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Abstract 

Customization is an important way for suppliers to offer value to customers 
and to be competitive. There is a variety of methods suppliers can adopt to 
offer customization. What they have in common is that some form of 
interaction between customer and supplier is required as customization is 
based on involving individual customers in specifying a solution to be 
produced. This can be achieved, for example, by allowing the customer to 
choose from components or values that have been defined in advance, later to 

As the 
possibilities for customization are clearly defined in advance, the supplier can 
rationalize their procedure to capture customer needs and propose an 
appropriate solution. This differs from cases where the customer is already 
involved in the development, design, or engineering stage  so-called 
engineer-to-order (ETO) scenarios. Here, the customer is not bound to 
predefined possibilities for customization, which means that the interaction 
required to define the solution can extend beyond that required when 
customization possibilities are predefined and thus limited. In this thesis, 
customization-based interaction in ETO is investigated, both with the 
intention of improving the understanding of interaction in this context as such 
but also to offer ways of explaining how some approaches to customization 
have implications for interaction that differ from others. The result of the 
research consists of an account of how interaction is manifested in ETO and 
how different approaches to customization can be understood to clarify their 
implications for how solutions are defined.  
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Sammanfattning 

Kundanpassning är ett viktigt sätt för leverantörer att erbjuda värde till sina 
kunder och på så vis vara konkurrenskraftiga. Det finns en rad olika metoder 
som leverantörer kan anta för att erbjuda kundanpassning. Gemensamt är att 
någon form av interaktion mellan kund och leverantör förutsätts, då 
kundanpassning baseras på att involvera den enskilda kunden i att specificera 
den lösning som ska produceras. Det kan exempelvis göras genom att kunden 
tillåts välja mellan olika komponenter eller värden som definierats i förväg, 
som därefter monteras eller sätts samman enligt kundens önskemål. Eftersom 
möjligheterna till kundanpassning är tydligt definierade i förväg kan 
leverantören därför rationalisera deras procedur för att fånga upp kundkrav 
och föreslå en lämplig lösning. Denna metod skiljer sig från fall då kunden 
involveras redan i utvecklings, design, eller konstruktionsfasen, så kallade 
konstruktion-mot-order (engineer-to-order, ETO) scenarion. Kunden är i 
dessa fall inte bunden till fördefinierade möjligheter för kundanpassning, 
vilket gör att interaktionen som krävs för att definiera lösningen inte kan 
rationaliseras i samma utsträckning. I denna uppsats undersöks 
kundanpassningsbaserad interaktion i ETO, både med avsikt att förbättra 
förståelsen för interaktion i denna kontext som sådan men även för att erbjuda 
sätt att förklara hur vissa förhållningssätt till kundanpassning har 
implikationer för interaktion som skiljer sig från andra. Resultatet av 
forskningen utgörs av en redogörelse för hur interaktion tar sitt uttryck i ETO 
samt hur olika förhållningssätt till kundanpassning kan förstås för att 
tydliggöra deras innebörd för hur lösningar definieras.   
 
Nyckelord: kundanpassning, konstruktion-mot-order, interaktion, 
lösningsrymd 
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1  

In this chapter, an introduction to the topic of the thesis is outlined. The 
background of the research is described followed by an account of the problem 
area addressed. This leads to a statement of the research purpose and research 
questions. The chapter concludes with regard to the scope of the research and 
the outline of the thesis.  

 Background 

Many industrial companies in high-cost environments strive to differentiate 
their offering to compete with competitors  offering prices only achievable by 
low-cost labor (Porter, 2008)

f (Kotler, 2000, p. 175) and exists when the 
, for example, service, quality, style, or 

(Sharp & Dawes, 
2001).  

An important means for differentiation is customization (Pine, 1993) as it 
can offer value to customers by precisely meeting their specific needs (Stump, 
Athaide, & Joshi, 2002). Customization is based on involving an individual 
customer in specifying a solution to be produced, and said solution can be 
described as a value delivery package in terms of goods and/or services 

(see, e.g., Davies, Kohli, & Bharadwaj, 
2006; Sawhney, 2006; Tuli, Kohli, & Bharadwaj, 2007). However, as 
suppliers cannot possibly accommodate the precise needs of every potential 
customer, they have to set limits as to the extent to which they will customize 
their offering for each customer (Kotler, 2000). Depending on what kind of 
preconditions the supplier imposes regarding customization, different 
approaches to customization can be distinguished (see, e.g., Lampel & 
Mintzberg, 1996; Wortmann, Muntslag, & Timmermans, 1997). These 
approaches have different implications for how suppliers interact internally as 
well as externally with customers and subcontractors to define the solution to 
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be produced. This type of interaction is here referred to as customization-

based interaction. 

Customization-based interaction can be a challenging and time-consuming 

process (Huffman & Kahn, 1998; Zipkin, 2001). To address this, some 

suppliers employ design standardization via modular and parametric design 

principles (Ulrich, 1995; Duray, Ward, Milligan, & Berry, 2000), which is 

discussed in, for example, an array of research addressing mass customization 

(see, e.g., Fogliatto, Da Silveira, & Borenstein, 2012). In such cases, 

customization-based interaction may be facilitated by a type of software, 

usually referred to as a configurator (see, e.g., Zipkin, 2001). A distinction is 

sometimes made between sales configurators (for rationalized sales) and 

product configurators (for rationalized engineering) although they have in 

common that they use predefined rules and constraints for the configuration 

of solutions. In terms of customization-based interaction, the configurator’s 

role is to guide the customer through the process of choosing what they want 

(Huffman & Kahn, 1998) and to link customer requirements directly to 

production (Holweg & Pil, 2001). Thus, for mass customization, 

customization-based interaction can to a large extent be rationalized by clearly 

constraining the variety of solutions offered. This is considered to be an 

important enabler for efficiency in this context (Piller, 2004; Salvador, De 

Holan, & Piller, 2009; Piller, 2010).  

However, design standardization is not always desirable, and some 

suppliers are dependent on offering customized design to be competitive 

(Wortmann et al., 1997). When a solution is developed, designed, and/or 

engineered according to the needs of an individual customer, the situation is 

sometimes referred to as engineer-to-order (ETO) (see, e.g., Gosling & Naim, 

2009). Rather than having the customer choose from predefined options, each 

solution in ETO is to some degree unique (Gosling, Hewlett, & Naim, 2017) 

and one-of-a-kind (Tu, 1997). Such high levels of customization are generally 

associated with increased costs, higher risks, and longer lead times (Hicks, 

McGovern, & Earl, 2000). Here, customization-based interaction cannot be 

rationalized to the same extent as for mass customization, and the supplier 

may have to engage in a thorough dialogue with each customer to understand 

their needs. However, customization-based interaction in ETO is not only an 

issue found in interaction with customers as the supplier must also relate to 

the knowledge held by subcontractors (Hicks, McGovern, & Earl, 2000; Tate, 

Mollenkopf, Stank, & Da Silva, 2015). To suggest a solution that responds to 
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x task, requiring both intra- 
and intercompany interaction (Yassine, Kim, Roemer, & Holweg, 2004).  

 Problem statement 

When offering customized solutions, there are certain challenges that differ 
from those in offering solely standard goods or services. In ETO, where 
customers are involved in the design process (Gosling & Naim, 2009), 
suppliers must capture the needs of individual customers, understand the 
needs, and, based on this understanding, define and respond with an 
appropriate solution. This requires interaction with the customer, but 
interaction is also required within the supply system to arrive at a unified 
understanding of the need and the solution (Hicks, McGovern, & Earl, 2000; 
Yassine et al., 2004; Tate et al., 2015). Here, problems can occur that may 
ultimately lead to dissatisfied customers.  

Customization-based interaction in ETO can be complicated as customers 
may not know in detail what they want (Bertrand & Muntslag, 1993), which 
may be because they lack specific knowledge about what to request in their 
situation (Ulwick, 2002). For example, customers may in some cases merely 
describe in general terms what they would like a solution to do, which requires 

(Hicks, Earl, & McGovern, 2000). Complications can also occur as a result of 
requirements being unclearly articulated or because customers have biases, 
make errors, or have flawed reasonings in this regard (Cooke, 1999). 
Meanwhile, suppliers are faced with the challenge of guiding the customers 
through the process of defining and articulating their needs (Tuli et al., 2007). 
However, as previously mentioned, customization-based interaction is not 
merely an issue in customer-interaction. There are also challenges when 
interacting within the supply system to determine how to best respond to the 
customer s need. This is in line with Kotha (1996), who stresses that there are 
usually various functional aspects within a supply system involved in the 
customization task and that it is important for the supplier to ensure that the 
functions have a shared understanding of the task at hand. For example, Hicks, 
McGovern, and Earl (2000) describe how suppliers may have to turn to 
subcontractors to ensure that the solution suggested to the customer is 
reasonable in terms of, for example, lead times and price. Furthermore, Tate 
et al. (2015) argue that engineering decisions made in agreement with the 
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customer may be dependent on supply. Customization-based interaction 
within the supply system can thus be challenging and can also be subject to 
misaligned priorities or bias between functions or companies. Meanwhile, 
customers in ETO are exposed to the total lead time of defining and producing 
the solution, including activities such as conceptual design, detailed design, 
and purchasing (McGovern, Hicks, & Earl, 1999). It is thus of importance not 
to allow inefficient customization-based interaction to cause the customer to 
have to wait even longer for the solution to be delivered. In this way, 
inefficient customization-based interaction could have a negative impact on 
customer satisfaction (Holweg & Pil, 2001).  

