very 

restrictive. That is why we say smart standardization. [..] So you need to make sure that the standard is so intelligent that you can 

cover a lot of customer needs. Every customer a different machine, but smart so with the right building blocks, with the right 

varieties and options, and the right interdependencies and engineering rules. And that creates an intelligent concept.” 

(06) Chief Procurement, solutions supplier: “Actually we started thinking like this from the beginning. Also because we were 

forced to do so, because you have to look at the costs of course and you don’t need to develop something if you already have it. So 

A: something that you already have, if you can also put that in another solution, then you can put that other solution also on the 

market. And B: It hugely matters in the costs and the variation of parts.” 

(17b) Engineering manager, solutions supplier: “Well I think you should compare it to the IKEA kitchen program. That our 

solutions look more like those. You can compose that kitchen in endless varieties, but you still need to think shall we do cabinets of 

60 or 58 cm. Well after a lot of consideration you have decided on 60 and then we are going to structurally maintain that. And after 

that you don’t need to come with 58 cm [..] because you will scare someone senseless and everything has to be rebuild again.” 

Tailored 

configuration 

Creating and 

building modular 

solutions on 

demand, that are 

also highly 

flexible so (parts 

of) the design can 

be engineered 

specifically for 

customers. 

(01) Engineering consultant: “Well you are not making it completely different but there are some modules you can be flexible with. 

Those are ‘engineering modules’ you still need to design. But they are configurable. [..] So if a TI firm needs 5/6/700 hours of 

engineering for an order, they may be helped a lot if they were able to do that within 30 hours. Why get that down to zero? There 

are some solutions where we have done that, go to zero and make it like a BMW so to say, completely configurable, but a lot of 

times there is just no business case for that.”  

(12b) Marketing manager, solutions supplier: “Despite the fact that they are modular, the things we make for our customers are 

always unique and specially designed. Otherwise they [customers] could have just gotten those off the counter somewhere else, but 

that’s not the case. All the electronics can’t be bought, you have to design and compose these yourself. So in that case it’s unique. In 

fact it [a solution] contains a customer specific product they need for their systems or to achieve their business goal.”  

(22) Global VP R&D, systems supplier: “So in principle we start to work from a standard when we are going towards a customer 

specific solution. [..] but usually everything contains customer specific parts. That already starts for example, and we don’t even call 

that a special, with those [transportation units] for materials, since every factory has a different infrastructure. So those things are 

always different for every customer, so we need to engineer those differently for every customer. [..] there is no ‘global standard’ 

for how to design a factory. One needs a certain height, another one width, depth, [..] and you’d think: ‘we have been delivering 

those for 20 years so you’ve seen them all’; well you haven’t.” 

(24) Global manufacturing director, systems supplier: “Look these are huge investments. One solution consists of multiple 

production lines, but one line is a million dollar project. And a complete solution is a project of 10 million. So it’s not like a 

standard offer comes rolling out of a system and that customer is going: ‘oh ten million? Sure let me sign’. It doesn’t happen like 

that. So in that first phase we offer proposals, discuss them, they are changed, things removed or added, so it needs several iterations 

together with the customer. Because it doesn’t concern separate machines that you can just put in a corner and they’ll work. And 

sometimes you get a green field, and we will sit with architects to design a factory in order for us to build the most efficient 

solution. But they [customers] can also have existing buildings and then the customer says I have these much square meters, just get 

it in. But then you still need to propose different options [..] well you name it, but you do it together with the customer.” 
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Appendix B 
Illustrative quotes for the moderating role of customer and supplier characteristics 

Moderators 

& concepts 

Definition Illustrative quotes (key informants and focus groups) 

Customer 

sophistication 

If customers 

are aware of 

needs, willing 

and able to 

communicate 

needs, 

sensitive to 

nuances, 

errors, and 

how solutions 

meet their 

particular 

business 

problems. 

(17b) Engineering manager, solutions supplier: “30 years ago, it really was different. There were a lot of customers willing to share valuable 

information and willing to think with you about new stuff. Now you increasingly see that we are more delivering to large production firms. And they 

have no time for that or say: ‘we want proven techniques and then you can come knocking again’.”  

(03) CEO, solutions supplier: “We have realized a product configurator for one of our customers [a TI firm]. Their customers [lower segment] now 

configure their own solutions, that target group no longer requires a salesperson. The middle segment still does, but the bottom of the market they 

configure themselves and our system is behind it, and they get a quotation automatically. [..] The most work remains for the mid segment. And they also 

didn’t want to do that shitty work at the bottom [segment] anymore, because they weren’t making any money. It was difficult, always complaining 

customers, slow communication. That is all gone now [..] that kind of pain or frustration caused by customers that didn’t fit their way of working.” 

