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Abstract 

The tradeoff between product variety and product complexity is widely recognized in academic 
literature and modularization can be considered a strategy for addressing this tradeoff. Still, 
modularization does not clearly define how much product complexity and product variety is needed 
and how to control it. The purpose of this study is therefore to contribute with knowledge on how this 
tradeoff can be addressed, investigating how product complexity can be controlled over time in a 
modular product architecture. 
 
A case study at the global home appliance company Electrolux Group was conducted to investigate 
the opportunities of modularizing the company’s North American dishwasher racks. The study is 
based on results from conducting semi-structured, qualitative interview as well as on observations 
made at the case company. In addition to this, the Modular Function Deployment method was used to 
create an understanding of how the North American dish racks could potentially be modularized. 
 
This study has found both theoretical and managerial implications regarding how product complexity 
can be controlled over time in a modular product architecture. Differentiating products by introducing 
new module variants, rather than new modules, has been shown to be a more appropriate strategy for 
maintaining low product complexity when developing a product range. This can also be aided by 
utilizing module development within the product development organization. The study also highlights 
the importance of having clear strategic purposes for different modules, enabling product variety to be 
produced efficiently with delayed product differentiation. With clear strategies for modules, the make 
it or buy it decisions could also be guided.  
 
The issue of managing product complexity and product variety does not only apply to Electrolux 
Group. Although further research is recommended to explore the issue further, the findings of this 
study are argued to be generalizable to all manufacturing companies using modular product 
architectures. 
 
Key words: Product complexity, modular product architecture, product differentiation, delayed 
product differentiation, module development. 
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Sammanfattning 

Avvägningen mellan produktvariation och produktkomplexitet har uppmärksammats i akademisk 
litteratur och modularisering kan anses vara en strategi för att adressera detta. Däremot så definierar 
inte modularisering hur mycket produktkomplexitet respektive produktvariation som behövs och hur 
detta kan hanteras. Syftet med denna studie är således att bidra med kunskap till hur detta samband 
kan bemötas genom att undersöka hur produktkomplexitet kan kontrolleras över tid i en modulär 
produktarkitektur. 
 
En fallstudie hos det globala vitvaruföretaget Electrolux Group genomfördes för att undersöka 
möjligheterna av att modularisera företagets nordamerikanska diskkorgar för diskmaskiner. Studien 
baseras på resultat från semistrukturerade, kvalitativa intervjuer samt på observationer gjorda hos det 
undersökta företaget. Utöver detta har metoden Modular Function Deployment använts för att skapa 
en förståelse för hur de nordamerikanska diskkorgarna skulle kunna modulariseras. 
 
Denna fallstudie har både funnit teoretiska implikationer och implikationer för företagsledning som 
berör hur produktkomplexitet kan kontrolleras över tid i en modulär produktarkitektur. Att 
differentiera produkter genom att introducera nya modulvarianter istället för nya moduler har visat sig 
vara en tämligen lämplig strategi för att kontrollera produktkomplexitet vid utveckling av ett 
produktsortiment. Detta kan stödjas genom att använda modulutveckling inom organisationens 
produktutveckling. Denna fallstudie visar även vikten av att ha tydliga strategiska syften för olika 
moduler då detta möjliggör en effektiv produktion av produktvarianter med en försenad 
produktdifferentiering. Med tydliga strategier för modulerna kan även beslut gällande “make it or buy 
it” vägledas.   
 
Svårigheten med att hantera produktkomplexitet och produktvariation gäller inte endast för Electrolux 
Group. Även om denna studie rekommenderar framtida undersökningar till att utforska denna 
svårighet ytterligare är utfallet från denna fallstudie generaliserbart för alla tillverkande företag som 
använder sig av en modulär produktarkitektur.  
 
Nyckelord: Produktkomplexitet, modulär produktarkitektur, produktdifferentiering, försenad 
produktdifferentiering, modulutveckling. 
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Abbreviations & Glossary 
 

This page displays the abbreviations used throughout the master thesis as well as a glossary 
for terms commonly used. 

 
 

Abbreviations 
PTD Plastic tub dishwasher 

 
SSTD  Stainless steel tub dishwasher 

 
MFD  Modular Function Deployment 

 
     

Glossary     
Module Building block with standardized interfaces, functioning as an 

abstract place holder. 
 

Module variant Realizes the module and obeys to the rules of the module. Different 
variants can however vary in design and function. 
 

Product architecture How physical components are put together in order to build up a 
product. 
  

Product complexity Commonly defined as the total number of components needed in 
order to offer product variants. 
 

Modular Function 
Deployment 

A method used to support in defining the optimal modular product 
design, aiding the product development process.  
 

Delayed product 
differentiation  

Creating product variety late in the production process for 
mitigating the negative impact of having product variety. 
 

Dish rack structure The dish rack without any added components. Built up only by 
wires. 
 

Mesh The wire pattern of the dish rack structure. 
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1.  Introduction 
 

This chapter will present the background of the study and the problem being investigated. 
Furthermore, the purpose of the study and the formulated research questions will be 
presented. Lastly, this chapter will present the assessed delimitations of the master thesis and 
its contributions. 

 

1.1 Background 

The industry has moved toward customization of products and services to meet individual 
customer needs (Gilmore & Pine, 1997; Hegde, Kekre, Rajiv & Tadikamalla, 2005). This has 
put manufacturing companies in a difficult position, trying to meet individual customer 
demands with customization while keeping costs down (Gilmore & Pine, 1997). However, 
higher degrees of customization only create better product performance to a certain point 
(Hegde et al., 2005) and the product variety it creates can easily result in unnecessary costs 
and product complexity (Closs, Nyaga & Voss, 2010; Gilmore & Pine, 1997). In order to 
effectively produce products it is very beneficial to have low product complexity, commonly 
defined by the number of components in the final product (Closs et al., 2010). This is since 
more components and subcomponents brings cost, increases the inventory level needed in the 
production and has a negatively impact on time to delivery. The increased number of 
components can also more easily result in errors in manufacturing and assembly being made 
(Hegde et al., 2005; Hu, Zhu, Wang & Koren, 2008)  
 
For manufacturing companies it often becomes a matter of prioritizing different competitive 
advantages such as cost, quality, delivery and flexibility (Closs et al., 2010). They face a 
tradeoff in that product variety can bring increased revenue but at the same time it comes with 
increased costs (MacDuffie, Sethuraman & Fischer, 1996). Although manufacturing 
companies often try to prioritize competitive advantages, different strategies have been 
proposed for addressing how product variety can be offered at a relatively low cost (Hegde et 
al., 2005). One strategy is to offer product variety efficiently by the use of modules. It enables 
building product ranges and meeting customer demands easily using a product configuration 
system (Hvam, Mortensen & Riis, 2008). 
 
Modularization can simply be described as a strategy for reducing product complexity by the 
use of modules (Boer & Hansen, 2013). It has successfully been implemented at various 
manufacturing companies, perhaps most noticeably in the automotive industry (Ericsson & 
Erixon, 1999). Although implementing a modular product architecture is considered being a 
strategy for handling product complexity, the architecture does not stay the same (Weiser, 
Baasner, Hosch, Schlueter & Ovtcharova, 2016). Over time, new modules and module 
variants will be introduced to create product variety, which will increase the product 
complexity. Because of this, the effects of such introductions need to be carefully considered.  
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1.2 Problem Formulation 

There is a clear tradeoff between product variety and product complexity that manufacturing 
companies are faced with. Product variety is needed for meeting customer demands but it 
comes with product complexity in the product architecture, increasing the production costs. 
By formulating modules, manufacturing companies allow themselves to create a vast variety 
of products with a low number of components, hence balancing product complexity with 
product variety. Still, modularization does not clearly define how much product complexity 
and product variety is needed and how to control it over time as new modules and module 
variants are introduced to the modular product architecture. One manufacturing company 
facing these challenges is Electrolux Group, offering modular home appliances to a global 
market. 

1.3 Purpose & Research Questions 

The purpose of this master thesis is to investigate how manufacturing companies can address 
the tradeoff between product complexity and product variety. More specifically, product 
complexity is analyzed from a modular perspective with the governance of the product 
architecture in focus. To operationalize this purpose a main research question has been 
formulated. 
 

❖ How can manufacturing companies control product complexity over time in a modular 
product architecture while offering product variety? 

 
To answer the main research question above, the main research question has been divided into 
three sub-questions.  
 

➢ What important aspects should be considered when using a modular product 
architecture to build a product range without having product differentiation 
adding unnecessary product complexity? 

 
➢ What effect does the modular product architecture have on handling product 

complexity within production? 
 

➢ What organizational actions can be taken to limit product complexity in a 
modular product architecture? 
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1.4 Study’s Expected Contribution 
This study is expected to contribute on two levels, an academic and a managerial. 
 
Academic Level: On an academic level this study is expected to contribute to the field of 
modularity by investigating how to maintain low product complexity in a modular product 
architecture. Many researchers have highlighted the challenge of offering high product variety 
while keeping product complexity low (e.g. Closs et al. 2010; Gilmore & Pine, 1997; 
MacDuffie et al., 1996). This study aims to contribute with knowledge on how this tradeoff 
can be addressed.  
 
Managerial Level: Outside of the academia, coordinating and implementing modularization 
can be a very complex process from a managerial perspective. A lot of aspects need to be 
considered when developing and producing consumer-oriented products, and it directly 
concerns many parts of the organization. By conducting a case study this master thesis aims 
to contribute with valuable insights that can aid manufacturing companies in their work of 
controlling product complexity over time in a modular product architecture.   

1.5 Delimitations 
The study is delimited to looking at Electrolux Group’s dishwashers and more specifically at 
the dish rack system. The focus is put on investigating the opportunities of modularizing the 
company’s North American dish racks. Further, the study focuses on a functional level, 
looking at the design of the dish racks, how they are produced and how it relates to 
organizational aspects.  
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1.6 Disposition 
In order for the reader to easily understand the structure of this master thesis, the disposition 
is presented as an illustration in figure 1 below. The illustration gives an overview of the 
different chapters in the master thesis and their corresponding sub-sections. 
 

 
Figure 1. Disposition of the master thesis. 
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2. Literature & Theory  
 

In this chapter the literature and theoretical studies connected to modularization will be 
presented. First, definitions of important terms and concepts will be given. Different product 
architectures will then be looked at, continuing by addressing the modular product 
architecture specifically and how modular products can be efficiently produced. Lastly, 
strategies commonly pursued by manufacturing companies, and how it relates to 
modularization, is presented.  

 

2.1 Definitions 

The case study aims to investigate how to control product complexity over time in a modular 
product architecture. Modularization can be seen as a way to maintain low product 
complexity while having high product variety, but product complexity will increase over time 
if the modular product architecture changes (Weiser et al., 2016). This means that how 
modules and module variants are introduced in the product architecture will still affect 
product complexity. Based on this, product complexity will be addressed in this literature 
review by looking at modularity and how it relates to product architectures. Theory on the 
modular product architecture has been extensively investigated by Ulrich (1995), and is 
therefore frequently referred to in this master thesis. Even though this was written over twenty 
years ago, current research on modularization is heavily built on this literature and Ulrich 
(1995) is still frequently cited (e.g. Boer & Hansen 2013; Ericsson & Erixon, 1999; 
Gershenson et al. 2003; Hoetker, 2006; Simpson, 2004; Weiser et al., 2016). Furthermore, 
theory on how to efficiently handle product complexity within the production will be covered. 
In order to understand the literature being used, important definitions will first be given. This 
section defines product complexity, modularity, interfaces and product architecture.  

2.1.1 Product Complexity 

Product complexity can be defined as an attribute of an internal system, affected by both 
internal and external influences (Weiser et al., 2016). It is commonly manifested in the 
number of components in a product (Closs et al., 2010; Schuh, Rudolf & Vogels, 2014; 
Weiser et al., 2016) and Weiser et al. (2016) further explains that complexity is affected by 
how the components depend on each other. Other indicators of product complexity are the 
number of products in a portfolio (Schuh et al., 2014) and the number of variants in a system 
(Weiser et al., 2016). In this study, these definitions will be referred to when using the term 
product complexity.  
 
As previously discussed product variety increases the product complexity (Closs et al., 2010; 
Gilmore & Pine, 1997). The product complexity comes with costs (Closs et al., 2010; 
MacDuffie et al., 1996) and can induce issues within production (Hegde et al., 2005; Hu et 
al., 2008). Modularity can be used for handling these issues, reducing the product complexity 
generated from product variety (Boer & Hansen, 2013).  
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2.1.2 Modularity 

In various academic literatures, many different definitions of modularity are being used to 
describe the concept and its purpose. Jose & Tollenaere (2005) have gathered four different 
definitions linked to the field of modularity which shows the variety of definitions. These 
definitions are quoted below.   
 
“A module is a group of standard and interchangeable components.” (Galsworth, 1994) 
 
“A module is a complex group that allocates a function to the product and which could be changed 
and replaced in a loose way and be produced independently.” (Wilhelm, 1997) 
 
“A modular system is made of independent units which can be easily assembled and which behave in 
a certain way in a whole system.” (Baldwin & Clark, 1997) 
 
“The term modularity is used for the expression of common and independent parts for the creation of 
a variety of products.” (Huang & Kusiak, 1998) 
 
In order to clarify, modularity can be explained as having independent and interchangeable 
components that together builds up a product structure. These components have well-defined 
and standardized interfaces referred to as modules, functioning as building blocks (Ericsson & 
Erixon, 1999). The modules should according to Ericsson & Erixon (1999) be designed for a 
company specific reason. They are however not physical components. A module is realized 
by module variants, sharing the same interfaces. Different module variants may vary in design 
and function (Erens, 1996). Again, how the modules are put together, or how module variants 
are assembled, is determined by the interfaces being used, why they are of high importance 
(Ericsson & Erixon, 1999). 

2.1.3 Interfaces  
As previously stated, modules have standardized interfaces, where an interface is the 
connection between the components that builds up the product structure and can have 
different attributes (Helmer, Yassine & Meier, 2010). According to Gershenson, Prasad & 
Zhang (2003) there are four types of interactions between modules that define the attribute of 
the interface. The first interaction is spatial and refers to the orientation between the modules. 
The other three are defined based on transfer of energy, signals respectively material. The 
design aspects of the interfaces are also highly relevant in the field of modularity. According 
to Ulrich (1995) the design of an interface could either be coupled or decoupled. To illustrate 
the difference between these two opposite design alternatives, a simple example of how a bed 
is attached to a box is illustrated in figure 2 below.     
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              (a)                     (b) 
 
Figure 2. Illustration from Ulrich (1995) explaining the differences between decoupled (a) and 
coupled (b) interfaces and how these affect the product architecture. 

A decoupled interface allows modules to be changed without affecting how the modules 
interact with each other. As shown in figure 2a this is possible because the interface between 
the box and the bed is not affected by the width and the height of the bed, thus changes can be 
made without changing the modules and their interfaces. Coupled interfaces on the other hand 
refer to interfaces that require changes when attributes of the modules are changed. As seen in 
figure 2b, the coupled interface between the bed and the box would not work if the height and 
the width of the bed were to be changed (Ulrich, 1995).  

2.1.4 Product Architecture 

Interfaces connect different components and builds up a product structure (Helmer et.al, 
2010). For this, the term product architecture can be used, which according to Ulrich (1995) is 
referring to the scheme of how the functions of a product can be allocated by physical 
components. In a more precise definition provided by Ulrich (1995), a product architecture is; 
 
“The arrangement of functional elements.”  
 
“The mapping from functional elements to physical components.” 
 
“The specification of the interfaces among interacting physical components.” 
 