If customization-based interaction is a primary determinant for successful 
customization, a relevant issue concerns how employees can be given support 
in this regard. There is, however, a lack of research that in detail explains what 
characterizes customization-based interaction in ETO and how suppliers can 
establish structures, routines, and/or procedures that allow for efficiency in 
these processes without restricting the solution offering.  

 Purpose and research questions 

This research investigates what characterizes customization-based interaction 
from a supplier s perspective and from the holistic outlook of a multi-tier 
supply system. An argument is made for key characteristics to consider when 
offering customized solutions as well as how customization-based interaction 
is manifested in ETO scenarios. The purpose of this research is therefore as 
follows:  

To critically examine solution offerings in a customization context from a 
supplier s perspective and to contribute to an understanding of how 
customization-based interaction is manifested in ETO.  

To address this purpose, there is first a need to understand what characterizes 
different types of solution offerings. As previously explained, suppliers of 
customization are faced with the challenge of balancing between offering a 
wide variety of solutions and providing those solutions efficiently. How a 
supplier sets limits regarding the extent to which they customize their offering 

prerequisites for efficient customization-based interaction. This is addressed 
in the first research question (RQ1) as follows: 
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RQ1. What are the key characteristics of solution offerings in a customization 
context? 

While RQ1 forms a basis for understanding different types of solution 
-based interaction, the second 

research question (RQ2) proceeds to focus on customization-based interaction 
for solution offerings representing ETO. As an important task for ETO 
suppliers is to capture and understand the needs of individual customers, 
recognizing what implications customization have on customer-interaction is 
necessary to attain a comprehensive understanding of customization-based 
interaction in this context. RQ2 thus reads as follows:  

RQ2. What implications does customization have on customer-interaction 
from a supplier s perspective?  

Considering that a supply system may be constituted by multiple actors and 
that a supplier may at times be dependent on interaction with subcontractors 
to suggest solutions to customers, it is also necessary to account for 
customization-based interaction from the perspective of a multi-tier supply 
system. This is addressed in RQ3 as follows:  

RQ3. How can customization-based interaction be understood in a multi-tier 
supply system? 

To respond to these research questions, conceptual as well as empirical 
research contributions are made. The research questions are responded to in 
the analysis chapter, while the subsequent discussion chapter is dedicated to 
an aggregated analysis. 

 Scope of the research 

This research primarily investigates industrial companies producing physical 
goods in line with the ETO delivery strategy. However, comparisons are made 
to other delivery strategies to demonstrate what sets ETO apart. This is 
explained in the previous section by emphasizing that RQ2 and RQ3 proceed 
to investigate only the type of solution offerings representing ETO, as 
identified as a finding to RQ1. The reason for proceeding only with ETO is 
because it is not as well understood in the literature (which is explained in 
section 2.2). Furthermore, although both the theoretical and empirical 
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foundations of the research are based on the production of physical goods, the 
findings of the research are largely generalizable to service production, too. 
This also concerns the distinction between business-to-business and business-
to-consumer situations. It is business-to-business transactions that are 
investigated in this thesis, but the findings are applicable to business-to-
consumer contexts as well. Furthermore, this research primarily accounts for 
intercompany interaction although customization also poses challenges for the 
supplier  among the roles and functions involved in the 
customization task.  

 Thesis outline 

The thesis consists of seven chapters and three appended papers. Chapter 1, 
Introduction, presents the background to the theme of the thesis and proceeds 
to an account of the problem area that the thesis addresses along with the 
purpose statement and research questions.  

In Chapter 2, Frame of reference, the literature of relevance to the thesis is 
outlined. It includes different perspectives on customization and connects to 
various research areas.  

In Chapter 3, Research methodology, the process of the research is 
presented with regard to the overall research approach and the phases of the 
study performed. The scientific quality is then discussed along with the role 
of the researcher and ethical considerations.  

Chapter 4 presents a Summary of appended papers. Paper 1, Paper 2, and 
Paper 3 are separately and briefly accounted for with a specific focus on the 
research  purpose and key findings. 

In Chapter 5, Analysis, the key findings of the three appended papers are 
synthesized with the frame of reference, focusing on how the key findings of 
this research relate to the current understanding in the literature. The analysis 
is presented according to the three research questions of this thesis.  

In Chapter 6, Discussion, the theoretical contribution is discussed at an 
aggregated level, and practical implications, limitations, and suggestions for 
further research are addressed.  

In Chapter 7, Conclusions, final statements are made in terms of the 
research. 
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2  

This chapter is divided into three sections all focusing on different aspects of 
customization. The intention is not to provide a complete account of the 
research conducted in its regard but instead to set the frame for this research 
by explaining customization-based processes (section 2.1), by rendering an 
idea of what a solution offering is (section 2.2), and by accounting for research 
acknowledging interaction in customization settings (section 2.3).  

 Customization-based processes 

This section accounts for customization-based processes, first introducing a 
flow perspective on customization to explain some basic principles of 
providing customized solutions. Next, these principles are related to delivery 
strategies commonly referred to in the literature and to two different logics 
when providing customized solutions.  

 Flow perspective on customization 

Providing a customized solution usually requires activities within the value-
adding flow to be performed as a response to a customer having expressed 
their specific needs. However, customization does not necessarily start from a 
perfectly clean slate, and some value-adding activities may also be performed 
before an order (Wikner & Rudberg, 2005a). The customer order decoupling 
point (CODP) is a useful concept in this regard as it provides a structure for 
determining the point at which a value-adding flow becomes driven by the 
individual customer commitment (Giesberts & Tang, 1992; Hoekstra & 
Romme, 1992). The CODP has also been referred to using terms such as order 
penetration point (Sharman, 1984), customer order point (Mason-Jones & 
Towill, 1999), and decoupling point (Hoekstra & Romme, 1992).  

Based on the CODP, a distinction can be made between 
forecast/speculation-driven (SD) activities and customer order/commitment-
driven (CD) activities (Hoekstra & Romme, 1992; Wikner & Rudberg, 
2005a). SD activities are performed before the customer has said what they 
want and are based on forecasts or speculations of customer needs (Hoekstra 
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& Romme, 1992). These activities are thus performed under the uncertainty 
of customer demand (Wikner & Rudberg, 2005b). CD activities are, however, 
committed to an individual customer and performed after the customer has 
informed what they need (Wikner, 2014). These activities are performed with 
actual awareness of real customer demand and can therefore be customized 
(Wikner & Rudberg, 2005b). Based on the position of the CODP in the value-
adding flow, and thus the combination of SD and CD activities, different 
delivery strategies can be distinguished (Giesberts & Tang, 1992; Hoekstra & 
Romme, 1992) with different implications for customization (Wortmann et 
al., 1997). 

 Delivery strategies for customization 

The most common delivery strategies for customization, as identified in the 
literature review by Wikner and Rudberg (2001) and confirmed by Bäckstrand 
(2012), are make-to-order (MTO), assemble/configure-to-order (ATO/CTO) 
and engineer-to-order (ETO). What is here referred to as delivery strategies 
are sometimes referred to with other terms such as product delivery strategies 
(Olhager, 2003), logistic structures (Hoekstra & Romme, 1992), order 
fulfillment strategies (Pil & Holweg, 2004), or production situations (Bertrand 
& Muntslag, 1993). These delivery strategies are typically associated with 
goods rather than services.  

For MTO, solutions are defined in advance of committing to a customer. 
Following the reasoning of Rudberg and Wikner (2004), who consider form, 
time, and place as the three categories of customer demand requirements, 
MTO does not allow for customization in terms of the form of a solution. 
However, a customer may be allowed to specify requirements concerning time 
and place of delivery. In other words, the solution is designed-to-stock but 
made-to-order (Wikner & Rudberg, 2005a). 