(26a) Product manager, solutions supplier: “Concerning new products or services, it often helps to sit down with those customers that look further into 

the future. [..] That look at new developments and want to cooperate on those. [..] For example we have a diagnostics solution now which we developed 

with [partners], and the customer. [..] So we develop new products together with those customers who need a little bit more than our average customer. 

[..] Those are interesting parties to us because they help us move further [..] and are better able to explain their problems and how we can contribute to 

that.”  

(22) Global VP R&D, systems supplier: “Those tier 1 customers really want to intervene in the processes of our machines. That things should be faster, 

or broader, or higher... and those are difficult... you often need to go back to R&D because order engineering has insufficient knowledge to make it.” 

Supplier 

sophistication 

If suppliers 

are 

technically 

competent, 

avoid or solve 

problems, aim 

for high and 

consistent 

quality, and 

provide 

accurate 

information. 

(25) CEO, systems supplier: “In general… you can be much closer to the customer, or even to the customer’s heart, compared to when you do this 

[supplying] at a lower level [supplying parts]. So most companies we work with are suppliers at what we call a second or third level, where they just do 

a job, make a certain part or mill or weld a frame and supply it. And usually those companies don’t even know what happens to their stuff after that. But 

we call ourselves a first level, so a supplier very close to our customers heart, our customers are [several market leading TI firms], because we know 

exactly what our module does within their solution. And that is also our added value.”  

(14) Area sales manager, solutions supplier: “Well we can go very far, engineering-wise. [..] The question is [..] are you a production firm or a 

development club. Eventually every firm has a boundary of what their expertise is. When they know, well your expertise is in completely designing, 

building, and servicing, then you go ahead and do it.” 

(08) CEO, systems supplier: “If we know what new techniques are available, or which suppliers can work very well with certain designs, then a design 

for which you don’t need a complete template would save us a lot of effort. They [suppliers] are increasingly involved [in development], but not yet 

completely involved. [..] But there are also a lot of suppliers who just can’t do it, who can only just execute an order. [..] We are starting to get a few 

different suppliers who can think and draw in the same way as us, so that [outsourcing modules] really is a next step for us to be able to make better 

designs, more makeable, so it becomes increasingly interesting technically to take that next step.” 
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Appendix C 
Illustrative quotes for the moderating role of CFF characteristics 

Moderators 

& concepts 

Definition Illustrative quotes (key informants and focus groups) 

Responsive 

Market 

Orientation 

Respond to 

customers’ 

expressed and 

current needs and 

believe the 

business gains 

competitive 

advantage by 

satisfying those 

needs. 

(15) Market director, systems supplier: “I used to interview customers, ask questions a certain way. So not from the technology but 

specify things from a customer perspective. And that sounds really like: ‘what else would you do?!’, but many large TI firms don’t 

even do that and just assume that they know how to do it. Yeah but is that really what that customer wants or do they just want a better 

interface and no other improvements.” 

(14) Area sales manager, solutions supplier: “Personally, I think satisfied customers are the key to success. How do you get satisfied 

customers? By being good in your price, quality, service, and reliability. You can also try to be the best, but we don’t, like we have 

something nobody else can do.”  

(04a) Standardization manager, systems supplier: “Our service department is just like: the customer needs to be helped, no matter the 

costs.” 

(13) Engineering manager, systems integrator: “It [modularity] is still pretty new, in our firm the sales is to a large extent done by 

project people, who have less trouble with it [selling modular solutions]. But the people who have been used to ‘customer is king’ for 

years, they struggle a bit more.” 

(20) Director manufacturing, systems supplier: “Previously [when we only did ETO], findings from the market used to end at the 

bottom of the to-do list, because ‘We are customer centered!’. So we sat down with all directors like we have way to much [specials]. 

What should we do? And then someone wrote down: we should be more customer centered! And I said: ‘I think we shouldn’t, 

because that is what is holding this company back!’. Well: ‘How dare you say that we shouldn’t think about our customer!’. And I 

said: ‘I think we have so much variety because everyone says it’s for the customer. I think we have so much changes because we say 

that it’s for a customer. Or we can’t spend time on production because we are working for the customer’.” 
Proactive 

Market 

Orientation 

Anticipate and 

discover 

customers’ latent 

and future needs, 

and believe the 

business exists 

primarily to (help 

customers) create 

value. 

(17b) Engineering manager, solutions supplier: “You need to be careful because you’re making what the customer is asking but you 

should actually make what the customer needs. And you can only do that if you think it through a little bit more.” 