Ulrich (1995) points out that the performance of a manufacturing company is affected by its 
product architecture. This is because the product architecture affects managerial decision 
making. Ulrich (1995) also claims that the product architecture affects the R&D function of a 
company in issues regarding ease of product change, divisions between internal and external 
development resources, monitoring product performance and the organization of product 
development.    
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2.2 Modular & Integral Product Architecture 
In order to investigate how a modular product architecture relates to product complexity, it is 
important to address how it differs from the more traditional integral product architecture. A 
modular product architecture refers to a one-to-one mapping between functional elements and 
physical components of the product, where the interfaces are decoupled. An integral product 
architecture refers to a complex one-to-many mapping between functional elements and 
physical components of the product, where the interfaces are coupled, see figure 3 (Jose & 
Tollenaere, 2005; Ulrich, 1995).  

 
Figure 3. Illustration of how the two product architectures, modular and integral, of a computer affect 
the mapping between functional elements and physical components. The illustration is based on 
Ulrich (1995).   
As seen in figure 3, each function of the product is linked to separate physical components in 
a modular product architecture whereas several functions are mapped to one physical 
component in an integral product architecture. The result of these two different mappings is 
displayed in figure 4. 

 
(a)                                                                   (b) 

 
Figure 4. Illustration of a modular product architecture (a) and an integral product architecture (b). 
The illustration is from (Ulrich, 1995). 

Traditionally, interfaces are tightly coupled in an integral product architecture (Erixon, 1998), 
see figure 4b. This is because the engineering design process that is applied when developing 
an integral product architecture follows an optimized methodology that ensures the highest 
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level of quality of the products at the lowest manufacturing cost. Thus the components of 
these products are tightly coupled, which also makes the interfaces between the components 
tightly coupled (Sanchez & Mahoney, 1996). Having a product architecture with tightly 
coupled interfaces between the components demands managerial coordination. This is 
because a change made in one component will require a change in related components 
(Sanchez & Mahoney, 1996; Ulrich, 1995). 
 
In a modular product architecture however, the modules are designed with their interfaces in 
focus. According to Helmer et al. (2010) the design of the geometry of the interfaces are 
equally important as the definitions of the interactions between the interfaces. The interfaces 
of modules in a modular product architecture are decoupled, meaning that a change in one 
module variant will not affect the other modules in the modular product architecture, see 
figure 4a (Ulrich, 1995). When an interface is decoupled it is considered to be standardized 
and according to Ulrich (1995) the module can be used in various settings because of this. A 
product that is built on a modular product architecture contains a complete set of modules that 
formulates the structure of the product (Ericsson & Erixon, 1999). Because of this, companies 
are able to configure a wide product range without adding product complexity to their product 
portfolio. 

2.2.1 Organizational Impact 
The product architecture used by a manufacturing company will have an effect on the 
organization (Ulrich, 1995). Different product architectures come with different benefits. 
However, how products are managed does not support in determining which product 
architecture to use or how components should be shared between products (Simpson, 2004). 
The decoupled interfaces and one-to-one mapping between functional element makes the 
modular product architecture preferable when low complexity and commonalities are 
requested (Weiser et al., 2016). However, it is important to consider that a modular product 
architecture can come with great costs. Simpson (2004) mentions that working with product 
platforms can be much more expensive than working with single products, and sharing 
components between low and high end product can cause low end products to be 
overdesigned, increasing the cost for them. Looking further at the implications of using 
different product architectures, Ulrich (1995) has investigated the two product architectures 
from different aspects.  
 
Product change 
Ulrich (1995) focuses on two types of product change, namely change to a component over its 
lifetime and change to a product line or model over multiple generations. Ulrich (1995) 
argues that the degree of change to a product is determined by the product architecture. This 
is because the smallest change that can be made is to a component and the product 
architecture determines how this change will affect the other components in the product 
architecture. Further, Ulrich (1995) compares the two product architectures, modular and 
integral, to each other and concludes that an extreme modular product architecture can handle 
changes on a component level without the other components being affected. An extreme 
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integral product architecture can however not. The product architecture therefore determines 
the ease of implementing product change.  
 
Changing a product has several motives, namely upgrades, add-ons, adaptation, wear, 
consumption and flexibility in use. Making a change to a product due to these motives is 
implemented most easily with a modular product architecture as stated before. This is because 
changes to a product's functionality can be made to a minimum number of components. 
Looking at changes across product generations, a new model of a product is most likely to 
accommodate a new type of functionality. The product architecture also affects how a new 
functionality is implemented by making changes in components. In a modular product 
architecture the functionality can be implemented by only changing one component due to the 
one-to-one mapping between the functional elements and the physical components. An 
integral product architecture however requires multiple components to be changed in order to 
implement a new functionality of the product (Ulrich, 1995). 
  
Product variety 
Product variety has during the last decades emerged as an important element for 
competitiveness between manufacturing companies and can be created to any degree. 
However, a high degree of product variety comes with greater costs. The challenge for every 
manufacturing company is therefore to create product variety that makes economic sense. The 
ability to offer product variety is linked to the manufacturing flexibility but also to the product 
architecture. The product architecture interacts with the manufacturing flexibility and thus has 
an effect on the ability to create product variety that makes economic sense. Looking at a 
modular product architecture, product variance can be offered to the customers at the same 
degree by using less components than is needed in an integral product architecture. However, 
creating product variety that makes economic sense cannot only be determined by looking at 
the total number of components needed, the flexibility in the production process equipment is 
also needed to be taken into account (Ulrich, 1995). 
 
Ulrich (1995) argues that if components only can be produced in large lot sizes due to time 
consuming setup times or expensive tooling investments, the production process equipment 
can be considered inflexible. On this setup it would be expensive to use an integral product 
architecture to create product variety. This is because product variety created on an integral 
product architecture under these conditions would be expensive in terms of big inventory 
costs, big setup costs and big tooling costs. However, if these costs were to be decreased by 
allowing the integral components to be produced in small lot sizes, product variety could be 
created efficiently. Modular product architecture on the other hand allows product variety 
both on an inflexible production process equipment as well on a flexible production process 
equipment. Ulrich (1995) also argues that the flexibility in the final assembly of the product is 
important for manufacturing companies to offer product variety that makes economic sense. 
 
Component standardization 
Using standardized components is beneficial from an economic perspective. This is because 
the production cost of the components can be reduced by using high volumes, enabling 
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economies of scale (Jose & Tollenaere, 2005). But this is only true if using a standardized 
component does not bring excess capability to the product. In these cases it is more beneficial 
to use product specific components (Ulrich, 1995). However, some manufacturing companies 
still use standardized components even though the unit costs increase. The argument used to 
support this decision is the reduction of cost linked to complexity in purchasing, inventory 
management and quality control (Jose & Tollenaere, 2005; Ulrich, 1995). Using standardized 
components also increases the performance of the components, but it may also block new 
technology to be implemented in the product due to compatibility issues (Ulrich, 1995). 
 
According to Ulrich (1995) the product architecture set the terms for manufacturing 
companies’ abilities to reuse components in their product offering. Standardization of a 
component is only possible if the component has a functionality that is commonly desired 
across multiple products offered by the company and if the interface of the components fits all 
product variants. The one-to-one mapping between functional elements and physical 
components in a modular product architecture ensures that each component only have one 
functionality. Having a component with only one function is then useful in multiple products 
where its functionality is desired and thus can be used. The decoupled interfaces of the 
components in a modular product architecture also allows for a standardization of the 
interfaces, allowing components to be shared between different products.  An integral product 
architecture, where the mapping between functional elements and physical components are 
not one-to-one and where the interfaces between the components are coupled, does not 
support component standardization (Ulrich, 1995).  

2.3 Developing a Modular Product Architecture 
There are several strategic reasons for manufacturing companies to work with modularization 
and to develop a modular product architecture, one being that modularization is considered a 
strategy for reducing product complexity (Boer & Hansen, 2013). According to Ericsson & 
Erixon (1999) manufacturing companies are able to control the product complexity because 
modularization allows them to break complex products into smaller manageable units. 
Ericsson & Erixon (1999) continues to debate that a modular product architecture enables 
manufacturing companies to work more agile and that they can tackle market and technology 
changes more easily. This is because the modular product architecture allows changes to be 
made on a modular level that does not change the product design, thus allowing change 
without increasing the product complexity. This section covers different approaches for 
building and changing a modular product architecture, and how it corresponds to product 
development.  

2.3.1 Types of Modular Product Architectures  
When reading literature, there are different types of modularity that manufacturing companies 
can use to build up their modular product architecture. Ulrich (1995) has divided the modular 
product architecture into three sub-types, namely bus, slot and sectional. These three sub-
types of modularity all have an one-to-one mapping between functional elements and physical 
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components, where the interfaces are decoupled. However, the reason for dividing the 
modular product architecture into three sub-types is that they differ from each other in how 
the module interactions are organized. According to Ulrich (1995) a slot modular product 
architecture refers to interfaces between components that are of different types, thus modules 
in the architecture cannot be interchanged. Bus modular product architecture is a bus that the 
modules in the product architecture connect to via standardized interfaces. Lastly, sectional 
modular product architecture refers to components that all have the exact same interfaces, 
thus all components in this type of architecture attach to each other. In addition, Erixon 
(1998) describes other types of modularity which are displayed in figure 5.  

 
Figure 5.  Illustration from (Erixon, 1998) displaying six different types of modular product 
architectures. 
Component-swapping modularity refers to when different variants of components are paired 
to the same basic product. Component-sharing modularity is another type which refers to 
when a component is used in different product variants. Cut-to-fit modularity is also 
described and refers to when one or two components are standardized and then attached to 
other components that vary in their dimensions (Erixon, 1998). Lastly, mix modularity refers 
to when a set number of components are mixed in different ways to create product variance 
(Pine, 1993). 

2.3.2 Refining a Modular Product Architecture 
A modular product architecture is built on having well defined interfaces and that the modules 
are enough to meet the product requirements (Weiser et al., 2016).  In order to have a 
sustainable modular product architecture, these modular design rules need to be obeyed 
within product development. However, the existing modules might not be sufficient when 
market requests change. Changes to a modular product architecture influence product 
complexity and Weiser et al. (2016) argues that an assessment of complexity and its costs is a 
good way of supporting these decisions when refining the modular product architecture. 
Today, only the expected module costs are often used when making these decisions. Without 
an assessment of product complexity, the creation of new modules will be based on 
incomplete information and the product complexity it brings will become unknown within the 
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organization. Weiser et al. (2016) states that a failure of the modular product architecture 
might be the result. 
 
Looking more at module variants, Schuh et al. (2014) suggest that the cost of additional 
variants is determined by looking at the complexity cost of it. This means that production 
costs are looked at as well as the additional sales the new variant might bring. By comparing 
the benefit that the variant brings relative to the complexity cost it generates, a decision can 
be made whether or not to offer a new variant. 

2.3.3 Module Development 
For handling negative effects of product variety, the first step is to address the organizational 
complexity (Simpson, 2004). Both Boer & Hansen (2013) and Sanchez & Mahoney (1996) 
view the standardized interfaces found in the modular product architecture as a foundation for 
making improvements on different components simultaneously, defining module 
development. This allows for modular innovation, where improvements are made on a 
component level, together resulting in an improved end product (Hoetker, 2006). 
Furthermore, the product development organization can become more flexible in terms of 
aligning to external conditions, making it easier to continuously adjust and manage design 
processes to cope with environmental changes (Benassi, 2008). 
 
While the standardized interfaces determine module development processes and their output, 
it requires good knowledge on the product architecture and how components interact with 
each other (Sanchez & Mahoney, 1996). For platform-based product development, processes 
need to be developed, tested and refined (Simpson, 2004). Brusoni & Prencipe (2001) argue 
that conscious coordination and cross-company interaction are required on a knowledge and 
organizational level. Likewise, Benassi (2008) states that modular product development is 
harder to coordinate and could require more costs. Furthermore, it is important to consider 
that the compartmentalization within product development actually can affect architectural 
innovation negatively due to a block of information flow in the organization (Brusoni & 
Prencipe, 2001; Sanchez & Mahoney, 1996).  
 
For manufacturing companies the new product development structure is important to 
consider. Multiple manufacturing locations makes it hard to simultaneously facilitate cross-
product learning, keep designers close to customers and have close coordination between 
designers and the manufacturing. Having all designers in one facility, having a concentrated 
new product development, facilitates cross-product learning. A distributed structure based on 
manufacturing locations allow for closer interaction between production and customers with 
the downside of less coordination between product designers. This also relates to time-to-
market. Having a concentrated new product development structure is beneficial for short 
time-to-market, whereas a distributed structure can be preferred if time to volume production 
is seen as a key source of competitive advantage (Datar, Jordan, Kekre, Rajiv & Srinivasan, 
1997). 
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2.4 Producing with Product Variance 

One reason for using modularization is that the configuration system it builds up allows for 
product variety and customization, meeting customer demands (Hvam et al., 2008). However, 
this comes with the challenge of maintaining low cost production. This section addresses how 
manufacturing companies could address this issue when producing modular products. Mass 
customization is based on the use of modules (Hvam et al., 2008) and will be looked at since 
it is seen as a way to handle product variety at low cost within the production (Gilmore & 
Pine, 1997; Da Silveira, Borenstein & Fogliatto, 2001). Furthermore, whether or not to have 
outsourced production will be looked at from a modular perspective.  

2.4.1 Product Variety or Low Cost 
To maintain low costs, manufacturing companies generally use standardized processes with a 
high productivity (Ericsson & Erixon, 1999) and use IT systems to monitor key aspects of the 
production to secure the quality of the products (Marks, 1997). This does not allow for a 
flexible production line, making it difficult to meet individual customer needs and adapt to 
changes in demand (Ericsson & Erixon, 1999).  
 
According to MacDuffie et al. (1996) the tradeoff between offering product variety and 
achieving low cost forces manufacturing companies to decide on having either high variety 
with flexible manufacturing or low variety with focused factories. Likewise, Jose & 
Tollenaere (2005) analyze this tradeoff in terms of module variants. Using a big number of 
module variants allows manufacturing companies to produce a great diversity in products but 
to a greater cost. The opposite alternative is to limit the number of module variants to reap the 
benefits of economies of scale but on the expense of a limited product offering. For 
manufacturing companies it is first of all important to consider if greater product variety 
actually increase the value for customers, so that no unnecessary costs are generated 
(MacDuffie et al., 1996). Greater product variety is only beneficial if it gives market 
advantages at low cost, while it is always bad if it does not bring value to customers.  

2.4.2 Mass Customization 

If a company decides to offer high product variety, mass customization can be used. The term 
mass customization is often used to describe how customized products can be manufactured 
in high volumes at low cost using flexible processes and information technology (Gilmore & 
Pine, 1997; Da Silveira et al., 2001). This is based on having a product configuration system 
where the use of modules enables product variety to be offered to customers, building product 
ranges and meeting customer demands (Hvam et al., 2008).  
 
Having flexible manufacturing system using programmable technologies enable 
customization and product variety without significant cost but does not handle the product 
complexity arising from the product variety on its own (MacDuffie et al., 1996). It requires 
more management in the processes but also more skilled workers that are able to handle the 
product variety. One way of mitigating the product complexity is by having a modular 
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assembly supply chain where intermediary sub-assemblers can be used to reduce complexity 
in the final assembly, making it easier to handle variety efficiently (Hu et al., 2008). 
Furthermore, delayed product differentiation can be used, which is closely connected to mass 
customization and modularity (Blecker & Abdelkafi, 2006). The idea is to delay 
customization in the production, having the first part of the production as a push system and 
the second part as a pull system. By doing this, complexity within manufacturing can more 
easily be reduced and the negative impact of having product variety can be mitigated, thus 
enabling product variety at low cost.  