ATO/CTO differs in this sense as it also allows for customization in terms 
of the form of the solution. ATO is based on modularity and standardized 
interfaces (Ulrich, 1995), which means that customers can choose from a set 
of standardized subassemblies to be assembled according to their own needs 
(Wemmerlöv, 1984). CTO is similar to ATO although less associated with 
modularity per se and more closely associated with configuration and 
parametric design (Ulrich, 1995). This basically means that the customization 
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relates to predefined parameters and rules. It is therefore similar to ATO in the 
sense that both modular and parametric designs follow discrete design rules.  

ETO allows for the highest degree of customization as the customer is able 
to specify requirements regarding the development, design, and/or 
engineering of the solution (Wortmann et al., 1997; Gosling & Naim, 2009). 

, or 
existing designs can be modified (Yang & Burns, 2003; Yassine et al., 2004; 
Gosling & Naim, 2009; Gosling et al., 2017). The level of detail in 
specifications can vary from being functional specifications, describing what 
the solution should do, to being detailed specifications, also describing how 
the solution should do it (Hicks, McGovern, & Earl, 2000). Insufficient 
information from specifications, unpredictability in terms of volumes, variety 
in types of solutions requested, and uncertainty in terms of resources required 
to realize solutions contribute to ETO being a delivery strategy characterized 
by uncertainty (Konijnendijk, 1994; McGovern et al., 1999). As 
acknowledged by Gosling and Naim (2009), this type of customization 
approach has been referred to with different terms, such as project (Eriksson 
& Westerberg, 2011), craft (Barlow, 1999), one-of-a-kind (Hong, Xue, & Tu, 
2010), engineer-to-order (Gosling & Naim, 2009), and pure customization 
(Lampel & Mintzberg, 1996).  

 Aggregation and individualization 

Lampel and Mintzberg (1996) provide an overall grasp of customization when 
suggesting customization strategies based on the combination of standardized 
and customized activities. As argued by Gosling et al. (2017), the 
customization strategies presented by Lampel and Mintzberg (1996) have a 
lot in common with the delivery strategies of Hoekstra and Romme (1992) 
and Giesberts and Tang (1992).  

For standardized activities, suppliers identify common characteristics 
among customers, is 
reduced. These activities can therefore follow an aggregation logic. 
Contrastingly, customized activities imply that characteristics specific to an 
individual customer are identified and that the activities be customized to 
respond to that specific need (Lampel & Mintzberg, 1996).  

Based on the combination of standardized and customized activities, five 
simplified strategies are suggested, covering pure standardization on one side 
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to pure customization on the other and, in between, suggesting three strategies 
combining the two logics in different ways (Lampel & Mintzberg, 1996). 
While pure standardization is entirely based on standardization, pure 
customization entails that all activities be customized and can therefore be 
compared to ETO (Gosling et al., 2017). 

 Customization-based solution offerings 

Although some degree of customization can be provided by other delivery 
strategies, this research primarily focuses on customization by ETO. In ETO, 
customers do not base their needs on predefined possibilities for 

of view to suggest a solution. In this section, an explanation as to what is here 
meant by a solution is provided along with an account of how suppliers may 
set limits to their solution offering.  

 Solution business 

Across various industries, there has been a shift from selling goods or services 
separately to selling functionality or capabilities that combine(s) or 
integrate(s) these utilities. There may therefore be reason to integrate goods 
and services into a common concept (Mont, 2002; Meier, Roy & Seliger, 
2010; Gembarski & Lachmayer, 2017), and, in this research, a value delivery 
package consisting of goods and/or services is referred to as a solution. 
Exchanges of solutions rather than stand-alone goods or services are by some 
scholars discussed as solution businesses (see, e.g., Ceci & Masini, 2011; 
Aarikka-Stenroos & Jaakkola, 2012; Biggemann, Kowalkowski, Maley, & 
Brege, 2013). A solution can be defined as a 
goods and/or services, that fully satisfies the needs and wants of a customer 

 (adapted from Stremersch, Wuyts, & 
Frambach, 2001, p. 2). Tuli et al. (2007) suggest that a key constituent of a 
solution is the relational process required for suppliers to base their suggested 

solution may also, in addition to the actual utility promised, also include a 
service in that t (see, 
e.g., Wikner, Yang, Yang, & Williams, 2017).  
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 Solution spaces 

When a solution is customized, individual customers are involved in 
specifying the properties of the solution that is to be produced. The extent to 
which they may be involved varies as suppliers set limits for customization in 
different ways (see, e.g., Gosling et al., 2017). This can be related to the 
solution space offered to the customer.  

A solution space can be described as the set of possible permutations of 
design parameters offered to prospective customers within a solution type 
(see, e.g., Pine, 1993; ElMaraghy et al., 2013). A solution type can be 
represented by, for example, a product platform or a product family. Some 
suppliers clearly define what solutions to offer in advance of committing to a 
customer, and this has been referred to as having a fixed solution space (Piller, 
2004), constrained solution space (Vos, Raassens, Van der Borgh, & Nijssen, 
2018), predefined solution space (Haug, Ladeby, & Edwards, 2009), and 
defined solution space (Salvador et al., 2009). To develop a clearly defined 
solution space, the supplier collects customer feedback, identifies 
idiosyncratic customer needs, and settles on solution concepts (Salvador et al., 
2009). Then, based on the speculations or forecasts of customer needs, the 
supplier designs a platform of solutions that can be configured to address the 
idiosyncratic needs of the target group of customers (Piller, 2010). This type 
of solution space corresponds to the ATO/CTO delivery strategy, and 
Salvador et al. (2009) argue that a clearly defined solution space is a key 
capability for mass customization.  

However, some suppliers do not clearly define what solutions they offer in 
advance of committing to a customer, and, in such cases, the boundary of the 

(ElMaraghy et al., 2013, p. 
647). This type of solution space has not received much attention in research 
although it has been acknowledged by Johnsen and Hvam (2018), who refer 
to it as a non-standard customization solution space, while Vos et al. (2018) 
instead consider it as solution space freedom. This is the type of solution space 
employed in ETO (ElMaraghy et al., 2013).  

 Customization-based interaction 

As customization is based on involving an individual customer in specifying 
a solution to be produced, it requires suppliers to interact with customers to 
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understand their needs. Different approaches to customization may, however, 
have different implications for interaction. This section accounts for the stages 
of customization-based interaction and for the interfaces in which this 
interaction occurs. 

 Stages of customization-based interaction 

In ETO contexts, suppliers are faced with the challenge of understanding what 
their customer needs as every customer commitment includes customer-
specific needs that have to be taken into account when designing the solution 
(Holweg & Pil, 2001). The challenge becomes increasingly tough as the needs 
have to be spread out to the internal supply system, be translated into 
specifications, and transferred to the external supply system (Wortmann et al., 
1997; McGovern et al., 1999). Thus, as argued by Yassine et al. (2004), the 
high levels of customization in ETO pose challenges for intra- and 
intercompany interaction. Furthermore, the significance of efficiency for 
customization-based interaction in ETO can be emphasized by considering 
that the customer is exposed to the total lead time of defining and producing 
the solution, including activities such as conceptual design, detailed design, 
testing, and purchasing (McGovern et al., 1999).  

A reality not quite captured by the CODP-concept, as explained in section 
2.1, is that full certainty of customer needs is not necessarily attained 
instantaneously when a customer order has been received. By extending the 
CODP and suggesting a customer order decoupling zone (CODZ), Wikner and 
Rudberg (2005b) demonstrate how certainty of customer needs may be 
gradually increased. While interacting to understand customer needs, 
decisions can be made either under an uncertainty of customer needs (SD) or 
under a certainty (CD) of customer needs, as suggested by the traditional 
CODP typology, but also under partial certainty of customer needs (Wikner 
& Rudberg, 2005b). This illustrates how customer needs are sometimes 
gradually understood and that customization-based interaction can be 
regarded as split into separate stages with different characteristics.  

Hicks, McGovern, and Earl (2000) describe interaction in the ETO capital 
goods industry as consisting of the three following stages: a marketing stage, 
a tendering stage, and an after-contract stage. In the marketing stage, the 
interaction is not designated for an individual customer and refers to 
interaction at an aggregated level to identify, for example, market trends and 
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customers’ criteria for assessing competing offers. This stage includes 

decisions on whether to respond to an invitation to tender (Hicks, McGovern, 

& Earl, 2000). In the tendering stage, which is basically a response to tender 

for a specific customer commitment, interaction is required to initiate the 

preliminary development and conceptual design of a solution. The supplier 

interacts with the customer to understand their needs and with subcontractors 

to obtain information on costs and lead times. This stage enacts a major 

commitment as the supplier suggests, for example, a technical specification, 

delivery schedule, and price, requiring a sophisticated understanding of 

customer needs without the guarantee of tendering success (Hicks, McGovern, 

& Earl, 2000). The third and last stage takes place after a contract has been 

awarded. This stage is initiated by non-physical activities, such as developing 

an overall project plan and detailed design and proceeds with physical 

activities such manufacturing, assembly, and construction (Hicks, McGovern, 

& Earl, 2000).  