(28) Director global engineering, systems supplier: “I think it’s important to take your customers’ latent needs into account for your 

requirements. That way you can get or achieve design resilience. Eventually it’s about being more flexible and faster at meeting 

customer demands. We need market data for that. We have a new CMO now, previously nobody was responsible for marketing and 

those requirements. [..] The CMO needs to talk to and work with stakeholders and key informers in the firm, for example sales, to get 

information. And work on future customer requirements to improve our predictive capacity, get market intelligence to a higher level. 

We want a winning product, not a me-too product.” 

(26b) Manager marketing & communications, systems supplier: “There is always a question behind a question. A sales person will 

sooner say I need a green button to push. But we want to know the question behind that question. So I will ask ‘Why?’ for five times, 

because there is always a reason someone wants a green button. And then someone might say well then I’m able to see it. Well then 

we have a completely different discussion, because the button doesn’t need to be green, it just needs to be visible. So in that way you 

will get into contact with the background and the need.” 

(27) Sales manager, solutions supplier: “An example of what’s successful: we have a customer that makes machines for the cigarette 

industry. [..] So you get to that customer and say listen, those machines need to be cheaper in that supply chain. The cigarette needs to 
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change, the package needs to change, people no longer want a full package but just 10 cigarettes, they smoke differently in Polen or 

Romania, so we want to build it modular. [..] And predictive maintenance, I wrote a business case that we need to [..] make 

maintenance measurable. I can look at a cylinder to know if it’s working but I want to know how many rotations it’s making and if it’s 

stiff or not. And software allows you to measure that and give predictive advice.”  

(07) CEO, solutions supplier: “We help our customer to map the technical solution. And what value their customer gives that solution, 

well you need to know so many things about their market, they know much better than we do. But we can help to develop a business 

model.” 

Creative 

problem-

solving 

Generating novel 

solutions, 

appreciate 

unconventionality, 

change, and 

formulate 

problems to solve. 

(08) CEO (former sales manager), systems supplier: “Usually we talk to customers who ask for something and then we say yes.. that 

should change actually. We see problems, we see a need for something, but we don’t approve of the current solution. And then I 

usually ask like can’t we change that or do it differently? And at first, people might say no that’s not possible, and then they will sit on 

it for a while and then: ‘Yes if we do it like this it might be possible’. Sometimes it takes days, or hours, or years, because you need 

baby steps, [..] but then we do get something new.” 

(04b) CEO, systems supplier: “We sell solutions now, part of that is custom made, very ETO, [..] But we want to achieve that a 

product manager [..] goes to the customer as well, as a specialist. Instead of [..] those sales guys creating a solution and just continuing 

to craft it until it can’t be sold any longer. [..] they continue to craft until it fits their own plan perfectly and then bring yet another new 

thing to the project team.”  

(13) Engineering manager, systems integrator: “Sales engineers always see new toys and they want to apply those of course, but it 

should always be considered if the customer is really waiting for that and what advantage does it offer [our firm]. And some can look 

at it from a commercial perspective but some [..] will go like: ‘If I were a customer I would want it like this or that’. And then they 

create a very nice technical solution, but it’s not a standard solution.”  

(12b) Marketing manager, solutions supplier: “Designers by nature are focused on creating a function, functionality. They are less 

focused on the manufacturability of the product and finding errors, or managing logistics to get stuff somewhere in time. That is not 

their thing. They are trained in designing and creating that functionality, in fact they are very good at that.”  

Configurative 

problem-

solving 

Choosing, 

integrating, and 

(re-)configuring 

from a set of 

existing options, 

understanding 

interactions, 

solving a problem 

efficiently. 

(27) Sales manager, solutions supplier: “But it’s also possible that we tell our customer, and we are very good at that; here’s your 

product package and we can create price reductions for you by putting this or this in there. And that’s what our sales engineer will talk 

about. That’s a thing. [..] I can also tell that customer: [you have several components] and if you do it with a different technology and 

use a different controller, you can connect it to the system of your other solution, build it modular like this and that. Well I need to 

find the sales person who talks like that, like: ‘Hey I didn’t think of it like that’. So you need to think in a different way. You really 

need to think differently.” 

(01) Engineering consultant: “We think we are very good at integrated modular design. And we are recognized there, or at least in our 

modular thinking. Because it’s a lot about choosing, picking and measuring and showing people like if you sell this it causes that.”  

(03) CEO, solutions supplier: “Everybody has their own vison but the end state of mind we need to reach is modular working. A 

software engineer who programmes already thinks modular. That is part of how they work, they think in modules, in building blocks. 