2.4.3 Make it or Buy it 
An organization becomes more modular by outsourcing (Dogerlioglu, 2012). Outsourcing is 
generally seen as a way to improve competitive advantage and reducing cost as a company 
can focus on core capabilities while strengthening the weaknesses with the help of other 
organizations. Other benefits with outsourcing include technological improvement, increased 
innovation, better quality, better management processes and business capabilities. A modular 
organization typically use a contract manufacturer instead of having in-house manufacturing 
as it enables the company to be flexible when it comes to switching manufacturers based on 
their specialization (Benassi, 2008). Being flexible makes it easier to respond and adapt to 
changing conditions (Dogerlioglu, 2012).  
 
While many different activities can be outsourced, Dogerlioglu (2012) argues that increased 
modularity by outsourcing only gives a valid competitive advantage within logistics. For 
making the production as efficient as possible, in-house production is preferable (Ericsson & 
Erixon, 1999). Having a modular organization makes it harder to achieve economies of scales 
as suppliers and human resources on a unit level become more expensive (Benassi, 2008). 
There might also be strategic reasons for keeping production in-house (Ericsson & Erixon, 
1999). 

2.5 Strategies of Manufacturing Companies  
The three value disciplines commonly pursued by manufacturing companies will be used in 
this study in order to address product complexity from different perspectives. Furthermore, it 
will be used to understand how modules can be used strategically.  

2.5.1 Value Disciplines 
In order to create value for customers, manufacturing companies often prioritize different 
competitive advantages (Closs et al., 2010).  Marks (1997) and Treacy & Wiersema (1993) 
categorize this into three value disciplines commonly used by manufacturing companies, 
namely operational excellence, product leadership and customer intimacy. Manufacturing 
companies traditionally only chose one of these value disciplines in order to become a market 
leader and as a consequence they cannot reap the benefits from the two neglected value 
disciplines (Marks, 1997).  
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Operational excellence 
The value discipline operational excellence refers to a specific strategic approach that enables 
manufacturing companies to offer products of low cost, high quality and ease of purchase. 
These three aspects allow manufacturing companies that pursues operational excellence to 
become a market leader with their pricing and conveniences (Marks, 1997; Treacy & 
Wiersema (1993). According to Marks (1997) manufacturing companies achieve operational 
excellence by only allowing a narrow product line which allows standardized processes where 
efficiency of the operation is optimized over time. 
 
Product leadership 
Product leadership refers to the strategy of producing state-of-art products and services 
continuously (Treacy & Wiersema, 1993). This involves being creative, coming up with ideas 
and new solutions that solve an existing problem. Commercializing these ideas and solutions 
and successfully bringing them into practical use is often referred to as innovation (Tidd & 
Bessant, 2009). For new products to succeed, it needs to differentiate itself in terms of 
features, innovativeness and performance and also depends on what value it brings to 
customers (Cohen, Eliashberg & Ho, 1996). By innovating and launching new products 
companies can gain market share and increase profitability (Tidd & Bessant, 2009).  
Furthermore, Treacy & Wiersema (1993) state that commercializing ideas quickly is needed 
in order for innovative companies to pursue the product leadership strategy.  
 
Customer intimacy 
Customer intimacy refers to a strategic approach that allows manufacturing companies to 
meet the individual customer’s demands and create long term customer loyalty by offering 
customized products and services (Treacy & Wiersema, 1993). By customizing the product 
offering, customer satisfaction is expected to increase and customers are expected to pay a 
price premium for it (Hegde et al., 2005). This is why many companies use the strategy to 
gain competitive advantage and thus becoming market leaders. 
 
Modularization 
As stated, pursuing one value discipline happens on the expense of the other two (Marks, 
1997). This is true for manufacturing companies that have a product architecture with a 
complex mapping between functional elements and physical components. However, 
arguments could be made that manufacturing companies with a modular product architecture 
are able to pursuit all three value disciplines with their products. This is based on Lange & 
Imsdahl (2014) suggesting that each module in a modular product architecture should be 
directed toward only one of the value disciplines in order to reduce product complexity and 
Ericsson & Erixon (1999) stating that modules should be chosen for company strategic 
reasons. By designing modules with one value discipline in mind that fits the company 
specific reason, manufacturing companies are able to build a product that addresses all three 
value disciplines. 
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3. Method 
 

In this chapter, the method of the master thesis will be presented. Firstly, how the research 
was formulated and carried out during the work with the master thesis will be described. 
Secondly, the primary and secondary sources used, and how they were chosen, will be 
described. Lastly, the chapter will discuss the validity, reliability and the generalizability of 
the master thesis as well as ethical aspects. 

 

3.1 Research Design & Process  
This master thesis has been written in collaboration with the global home appliance company 
Electrolux Group, investigating the opportunities of modularizing the dish racks for the North 
American dishwashers. The authors of this thesis have during 20 weeks been working at 
Electrolux Group’s office in Stockholm, Sweden as part of the R&D Dish Care department. 
This has enabled close contact with employees and interactions with products, which has 
given a good understanding of the organization and how the products being investigated are 
developed, produced and sold. Furthermore, a supervisor at the company was assigned, 
guiding the master thesis work and validating the findings. Although being situated in 
Stockholm at R&D Dish Care, empirics have been gathered from different parts of the 
organization. 
 
This master thesis aims to explore the impact a company’s product architecture has on 
product complexity and investigate how the tradeoff between product complexity and product 
variety can be addressed. Doing a case study at Electrolux Group is appropriate for exploring 
this since both a modular product architecture and an integral product architecture can be 
found in the organization. A case study approach is appropriate when operationalizing an 
exploratory purpose (Blomkvist & Hallin, 2015; Eisenhardt & Graebner, 2007), why it was 
chosen for this master thesis. What characterizes a case study is that the story being told 
consists of phenomenons both from the past and the present where the evidences are from 
more than one source (Leonard-Barton, 1990). In this master thesis the case being studied is 
how modularization is, and has been, used by Electrolux Group when developing and 
manufacturing consumer-oriented products. More specifically, the case being studied is the 
dish racks of the North American platform, investigating future opportunities with 
modularization. This entails gathering data from sources spread throughout the organization, 
primarily by conducting qualitative interviews, making this a qualitative case study 
(Blomkvist & Hallin, 2015; Collis & Hussey, 2014).  
 
The research process started with a problematization for which a pre-study was used to 
identify a non-trivial problem relevant for the case company, see figure 6. After this, an 
extensive literature review was conducted followed by the gathering of empirics. For this 
study an inductive approach has been used, thus making the work of gathering literature and 
theoretical frameworks an iterative work process that was conducted simultaneously with the 
gathering of the empirical data (Blomkvist & Hallin, 2015; Eisenhardt & Graebner, 2007), see 
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figure 6. This means that some of the literature and theoretical frameworks became obsolete 
during the study as the empirical findings steered the area of investigation, why it needed to 
be replaced. Choosing an inductive approach aligns with how Blomkvist & Hallin (2015) 
describes how an exploratory purpose of a degree project should be executed, since it is not 
possible to know exactly what to look for in the beginning of the study. 
 

 
Figure 6.  The illustration shows the research process used in the master thesis. 
The gathering of empirics includes data from qualitative interviews, observations at the case 
company as well as findings from developing a modular concept for the North American dish 
racks. The modular concept was developed based on a workshop that was conducted, and was 
done in parallel with the interviews as seen in figure 6. The empirics were later in the research 
process analyzed and based on this conclusion could be drawn. By following this research 
process and continuously documenting its outcome, this master thesis could be finalized. 
Important to mention is that the master thesis was limited to 20 weeks. Because of this, a 
Gantt-chart was created and revised every second week in conjunction with meeting the 
company supervisor, see Appendix C.  

3.2 Primary Sources 
The primary sources have been composed by conducting interviews, developing a modular 
concept and by making observations at the case company. Interviews were used both in a pre-
study in order to formulate a researchable problem and to address the purpose of the study. 
The different primary sources will in this section be described in more detail.     

3.2.1 Pre-Study 
The pre-study was conducted in order to formulate a researchable problem and to understand 
the empirical setting. Before initiating the master thesis project only a brief explanation of the 
company’s problem had been given. From the project start, introductory interviews were 
therefore held, exploring the problem further by looking at it from a production, product and 
consumer perspective. By having diversity in the selection of interviewees and asking 
questions from different perspectives, the interviews aimed to apply a system perspective to 
the problem formulation which Blomkvist & Hallin (2015) suggest for making the problem 
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non-trivial. Interviewees included key stakeholders for the master thesis and other company 
employees working with the North American dish racks. More specifically the different roles 
within Electrolux Group included; Director of Modularization, Director of Manufacturing 
Engineering for Wet Products, Senior Manager of Product Planning and Innovation, Team 
Leader for Racks & Hydraulics, Product Line Manager, Platform Manager for Plastic Tub 
Dishwashers and Director for Architecture and Mechanics for Dish, see table 1. Why these 
interviewees were selected is discussed more in depth in the following section. 
 
As part of the pre-study, and done in parallel with the interviews, the company’s dishwashers 
were examined and different designs were compared, both by reading and by physically 
inspecting them together with company employees. From this, product specific problems 
could be identified and understood. Additionally, informal conversations at the corporate 
office were valuable for gaining insight into the organization and its business environment, 
giving an understanding of the empirical setting. The identified problems were then presented 
to the company for confirmation and a researchable problem could be formulated with the aid 
of academic literature and by triangulating data from different sources. By triangulating the 
data, the possibility of being biased was reduced which aligns with Collis & Hussey (2014) 
discussion about using triangulation of data. 

3.2.2 Interviews 

In this study semi-structured interviews have been chosen for exploring the study’s purpose. 
Interview guides, see Appendix A and B, were used to organize the interviews around certain 
areas, while still keeping them somewhat open, thus supporting semi-structured interviews 
(Blomkvist & Hallin, 2015). The interviews were designed to investigate the non-trivial 
problem from multiple perspectives, which is evident in the interview guide since it addresses 
product complexity from different perspectives. In addition, semi-structured interviews were 
conducted that focused on how Bosch address product complexity with their dish racks. This 
is because many of the interviewees have highlighted Bosch as having a good strategy for 
their execution of using their dish racks in their modular strategy. Looking at the industry, 
Bosch also holds a strong market position, motivating Bosch as a good benchmark for dish 
racks. This can however not be seen as a benchmark study as it is only based on the 
interviewees’ own views of Bosch.  
 
The interviews were conducted face-to-face with the interviewees when possible but due to 
geographical reasons several interviews needed to be conducted via telephone. Furthermore, 
the interviews were if possible conducted with only one interviewee present in order to avoid 
the interviewee’s answers being affected (Collis & Hussey, 2014). Two interviewers were 
present during the interviews which according to Voss, Tsikriktsis & Frohlich (2002) can 
bring confidence in the findings. Based on Voss et al. (2002), one interviewer was responsible 
for leading the interview, asking questions based on the interview guide. The other 
interviewer took notes and if necessary asked additional questions for clarification or to 
explore something further. The interviewers made sure that the purpose of the study as well as 
the specific interview was understood by the interviewees before initiating any interview. 
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This was done in advance via e-mail and or in the beginning of the interview. With the 
interviewee’s permission, all interviews were also recorded so that they later could be 
transcribed.  
 
The interviews were conducted with employees at Electrolux Group and included 
representatives from different parts of the organization. The selection of interviewees was 
done in collaboration with the company supervisor in order to make sure that the interviewees 
were knowledgeable in different areas linked to the problem being investigated. As argued by 
Eisenhardt & Graebner (2007) this is beneficial for gaining different perspectives, and thus 
avoiding the findings to be biased. As the study intends to explore a problem from different 
perspectives, multiple areas of expertise were sought. This meant that people with 
understanding of how dish racks are designed, produced or used by the consumers were 
interviewed. Furthermore, representatives with more company strategic roles were of interest, 
especially those who work with the company’s modularization strategy. By both interviewing 
managers and interacting with employees in lower parts of the organization, a better 
understanding of how the modularization strategy has been implemented throughout the 
organization has been acquired. The conducted interviews are displayed in table 1 below. 
 
Table 1.  A table displaying the interviews and other activities at Electrolux Group. 

Interviews 

Title Date Place Description Duration 

Team Leader for 
Racks & 
Hydraulics 

18 January 2017 HQ Electrolux Forum, 
Sweden 

Semi-structured 
interview 

1h 10 min 

28 February 2017 HQ Electrolux Forum, 
Sweden 

Semi-structured 
interview 

1h 10 min 

Platform Manager 
for Plastic Tub 
Dishwashers 

23 January 2017 Teleconference with North 
America 

Semi-structured 
interview 

1 h 5 min 

29 March 2017 Teleconference with North 
America 

Semi-structured 
interview 

1h 5 min 

Senior Manager 
of Product 
planning & 
Innovation 

24 January 2017 Teleconference with North 
America 

Semi-structured 
interview 

55 min 

13 March 2017 Teleconference with North 
America 

Semi-structured 
interview 

1 h 

Director of 
Modularization 

26 January 2017 HQ Electrolux Forum, 
Sweden 

Semi-structured 
interview 

1 h 

9 March 2017 HQ Electrolux Forum, 
Sweden 

Semi-structured 
interview 

1 h 10 min 

Director for 
Architecture & 
Mechanics Dish 

1 February 2017 HQ Electrolux Forum, 
Sweden 

Semi-structured 
interview 

55 min 
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Director of 
Manufacturing 
Engineering for 
Wet Products 

8 February 2017 Teleconference with North 
America 

Semi-structured 
interview 

1h 

6 April 2017 Teleconference with North 
America 

Semi-structured 
interview 

1 h 

Product Line 
Manager 

23 March 2017 Teleconference with North 
America 

Semi-structured 
interview 

1h 

Meetings & Other Activities 

Title Date Place Description Duration 

R&D Dish Care 17 January 2017 Teleconference with North 
America 

Master thesis 
kick-off meeting 

50 min 

Senior Innovation 
Engineer 

19 January 2017 HQ Electrolux Forum, Dish 
Lab, Sweden 

Dishwasher tear 
down 

1 h 30 min 

R&D Dish Care 17 February 2017 Teleconference with North 
America 

Meeting about 
previous 
consumer work 

1 h 

Cross Functional 
team. R&D Dish 
Care and Product 
Line  

24 February 2017  HQ Electrolux Forum, 
Sweden 

Workshop 2h  

Team Leader for 
Racks & 
Hydraulics 

9 May 2017 HQ Electrolux Forum, 
Sweden 

Conformation 
meeting 

1h 30 min 

 
As mentioned previously, the interviews have been transcribed with the help of recordings. 
From the transcriptions, similarities and differences in the empirical data were more easily 
found and allowed for triangulating the results. In order to analyze the empirics in an 
organized way the empirical data was presented and analyzed thematically.  The themes have 
been divided into Product Differentiation, Production and lastly Organizational Aspects. The 
creation of the themes has been guided by the collected empirics.  

3.2.3 Modular Concept 
One part of the master thesis was to investigate the opportunities for developing a modular 
dish rack for the North American dishwashers, ranging from the lowest price point to the 
highest. Therefore, a modular concept was developed in order to bring value to the problem 
being investigated and to gain a deeper understanding of the product architecture. Ensuring 
that value was delivered also to Electrolux Group, the development of the modular concept 
was based on insights provided by employees at Electrolux Group. The modular concept was 
developed by using the Modular Function Deployment (MFD) method explained in detail by 
Ericsson & Erixon (1999). The MFD method includes five steps, namely defining customer 
requirements, selecting technical solutions, generating modular concept, evaluating modular 
concept and optimizing modules.  



 

22 

 
The first step of the MFD method, defining customer requirements, was done by facilitating a 
workshop. Its purpose was to get a better picture of what Electrolux Group’s North American 
consumers value in dish racks. A consumer segmentation for the dish racks in the North 
American market was done in preparation for the workshop based on consumer insights 
provided by the case company. During the workshop, a cross-functional group, see table 1, 
together generated general consumer values for the North American dish racks as well for 
segment specific customer values. After generating the consumer values the group together 
ranked all of the consumer values for each segment respectively.  
 