In a solution business context, Tuli et al. (2007) suggest that the relational 

customer-supplier process consists of four stages and is instigated by a joint 

definition of customer requirements followed by the actual customization and 

integration, the deployment of the solution, and post-deployment support. 

However, it is primarily the first two stages that are related to customization-

based interaction. Tuli et al. (2007) demonstrate that the joint definition of 

customer requirements is a key part of a solution, but it is a complex process 

for various reasons. Customers may not be able to easily articulate their needs, 

and Tuli et al. (2007) stress that it is important for the supplier to ask the right 

questions to the right people in order to identify both recognized and 

unrecognized needs. At this stage, interpersonal and relationship management 

skills are necessary for the supplier’s employees (Stump et al., 2002). The 

second stage of the relational customer-supplier process is the actual 

customization and integration of the solution. This includes the design, 

modification, and selection of goods and/or services that work well together 

and fulfill a customer need. The integration of the solution means that the 

supplier may have to recognize the customer’s existing infrastructures in order 

to recommend an appropriate solution. It may also be noted that in the third 

stage of the relational customer-supplier process, which basically refers to the 

delivery and the installation of the solution into the customer’s environment, 

new customer needs may surface for the supplier to accommodate (Tuli et al., 

2007). This emphasizes that customization-based interaction is not a linear 
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process but that late changes and/or discoveries may require actions that call 
for additional interaction.  

 Customization-based interfaces 

Customization is usually considered an issue of a supplier seeking to 
accommodate the unique needs of a customer (see, e.g., Lampel & Mintzberg, 
1996), thus implying a dyadic perspective of a supply system (see upper part 
of Figure 1). It is also this perspective that most of this thesis is based upon, 

to refer to the two actors involved in customization. However, customization 
can also be considered from a triadic perspective of a supply system, which 
has other implications in terms of the interfaces in which customization-based 
interaction occurs (see lower part of Figure 1).  
 

   

Figure 1. A dyadic and a triadic perspective of a supply system.  

A triadic perspective of a supply system consisting of a customer actor (CA), 
a focal actor (FA), and a supplier actor (SA) includes 
commitment to the CA may be dependent on the SA (Mentzer et al., 2001; 
Wikner & Bäckstrand, 2018). As suggested by Wikner and Johansson (2015), 
the triad can be seen as consisting of a supply system (the SA and the FA) and 
a consumption system (the CA). Considering the triad in terms of ETO, this 
perspective includes the complexity of customization-based interaction for the 
FA as it captures the bilateral relation as to how engineering decisions made 
in agreement with the CA may be dependent on supply from the SA (Tate et 
al., 2015). An important challenge in ETO contexts is to develop cost-effective 
supply systems, and, as argued by McGovern et al. (1999), the FA can 
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sometimes achieve this by involving the SA in the early stages of designing 

solutions for the CA. Making use of the knowledge held by the SA can thus 

be key to being able to suggest proper solutions to the CA (McGovern et al., 

1999). 
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This chapter provides a description of how the research for this thesis has been 
carried out. This is addressed by an account of the interactive approach of the 
research project that the thesis is related to and of the series of seven 
workshops that put the interactivity into effect (see Figure 2). Then, the 
chapter explains the study that has been conducted and the two phases it 
consists of. The chapter concludes with a statement of the scientific quality 
and ethical considerations.  

 

Figure 2. Overview of the interactive research project, workshop series, two-
phase study, and appended papers. 

 Research approach 

Decisions regarding the way research is to be appropriately conducted should 
be guided by the phenomena being studied (Alvesson & Skjöldberg, 2008). 
For this thesis, it has been necessary to understand how customization-based 
interaction is manifested in practice, which is why an interactive research 
approach has been adopted. Interactive research is a form of collaborative 
research, differing from the traditional notion of fundamental and applied 

(Ellström, 2007). Interactive research can be practiced in different ways 
(Adler, Shani, & Styhre, 2004), and, for this research, it has been realized 
through a series of seven workshops organized together with three other 
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researchers and five industrial companies. In the following section, interactive 
research will be explained in more detail followed by an account of the 
workshop series that put the interactivity into effect.  

 Interactive research 

Interactive research has strong roots in the Swedish research tradition, where 
universities are legally required to not only provide education and conduct 
research but also to engage in collaborative efforts for public outreach 
(Magnusson & Ottosson, 2012). This is commonly referred to as the threefold 
task of universities. The intention of the threefold task is to ensure that 
research serves both in solving practical issues and in creating scientifically 
acceptable knowledge while also enhancing the competencies of the parties 
involved (Ellström, 2007).  

Interactive research is based on the notion that researchers and 
practitioners via 
processes (Nielsen & Svensson, 2006). With this approach, researchers from 
academia develop knowledge and continuously refine formulated research 
objectives in interaction with practitioners. While interacting with the purpose 
of joint knowledge creation, researchers and practitioners have separate roles 
and different interests. Figure 3 illustrates this by connecting two interacting 
systems  the research system and the practice system  both cyclical in 
character (Ellström, 2007). The interaction between the research and practice 
systems works as a boundary-spanner in the knowledge creation process 
(Nielsen & Svensson, 2006). 

 

Figure 3. Knowledge creation through interactive research (based on 
Ellström, 2007).  
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The element of joint conceptualization and the interpretation of the research 
object, as depicted in Figure 3, has for this research been realized through a 
series of seven workshops, where researchers and practitioners interacted. In 
between the workshops, research activities such as data collection and data 
analysis were performed. These activities were driven by problems or issues 
originating in research or practice and informed by theories based on previous 
research. In the following sections, the workshop series will be described 
followed by an account of the data collection and data analysis.  

 Research context 

Five industrial companies participated in the study and are described in Figure 
4. The companies were already involved during the planning of the interactive 
research project. The companies are all suppliers of highly customized 
solutions to the degree that they require customized development, design, 
and/or engineering to be performed. Furthermore, the companies all 
experienced challenges in terms of customization-based interaction. Based on 
these criteria, these five companies were deemed to be appropriate for this 
research. Each company was represented by one or two employees with roles 
that required a holistic understanding of how customization-based interaction 
transpired in their companies.  

 

Figure 4. The five participating companies.  
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 Workshop series 

For this research, seven (out of 10 planned) workshops were conducted, and 
they have acted as a focal point throughout the research process. The 
workshops were organized together with a research project involving three 
other researchers and with practitioners representing the five industrial 
companies presented in the previous section. The workshops took place at the 

covered approximately 10 hours, 
scheduled as lunch-to-lunch meetings. The workshops served different 
purposes, as shown in Table 1 below. One workshop was used for data 
collection, four workshops served as a way to get contextual understanding of 
the companies (similar to what Adler et al. [2004] 
and two workshops served as validation for data analysis. Each workshop was 
assigned a theme that focused on a specific aspect of the overall purpose of 

of 
working that supports the efficient transfer of customer order-specific 
information.
collaboration with practice, the result from each workshop performed showed, 
in detail, which focus was needed next. The theme of a workshop was thus not 
fully decided until the prior workshop had been concluded.  

Table 1. Workshop series for interactive research project. 

WS 
series 

WS theme WS date Purpose 

WS1 Current situation and 
customer satisfaction  

Aug 2017 Contextual 
understanding 

WS2 Capturing customer order 
specific information  

Nov 2017 Data collection 

WS3 Mapping internal 
communication  

Jan 2018 Validation 

WS4 Improving internal 
communication  

May 2018 Contextual 
understanding 

WS5 Mapping external 
communication  

Sep 2018 Contextual 
understanding 

WS6 Improving external 
communication  

Nov 2018 Contextual 
understanding 

WS7 Improving internal and/or 
external communication  

Feb 2019 Validation 
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 Research process 

In this section, the research process will be described with respect to the study 
conducted and its two separate phases  Phase 1 and Phase 2. The study is of 
a theory-building character, and theory-building research can be divided into 
the two following major classes: analytical conceptual research and empirical 
research (Wacker, 1998). Phase 1 had an analytical conceptual approach for 
theory-building, while Phase 2 had an empirical approach. As shown in Figure 
5, the study is represented in three papers.  

 

Figure 5. Overview and relation between phases, papers, and research 
questions. 