A mechanics guy is used to work in assembly’s, with an assembly structure. Those are building blocks. It all starts with the right 

structure. So first that thinking in functionalities, variants, and options, then map it and bring everything together.”  

(06) Chief procurement, solutions supplier: “Well it’s in the customer’s best interest that we use previously used parts as much as 

possible. So that is why those guys are trained to think modular as much as possible, like which modules can I put on it and then I will 

be done in no time.”  

 



Summary 
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Technology-intensive (TI) firms increasingly offer solutions to differentiate their 

offerings and to add value to customer business processes. While offering solutions enables 

firms to meet sophisticated customer needs and build long-term relationships, it also requires 

substantial and continuous investments and may negatively impact firms’ internal efficiency 

and margins. Firms create solutions through customization, which involves the design, 

modification, or selection of those goods and services that make up a solution, in order to fit 

into a customer’s business environment. However, firms still need more insights on the 

impact of customization on both internal processes and value creation. 

While different types of customization exist in practice, scientific literature barely 

acknowledges this fact. In addition, the majority of the research on customization foregoes the 

differences that exist in customization by firms in business-to-business (B2B) versus 

business-to-consumer (B2C) markets, or by firms in high versus low TI markets. B2C firms 

have traditionally offered standardized, mass-produced products and are now increasingly 

considering to offer more customization, while B2B firms created completely engineered-to-

order products or systems but are increasingly forced to implement standardization to save 

margins. Furthermore, the value of technological innovations has led high TI firms to focus 

on engineering superior product features as opposed to meeting customer-specific needs, 

which may be why offering solutions has a less positive impact on their profitability 

compared to low TI firms. In sum, current insights on customization and its effects cannot 

simply be extrapolated to TI firms that create solutions for business customers. 

There are three notable gaps in the literature on customization that are especially 

relevant. First, because other researchers have paid limited attention to TI firms in B2B 

markets, our current understanding of the nature of customization in TI firms is limited. 

Second, while research shows that customization affects internal processes and firm 

performance, empirical research that reconciles these fragmented findings is still lacking. In 

particular, we need an integrated perspective that provides insights into the mediating 

mechanisms of customization for TI firms in B2B markets. Third, although we know from 

previous work that the effects of customization are contingent on several factors, such as the 

capabilities of employees and the external characteristics of TI firms’ industries, current 

findings are diffuse. We thus need to reconcile these findings by uncovering the contingencies 

and conditions under which customization generates benefits for TI firms. 

Chapter two discusses how TI firms may be able to create solutions for business 

customers that are both effectively customized and profitable through a combination of the 

right customization approach and several contingencies. Although previous research has 
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acknowledged that customization creates value, it remains unclear how TI firms can create 

solutions that are valuable for both the customer and the firm itself. Furthermore, insights into 

the internal capabilities that are needed to offer value to both customers and TI firms are 

lacking. Chapter two discusses the first study of this dissertation, which was based on findings 

from a qualitative study of semi-structured interviews with 34 key informants and two focus 

groups that were complemented with findings on customization as proposed in the literature. 

In the first study, customization is conceptualized as consisting of four main approaches: (1) 

engineer-to-order, (2) tailored configuration, (3) mass customization, and (4) standardized 

integration. These four approaches demonstrate how TI firms create solutions, based on 

various degrees of modularity and solution space freedom. Modularity allows firms and 

customers to configure solutions according to customer needs, while solution space freedom 

allows firms to accommodate specific customer requests or changes to designs.  

The chapter continues with the identification of managerially relevant contingencies 

and the development of propositions for the three most prevalent approaches, i.e., mass 

customization, engineer-to-order, and tailored configuration. First, customer and supplier 

sophistication are identified as important external conditions that affect how each 

customization approach creates value. Second, the capabilities of customer-facing functions 

(CFFs) are identified as important internal conditions that affect how each approach creates 

value. Specifically, it is discussed how value creation depends on how well CFFs are able to 

gather, disseminate, and respond to market intelligence (i.e., responsive and proactive market 

orientation) and the extent to which they are able to find appropriate solutions for identified 

customer problems (i.e., creative and configurative problem-solving skills). The chapter 

concludes with an extensive discussion of managerial implications. 

Chapter three argues that both previous research and practitioner insights have shown 

that TI firms find it challenging to leverage customization and also achieve sustainable 

innovation. And while TI firms need to pursue both goals in order to adapt to global 

competitive pressures, the pursuit of these goals is currently not aided by scientific insights. 