With the consumer values established, they were transformed into product specifications 
using a fishbone diagram and a Quality Functional Deployment matrix was used to link the 
consumer values to the product specifications. Next, common technical solutions used in dish 
racks as well as conceptual solutions were identified. Using a Pugh-matrix good technical 
solutions were selected based on the consumer values and were put together based on the 
function they fulfill. The functions were then linked to the product specifications using a 
matrix and by sorting it, an indication of modules for generating the modular concept was 
given. By further looking at how the functions shared strategic purposes, modules could be 
evaluated. They were also evaluated by looking at the feasibility in terms of interfaces. In 
addition, it is important to mention that all steps in the development of the modular concept 
were based on the results from the interviews. In order to realize the modular concept, the 
final step of the MFD method would need to be addressed as well. This means that 
specifications regarding the modules and configurations are made based on the customer 
segments and that a plan for the future is established.  

3.3 Secondary Sources 
The secondary sources are composed of an extensive literature review as well as gathered 
documents at the case company. The gathering of secondary sources begun immediately after 
the master thesis was initiated to build a strong academic foundation within the field of 
modularity. The work of gathering secondary sources was continuous throughout the whole 
study and provided academic insights as well as acted as a guideline for where the study 
should be positioned. This was done in order to generate an academic value which aligns with 
how Blomkvist & Hallin (2015) argues a literature review should be conducted. 
 
The literature and theory used consists mainly of scientific articles and books. Furthermore, a 
framework for modular development as well as consumer insights provided by the case 
company were used to develop a modular concept for the dishwasher racks, and for 
developing the workshop held. In addition to this, less scientific literature and sources were 
used to establish an empirical setting by providing an introduction to Electrolux Group and its 
business environment. This is based on Collis & Hussey (2014) stating that qualitative data is 
normally only understood within context, meaning that data need to be analyzed in reference 
to background information, involving for example social, political and economic factors. 
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Information published by Electrolux Group was together with various articles used for the 
contextualization. The primary source used to find academic literature for the study has been 
through KTHB Primo, a search engine provided by the library at KTH. KTHB Primo is a 
good choice of a search engine as a large number of scientific articles are easily found. In 
addition to KTHB Primo, Google Scholar has been used to search for academic journals and 
books. When searching on the two search engines, the following keywords have primarily 
been used to find relevant and useful literature; Product complexity, product variety, 
modularity, modularization, module development, modular organization, modular 
architecture, product architecture, mass customization, standardized interfaces and value 
disciplines. 

3.4 Quality of Analysis 
When generating an analysis it is important that the quality of the analysis is assessed and 
according to Collis & Hussey (2014) there are three categories commonly used; reliability, 
validity and generalizability.   

3.4.1 Reliability 
The reliability of an analysis refers to the consistency of the obtained data and the 
measurements within the study (Hernon & Schwartz, 2009). This means that the same results 
will be generated if the same study would be conducted again in another research. It is 
therefore important that the method used for gathering the primary data is transparent 
(Gibbert, Ruigrok & Wicki, 2008). As previously stated the design of the research is of a 
qualitative design, and a majority of the primary data was gathered through semi-structured 
interviews. Thus, the reliability of the study is suffering since retrieving the exact same 
answers if the study was to be revised is not realistic. In addition, when conducting semi-
structured interviews, the interviewees were allowed to elaborate about topics that arose. 
Some of the initial interviews ended up being more of an unstructured interview, going 
outside the interview guide to identify company problems. Deviating from the intended 
interview methodology could possibly question the reliability of the study but Blomkvist & 
Hallin (2015) actually state that unstructured interviews are suitable in the beginning of a 
qualitative, empirical study. Of course, the somewhat unstructured interview makes it more 
difficult to replicate the study. The reliability of the interviews is also suffering slightly as 
some interviews had to be conducted via telephone (Collis & Hussey, 2014).  
 
It is also important to mention that the authors of this master thesis have been located at the 
case company during the study, enabling close insight to Electrolux Group’s products and 
operations. Although this has improved the outcome of the study, it makes the reliability 
suffering. This is because it is difficult to obtain the same results by replicating for example 
the informal conversations and all the observations made during the 20 week long case study 
(Hernon & Schwartz, 2009). In addition, it is important to consider the geographical 
separation from the North American part of the organization. As a result, the authors have not 
been able to make observations in North America and informal meetings and conversations 
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with North American employees have been obsolete from this study, also making the 
reliability suffer. 
 
However, the transparency of the conducted interviews is argued to compensate for the low 
reliability. The interviews have been conducted semi-structurally and the interview guides are 
attached as appendix A and B, increasing the transparency. Furthermore, almost all interviews 
have been conducted with one interviewee and two interviewers present, which increases the 
reliability (Collis & Hussey, 2014; Eisenhardt & Graebner, 2007). Lastly, the interviews were 
recorded to increase the reliability by being transparent, as argued by Gibbert et al. (2008).  

3.4.2 Validity 
Simply put, validity refers to studying the right thing (Blomkvist & Hallin, 2015; Collis & 
Hussey, 2014) why the problem formulation becomes of high importance in terms of validity. 
The pre-study was used to formulate a researchable non-trivial problem and thus laid the 
foundation for the master thesis. It was heavily based on interviews and informal 
conversations with employees at Electrolux Group, making the formulated problem subject to 
individual thoughts and opinions. However, one can argue that the identified company 
problems were validated by triangulating the empirics from several interviewees with 
different roles, working in different parts of the organization. To further ensure validity, the 
formulated problem was confirmed by the company supervisor. The risk of having a biased 
focus existed throughout the whole project since bi-weekly meetings with the company 
supervisor were held, which is important to consider.  
 
To establish validity, the purpose of the study was made clear before initiating any interview, 
which Collis & Hussey (2014) also mention being of importance. Additionally, the use of 
interview guides was meant to increase validity by studying the right thing. Furthermore, 
transcribed interviews ensured that the interviewees’ answers were documented accurately, so 
that it could validly be referred to. Regarding the selection of interviewees, employees with 
different roles within the organization of Electrolux Group were chosen. This enabled the 
study to acquire different perspectives to triangulate empirics, avoiding bias (Eisenhardt & 
Graebner, 2007) and increasing validity (Collis & Hussey, 2014). Furthermore, when 
selecting which employees to interview, their knowledge of the phenomenon studied was of 
interest. The interviewees all have managerial roles within their respective areas, why they 
can be considered knowledgeable. Thus, the interviews are argued to be valid. Regarding the 
observations and informal meetings, the geographical separation from North America could 
be considered a source of internal bias within the case company’s organization. 
 
In terms of validity it is also important to consider the literature and theory that was used as 
the basis for this study. Being critical is needed when reading up on literature (Blomkvist & 
Hallin, 2015) why multiple sources was used to build up individual literature sections in the 
report. Also, the literature was built up to cover the different aspects of the intended study, 
and the empirical data gathered. For this study, it entailed covering how product complexity 
should be addressed with modularity. Important to mention is that much of the literature used 
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for this study was published more than ten years ago. However, this literature is still 
considered to be valid as it functions as a foundation for today’s literature on modularity, still 
being frequently cited. By clearly using appropriate literature for the formulated problem and 
purpose of the study, validity could be achieved (Blomkvist & Hallin, 2015).  

3.4.3 Generalizability 
Being a case study, generalizability can be established by discussing how the case being 
studied is applicable to other, similar cases (Blomkvist & Hallin, 2015; Collis & Hussey, 
2014). This requires that the case study is well conducted and that the case is sufficiently 
described for the reader. Much of the empirics only describes the specific company being 
studied, namely Electrolux Group, and cannot fully be considered objective. This of course 
affects the generalizability negatively in terms of other companies. On the other hand many 
similarities with other home appliance companies exist in the products offered and the 
markets they operate in. Regarding the phenomenon being investigated specifically, 
modularization is applicable to all home appliance companies, and is actually commonly used 
in the industry today. Based on this, one can argue that this case study is generalizable to 
other companies operating in the same industry. The phenomenon being investigated is also 
highly relevant for manufacturing companies operating in different industries than Electrolux 
Group. Controlling product complexity in a modular product architecture is a common 
challenge for all manufacturing companies using modularization. Thus, this case study is 
generalizable for all manufacturing companies using a modular product architecture. 

3.5 Ethical Considerations 
Electrolux Group is present in a highly competitive market where company specific 
information is key and needed to be kept within the organization. Strategies and information 
regarding for example future projects, price margins and such were therefore left out of the 
study. Otherwise the study would potentially damage Electrolux Group by competitors 
gaining insight into Electrolux Group’s operations.  Confidentiality requirements needed to be 
honored in order to ethically conduct the research study (Blomkvist & Hallin, 2015). The 
purpose of the study was therefore formulated so that it could be achieved with non-
confidential empirics. Likewise, the interview questions were developed so that the answers 
did not only include confidential information. This study also honors the information 
requirements mentioned by Blomkvist & Hallin (2015), meaning that the interviewees were 
informed about the purpose of the study. By taking the confidentiality and information 
requirements into consideration, the outcome of the study is thus not considered being 
affected. 
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4. Introduction to Electrolux Group 
 

In this chapter an introduction to the home appliance company Electrolux Group will be 
presented. It will provide a general understanding of the company and focuses on the North 
American market in line with this study’s delimitations.  

 
Electrolux Group is a global Swedish company offering a wide range of appliances, where 
kitchen appliances constitute the majority of the group’s sales. The products are sold under 
eight main brands as well as many smaller local brands, together reaching customers in more 
than 150 countries. The North American market is the most important market in terms of 
sales, in which Frigidaire is a strong brand. While the Frigidaire brand is targeted towards the 
North American market, premium products are sold under the Electrolux brand in North 
America. In many European countries Electrolux is instead the leading brand (Electrolux 
Group, 2016). 

4.1 North American Market 
The North American market is by Electrolux Group described as a mature and homogenous 
market dominated by replacement products. The market is growing steady but it is also very 
competitive with domestic as well as global manufacturers. The appliances are primarily sold 
through the four major retailers, Sears, Lowe’s, Home Depot and Best Buy. While these 
retailers sell almost 70 % of the appliances in North America, Electrolux Group is currently 
focusing on new segments and on creating new sales and distribution channels for reaching 
new customers. Another priority is to launch new innovative products to this market. This 
might be beneficial for dishwashers specifically since they have, compared to other major 
appliances, a low product penetration in households. As a part of the initiative to gain 
profitable growth, Electrolux Group focuses on acquiring companies, or brands, with strategic 
value (Electrolux Group, 2016). 
 
The Frigidaire brand was acquired in 1986 as part of White Consolidated (Electrolux Group, 
2017) which currently is the main brand targeting the North American mass market with a 
wide range of appliances in different price ranges (Electrolux Group, 2016). To further 
increase market share on the North American market an acquisition of GE appliances was 
also planned but the agreement was terminated in 2015, resulting in a large termination fee as 
well as a changed market outlook for Electrolux Group (Electrolux Group, 2016). In addition 
to growing, it is also important for Electrolux Group to maintain the current market position 
on the North American market, for which standards are important. The North American 
market for home appliances is highly influenced by the standards tested by the Association of 
Home Appliance Manufacturers (AHAM). By meeting the AHAM standard, home appliance 
companies can maintain their consumers’ trust in the performance of the products (AHAM, 
2012).  
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4.2 Electrolux Group’s Corporate Strategy 
Electrolux Group has a long history of being an innovator and today innovation is one of the 
cornerstones in Electrolux Group’s strategy, which constitutes a large part of the company’s 
investments. The product development process is consumer-oriented where R&D closely 
collaborates with marketing and design. In line with this, consumer test groups need to 
express a 70 % preference over alternatives in order for a new product to be launched. 
Differentiating the brand is of high importance for reaching new consumers, as well as being 
able to quickly deliver innovative solutions to the market. This is supported by the use of 
modularization, allowing the company to efficiently launch new products on a global basis. 
(Electrolux Group, 2016) 
 
Electrolux Group has used standardized modular platforms on a global scale to primarily 
create efficiency and reduce costs. The modularization strategy was implemented by bringing 
in lead people from Volkswagen (Pollard & Hellstrom, 2015) and it is now an important part 
of the company’s corporate strategy (Electrolux Group, 2016). The implementation was 
successful, allowing Electrolux Group to take advantages on a global scale and distinguish the 
product offering from the competitors’ (Pollard & Hellstrom, 2015). The number of 
production plants has been reduced and a material saving of 1,5 billion Swedish crowns 
annually was predicted as of 2015 (Pollard & Hellstrom, 2015). 
 
The process of reducing complexity and reducing costs using modularizing is ongoing but the 
company has now taken modularization to the next level, from 2015 focusing more on using 
modularization for reducing time-to-market, increasing pace of innovation and allowing for 
automation. The company aims to have a digital supply chain and a flexible production that 
makes it easy to customize products. Furthermore, the modularization strategy is now based 
on emerging trends and on making use of new sales and distribution channels such as digital 
commerce (Electrolux Group, 2016). 
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5. Results & Analysis 
 

This chapter will first give an introduction to the case by describing the current North 
American dish racks. Thereafter the results from the semi-structured interviews will 
thematically be presented and analyzed. The themes have been divided into Product 
Differentiation, Production and lastly Organizational Aspects. The creation of the themes has 
been guided by the collected empirics.  

 

5.1 The Case of North American Dish Racks  
This study investigates the opportunities of modularizing the dish rack for North American 
dishwashers and what it would mean in terms of product complexity. The dish racks are 
where consumers stack their dishware and its product architecture is built up by several 
components as seen in figure 7 below. 
 

 
Figure 7.  Illustration of a Frigidaire lower and upper dish rack with features (Sears, 2017a). 1. 
Lower dish rack  2.Cutlery basket 3. Upper dish rack 4, 5 & 6. Rail system 7. Wheels 11. Cup shelf 13 
& 14. Foldable triangle tines 20 & 21. Handle   
The market for dishwashers in North America has been driven by product volumes and the 
Frigidaire plastic tub dishwashers (PTD) are especially addressed toward a mass market. The 
tub can be explained as the main structure of the dishwasher, housing the dish rack system 
and the wash system. It comes in both plastic and stainless steel, where plastic is typically 
found in lower end dishwashers. The dishwashers with stainless steel tubs are more premium 
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and are referred to as stainless steel tub dishwashers (SSTD). The dish racks for the PTD have 
remained very much the same for a long time and no major changes have been made to the 
design of it. Most importantly, the production line is outdated and cannot increase its 
productivity. 
 
Although some visual aspects of the dish racks have been adjusted, such as new handles and 
cup-shelves, the modifications have mainly concerned reduction of production costs, not 
many modifications relevant for the consumers. The primary work has been to rationalize the 
manufacturing process, to streamline and make cost reductions to enable the margins of the 
dishwashers to increase. This, together with the high volumes, has enabled reliable PTD dish 
racks to be offered at a low retail price according to the Director for Architecture & 
Mechanics. On the other hand, this has made it difficult to meet consumer needs with the 
current configuration. The consumer needs have changed a lot during the life of the dish racks 
as the eating habits and kitchen equipment have developed.  
 
The dish racks of the PTD platform are aimed to the lowest price segments, making the North 
American part of the organization very cost-driven. As a consequence of this, the different 
features of these dish racks are not perceived to be of high quality. Although performing well 
and being reliable, the perceived quality of the racks can be improved a lot, but it would 
require a large investment. The current upper dish rack has for example received criticism 
concerning its degrees of freedom and poor tolerances in the rail system. This is a result of 
costs being reduced continuously through the life of the dish racks and the current design is 
overall the cheapest that can be made according to the Director of Manufacturing 
Engineering. Another problem with the dish racks is that the consumers are not aware of the 
features it offers. Many consumers do for example not know that their upper rack is 
adjustable in height, which enables embedded flexibility in the dish racks.  