 Phase 1 

The intention of the first phase of the study was to establish a conceptual 
foundation that could help explain how different approaches to customization 
have distinct implications for customization-based interaction. To do so, an 
analytical conceptual approach was adopted, relying on logical reasoning 
(rather than empirical data) for theory development (Wacker, 1998).  

In the early stages of Phase 1, the notion of solution spaces representing 
solution offerings was recognized as a useful concept to describe different 
approaches to customization. A traditional literature review was conducted 
focusing on solution spaces for customization. Fragments from different 
research areas, such as operations and supply chain management, product 
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development management, and industrial marketing, were synthesized, and 
logical relationships were explained to describe the phenomena being studied.  

Although the development of theory was not dependent on empirical 
observations, the conceptual approach of this phase was nonetheless based on 
real-world descriptions and inspired by the contextual understanding of the 
companies participating in the workshops, as explained in section 3.1.3. The 
outcome of the logical reasoning is mainly portrayed in a conceptual 
framework and in descriptions of how constituents in the framework relate to 
each other. This type of analytical conceptual research is referred to by 
Meredith (1993) as conceptual deduction, which basically refers to conceptual 
research suggesting frameworks that provide detailed predictions and 
managerial insights (Meredith, 1993). While Phase 1 provided some necessary 
distinctions for different approaches to customization, the intention of Phase 
2 was to investigate customization-based interaction in ETO. 

 Phase 2 

In Phase 2, the study progressed as an empirical and qualitative in-depth study, 
with data collected from one workshop and seven interviews. As 
customization-based interaction occurs at the operational level and in relation 
to customer commitments, the unit of analysis was limited to the process level 
of fulfilling customer commitments. For this reason, it was customer 
commitment processes that were investigated rather than, for example, 
companies in general. This allowed for concrete descriptions of incidents 
embedded in customization practices to be studied. Sampling decisions were 
therefore required to select the customer commitments to investigate. The 

was performed jointly with the companies. The critical incident technique is 

judgments based thereon (Edvardsson & Roos, 2001). To select customer 
commitments, company representatives were instructed to suggest customer 
commitment cases or incidents they regarded as complicated in terms of 
customization-based interaction  with customers, within the company, and 
with subcontractors. A total of eight customer commitment incidents were 
selected, as shown in Table 2 further below, and these acted as the foundation 
for the workshop data collection. 
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3.2.2.1 Workshop data collection 

The collection of workshop data was conducted during a workshop that was a 

part of the interactive research project described in section 3.1. In this 

workshop, company representatives made presentations of customer 

commitment incidents based on the critical incident technique (see, e.g., 

Flanagan, 1954). To prepare for the presentation, company representatives 

were given instructions to consider – with four focus areas to be covered in 

their presentation – what can be summarized as follows: 1) the stepwise 

procedure from the first contact with the customer and the roles involved 

during the procedure; 2) the cause of or trigger for the incident or problematic 

situation that had occurred; 3) the context of the incident, such as what was 

typical for this particular situation; and 4) the short- and long-term effects of 

the incident. Each presentation lasted for approximately 20–30 minutes and 

was followed by questions from the researchers and the other company 

representatives. During this time, it was possible to ask clarifying questions 

and get validation for one’s understanding or interpretation of a specific issue. 

The workshop was recorded, and minutes were taken. 

3.2.2.2 Interview data collection  

The collection of interview data was conducted from seven in-depth 

interviews focused on the customer commitments presented during the 

preceding workshop. The interviews provided an opportunity to dig deeper 

into questions that had emerged during the workshop. In doing so, it was 

necessary to find interview respondents that could contribute with insights 

regarding the specific customer commitment incidents, and the sampling of 

interview respondents was therefore done with this in consideration. This is 

sometimes referred to as purposive sampling (Bryman, 2008).  

Company representatives participating in the workshops were asked to 

suggest interview respondents based on two criteria. First, interview 

respondents were to have a customer-oriented role as the interviews would 

include questions concerning customer-interaction. Second, they were to have 

a holistic understanding of how customization-based interaction transpired 

within their organization and toward subcontractors for the specific customer 

commitments that had been selected. A total of nine respondents were 

interviewed, as shown in Table 2 below. 
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Table 2. Customer commitment incidents for workshop data collection.  

Company Customer 
commitment 

incident 

Type of 
solution 

Interview 
respondent(s) 

Company 
Alpha  

Electronics 
equipment 

Project manager & 
Site manager 

Company 
Beta 

 Construction 
component 

 
Salesperson 

Company 
Beta  

Construction 
component 

Company 
Gamma 

 Network 
equipment 

 
Global materials 
manager Company 

Gamma 
 Network 

equipment 
Company 
Delta 

t  Heating 
equipment 

Business manager 

Company 
Delta 

 Military 
equipment 

Business manager & 
Quality manager 

Company 
Epsilon 

 

 

 
Heating 
equipment 

Customer support 
manager 
Customer service 

 
The interviews were designed to be flexible  to be able move in somewhat 
different directions depending on what the respondent perceived as relevant 
and important. A semi-structured interview guide was constructed for this 
purpose, which allowed for richly detailed statements from the respondents. 
T

answer, the interview guide included follow-up questions that could be posed. 
All seven interviews were conducted on the premises of the companies.  

 Data analysis 

The data analysis for this research was performed in different ways. For Phase 
1 of the study, the data analysis was not based on empirical data but was 
instead based on practical experience, theoretical knowledge, and logical 
reasoning. In this sense, it did not clearly follow a derivative procedure for 
data analysis. However, for Phase 2, the technique used for data analysis was 
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inspired by Gioia, Corley, and Hamilton (2013), consisting of three main 
stages. This data analysis was based on empirical data in the form of 
transcriptions of the workshop discussion and interviews. In the first stage of 
analysis, the transcriptions were scrutinized to identify key words, categories, 
and/or concepts without giving too much concern to their variety or how they 
relate to each other. It is similar to what Charmaz (2006) refers to as initial 
coding, although Gioia et al. (2013) refer to this as a part of the first-order 
analysis. After having compiled the first-order concepts into a list, the analytic 
procedure progressed to seek similarities or differences between the concepts 
identified  so-called axial coding (Strauss & Corbin, 1990). The analysis was 
now, in its second stage, devoted to finding ways to connect first-order 
concepts to, for example, contexts, consequences, patterns, and/or causes in 
order to form themes. These second-order themes were considered from a 
theoretical perspective in order to relate to the studied phenomena. In the last 
stage of analysis, the second-order themes were distilled into dimensions held 
in common, which Gioia et al. (2013) refer to as aggregate dimensions. These 
three steps of analysis form a data structure that provides an overview of how 
the initial coding of the transcribed workshop and interviews progressed to 
themes. This data structure can be found in Paper 2.  

Furthermore, to obtain an overall result for the research, an aggregated 
analysis was performed by identifying links between the findings of the 
papers. The connection between the different papers could in this way be 
explained and clarified. Considering that the papers, and perhaps in particular 
Paper 1 in comparison to Paper 2 and Paper 3, differ in character, this was a 
necessary analytical process to ensure that the individual papers in this thesis 
connect on an aggregated level.  

The aggregated analysis was done by relating the theoretical framework, 
including customization-based processes, customization-based solution 
offerings, and customization-based interaction, to the findings of each paper. 
This resulted in models that explain the relationship between solution spaces 
and customization-based interaction (see section 6.1).  

 Scientific quality 

Assessing the quality of research can be done with regard to a variety of 
concepts and criteria. While the conventional criteria for evaluating 
quantitative research are validity, reliability, and objectivity (Wigren, 2007), 
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Bryman and Bell (2015) argue that the concept of trustworthiness is suitable 

for evaluating the quality of qualitative research. The trustworthiness of 

conducted research can be assessed with the support of the following set of 

criteria proposed by Lincoln and Guba (1985): credibility, transferability, 

dependability, and conformability.  

The credibility criterion is about ensuring that the author’s representation 

and construction fit the view of the respondents (Wigren, 2007), and this 

criterion can be compared to internal validity (Halldórsson & Aastrup, 2003). 

Based on the perspective that there is no single objective reality, collected data 

can be constructions of the respondents’ subjective views. One way of dealing 

with this is through triangulation – in terms of data sources and data collection 

methods and by having several researchers collecting and analyzing the data 

(Bryman & Bell, 2015). Furthermore, credibility can be supported by asking 

respondents to verify, falsify, or correct the researcher’s construction of their 

views (Erlandson, Harris, Skipper, & Allen, 1993). The frequent meetings in 

workshops in the interactive research project were useful for this as the 

workshops were utilized for the validation of the researchers’ analysis. There 

were also different types of data collection sources and methods, as explained 

in section 3.2.2, where workshop presentations were followed by more in-

depth interviews.  