The findings of the second study show that TI firms can leverage their customization 

approach in order to achieve sustainable innovation through organizational learning. 

Organizational learning is the dynamic process of creating new knowledge and transferring it 

to where it is needed and used, resulting in the creation of new knowledge for later transfer 

and use.  

Specifically, chapter three discusses how we studied 1) the effects of balancing 

various degrees of modularity and solution space freedom on organizational learning, 2) the 
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contingent effect of supplier sophistication, and 3) the mediating role of organizational 

learning in the relationship between customization and sustainable product and process 

innovation. The findings are based on survey data from 166 respondents, which were used to 

empirically test the conceptual model and hypotheses. The results of a polynomial response 

surface analysis confirmed that balancing high degrees of modularity and solution space 

freedom (i.e., a tailored configuration approach) results in superior organizational learning. In 

addition, organizational learning indeed fully mediates the effect of customization on 

sustainable product and process innovation. Contrasting expectations, high levels of supplier 

sophistication do not strengthen these effects. Rather, non-aligning high degrees of 

modularity to constrained solution spaces (i.e., a mass customization approach) would 

increase learning for TI firms working with less sophisticated suppliers. The results discussed 

in this chapter thus show that TI firms are able to arrive at win-win situations in which they 

simultaneously pursue both customization and sustainable innovation through organizational 

learning, to enhance their competitive advantage. Since organizational learning is a crucial 

process in achieving these goals, it remains important for managers in TI firms to keep in 

mind that the level of learning resulting from each customization approach depends on the 

technical competencies, the ability to share knowledge, and the innovativeness of their 

suppliers. 

Chapter four discusses the prisoner’s dilemma of customization. This dilemma 

captures the paradoxical situation where firms pursue customization in order to create 

customer solutions and survive, but fail to achieve their ideal results due to struggles with 

being cost effective. Chapter four argues that TI firms may be able to resolve this dilemma 

through cross-functional cooperation, which refers to the interaction and communication, and 

the sharing of similar goals and objectives, between different departments in TI firms. 

Through the third study of this dissertation, this chapter 1) discusses the effects of balancing 

modularity and solution space freedom on cross-functional cooperation, 2) the environmental 

conditions (market and technological turbulence) that affect this relationship, and 3) the 

mediating role of cross-functional cooperation in the relationship between customization and 

firm financial slack. Based on survey data from 120 respondents, firm financial data, and 

secondary industry data, the conceptual model and hypotheses are empirically tested through 

a polynomial response surface analysis.  

The results of this chapter confirm that balancing high degrees of modularity and 

solution space freedom (i.e., a tailored configuration approach) increases cross-functional 

cooperation in TI firms, which subsequently increases firms’ financial slack. Under 
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conditions of high market turbulence, these effects are exacerbated. However, the results 

show that under conditions of high technological turbulence, this approach results in lower 

degrees of cross-functional cooperation in TI firms. In fact, high levels of technological 

turbulence require moderate levels of both modularity and solution space freedom in 

customization in order to avoid lower levels of cross-functional cooperation. The results 

further show that cross-functional cooperation indeed fully mediates the effect of 

customization on firm financial slack. The findings thus show that TI firms may be able to 

achieve financial slack from customization through cross-functional cooperation, although 

this mechanism is influenced by market and technological turbulence. The more fine-grained 

understanding of customization in TI firms based on modularity and solution space freedom 

enables managers in TI firms to see how they might resolve the prisoner’s dilemma of 

customization. Specifically, different customization approaches sort different levels of cross-

functional cooperation, depending on how the shared understanding and goal alignment of 

functional departments is affected by uncertainties in the market. 

To conclude, this dissertation aims to shed light onto our understanding of 

customization in TI firms based on three independent studies discussed in chapters two, three, 

and four. The overall findings are that 1) TI firms customize through different approaches, 

based on combinations of various degrees of modularity and solution space freedom, 2) these 

approaches have different impacts on internal organizational processes and firm performance, 

and 3) these relationships are affected by both internal (i.e., CFF capabilities), and external 

(i.e., customer and supplier characteristics, external market conditions) contingencies. The 

findings help managers in TI firms to get more insights into which customization approaches 

exist, and the factors that impact their performance consequences. The identification of 

tailored configuration as a customization approach provides a valuable alternative for 

managers in TI firms who are looking for more efficient customization compared to engineer-

to-order, but struggle with the constrained solution space of mass customization. Tailored 

configuration is a more hybrid approach that might allow TI firms to create solutions that 

meet the sophisticated needs of business customers, without sacrificing internal efficiency and 

margins. 
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