5.2 Product Differentiation  
Operational excellence is one of the foundations of the global home appliance industry. As 
the margins of the products are very low, the Director of Modularization stresses the 
importance of being mindful of operations and product costs. At the same time, Electrolux 
Group focuses on being consumer-driven and innovation focused, why it is important to not 
let the development of features be limited due to costs according to the Director for 
Architecture & Mechanics. In this section the need for differentiating dish racks will be 
addressed and analyzed based on the product complexity it creates.   

5.2.1 Results 

According to the Director of Modularization product complexity is a term that is influenced 
by a negative setting, however this is not the case at all times. Actually, there are two types of 
product complexity, namely good and bad. Good product complexity means that the company 
has the right amount of product variance to meet the demand of the consumers. Bad product 
complexity refers to the burden of a high number of product variants that is hurting the 
business and the efficiency of the organization, not justified by the demand of the consumers. 
This regards how dish racks are differentiated in order to offer product variety. 
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Two product platforms 
There are currently two different product platforms of dishwashers that are sold on the North 
American market under the brand Frigidaire, the PTD and the SSTD. The PTDs target a low 
price range and are mass produced locally in Kinston, North Carolina. On the contrary, the 
SSTDs target a high price range and it is produced abroad in Solaro, Italy. The market for 
dishwashers is driven by product volumes and the PTD volumes are quite stable, and have 
been for a long time. In addition, the North American consumers are very cost driven and 
therefore a majority of the consumers turn to the PTD products. However, according to the 
Director of Global Manufacturing Engineering for Wet Products, the volumes are increasing 
where the high end PTD and the low end SSTD overlaps. According to the Senior Manager of 
Product Planning & Innovation, the potential market shift opens up for an opportunity to 
unify the brand of Frigidaire by having the two platforms operating on the same product 
range. 
 
The two different product platforms differ very much in terms of technology but perhaps most 
noticeably in retail price. The more expensive SSTD has a different dish rack configuration 
and the consumers’ expectations of the products are much higher than for the PTD products. 
Due to the big difference in price, the PTD’s and SSTD’s dish racks need to be clearly 
differentiated if they are to be operating on the same product range. Differentiating the dish 
racks is important when having product variety and would be even more important if the two 
product platforms were to be operating on the same product range. Today the dish racks are 
differentiated with the dish racks’ design structure, features, attributes such as color and 
handles and the number of place settings that the dish racks allocates.  
 
Mesh structure 
Today Electrolux Group is differentiating their dish racks on the North American market for 
different price points with the performance of loading and unloading dishware to the dish 
racks. The differentiation is enabled by the spacing between the dish rack wires that builds up 
the mesh structure of the dish racks, see figure 8.  
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Figure 8. The illustration shows how wires build up the mesh structure of a dish rack. The illustration 
is taken from Sears (2017b). 
According to the Platform Manager for PTD there is a correlation between the spacing of the 
wires and the freedom of loading different types of dishes. As the spacing between the wires 
decrease, the freedom of loading increases, making the number of dish rack wires an 
important component to differentiate the dish racks to different price segments. However, less 
spacing between the wires means more cost. As mentioned before, the dish racks of the SSTD 
are able to carry this cost due to the high retail price, but the low end PTD racks are heavily 
subject to cost constraints. As a result different mesh structures of the dish racks are used for 
different price points. 
 
Standards 
The structure of the dish racks is also affected by the standards that test the performance of 
the dish rack in terms of number of place settings that the dish rack system allocates and the 
drying and cleaning performance of the dishwasher. According to the Team Leader for Racks 
& Hydraulics, Electrolux Group has encountered a problematic pitfall when working with 
standards. This is because the standard has a negative effect on the flexibility of the dish racks 
and how the dishwashers are differentiated for different price points. They want to specify 
their premium dishwashers with attributes of the dish racks that the end consumers look at, 
for example the number of place settings that the dishwasher allocates. The impression is that 
the higher number of place settings that a dishwasher is able to handle, the more space it has. 
Unfortunately this is not the case as a higher number of place settings will make the dish 
racks more designed for the standard, resulting in lower flexibility. To compensate for this, 
foldable tines have been introduced that allows the end consumers to configure their own dish 
racks to some extent. However, this solution cannot handle big plates that typically have a big 
variation in dimension. As a result, the end consumer is not able to fit as much dish as 
expected, which has a negative effect on the company brand. 
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Differentiation based on features 
Regarding differentiating the dish racks with features, two different approaches for modular 
dish racks have been mentioned by managers at Electrolux Group. The first approach aims to 
increase the number of features attached to the dish racks as the retail price increases. Thus, 
more freedom will be given to the development team at Electrolux Group to differentiate the 
dish racks on the product range. However, according to the Platform Manager for PTD every 
component added will increase cost. The second approach is to re-feature components found 
in the lower end dish racks to fit the higher end dish racks, meaning that the performance and 
perceived quality of the dish racks is used to differentiate the dish racks.  
 
According to the Team Leader for Racks & Hydraulics, features need to be in line with the 
price point, but in order to sell more, there is no need of having different variants of a feature, 
which is the case at Electrolux Group today. Likewise, the Platform Manager for PTD argues 
that higher product variety than today is not needed in order to improve value for consumers. 
More general, the Product Manager argues that features can either be introduced to a product 
while it is being sold, or it can be sold as a re-launch of the model, but a unified approval is 
always needed for these changes. Lastly, the Senior Manager of Product Planning & 
Innovation argues that features opens up for an opportunity to sell products to an aftermarket 
for dishwashers. This would enable the Electrolux Group to meet consumer specific demands 
at a higher degree. 
 
Interviewees’ view on Bosch 
According to the Director of Modularization, the competitor Bosch makes a good example for 
a smart execution of a modular dish rack, being able to efficiently differentiate their product 
range. Bosch’s strategy for differentiating their product variants can be explained as having a 
segment based execution of products, namely a good, better and best execution. “Good” 
refers to a mass segment and “best” refers to a premium segment. The Team Leader for Racks 
& Hydraulics explains further that features are used very sparingly by Bosch unless they are 
needed for meeting the standards. The main driver for creating product variety and 
differentiating the product range comes from using cup-shelfs and foldable tines to different 
degrees. Simply speaking, the dish rack for the mass segment is very basic in terms of 
features and moving up to the middle segment, a third rack is included. In the premium 
products a few special features are added, such as wine glass holders and a more flexible third 
rack. In addition, the same plastic handles are used in the whole product range, varying only 
in color and adding a stainless steel inlay to the highest end models. In this execution Bosch is 
able to scale up the volumes of the features that attaches to the dish rack by having innovation 
trickle down from the “best” segment to the “better” segment, see figure 9. For this, one 
structural standard mesh is used to which features can be easily snapped into using plastic 
insert.   
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Figure 9. Illustration of how Bosch trickles down new technology from their premium products down 
to the lower end products. 

The Director of Modularization believes that the good, better and best execution used by 
Bosch is a good way of controlling product complexity. This is because the freedom to add 
features to the dish racks is limited. Further the Team Leader for Racks & Hydraulics argues 
that Bosch’s strategy for the dish racks is to focus on having robust and high performing 
solutions that are afforded by having low complexity. This means focusing on improving the 
functionality and quality on common dish rack features, instead of investing in the 
development of new. The Team Leader for Racks & Hydraulics believes that there are many 
strong arguments for this. Not only does Bosch’s strategy reduce product complexity, it also 
has a positive impact on the performance and perception of the whole product range. Having 
a sliding mechanism of high quality, shared throughout the product range makes a good 
example of this.  
 
Retailers driving differentiation 
It is important to not ignore the business case when developing a dish rack that is designed for 
differentiation, this is because the retailers have a significant impact on the need for 
differentiating the dishwashers and thus the dish racks. As a consequence, the configurations 
of the dish racks are not determined by the R&D department but rather by the retailers. An 
example of this is when retailers demand that features typically found in high end 
dishwashers are placed in the low end dishwashers. According to the Platform Manager for 
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PTD this would be a good scenario from a business perspective as the retailers would have to 
pay extra for it, thus creating greater margins on the product. A small modification does 
however not affect the product complexity of the dish racks significantly according to the 
Team Leader for Racks & Hydraulics.  
 
Further, the Senior Manager of Product Planning & Innovation argues that the retailers drive 
the demand for differentiating dish racks also by the way they display the dishwashers. This is 
because on the retailer shop floor the consumers are presented with a wall of dishwashers 
from different brands that all looks basically the same. As a consequence, the consumers’ 
only way to build their own opinion about the different products is to open up the dishwashers 
and to compare them against each other. The dish racks are then the second touch point that 
the consumers interacts with, making the front of the dish rack a key attribute. The Director of 
Modularization for example argues that a third rack can be highly effective for differentiation 
purposes as it is highly visible. Also, it is important to make the features of the dish rack 
visible instantly. The features of the dish racks are key components for differentiating the 
dishwashers from the competitors’, and it concerns all price points.  
  
The perceived quality and performance are also very important in the differentiation work 
when the end consumers are building their opinions about the product. One key 
differentiation strategy for dish racks regarding the perceived performance is trying to deliver 
different feelings in the sliding mechanism. Another way to differentiate the dish racks is to 
add thicker wires in the front which provides a good feeling of the quality. Furthermore, 
different height options can be offered, linked to the flexibility of loading the dish racks. The 
Team Leader for Racks & Hydraulics argues that differentiation based on performance and 
perceived quality is better than using features. Performance and perceived quality can easily 
be connected to increased consumer value whereas the consumer value of offering features is 
more difficult to estimate. 

5.2.2 Analysis 

Electrolux Group uses different design structures of the dish racks for differentiation 
purposes. The height of the dish racks, the number of wires that builds the mesh structure and 
lastly the thickness of the wires are all variables used for differentiation. These variables are 
today linked to different functional elements and the mapping between these and physical 
components of the dish rack is one-to-many, see figure 10.  This means that these functions 
are linked to the dish rack structure which today is seen as one component. Thus, according to 
Ulrich (1995), the product architecture of the dish racks could be argued to be integral. 
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Figure 10. Illustration of the mapping between functional elements and the physical components 
within the current dish racks. The illustration is based on how Ulrich (1995) display an one-to-many 
mapping. 

In addition Sanchez & Mahoney (1996) argues that product architectures that are optimized 
for the highest quality to the lowest manufacturing cost often are integral. This is true for the 
case of the manufacturing process of the North American dish racks, which have been 
streamlined over the past years. Furthermore, Ulrich (1995) argues that a product architecture 
is the scheme of how the functionality of a product is allocated by the components. Looking 
at the dish rack, some of its functionality is allocated from the features which attach to the 
mesh of the dish rack. This makes the mesh the main interface of the dish rack. Changes made 
to the mesh of the dish rack will therefore have an effect on the features. Thus, it becomes 
more evident that the product architecture of dish racks is integral. Having an integral product 
architecture makes it more difficult to implement product change according to Ulrich (1995). 
This is because the smallest change that can be made to a product is the component and in an 
integral product architecture the interfaces between the components are according to Ericsson 
Erixon (1999) tightly coupled. Changing the mesh design of the dish rack then requires 
changes to the features. Regarding the different functional elements mapped to the dish rack, 
changing one of these will affect the others, demanding more managerial coordination 
(Sanchez & Mahoney, 1996).  
 
It becomes evident that the main driver for product complexity in the product architecture of 
the dish rack is the number of mesh designs. This is because the different designs of the mesh 
of the dish rack will create a high degree of product complexity since every feature need to fit 
the different mesh designs. Looking at the mesh design, a standardization of the mesh allows 
features to be changed without affecting the design between the components which according 
to Ulrich (1995) makes them more decoupled. With decoupled interfaces, a one-to-one 
mapping between the functional elements and the physical components can be executed, 
making the product architecture modular according to Ulrich (1995). 
 
With a modular product architecture, component standardization could be practiced on the 
mesh design and the number of components in the product architecture could then be limited 
according to Ulrich (1995). This is because the functionality of the mesh design is desired in 
all product variants making it a good component to choose for standardization. Also, it 
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becomes easier to meet the requirements of the retailers and creating customized solutions 
based on their specific needs. The value discipline of customer intimacy (Treacy & 
Wiersema, 1993) could then be pursued without adding the number of components needed, 
thus maintaining low product complexity. Standardization of the number of place settings that 
the dish racks allocates would also allow standardization of the mesh design. Although the 
number of mesh designs is a great differentiation tool it is important to acknowledge that it 
comes with a price. By offering a high number of place settings the dish racks becomes less 
flexible which will affect the consumers’ perception of the brand. But most importantly, 
offering different number of place settings might drive the need of having different mesh 
designs. 
 
Further, how the retailers display the dishwashers at their shop floors drive the need for 
product differentiation. Features are visible and stand out for the end consumers, making them 
an effective tool for product differentiation purposes. However, how features are used for 
differentiating dish racks will have an impact on the product complexity and the ease of 
controlling it in the future. The Director of Modularization argues that there are two types of 
product complexity that needs to be acknowledged that have an impact on the organization, 
namely good and bad product complexity. This aligns with how MacDuffie et al. (1996) 
argues about how great product variety must create customer value for manufacturing 
companies. It is only beneficial to have great product variety that generates a higher degree of 
product complexity if the customer demands it, otherwise it becomes a burden of high 
operation costs. Further, Schuh et al. (2010) and Weiser et al. (2016) argues that the cost of 
product complexity should be compared to the customer value it might bring. However, 
managers at the Electrolux Group do not seem to have a unified vision regarding which 
strategy to use in order to manage product complexity when using features. 
 
The first strategy refers to adding the number of features of the dish racks corresponding to 
the increasing price points. This strategy allows newly developed features to be introduced to 
the dish racks, making the development process relatively free. This is effective for 
differentiation and marketing purposes for the dishwashers. However, increasing the number 
of features used for product differentiation in a relatively free process could create a lot of 
product complexity and thus adds cost to the organization according to Jose & Tollenaere 
(2005). As interfaces will determine how features are attached to the dish racks (Ericsson & 
Erixon, 1999), different mesh designs will require different variants of a feature. Using this 
strategy on the current integral product architecture would then multiply the number of 
features with the number of mesh designs, creating even more product complexity. Therefore 
it is of high importance that the features introduced to the different price points actually 
creates consumer value, otherwise this strategy will become a burden for the organization due 
to the product complexity. 
 
The second strategy for product differentiation by using features refers to re-featuring 
components to deliver different levels of performance and perceived quality. This strategy is 
not as effective as the previous strategy in terms of instantly making the dish racks stand out 
at the retailers’ shop floors. However, the strategy is limiting the number of components 
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needed for differentiating the dish racks for different price points. This is because simple re-
features of a component will likely not require different interfaces, meaning that it will not 
affect how it attaches to the mesh design (Ericsson & Erixon, 1999). By not having to change 
the interfaces, the number of components can thus be limited for reaping the benefits of 
economies of scale according to Jose & Tollenaere (2005).  
 
Looking at Bosch, they have settled for the second strategy by using a standardized design of 
the dish rack structure with standardized interfaces. This allows them to have a high 
percentage of shared components in the product range according to the Director of 
Modularization. This could be categorized as a component-sharing modularity where the 
different dishwashers on the product range shares the same basic design of the dish rack 
(Erixon, 1998). By having a good, better and best execution Bosch has managed to reduce 
product complexity while having a large market share, offering high performing products on a 
global level. This enables them to share components between products as well as re-feature 
components according to major price segments. This is evident in how they trickle innovation 
down from their high price segments to lower. Further, it could be argued that Bosch is able 
to reach all three different value disciplines with their differentiation strategy by using 
modules with different strategic purposes (Ericsson & Erixon, 1999; Lange & Imsdahl, 2014). 
By having one basic design of their dish rack they have practiced component standardization 
(Ulrich, 1995), allowing them to use the value discipline of operational excellence. By 
focusing on having features to deliver different performance levels, Bosch is also able to 
practice product leadership. Lastly, having the good, better and best execution for product 
differentiation, they are still able to reach different types of consumers effectively and 
therefore they are able to practice customer intimacy.  