Transferability refers to how well the author provides sufficient 

information to enable generalizations and bears resemblance to external 

validity (Halldórsson & Aastrup, 2003). Erlandson et al. (1993) describe 

transferability as being dependent on similarities between sending and 

receiving contexts. To support transferability, the researcher needs to describe 

the context studied in detail, including its interrelationships and intricacies 

(Erlandson et al., 1993). Paper 1 contributes to this by providing a conceptual 

description of the studied context, thus clarifying what type of context the 

remainder of the research is addressing. This is recognized by Bryman and 

Bell (2015), too, who argue that rich empirical material is beneficial for 

transferability. For Paper 2 and Paper 3, rich empirical material was provided 

in the sense that concrete descriptions of customization practices were 

provided, with citations and actual customer commitment incidents described.  

Dependability is about ensuring that the research process is logical, 

traceable, and well-documented (Wigren, 2007). It concerns issues related to 

reliability. For the sake of dependability, the researcher needs to document the 

logic of the process and be able to explain the choice of methods. For the 
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empirical phase, Phase 2, all interviews and workshops were recorded and 
transcribed. The data analysis was explained and the progress from raw data 
to theoretical implications was accounted for.  

Conformability is achieved by ensuring that the interpretations of data are 
(Wigren, 2007) or, as Bryman (2008) 

describes it, by ensuring that personal values or theoretical orientation has not 
deliberately affected the execution or conclusions of the study. This is a 
constant challenge in qualitative studies, where complete objectivity is 
unachievable. The aim is to demonstrate how the findings of the 
research can be confirmed through the data (Halldórsson & Aastrup, 2003). 
The data structure provided in Paper 2 is, for example, a way of explaining 
how the study arrived at its results by displaying the stepwise data analysis.  

 Role of the researcher and ethical considerations 

The interactive research approach has allowed for this research to be 
conducted in a community of practice, but the interactive approach has also 
had implications for the role of the researcher and ethical considerations. 
While being in proximity to the field of practice to gain insight into the studied 
phenomenon, it is of importance for the researcher to be able to take a step 
back to critically examine it. This is also true in terms of being impelling and 
motivating in the research process but not letting it override the object of the 
study (Johannisson, Gunnarsson, & Stjernberg, 2008). The ability to grasp 
local terms and perspectives is also important, but the researcher must, also, 
seek knowledge that is generally applicable (Eikeland, 2006). The setup of a 
workshop series as a means for interactive research has supported the balance 
of these attitudes as the time periods in between workshops have allowed for 
reflection and distance from the practitioners and companies. However, the 
interactive research project and its workshop series have also required 
planning, preparation, and administration. In a like manner, Svensson, 
Ellström, and Brulin (2007) argues that interactive research can be quite work-
intensive for researchers due to the dialogue, meetings, and feedback that is 
required between researchers and practitioners. The role of the research has 
stretched further than just conducting interviews, analyzing data and writing 
papers; it now includes preparing assignments for practitioners, arranging 
workshops, and keeping minutes during meetings.  
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Throughout this research, ethical considerations have been taken into 

account not only in terms of its interactive approach but also for the empirical 

data collection. The research followed the Swedish Research Council’s ethical 

principles, consisting of the information requirement, consent requirement, 

confidentiality requirement, and utilization requirement (Vetenskapsrådet, 

2002). The respondents allowed for the interviews and workshops to be 

recorded and transcribed. The respondents were informed that the interviews 

and workshops were voluntary, and their role in the research was explained. 

Also, a letter of intent was signed by each company. Furthermore, 

respondents’ consent to participate in the study was clarified, and their 

personal data were processed in such a way that they cannot be accessed 

without authorization. It was also explained that the data collected from the 

respondents would only be used for research purposes.  
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4  

The papers appended in the thesis are summarized in this chapter in terms of 
their respective purposes and findings.  

 Paper 1  Defining solution spaces for 
customizations 

Paper 1 has an analytical conceptual approach, addressing customization with 
regard to solution spaces. The purpose of the paper is to define solution spaces 
that embrace different types of customization. This is done by using logical 
reasoning for theory development. Below is a summary of the findings of the 
paper. 

First, a description is provided in terms of what a solution space is, and a 
distinction is made between discrete solution spaces (DSS) and continuous 
solution spaces (CSS), as illustrated in Figure 6 below.  

 

Figure 6. Discrete and continuous solution spaces (based on Käkelä and 
Wikner, 2018). 

The flow drivers are decisive for the type of solution space employed, that is, 
whether the activities concerning design, engineering, and/or development are 
driven by speculations 
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customer. In the first case, the solution space is referred to as discrete, and in 
the latter case, it is referred to as continuous.  

The DSS allows for customization although the variables and values that 
customers may choose from are predefined. The set of possible permutations 
thus forms a clearly defined actual boundary of which solutions can be 
offered. For the CSS, customers are not constrained to a set of predefined 
values or variables. The actual boundary of this solution space is thus not 
clearly defined, basically implying that customers are provided more degrees 
of freedom when making their inquiries. With this, the inquiry may deviate 
from what the supplier is accustomed to, which can drive the supplier to go 
outside their comfort zone  and take on customer commitments that are 
unlike what they have experienced before. This is illustrated in 

Figure 6 
However, there are still reasonable delimitations to consider as a supplier 
would not take on a commitment that completely deviates from the types of 
solutions they typically offer.  

 
Researchers  contribution: Käkelä and Wikner co-initiated and wrote the 
paper together. Käkelä contributed with the theoretical foundation on solution 
spaces, while the analysis to build relationships between solution spaces and 
other customization-related concepts was carried out in collaboration between 
Käkelä and Wikner. Käkelä had the main responsibility for the paper, while 
Wikner provided comments, additions, and improvements. Käkelä is the 
corresponding author and presented the paper at the international APMS 
conference in Seoul, South Korea, August 2018.  

 Paper 2  Early steps in learning about 
organizational learning in customization settings 

Paper 2 is the first step in developing an understanding of learning  role in 
customization settings. The purpose is to empirically investigate how 
suppliers can facilitate organizational learning by improving their 
communication processes and strengthen their capabilities as learning 

purpose, customer commitments that suppliers experienced as complicated in 
terms of communication were scrutinized. The customer commitments were 
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all outcomes of what Paper 1 refers to as CSS but are in Paper 2 introduced as 

individualized customization tasks to emphasize the task-oriented view of 

understanding customer needs. Below is a summary of the findings of the 

paper.  

As illustrated in Figure 7, the following four categories of communication 

processes between suppliers and customers that stimulate learning were 

identified: the identification and confirmation of existing knowledge, the 

identification of knowledge gaps and the creation of new knowledge, the 

definition of relations and procedures, and evaluation and learning.  

 

 

Figure 7. Four categories of communication for learning in individualized 

customization settings (Engström & Käkelä, 2019). 

The analysis revealed that the suppliers both exploited existing knowledge and 

explored new knowledge when communicating with customers. Furthermore, 

it become apparent that learning was triggered by communication processes 

on different levels of abstraction.  

Learning for the specific task at hand, that is, for the particular customer 

commitment, occurred when suppliers and customers communicated using 

existing knowledge or engaged in dialogue and challenged each other to 

develop new knowledge. For example, learning could be triggered when 

problems occurred that required new knowledge to be developed for the 

customer order fulfillment process to proceed. Learning at this level could also 
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be elevated to a more general discussion and be the basis for decisions made 
 

Learning also occurred without being triggered by a specific task. 
Suppliers sometimes took a step back from practical action and adopted a 
more reflective and structural perspective on communication, where they 
internally, or together with their customers, reflected on, evaluated, and agreed 
on procedures, roles, and responsibilities to facilitate task management. 
Learning at this level could form the basis for new ways of working 
subsequently put into action for specific tasks.  

 
Researchers  contribution: Engström and Käkelä co-initiated and wrote the 
paper together. The paper is based on a conference paper, co-authored by 
Engström and Käkelä and presented by Käkelä at the OLKC conference in 
Liverpool, United Kingdom, April 2018. Thereafter, the paper was further 
developed into a journal article. All efforts put into the paper were 
collaborative, with many iterations between the authors.  

 Paper 3  Sharing knowledge for customization: A 
triadic perspective 

In Paper 3, a triadic perspective on a supply system is adopted, involving a 
supplier actor (SA), a focal actor (FA), and a customer actor (CA). The 
purpose of the paper is to develop a framework for analyzing knowledge 
sharing complexity in ETO scenarios from a triadic, inter-actor perspective. 
Empirical illustrations are provided to demonstrate how knowledge sharing 
complexity can manifest itself in practice in customization settings. The 
empirical illustrations are all outcomes of what Paper 1 refers to as CSS but 
are in Paper 3 introduced as ETO scenarios. Below is a summary of the 
findings of the paper.  

Paper 3 focuses on different complexity levels of sharing knowledge across 
organizational boundaries in customization scenarios. In the proposed 
framework, a distinction is made between the following three progressively 
complex processes for sharing knowledge across boundaries: transfer, 
translate, and transform. Integrated with the triadic perspective on a supply 

wledge sharing is regarded both in the customer 
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interface and supplier interface, the framework suggests nine scenarios of 

knowledge sharing complexity (see Figure 8).  

 

 

Figure 8. A triadic perspective of knowledge sharing complexity (Käkelä & 

Bäckstrand, 2019).  

The empirical illustrations provided support for the framework by 

exemplifying scenarios where the complexity of knowledge sharing across 

organizational boundaries varied. The paper suggests that a challenge in ETO 

contexts is to be able to adapt to different circumstances for interaction as 

customer commitments can vary in terms of what they require for effective 

inter-actor knowledge sharing. The empirical illustrations revealed that 

problems typically occurred when an actor underestimated or misjudged what 

was required in this regard. It may therefore be valuable for employees to have 

the ability to promptly identify the circumstances that prevail in the specific 

situation and adopt different measures for knowledge sharing accordingly.  

 

Researcher’s contribution: Käkelä and Bäckstrand co-initiated and wrote 

the paper together. Käkelä provided the theoretical foundation on knowledge 

sharing complexity and customization, while Bäckstrand related it to a triadic 

perspective on a supply system. The analytical framework was developed in 

collaboration between Käkelä and Bäckstrand, after which Bäckstrand 

provided a draft of the empirical illustrations while Käkelä made comments, 

additions, and improvements. Käkelä is the corresponding author and 

presented the paper at the EurOMA conference in Helsinki, Finland, June 

2019.  
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5  

The results of the appended papers, as summarized in the previous chapter, 
will in this chapter be analyzed with consideration to the research questions.  

 Key characteristics of solution offerings 

RQ1: What are the key characteristics of solution offerings in a 
customization context? 

 
A key characteristic of solution offerings in a customization context relates to 
how a supplier sets limits regarding the extent to which they customize their 
offering for each customer. This has been acknowledged as a major decision 
to make for suppliers offering customization (Kotler, 2000), particularly in the 
mass customization literature (see, e.g., Piller, 2004; Salvador et al., 2009; 
Piller, 2010).  

The idea of a solution space representing the set of possible permutations 
of solutions offered is sometimes used as a concept to describe solution 
offerings (see, e.g., Salvador et al., 2009; Piller, 2010). However, there is a 
lack of research that thoroughly explains what solution spaces are. There is, 
for example, the need for a distinction between different types of solution 
spaces as the focus has, up until now, mainly been on solution spaces for mass 
customization (see, e.g., Piller, 2004; Haug et al., 2009; Salvador et al., 2009). 
Paper 1 addresses this research gap and contributes with a distinction between 
solution spaces based on discrete design variables (DSS) and solution spaces 
based on continuous design variables (CSS). The distinction between DSS and 
CSS contributes with a refined way of thinking about solution offerings and 
connects to previous research based on, for example, flow thinking and 
delivery strategies (see, e.g., Hoekstra & Romme, 1992; Rudberg & Wikner, 
2004; Gosling & Naim, 2009).  

With solution spaces identified as a key characteristic of solution offerings, 
Paper 1 proceeds with a discussion about the implications the type of solution 
space has for the supplier as well as for the customer when customizing. For 
DSS, the complexity of customization is mainly allocated before committing 
to an individual customer as the supplier needs to clearly define their solution 
offering in the anticipation of customer needs. This approach is in line with 
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the ATO/CTO delivery strategy, where customers may assemble or configure 
solutions according to their specific needs (Wortmann et al., 1997). As 
mentioned previously, this is the type of solution space that has received 
attention in the research on mass customization (see, e.g., Piller, 2004; Piller, 
2010; ElMaraghy et al., 2013) and has been described as a key capability for 
this customization approach (Salvador et al., 2009). In contrast, the 
complexity of customization for CSS mainly occurs when the supplier 

 an 
effort to be able to respond to the customer with an appropriate solution. It is 
at this stage the boundary of the CSS is actuated. This approach is in line with 
the ETO delivery strategy, where customers are already involved in the 
development, design, and/or engineering stages (Gosling & Naim, 2009). In 
line with ElMaraghy et al. (2013, p. 647), who describe the boundary of a 

d  the boundary of the CSS is more flexible 
than for DSS.  

 Customer-interaction for suppliers of solutions 

RQ2: What implications does customization have on customer-interaction 
for suppliers of solutions? 

 
As explained in the purpose statement, RQ2 specifically focuses on customer- 
interaction for solution offerings in ETO, that is, CSS. This is because there 
are already research contributions addressing the implications customization 
has on customer-interaction for mass customization and DSS (see, e.g., 
Huffman & Kahn, 1998; Zipkin, 2001; Piller, 2004; Piller, Moeslein, & 
Stotko, 2004; Salvador et al., 2009; Piller, 2010; Fogliatto et al., 2012; 
ElMaraghy et al., 2013).  

As has been stated throughout this thesis, an important but challenging task 
for ETO suppliers is to capture and understand the needs of individual 
customers in order to suggest solutions that satisfy them. However, customer-
interaction for CSS (i.e., ETO) differs from DSS as the customer does not base 
their needs on already-defined possibilities for customization. For this reason, 
customer-interaction cannot be rationalized to the same extent, and the 
supplier usually has to engage in a thorough dialogue with the customer to 
understand their needs. Hicks, McGovern, and Earl s (2000) description of 
customer-interaction in the ETO capital goods sector provides an idea of how 
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comprehensive this process can be, and it is also possible to find 
commonalities with Tuli et al.  (2007) account of important relational 
processes from the solution business sector. The findings of this research are 
in line with these contributions but also add a more in-depth account of the 
characteristics of the customer-interaction process. For example, while Tuli et 
al. (2007, p. 6) acknowledge the impor
questions  this research has contributed with an explanation as to why 

knowledge in order to reveal flawed reasonings. This also links to Gwinner, 
Bitner, Brown, and Kumar's (2005) call for employee adaptiveness as some 
customer commitments seemed to require a more confrontational approach to 
reveal knowledge gaps, while others did not. The ability to discern what was 
required in different situations was emphasized both in Paper 2 and Paper 3 as 
key, providing support to Stump et al. (2002), who argued for the importance 
of interpersonal and relationship management skills in customization settings.  

All in all, customer-interaction in ETO is a demanding process that may 
well be determinant for successful customization. It is largely an iterative 
process, and it has become evident that suppliers, in parallel to customer-
interaction, may also have to interact with subcontractors to ensure that the 
suggested solution is feasible. It is therefore necessary to also account for 
multi-tier supply systems to get a fair understanding of customization-based 
interaction in this context.  

 Customization-based interaction in a multi-tier 
supply system 

RQ3: How can customization-based interaction be understood in a multi-tier 
supply system? 

 
As suggested in the introduction chapter, customization-based interaction 
refers to the interaction required for a customized solution to be defined. Thus, 
when considering customization-based interaction in a multi-tier supply 
system, a key issue concerns how different actors within the supply system 
create a shared view about the solution to be produced. In accordance with the 
triadic perspective of a supply system, as explained in section 2.3.2, this 
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section considers the following three actors as being involved in 

customization: supplier actor (SA), focal actor (FA), and customer actor (CA). 

The triadic perspective on a supply system includes the FA’s challenge to 

relate to the knowledge and information held by the SA when suggesting a 

solution to the CA. It may, for example, be information concerning lead times 

and prices, as acknowledged by Hicks, McGovern, and Earl (2000), but it can 

also call for the FA to involve the SA in designing or developing the solution 

(McGovern et al., 1999). This is also highlighted in Paper 3 in that FAs 

sometimes made efforts to bring the CA and SA into cooperation to make use 

of the specific knowledge or expertise held by each actor. FAs were, for 

example, in some cases entirely dependent on the SA’s knowledge to suggest 

the solution to be produced. As such, customization-based interaction not only 

transpired in the customer interface of the FA but also in the supplier interface. 

This is in line with Kotha (1996), who stresses that there are usually 

employees with various functions, not merely customer-oriented employees 

involved in the customization task. Going back to Gwinner et al.’s (2005) call 

for adaptiveness for customer-oriented employees, this suggests that 

adaptiveness is also necessary for employees whose roles are not necessarily 

customer-oriented.  