5.3 Production 
The dish racks for the PTD are produced in-house in North America. The production line is 
very old, inflexible and requires much manual labor within the assembly. In order to grow, 
new machinery is needed as well as more production capacity. In this section more details 
concerning these production issues will be addressed. This will then be analyzed based on the 
product complexity it gives in terms of production.  

5.3.1 Results 

Product differentiation affects the product architecture of the dish racks and thus has an 
impact on the production setup and processes. The production flexibility and how the dish 
racks are designed determine how well product complexity can be managed. 
 
Production setup 
The Director of Manufacturing Engineering for Wet Products describes the production setup 
for the PTD dish racks as optimal for an efficient production. The production of the dish rack 
structure is today almost fully automated which enables a very low labor content and fast 
production, making it cost efficient. At the same time, the production is very inflexible, 
meaning that it is difficult for R&D to make changes in the design as it requires large changes 
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in manufacturing. Some adjustments can be made such as the wire diameter, number of wires 
and the height of racks. Within these limitations a lot of changes are today made, increasing 
the complexity in terms of production processes. This is because changing the setup to 
produce a different dish rack is difficult and takes time. Being able to accommodate for 
changes in the dish rack design would require a more flexible production line, which would 
also increase the costs due to more manual labor. Facing this tradeoff, dish racks need to be 
design to be compatible with automation. Future changes in the design of it also need to be 
foreseen if setting up a production line so that enough flexibility is given, yet not too much. 
 
Production process 
The different steps in the production process are described by the Director of Manufacturing 
Engineering for Wet Products and the Team Leader for Racks & Hydraulics. The dish racks 
starts from wire strings that are welded together into a mesh. By bending the mesh, the dish 
rack structure is created. After this, fixed tines are welded onto the structure and the dish rack 
is coated. Alternatively, already coated foldable tines are snapped onto the dish rack structure. 
The foldable tines are accessories in the mid and high end racks and they are actually easier to 
produce than fixed tines. The material cost however becomes higher as you need to use more 
wire, as well as plastic clip-on interfaces. When the dish rack is now finished, the components 
that go inside and outside of the dish racks are added, and this assembly process requires a lot 
of manual labor. When designing interfaces for parts that are added onto the dish rack, it is 
important to consider the assembly process and trying to make the interfaces compatible with 
automation. The coating process gives poor tolerances with varying thicknesses also affecting 
the interfaces in the assembly process. 
 
Setting up a new production 
If making a completely new dish rack design, a new line would need to be set up in parallel 
with the current one according to the Director of Manufacturing Engineering for Wet 
Products. This would make it easier to adjust output according to actual demand. It would 
possibly also create synergies in terms of inventory and enable more of a one-to-one 
relationship with the assembly line. As a new dish rack design would possibly regard both the 
PTD and SSTD it is important to consider the different production strategies used today. In 
Europe the strategic decision has been to outsource the manufacturing of dish racks to a 
supplier as it is not considered being a core technology. In North America, the dish racks are 
instead manufactured in-house as it is currently much cheaper than buying them from 
suppliers. These decisions depend very much on the landscape and closeness to suppliers. 
Racks are bulky and takes up a lot of space, so the closer the suppliers are located the better in 
terms of transport. As a result of this, different solutions for the production have been 
developed, where more manual labor is used in North America.  
 
The Team Leader for Racks & Hydraulics mentions that Bosch actually has a lot of 
production in-house and believes this is related to Bosch being good at sharing components 
between products. This is since having in-house production often makes a company prone to 
share components and as a result the dish racks serving the price range shares a lot of 
components. In addition, the Director of Modularization mentions that GE and Whirlpool also 
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have made the strategic decision to manufacture their dish racks in-house. The numbers of 
shared components has a direct link to the operational excellence strategy since a low number 
of components reduces production costs.  

5.3.2 Analysis 

The current production line in North America has over the years remained basically the same 
but the processes have been made more efficient in order to reduce costs. Today the 
production of the dish rack structure is said to be almost fully automated. However, more 
flexibility would be needed if using the line also for higher end dish racks and to allow for 
new product variants, managing the product complexity it would give. Ericsson & Erixon 
(1999) state that this also is needed in order to more easily adapt to changes in demand, which 
is also requested. The tradeoff between product variety and achieving low costs is addressed 
by MacDuffie et al. (1996), stating that manufacturing companies need to decide on having 
either high variety with flexible manufacturing or low variety with focused factories. As of 
today, it seems like the production line in North America is somewhere between these 
categories as minor changes are made all the time to the dish racks. A very flexible system is 
not seen as an option due to the importance of having low cost for the low end PTD dish 
racks, why focus should perhaps be put on having an even more standardized and automated 
line than today for the low end dish racks. This would then implicate having another, more 
flexible, line for differentiating the other dish racks, which according to the Director of 
Manufacturing Engineering for Wet Products is also needed if a transition to a new rack 
design was to be made.  
 
According to Ulrich (1995) the ability to offer product variety is however not only linked to 
the manufacturing flexibility but also to the product architecture. As discussed in previous 
sections, the North American dish racks can be considered to have an integral product 
architecture. It is possible to offer high product variety having an integral product 
architecture, but it becomes expensive if there are high setup times and large lot sizes within 
the production (Ulrich, 1995).  As this is the case for the North American dish racks today, 
this would need to be addressed if higher product variety is going to be offered using an 
integral product architecture. Another alternative is to use a modular product architecture. The 
modular product architecture, having decoupled interfaces and a one-to-one mapping between 
functional elements and physical components, enables product variance to be offered 
efficiently as components can easily be shared between products (Ulrich, 1995).  
 
Having a modular product architecture is the base for mass customization (Hvam, Mortensen 
& Riis, 2008), meaning that product variety can be produced efficiently by having a flexible 
production system and focusing on high volumes (Gilmore & Pine, 1997; Da Silveira, 
Borenstein & Fogliatto, 2001). In order to achieve high volumes, a modular product 
architecture is needed so that components can be easily shared between different products, 
having component standardization (Jose & Tollenaere, 2005). Based on the discussion above, 
it might seem like a flexible production system cannot be afforded due to the small margins 
on the lowest end PTD. However, it can be argued that dividing the dish rack into modules 
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actually creates an overall flexible production system, yet producing the basic dish rack 
structure very efficiently. Furthermore, as the modular product architecture enables 
component standardization, a reduction of cost linked to complexity in purchasing, inventory 
management and quality control can be made (Ulrich, 1995; Jose & Tollenaere, 2005). 
 
From a mass customization point of view dividing the dish rack into modules is beneficial 
since delayed product differentiation can be enabled, meaning that variety of the dish racks is 
created in the later part of the production line (Blecker & Abdelkafi, 2006), see figure 11. 
Flexibility is given to differentiate the racks by adding on additional modules to the basic dish 
rack structure, adding costs only to dish racks that do not have as strict cost constraints. Thus, 
the lowest end dish racks can be finalized using almost no manual labor and product 
complexity is then added to it in order to build up the product range. 

 
Figure 11.  A simplified illustration of how delayed product differentiation can be used for dish racks 
with different price points, showing the difference before and after applying delayed product 
differentiation. 

Looking at having delayed differentiation for producing modular dish racks it is important to 
consider the strategic purposes of modules. Considering the current dish rack being a module, 
the different module variants of it today serves different purposes. The low end dish racks 
pursues an operational excellence product strategy while more premium variants serve more 
of a customer intimacy strategy, creating different variants to fit the consumers’ different 
expectations for different price points. Rather, a module should be oriented towards only one 
product strategy according to Lange & Imsdahl (2014). Jose & Tollenaere (2005) further 
explains that manufacturing companies can address product complexity by either allowing a 
high number of module variants with greater cost or limit the module variants to achieve 
economies of scale. This suggests having separate modules for differentiating the dish rack, 
being added to the basic dish rack structure that constitutes another module.  
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For the lowest end dish racks one module variant for the basic dish rack is almost everything 
that is needed. As the cost of the basic dish rack structure is driven mainly by number of 
wires, it should then come with a very simple structure, yet enough to efficiently allocate 
dishware. Further, it should be produced very efficiently having a fully automated line with 
no variance in the structure, pursuing an operational excellence strategy. At the same time, the 
use of other modules enables product variety (Hvam et al., 2008), pursuing more of a 
customer intimacy strategy. This corresponds well with delayed product differentiation where 
the first part of the production is seen as a push system and the second part is where product 
variety is created based on demand (Blecker & Abdelkafi, 2006). 
 
More specifically regarding product complexity, Closs et al. (2010) argues that it is beneficial 
to reduce it as it comes with costs and delivery issues. The effect of product complexity is 
clearly seen in today’s dish racks where minor changes are made to the basic dish racks 
structure all the time. As every change is hard and takes time, this complexity is currently 
increasing the costs of the dish racks. Based on this, and the importance of having low 
production cost for the low end dish racks, it is easy to see the benefit of not allowing these 
changes to be made. This again implicates that the basic dish rack structure should be a 
module only pursuing an operational excellence strategy by producing it automatically with 
low, if any, variance.  
 
However, taking a modular approach for the dish racks still comes with challenges as product 
complexity will increase when new modules and module variants are introduced (Weiser et 
al., 2016). This cannot be managed simply by having a flexible production system, but 
requires more management of processes and more skilled labor (MacDuffie et al., 1996). This 
relates to developing modules that are added onto the basic dish rack structure. As explained 
in previous sections, differentiation elements such as thickness of wires, handles and height of 
the dish racks also create product complexity that adds cost to the dish racks in 
manufacturing. In addition to this, different features require a lot of manual labor in the 
assembly process. Hu et al. (2008) suggest a modular assembly where sub-assemblies are 
used as a way to mitigate complexity, handling variety more efficiently. Thus, differentiating 
elements can be put together into modules in order to reduce the product complexity, making 
it easier to manage and simplifying the process for workers within production.  
 
As argued by interviewees the interfaces are important for mitigating product complexity in 
the assembly process and it also constitute the basis for modularization (Ericsson & Erixon, 
1999). Even so, the assembly process requires a lot of manual labor, why further increasing 
the number of assembly operations with the use of modules will perhaps increase the 
assembly costs. Important to consider is that the coating of the dish racks makes it hard to 
snap attachments onto the dish rack due to varying thicknesses and poor tolerances.  
 
The decision of having production in-house in North America can perhaps be affected if the 
dish racks are made more modular as companies usually becomes more modular when 
outsourcing (Dogerlioglu, 2012). This might explain why the European organization 
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outsources the production of dish racks while the North American does not, and why less 
manual labor is used in Europe. At the same time, Dogerlioglu (2012) state that outsourcing 
as a way to increase modularity only is a valid competitive advantage within logistics, as seen 
in the difficulties of shipping bulky dish racks. Benassi (2008) also points out that it becomes 
harder to improve economies of scale using suppliers, thus increasing costs. So, it seems that 
outsourcing of the dish racks becomes a decision of reducing complexity in assembly and 
becoming more modular or trying to reduce costs with economies of scale.  
 
This tradeoff translates back to having different strategic purposes for modules for delayed 
product differentiation similar to how Ericsson & Erixon (1999) argues that there might be 
strategic reasons behind the make it or buy it decision. For example, operational excellence 
corresponds to having efficient processes and economies of scale (Treacy & Wiersema, 1993) 
why a module directed toward this value discipline perhaps should be produced in-house, in 
this case the dish rack structure. Modules that are used for differentiation purposes and for 
creating product variance, thus directed more toward customer intimacy  (Treacy & 
Wiersema, 1993), might instead require high level of modularity for which outsourcing is 
beneficial (Dogerlioglu, 2012). Thus, the strategic purposes of modules can perhaps aid in the 
make it or buy it decision. 

5.4 Organizational Aspects 

According to the Director of Modularization, modularization has been identified to be the best 
practice for supporting Electrolux Group’s strategies, exploiting upcoming opportunities and 
leveraging scale. At Electrolux Group modularity is seen as a way to create synergies between 
multiple product platforms using standardized interfaces to enable components and features to 
be shared between them. It is also seen as a way to increase value for customers and end 
consumers, offering high quality products with the best use of capital. The modularization 
strategy however comes with challenges as Electrolux Group has a legacy costly to change. 
This section will cover organizational aspects regarding how the modularization strategy at 
Electrolux Group has been implemented and how it corresponds to the North American dish 
racks.  

5.4.1 Results 
As a way to address product complexity, modularization has been implemented at the 
Electrolux Group. Modularization principles have been used for dish racks but in practice this 
comes with multiple challenges. There are a lot of organizational aspects to consider and how 
modularity is used impacts the product complexity of the dish racks. 
 
Implementation of modularization 
The Director for Architecture & Mechanics describes that when Electrolux Group first 
implemented modularization in 2012 it was seen as a way to target complexity. A 
modularization team was formed in order to set the foundation for the strategy, working 
globally and across functions to establish a modular product structure and a working culture 
around it. After this had been done, the team was dissolved and the members were spread 
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throughout the R&D and manufacturing organizations to address the evolved need for an 
interface design. Today the members are driving modularization from a strategic perspective 
and setting guidelines for it. Although decisions are made on a product level, the modular 
platform is today governed by product line.  
 
Important to also mention is that R&D is today centralized to Stockholm, Sweden, meaning 
that the product development of the modular platform is done on a global level. According to 
the Director of Global Manufacturing Engineering for Wet Products, R&D should instead be 
placed close to the production and the market for close collaboration, as there are problems 
with having the responsibility for governing and approving product changes on single 
persons. Furthermore, the Director for Architecture & Mechanics believes that it is good to 
have a team outside of the line organization governing a modular platform. Lastly, the Team 
Leader for Racks & Hydraulics wishes to have a more module-driven R&D organization. 
Today, with a project driven organization, it is easy to develop new features that are consumer 
focused, but less focus is put on performance improvements.  
 
One part of the global modularization initiative was to share modules back and forth between 
the production sites in Italy and North America. This was however not implemented in 
practice. As a consequence, the two product platforms sold to the North American market, 
plastic and SSTD, do not have interchangeable dish racks between them even though they 
share the same basic measurements. The North American dish racks are also not designed for 
housing desired features. Based on this, these racks cannot be considered modular today. The 
Director of Global Manufacturing Engineering for Wet Products also expresses that little 
seems to be known about modularization within the North American organization. Within the 
North American organization, having features that can be “plugged-and-played” with is often 
seen as a definition of modularity. However, according to the Director for Architecture & 
Mechanics this is not modularization in itself, it needs to be translated into the interfaces of 
the modular platform. Based on observations, there also seems to be low understanding of 
modularity within the European line organization.  
 
Modular dish racks 
Looking at modular dish racks, the goal for Electrolux Group is to have dish racks that are 
compatible globally so that they can be configured based on the market they are going to be 
sold to, utilizing the same dish rack features. Within a market, a modular dish rack should 
according to the Product Line Manager enable different needs and price segments to be 
targeted, differentiating the product range. This is ideally done by having one basic dish rack 
that features can be added on to. On the North American market, the tubs of the PTD and 
SSTD are different but the Director of Manufacturing Engineering for Wet Products still 
argues that it is possible to have interchangeable dish racks between the platforms by simply 
having different interfaces between the dish rack rails and the tub. At least the same features 
should be able to fit both platforms without having to make changes to the design of the dish 
racks according to the Senior Manager for Product Planning and Innovation.  
 



 

44 

As consumers interacts directly with the dish racks it is important that the interfaces within 
the dish racks are developed based on consumer insights and with the design department 
involved. Interfaces within the dish rack can also be designed for consumer interaction, 
increasing the embedded flexibility. There is however currently no need for it to be designed 
in a way that consumers can customize their own dish racks by themselves. For the European 
and North American market, the tub, dishware and standards differs a lot, making it difficult 
to have the same rack design, and also possibly even having the same features. 
 