Furthermore, the findings of Paper 2, but particularly those of Paper 3, 

acknowledge that the wide variety of circumstances manifested in ETO supply 

systems suggests that FAs may have to deal with an array of different kinds 

of situations for customization-based interaction. This is related to the CSS, 

as described in Paper 1, as this type of solution space both allows for customer 

commitments that require a great deal of new knowledge to be created but also 

for customer commitments in which the supply system can make use of a great 

deal of existing knowledge for customization-based interaction. An example 

of this is that ETO includes both situations when existing designs are modified 

and when completely new designs are made according to the customer’s needs 

(Yang & Burns, 2003; Yassine et al., 2004; Gosling & Naim, 2009; Gosling 

et al., 2017).  

To conclude, by considering customization-based interaction in a multi-

tier supply system, the complexity of intracompany customization-based 

interaction is better understood. The nature of CSS allows for a variety of 

circumstances for customization-based interaction to occur, which affects 

multiple actors in the supply system.  
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6  

The discussion in this chapter accounts for the findings of the research 
questions at an aggregated level and intends to clarify how these findings 
relate to each other and to previous research. In this sense, the discussion also 
reconnects to the purpose of the research, which is to critically examine 
solution offerings in a customization context and to contribute to an 
understanding of how customization-based interaction is manifested in ETO.  

 Theoretical contribution 

The theoretical contribution of this research is in this section explained in 
accordance with figures that have been developed based on the aggregated 
analysis. Although this research is primarily focused on ETO (i.e., CSS), 
comparisons are also made to ATO/CTO (i.e., DSS) in order to discuss what 
sets the different types of solution offerings apart when it comes to 
customization-based interaction. It is basically a way of explaining what CSS 
is by also explaining what it is not.  

In the following paragraphs, the theoretical contribution is first discussed 
focusing on CSS and its implications for customization-based interaction 
followed by a comparison to DSS. The section is concluded with a summary 
of the theoretical contribution of this research.  

 

Figure 9. Continuous solution space development and implications for 
customization-based interaction. 
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CSS differs from DSS in various respects. Figure 9 illustrates how a customer 

inquiry requires the use of existing knowledge and the creation of new 

knowledge (rather than use of rules) for customization-based interaction, that 

is, to define the solution to be produced. At this stage, customer, supplier, and 

subcontractor may need to be involved in the customization-based interaction. 

Based on this interaction, the supplier (and supply system) should be able to 

grasp what kind of solution is requested and decide whether or not to take on 

the customer commitment, and this is when the boundary of the solution space 

is actuated. The customer is therefore not immediately exposed to the CSS in 

the same sense as for the DSS (as explained below), and the supplier may get 

to guide the customer to a solution that is within the supplier’s area of 

expertise. Decisions about whether or not to take on a customer commitment 

are based on whether the inquiry matches the supplier’s knowledge. However, 

if the customization-based interaction indicates that the inquiry is somewhat 

deviating from the supplier’s comfort zone, as illustrated by the potential 

boundary in Figure 9, there may still be reason to take it on. It might, for 

example, introduce the company to new markets or strengthen an important 

customer relationship. These situations pose particularly high demands for the 

creation of new knowledge to define the solution to be produced. Notably, the 

flexibility provided by the potential boundary is an important difference from 

the DSS. In terms of solution space development, the CSS is frequently 

reevaluated in the sense that for each customer commitment, the supplier can 

reevaluate their solution offering. There is also significant potential for 

organizational learning and knowledge creation, as explained in Paper 2, if the 

supplier can find ways to consolidate the know-how from customer 

commitments into the organization. To summarize, for CSS, customers do not 

base their needs on predefined possibilities for customization, and the supplier 

must start from the customer’s point of view (which may sometimes be merely 

a vague problem description) in order to suggest a solution. In this way, 

knowledge is used and created by interaction, and this interaction is therefore 

determinant for successful customization.  
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Figure 10. Discrete solution space development and implications for 

customization-based interaction. 

As illustrated in the right-hand side of Figure 10, the customer is for the DSS 

directly exposed to the boundary of the solution space when placing their 

order. There is usually no complex dialogue required as the customer order is 

based on predefined possibilities for customization represented by discrete 

design variables. As the customer is clearly constrained to predefined rules for 

customization, the customization-based interaction has the possibility to be 

rationalized to a large extent, and this is also a prerequisite for the use of, for 

example, configurators as support for customization-based interaction. 

Furthermore, it makes it possible to suggest solutions relatively quickly and 

to link customer requirements directly to production and even to 

subcontractors. This is a key enabler for efficiency in this context. When a 

DSS is to be established or developed, it is instigated in a top-down manner 

and as a project-like effort in the sense that it is carefully planned to achieve 

a specific aim. This is illustrated in Figure 10 by the arrows that represent the 

collection of customer feedback, identification of idiosyncratic customer 

needs, and validation of product concepts. A more detailed account of this is 

explained in Salvador et al. (2009).  

To summarize, this research has also introduced the notion of a solution 

space for ETO (not only for ATO/CTO) and explained why customization-

based interaction is particularly challenging in this context. As such, this 

research is an early step in addressing customization and specifically ETO 

from an interpersonal perspective. However, the conceptualization of solution 

spaces has theoretical implications that extend further yet. As has been noted 

previously, a variety of terms have been used in different research streams to 

explain circumstances that can be likened to ETO. It could therefore be argued 
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that customization research could benefit from terms and concepts that could 
be used across disciplines, and in this sense, the solution space 
conceptualization introduced may support in bridging contributions made in 
different research silos addressing customization.  

 Practical implications 

Throughout this research, it has become evident that the vast variety of 
customer commitments undertaken by ETO suppliers indicates that it is 
unlikely that one procedure, one checklist, or one way of working can cover 
for the array of idiosyncrasies that characterizes this context. Meanwhile, it is 
often these kinds of answers we seek when looking for ways to make our work 
processes more efficient, perhaps especially in industrial settings. There may 
be a need to acknowledge that successful customization in ETO necessitates 
interpersonal skills even though these matters are sometimes put aside in favor 
of focusing on more technological concerns.  

This thesis contributes with an outlook on how customization-based 
interaction is manifested in ETO and explains why this type of customization 
entails some restrictions in terms of how efficiency can be achieved in this 
context. The research suggests that an important way for ETO suppliers to 
improve efficiency is to improve customization-based interaction, particularly 

needs. Among the findings, there are some ideas concerning what 
abilities and qualities managers should endorse for the sake of efficient 
customization-based interaction. As shown in this research, employees are 
rarely trained in this regard. This research would, however, suggest that 
suppliers in ETO have much to gain if they can find ways to support their 
employees in terms of efficient customization-based interaction.  

 Limitations and further research 

This research has its limitations in that there is a need for further research that 
complements or builds on the ideas presented in this thesis. In this section, the 
limitations of the research are clarified, and suggestions for further research 
are provided accordingly.  
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This research does not offer a full understanding of the studied phenomena. 

Instead, it provides an early step in understanding customization-based 

interaction in ETO. As an example of this, the study addresses only certain 

aspects of customization-based interaction, and issues such as intracompany 

customization-based interaction in ETO have not been covered. This can be a 

subject for further research to consider. Furthermore, this research has taken 

a supplier’s perspective on customization-based interaction and has not 

accounted for the customer’s point of view of customization-based interaction 

in ETO. What problems or difficulties do customers experience when they are 

interacting with suppliers to describe their needs and requirements? And what 

kinds of efforts can customers engage in to facilitate customization-based 

interaction? Research inquiries that lead to a better understanding of the 

customer perspective on customization-based interaction could provide 

valuable insights for research and practice. Another limitation of this research 

concerns its account of solution spaces, as DSS and CSS are essentially “pure” 

types of solution spaces, but they are in practice sometimes used in 

combination. There is thus a need for further research that explains how the 

logics provided by these solution spaces can be combined in different ways in 

view of customization. There is also a need for research that builds on the 

ideas of CSS, such as by providing a more detailed account of how suppliers 

with CSS decide whether or not to take on a customer commitment.  

7 Conclusions 

To understand what customization-based interaction implies and how 

suppliers can find ways to be efficient in this regard, it is necessary to consider 

what type of solutions the supplier offers. In ETO, customization-based 

interaction is particularly challenging as customers are not bound to 

predefined possibilities for customization. This implies that customization-

based interaction cannot be rationalized to the same extent as other 

customization approaches. This research has provided early steps in 

understanding how customization-based interaction is manifested in ETO and 

has developed a way of understanding customization that can serve as a basis 

for further insights into this issue.  
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