Product complexity in dish racks 
The Product Manager for PTD argues that there are multiple benefits of reducing the number 
of parts included in dish racks and also believes that there is no reason for having greater 
product variety in them today. Like the Electrolux Group, Bosch uses a modular way of 
thinking and has managed well with sharing component between different dishwashers, 
offering product variety with low product complexity. This can be seen in that their dish racks 
are almost the same throughout the whole product range on a global level. The Team Leader 
for Racks & Hydraulics views this approach as highly beneficial for reducing product 
complexity but also emphasizes the risk of being able to easily create product variety. This is 
because it can easily result in unnecessary product complexity, partly for R&D but mainly for 
product management and production. The Team Leader for Racks & Hydraulics also stress 
that no matter how modular the dish racks are, differentiating the dish racks always comes 
with cost as a result of the need for management.  

5.4.2 Analysis 

Modularization has not been fully implemented throughout the organization of Electrolux 
Group, which can be seen by looking at the North American part of the organization. The 
Director of Manufacturing Engineering for Wet Products expresses that little is known about 
modularity and the North American organization’s definition of modularity does not seem to 
emphasize standardized interfaces. Furthermore, the knowledge about modularity seems to be 
low inside the European line organization as well based on observations during the master 
thesis work. Issues of putting the governance of modular platforms on single persons have 
been brought up by employees. Implementing modularization, and a culture around it, was the 
purpose of the modularization team, why it perhaps should not have been dissolved. Looking 
at the cost benefits of modularization (e.g. Ericsson & Erixon, 1999), it seems that there is a 
lot of potential in spreading modularity more within the North American part of the 
organization, especially as the market there is very cost-sensitive. It is also important to 
mention the financial importance of the North American market as it constitutes a large part 
of Electrolux Group’s sales (Electrolux Group, 2016).  
 
Different opinions about the current organizational structure have been brought up during the 
interviews. The local site in North America wants to target its market specifically whereas the 
centralized R&D wants to create synergies globally. Having R&D centralized in Stockholm 
makes logical sense when having a global modular product architecture as it comes with 
synergies within R&D and facilitates learning (Datar et al., 1997). As discussed in previous 
sections, the North American products however differ a lot from the European, for example in 
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the product architecture, the standards and in the retail prices. For the centralized R&D this 
means having different ways of working, requiring product development to handle more 
product complexity. The Director of Manufacturing Engineering for Wet Products also brings 
up that there are issues concerning the current relationship between R&D and production for 
North America. A more distributed structure based on manufacturing locations allows for a 
closer relationship to production as well as to the local market (Datar et al., 1997). All this 
implies creating either more similar product architectures or having a more local R&D in 
North America. 
 
Currently, the Electrolux Group’s product development is driven a lot by projects. The Team 
Leader for Racks & Hydraulics describes that the product development is focused very much 
on new features rather than performance improvements, and would like to see a more module-
driven development. When introducing new features to create product variety the product 
complexity will increase (Weiser et al., 2016). From a modular perspective, adding a new 
module will change the modular product architecture and can over time lead to a failure of it.  
This is why Weiser et al. (2016) argues that it is important to assess how much product 
complexity respectively consumer value a new module would bring. A more module-driven 
development seems to minimize the risk of changing the modular product architecture as it 
focuses on creating new module variants based on the existing standardized interfaces 
(Sanchez & Mahoney, 1996). This corresponds well to how Ericsson & Erixon (1999) argue 
that a modular product architecture allows changes to be made on a modular level that does 
not change the product design, thus allowing change without increasing the product 
complexity.  
 
Additionally, as there are issues with for example the perceived quality of the North 
American dish racks, putting focus on performance improvements makes a valid point. This 
also goes hand in hand with having a module-driven development as Hoetker (2006) explains 
module development as making improvements on a component level that together improves 
the end products. So, making improvements on a modular level would be beneficial in terms 
of product complexity and performance, corresponding to the operational excellence 
respectively the product leadership strategy. The organization is today structured rather for 
developing new modules. This comes with the risk of unnecessary product complexity, but is 
perhaps beneficial in terms of customer intimacy.   
 
Having standardized interfaces is the foundation for modularity and defines module 
development (Boer & Hansen, 2013; Sanchez & Mahoney, 1996). Today the North American 
dish racks cannot be considered modular as they cannot house desired features and as the dish 
racks are not interchangeable between the PTD and SSTD. Based on this, there are issues 
with the current interfaces, that they are not standardized. This means that changes in one 
component will likely require changes in related components, and this product complexity 
demands a lot of managerial coordination (Sanchez & Mahoney, 1996). Once again, the 
product complexity of making component changes in an integral product architecture is 
evident (Ulrich, 1995). In North America a “plug-and-play” system is requested for the 
features. Looking at the different types of modularity described by Erixon (1998) this can be 
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seen as a component-swapping modularity where different features are compatible with the 
same interface on a dish rack. This however comes with the risk of creating unnecessary 
product complexity which is emphasized by the Team Leader for Racks & Hydraulics. Even 
though using modularity, the Team Leader for Racks & Hydraulics further argues that 
product differentiation always comes with costs. This is clearly seen in the current dish racks 
where product complexity is driven a lot by the need for differentiating products and Closs et 
al. (2010) arguing that more components will always increase costs.  
 
Concerning interchangeable racks between the PTD and SSTD, the Director of 
Manufacturing Engineering for Wet Products believes it is possible simply by using different 
interfaces between the tub and the rail, which would also relate to components-swapping 
modularity (Erixon, 1998). Further, looking at the whole dish rack system inside the 
dishwasher, a bus modularity seems appropriate. This means that there are designated places 
for the different dish racks although they do not need to be used (Erixon, 1998; Ulrich, 1995). 
For example, space for a third rack could be given for higher price points, thus having a 
spatial interface (Gershenson et al., 2003).  
 
Looking at modularization at Electrolux Group from a holistic level, it might be more 
beneficial to focus on component-sharing modularity, where features are shared between 
different products and on a global scale (Erixon, 1998). As this limits the number of 
components needed, and thus costs (Closs et al. 2010), an operational excellence strategy can 
be pursued (Treacy & Wiersema, 1993). Using standardized components would also increase 
the performance of the components according to Ulrich (1995), corresponding to the product 
leadership strategy. This would however require the same mesh geometry on the dish racks 
globally. Having different mesh designs for different geographical regions and for different 
products means less standardized interfaces, but standardized interfaces are needed for 
reducing product complexity with modularization (Boer & Hansen, 2013; Ericsson & Erixon, 
1999). Based on this, the dish rack mesh can be seen as a main driver for product complexity. 
For having the same mesh globally something similar to cut-to-fit modularity could perhaps 
be utilized, using the same interfaces to the tub but having different measurements on the dish 
rack structure (Erixon, 1998).  
 
Discussing the different types of modularity that could be utilized in a modular dish rack 
system, it is easy to see that different types of modularity corresponds to different parts of the 
dish rack system, and they relate to product complexity differently. It also has strategic 
implications. A more restricted type of modularity seems to allow for sharing components 
well and puts focus on performance, addressing the operational excellence and product 
leadership strategies. Modularity that allows for more freedom might instead enable more 
customization, thus pursuing more of the customer intimacy strategy. Because of all this, the 
types of modularity, as well as the standardized interfaces, need to be carefully defined.  
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6. Discussion 
 

This chapter will discuss the findings of this study by connecting the different analyses 
sections together. The chapter will be used as a basis for drawing conclusions.

 
Looking at the dish racks of the North American market it becomes clear that the product 
architecture has a big role and impact on product complexity. Furthermore, it affects the 
organization of Electrolux Group in various ways. Firstly, the product architecture will have a 
big impact on the differentiation work that the Electrolux Group decides to pursue if making 
the North American dish racks modular. Secondly, the product architecture of the dish racks 
will affect the production of the dish racks and especially the assembly aspects of the dish 
racks. Lastly, the product architecture used is connected to the organizational structure. 
 
In the case being studied, modularization has not been implemented throughout the whole 
organization which has had an impact on product complexity. Not having a fully global 
modular product architecture does not go well with having a centralized product development 
when working on a global level. Global differences in product architectures will limit the 
synergies within R&D and the possibility of sharing components globally, creating more 
complexity in product development. For Electrolux Group, this implies that the North 
American dish racks are modularized similar to how the dish racks for the European platform 
are designed. On a more general level, employees in the line organization not fully 
understanding what modularity is will more likely result in product changes that affects the 
standardized interfaces negatively. This will damage the modular product architecture, 
making it more integral. This will require a higher number of components as more changes to 
them are needed, resulting in more product complexity. This makes it important to clearly 
define the modular product architecture and its standardized interfaces so that product 
complexity does not build up over time.  
 
The dish rack mesh can in itself be seen as an interface for the different features of the dish 
rack. In order to have a modular dish rack that allows for different features to be added easily 
it needs to be designed as a standardized interface. This means having a common mesh design 
compatible with desired features. If not, the dish rack would have an integral product 
architecture requiring different designs of a feature for different mesh designs. This has been 
identified as the main driver for product complexity in the North American dish racks. 
Turning the basic dish rack structure into a module would enable an automated, standardized 
production of it. Low variance should be used in order to address the lowest price segment 
with an operational excellence strategy. Thus, the low end dish racks can be produced very 
efficiently without costly manual labor and with low product complexity. Delayed product 
differentiation can be enabled by having other modules added onto the rack, serving the two 
other value disciplines. By doing so, flexibility is given to the production as a whole, but the 
cost of product complexity only translates to higher end dish racks.  
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Another big driver of product complexity that has been identified is the high number of 
differentiating elements in the dish racks needed for building a product range. Electrolux 
Group is currently differentiating their dish racks in two ways. Firstly, they use different 
designs of the dish rack structure to target different price points, built up by using wires in 
multiple ways. Secondly, Electrolux Group is using a high number of features that goes inside 
of the dish rack as differentiating elements. For a low product complexity, modules that are 
added to the basic dish rack structure can instead consist of several differentiation elements in 
order to reduce complexity in the assembly process, meaning that sub-assemblies are used. 
Higher degree of modularity can however come with greater cost. This is seen in production 
where the degree of modularity guides the “buy it or make it” decision. Outsourcing gives 
more modularity and less complexity whereas in-house allows for better economies of scale, 
reducing the costs.  
 
Having a basic dish rack structure as a module is the basis for building up a product range 
where dish racks are differentiated for different price points. For product differentiation, two 
strategies for building the product range have been identified, either creating new features that 
are added to the dish racks or re-featuring components. In modular terms this can be 
described as either focusing on introducing new modules or new module variants. Based on 
the analysis, the second strategy is more beneficial in terms of product complexity. In the 
analysis, this also seems to be related to the organizational structure within product 
development. From looking at Electrolux Group, a project-driven organization seems to be 
likely to focus more on introducing new modules rather than improving existing ones. An 
organization structured around module development, focusing rather on creating new module 
variants, seems to reduce the risk of adding unnecessary product complexity as the modular 
product architecture can remain the same. 
 
Whether focus is put on new modules or module variants also relates to the type of 
modularity being used. It will affect how product complexity will be created in the future and 
define the strategy being pursued. Using a more restricted form of modularity means less risk 
of creating complexity in the future and makes product development focus more on sharing 
components and improving existing modules. If the type of modularity used instead gives 
more freedom, new modules will more easily be introduced. 
 
To conclude, this study highlights the importance of using modules and having a clear 
strategic purpose for different modules. Not doing this will create product complexity over 
time as seen in the North American dish racks, where both low cost and product 
differentiation is targeted using different variants.  By instead having different modules with 
different strategic purposes, product complexity can be reduced. For the North American dish 
racks this study has found that the basic dish rack structure as a module should pursue an 
operational excellence strategy if low product complexity is requested. From this, in a product 
architecture where one module constitutes the main interface and is a common unit, it is 
beneficial that the module pursues an operational excellence strategy. This allows for delayed 
product differentiation using additional modules, so that a product range with high differences 
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in price points can be created. In other words, product complexity can be reduced while 
allowing product differentiation by having the first module in the production process pursuing 
an operational excellence strategy.  
 
When differentiating products, this study has found that in order to reduce the risk of product 
complexity building up over time it is beneficial to focus on creating module variants rather 
than introducing new modules. This is partly because focusing on new modules will risk an 
increase in number of components, but will also risk damaging the modular product 
architecture and its standardized interfaces. These risks can be mitigated by having a clearly 
defined modular product architecture and an organizational culture around it. The type of 
modularity being used should also be clearly defined. For example, a type of modularity 
focused on sharing components will result in less complexity than a one that allows different 
components to be placed freely. Also, focusing on module development will mitigate the risk 
of product complexity being created by introducing new modules.  
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7. Conclusions 

 
This chapter will present the conclusions of this master thesis based on the formulated 
research questions. The limitations of the conclusions drawn are then discussed. 
Furthermore, the theoretical and managerial implications will be presented, followed by 
suggestions for future research.  

 

7.1 Concluding the Research Questions 

The purpose of this master thesis was to investigate how manufacturing companies can 
address the tradeoff between product complexity and product variety. More specifically 
product complexity was analyzed from a modular perspective with the governance of the 
product architecture in focus. To operationalize this purpose the following research question 
was formulated. 
 

❖ How can manufacturing companies control product complexity over time in a modular 
product architecture while offering product variety?  

 
To answer this question, three sub-questions were formulated and the answers to these 
questions are presented below as conclusions.              
 

➢ What important aspects should be considered when using a modular product 
architecture to build a product range without having product differentiation 
adding unnecessary product complexity? 

 
The product architecture needs to allow for changes resulting in new product variants but 
there must also be a clear strategy for making these changes. It is important to identify the 
components constituting base units as variety in these will have the biggest impact on product 
complexity in the product architecture. These components can be identified by looking at how 
changes in them will affect other components. When building a product range based on a 
modular product architecture it is beneficial to address product differentiation by focusing on 
new module variants, rather than adding new modules. Adding new modules will change the 
modular product architecture and over time likely result in unnecessary product complexity, 
whereas module variants follow the standardized interfaces of existing modules. Furthermore, 
it is beneficial to focus on module variants with different performance levels corresponding to 
major price segments. By having this strategy, the risk of creating product variety that is not 
valued by consumers can be mitigated.  
 
  



 

51 

➢ What effect does the modular product architecture have on handling product 
complexity within production? 

 
Having a modular product architecture allows for delayed product differentiation, which is 
beneficial for handling product variety within manufacturing. However, this study has found 
that the modular product architecture needs to be designed so that different modules have 
clear strategic purposes. This is needed in order to use delayed product differentiation so that 
the cost of product complexity only translates to higher end products. In order to maintain low 
cost for low end products a module being shared on the whole product range, constituting an 
assembly base, should be standardized, placed in the beginning of the manufacturing process 
and be produced in an efficient manner with low variance. Based on the strategic purpose of 
these modules, they should remain the same over time since changes of these will affect the 
whole production. More flexibility is instead given by adding additional modules for 
differentiation purposes, only relevant for higher priced products for which the cost of 
product complexity can be afforded. In order to handle this complexity, differentiation 
elements can be put together into modules. Lastly, the strategic purposes of modules can be 
used as guidance in the make or buy it decision made by manufacturing companies. 
 

➢ What organizational actions can be taken to limit product complexity in a 
modular product architecture? 

 
In this study, having an R&D department working with different product architectures has 
been identified as a significant driver of product complexity. By having a common, modular 
product architecture synergies on an organization level can be created to reduce product 
complexity. A modular product architecture also allows for module development which in 
this study has shown to minimize the risk of adding product complexity over time as the 
product development is restricted to the existing standardized interfaces. A project-driven 
product development on the other hand tends to change the modular product architecture, 
increasing the risk of creating product complexity that does not bring value to consumers. 
Although having a shared modular product architecture that reduces product complexity, the 
case study highlights the importance of taking actions to widely spread knowledge about 
modularity. In addition, how products should be developed based on a modular product 
architecture is also important to implement into the organizational culture. Lastly, the study 
has found that a clear strategic objective of modularization is needed as well as a consensus 
regarding why modularization is used by the organization. Without addressing these two 
aspects, the organization is likely to not obey to the standardized interfaces of the modular 
product architecture, thus experiencing an explosion of product complexity.   
 
The three sub-questions were formulated to give clarity to the main research question “How 
can manufacturing companies control product complexity over time in a modular product 
architecture while offering product variety?” and to look at it from different perspectives, see 
table 2.  
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Table 2. A summary of how to align different aspects for controlling product complexity within a 
modular product architecture. 
 Low Product Complexity High Product Complexity 

Development focus 

 
New module variants, 
modular innovation 

 

 
New modules, architectural 

innovation 
 

Organizational structure Module development 
 

Project-driven 
 

Developing product range Re-featuring according to 
major price segments 

 
Adding new features based 

on price points continuously 
 

Impact on product 
architecture 

Maintained modular product 
architecture, standardized 

interfaces followed 

 
New interfaces required, 

making the product 
architecture more integral 

 
 
For low product complexity it is important to maintain the modular product architecture and 
follow its standardized interfaces. This can be done by focusing on introducing new module 
variants and innovation on a modular level, which can be aided by utilizing module 
development within the organization. This corresponds to having a segment based 
development of the product range where components are re-featured according to major price 
segments. On the contrary, focus on new modules and architectural innovation corresponds to 
having a project-driven organizational structure and developing the product range by adding 
features continuously as the price point increases. This instead requires new interfaces, 
making the product architecture more integral and resulting in higher product complexity. 
 
Based on all this, the study has found that the development focus, organizational structure and 
the development of the product range need to be in line with each other as displayed in table 
2. By doing this, manufacturing companies are more likely to control product complexity over 
time in a modular product architecture. Thus, the main research question is believed to have 
been answered sufficiently. More general, insights have been provided to how the tradeoff 
between product variety and product complexity can be addressed by manufacturing 
companies. Based on this, the purpose of the study is considered to have been fulfilled. 

7.2 Limitations 
This case study has investigated how product complexity can be managed over time in a 
modular product architecture and has therefore not considered all aspects of modularization. 
Although the literature and theory used is considered to be robust it is important to consider 
how modularity is presented by researchers within the field. As it seems, the benefits of 
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modularization tends to be emphasized in scientific articles while less focus is put on the 
negative aspects of modularization. Therefore the study could be perceived as being biased, 
since it does not shed light on some of the issues that can arise in an organization that is 
practicing modularization.  
 
Modularization can for example result in quality control issues that follows component 
standardization. If a component used in a whole product range is defected, the whole range of 
products will experience quality issues. Using component standardization to accommodate for 
both high and low end products can also result in cost being transferred to low end products, 
which is highly relevant for the case being studied. This has been brought up by interviewees 
as a concern and is also mentioned in literature (Simpson, 2004; Ulrich, 1995). Furthermore, 
implementing modularization requires big investments from the organizations which is 
another aspect that has not been covered within this case study. The great costs comes from 
redesigning the product architecture, changing the production and making necessary 
organizational changes (Weiser et al., 2016). These changes are also time consuming and 
requires patience from the organization, thus modularization is not quick-fix. Having a truly 
modularized organization also come with some negative aspects, also not fully covered within 
this case study. It requires careful coordination and good knowledge about products and how 
components interacts with each other (Sanchez & Mahoney, 1996). Having a modular 
organization also makes it more difficult for manufacturing companies to implement 
innovation on an architectural level and information flows can be limited because of the 
restricted interfaces (Brusoni & Prencipe, 2001; Sanchez & Mahoney, 1996).   
 
Based on this it is important to understand the limitations of this study. The case being studied 
has involved investigating the opportunities of modularizing the North American dish racks 
and how product complexity can be controlled if doing so. Thus, product complexity has been 
studied based on the assumption that a modular product architecture is being used, why above 
mentioned issues with modularization have not been fully covered. The conclusions drawn 
can therefore only be used within these limitations. Still, the conclusions drawn are argued to 
be generalizable. This is because the Electrolux Group constitutes an organization facing 
challenges regarding the tradeoff between product variety and product complexity that other 
manufacturing companies experience as well. By addressing how this tradeoff can be 
managed in order to control product complexity over time, the results of this study could be 
applied to other manufacturing companies. Thus, this study is argued to be generalizable to 
other manufacturing companies working with modular product architectures. 

7.3 Implications 
Based on the finding from this study and the conclusions drawn, both theoretical and 
managerial implication has been identified. These implications are presented separately in 
two sub-section. 
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7.3.1 Theoretical Implications 
This study has contributed with knowledge on how to address the tradeoff between product 
variety and product complexity that has been mentioned by various researchers (e.g. Closs et 
al. 2010; Gilmore & Pine, 1997; MacDuffie et al., 1996). With the existing literature on 
modularity, this has been further explored by trying to connect different organizational 
aspects together. The findings from this study have resulted in the following theoretical 
implications. 
 

❖ The types of modularity being used in the modular product architecture will affect 
how product complexity is created. If using a type of modularity that allows for 
freedom in how modules are added to or developed in a modular product architecture 
it is more likely that the product complexity will increase over time. Ulrich (1995) and 
Erixon (1998) have listed different types of modularity that are separated based on 
how the module interactions are organized. The findings from this study indicates that 
these different types of modularity can be used to give different degrees of freedom 
for developing and adding modules to the product architecture.      

 
❖ This study has found that different strategies for differentiating products within a 

product range could have a significant impact on how changes to a modular product 
architecture will be made, namely how modules and module variants are introduced. 
As different types of changes to the modular product architecture will affect product 
complexity differently (Weiser et al., 2016), the strategy used for designing and 
developing the product range will affect product complexity over time. 

 
❖ The importance of having clear strategic purposes for different modules in the product 

architecture has been highlighted by Ericsson & Erixon (1999). This became evident 
in the study when looking at the production setup. This study found that clear strategic 
purposes for modules could help in using delayed product differentiation efficiently. 
Furthermore, the strategic purposes of modules could be very beneficial to use in 
deciding on which components to outsource or to produce in-house when using 
delayed product differentiation.  

 
❖ The organizational structure being used for product development has been found to be 

connected to how the modular product architecture is developed. An organization 
focused on developing new modules risks damaging the modular product architecture 
so that product complexity increases. Having an organizational structure that is 
confined to the existing design of the modular product architecture, similar to how 
module development is explained by Sanchez & Mahoney (1996), it is more likely to 
maintain low product complexity. 
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7.3.2 Managerial Implications 
Existing literature covers how modularization can be used to create high product variety while 
maintaining low product complexity. However, during this study it became evident that it is 
not very easy to apply theory on a real life case since there will always be tradeoffs that need 
to be addressed subjectively, for example in balancing consumer value against product 
complexity. Furthermore, it is for example easy to see that different organizational structures 
and different production setups comes with different strengths and weaknesses. This study has 
investigated a real life case at Electrolux Group from different organizational perspectives, 
trying to gain a more practical understanding of how to reason when addressing issues similar 
to the above mentioned. Below, the managerial implications for this study are given.  
 

❖ Working with a modular product architecture comes with several benefits. For 
manufacturing companies however, modularization is not something that is 
implemented once but rather a continuous process. Based on the findings of this study, 
being patient in the implementation process has shown to be of importance. This is 
because in order to maintain a low product complexity over time it is essential that all 
departments involved in product development fully understand the concept of 
modularization. A recommendation of this study is therefore to make sure that a 
culture around modularization is developed within the whole organization. 

 
❖ As mentioned in the theoretical implications above, different types of modularity will 

affect product complexity differently over time. By using different types of 
modularity, product complexity could be managed strategically in the modular product 
architecture. This study therefore recommends manufacturing companies to clearly 
define the modularity being used for different sub-systems in the product architecture. 

 
❖ The results from this study have shown that project-driven product development might 

not be a good match with a modular product architecture. Product development being 
project-driven tends to generate new modules instead of new module variants, which 
in this study is argued to be less beneficial in terms of product complexity. This study 
is therefore recommending manufacturing companies with a modular product 
architecture to consider implementing the concept of module development.  

 
❖ Product complexity is connected to the strategy used for developing the product range. 

On a modular product architecture two strategies have been identified, one being 
focused on developing new modules and the other on new module variants. In this 
study the later strategy is recommended as it limits the risk of changing the modular 
product architecture and thus maintaining a low product complexity. In order to stay 
innovative, the modular product architecture however need to be designed so that new 
technology and solutions can be introduced for gaining competitive advantages. This 
is done by introducing it as module variants of an already existing module, not as a 
new module. Trying to pursue both strategies is not recommended as it will create 
complexity in terms of product management.  
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7.4 Future Research 
The investigated problem is subject to a lot of aspects, why there are opportunities to further 
explore how product complexity can be managed over time in a modular product architecture. 
To gain a further understanding it would be interesting to conduct additional case studies of 
how other manufacturing companies address the tradeoff between product variety and 
complexity. By looking at different types of products, utilizing different types of modularity 
in the product architecture, a deeper understanding could perhaps be obtained. In addition to 
conducting qualitative case studies, future research could look quantitatively at how changes 
to a modular product architecture increase product complexity in terms of number of 
components.  
 
In this study it has become evident that the industry standards has an effect on product 
complexity. Due to the different requirements and performance levels that are tested, 
manufacturing companies tend to differentiate their products according to these. Future 
research is therefore recommended to investigate how standards affects manufacturing 
companies in their work of maintaining a low product complexity in a modular product 
architecture. Furthermore, this study has encountered that companies struggle to investigate 
their actual product complexity and to understand the effects product complexity has on their 
operations. Decisions regarding maintaining a low product complexity could then be 
compromised simply because employees do not see the implications of making specific 
design changes. Future research within this area is therefore recommended to further explore 
how this issue could be addressed. Lastly, this study have found that it is difficult to develop a 
modular product architecture when having to address both the customers’ and the consumers’ 
demands. Future research could therefore focus on developing a methodology for how to 
address this issue.  
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Appendix A: Interview Guide - Pre-study 
 
Purpose: 
The purpose of this interview is to identify a researchable problem together with employees at 
Electrolux Group and through the interviews obtain the interviewee's expertise within the 
field of dishwashers on the North American platform. 
 
Startup questions 

● Is it okay with you that this interview will be recorded? 
● Could you please present yourself briefly? 
● What is your current position and what kind of work follows that position? 
● How long have you had this position? 

○ What changes have you seen in the area? 
○ What changes have you seen in the way of working/developing dishwashers? 

Problem formulation 
● What should be the problem formulation according to you, regarding the dish racks of 

the plastic tub models? 
○ Looking at the plastic tub in general and its racks specifically, what do you 

think we should focus on in our study? 
Frigidaire Plastic Tub 

● In general, describe the products? 
○ How do they differ from the European products? 
○ What is USP of the Plastic Tub? 

● What are the key considerations when developing these types of products? 
● How is the customer involved in the product development? 

○ How is customer requirement/demands gathered? 
● What are the major changes that have been implemented since 1989? 

○ Why has it not been developed more? 
● What is not optimal about the plastic tub? 
● What is the future vision of dishwashers in America? 
● How is the standard AHAM affecting the innovation development? 
● Do you add details to the rack ad-hoc?  
● What are the main differences between the plastic tub and the stainless models? 

○ What are the innovation strategies for the different platforms? 
Modularity 

● How do you define modularity? 
● Are the dish racks modular today? 

○ If yes, how? If no, why not? 
● What product strategy is pursued with the racks? 

○ if customer intimacy, is it flexible enough to pursue this strategy? 
○ if operational excellence, why have fixed tines? 
○ if product leadership, how is it compared to competing products? 

● How many different dish racks does the plastic tub have? 
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● What similarities does the plastic tub have with other products? 
● What is the PNC of the dish rack? 

Production 
● Is the current production line compatible with development of modular products? 

○ Complexity? 
● What is the strength in the production? 

○ Costs? 
● What is the weakness in the production? 

○ Flexibility? 
Consumers and the Market 

● What are the different segments? 
○ Plastic tub vs stainless? 

● Who are the customers? 
○ What do they demand? 
○ What is important for them? 
○ How important is cost? 
○ How important is innovation? 

● How are you adapting the plastic tub to the customer requirements? 
● What does the market look like? 

○ Competitors? 
Closure 

● Would you like to add anything? 
● Thank You! 
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Appendix B: Interview Guide - Product Complexity 
 
Presentation of master thesis 
During the spring of 2017 a master thesis project at Electrolux will be conducted, looking at 
how the North American Frigidaire dish racks can be modularized, and what aspects to 
consider when doing so. The master thesis needs to meet the requirements from the 
university, KTH, investigating a phenomenon for the academia. The academic report will not 
reveal company sensitive information and confidentiality agreements will honored. 
 
The specific phenomenon being addressed in this study is that higher degrees of product 
variety often result in higher complexity. Based on this, the master thesis will focus on 
investigating how manufacturing companies can address the tradeoff between product variety 
and complexity.  
 
Introduction 

● Is it okay with you that this interview is recorded for our own purposes? 
● Could you please present yourself briefly? 
● What is your current position and what kind of work follows that position? 
● How long have you had this position? 

 
Complexity 

● What are your general thoughts about having complexity in the design of dish racks? 
 

● What creates complexity in the design? 
○ Why is high complexity often found in the design? 

■ Having many components? 
■ Having many different variants? 
■ Having undefined structures and interfaces? 

 
● How can dish racks be designed for low complexity? 

○ Standardized interfaces? 
○ Low number of components? 

 
● What are the benefits of reducing complexity? 

○ What effect does complexity have on organizational processes? 
■ Product development, e.g. innovation, time to market, consumer-

orientation? 
■ Production and assembly? 
■ Coordination between departments? 

○ Which type of costs can be decreased? 
 

● What level of complexity is needed in dish racks? 
○ Can customization be offered to the consumer still having low complexity? 
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○ Is complexity to some degree necessary for being able to cope with market 
changes? 

● How do you scale the product range without adding complexity? 
○ What is your ideal scenario when launching new technology? 
○ How should a new product generation be introduced? 
○ How do you make decisions regarding launching new product variants? 

● What is the scope of the Kinston Project? 
○ Is it to take the big leap towards stainless steel tubs? 
○ How should the racks be designed so they can scale from plastic to stainless?  

● How does one manage complexity over time? 
○ How should the amount of module variants be limited? 
○ How do you secure the interfaces? 

 
Product variety 

● How much customization should be offered to consumers? 
○ Should they be able to configure their own dish racks? 
○ Should they be able to attach aftermarket accessories? 
○ Should they be able to rearrange different accessories in the dish racks? 

 
● How can configurability be used to target different price segments with the dish racks? 

○ Are dish racks important subsystems to differentiate different products? 
○ What components are most suitable to exchange for differentiating products? 

 
● What is needed to meet the retailers' requirements and develop private label products? 

○ How is the complexity affected? 
○ How configurable do the dish rack system need to be? 
○ How much changes in the design is needed to meet new requirements? 

 
● How do you balance configurability and complexity? 

○ Does a configurable dish rack result in unnecessary complexity? 
■ How much configurability respectively complexity is necessary? 

○ Is it best to focus on offering many variants or reducing complexity? 
○ Should you focus on creating standardized interfaces or reducing number of 

articles? 
  
Modular dish racks 

● What are the company specific reason for developing modular dish racks? 
○ Which modules serve which purposes? 
○ Does modular dish racks support effective product/brand differentiation? 

 
● How do you address the relationship between complexity and configurability with 

modularity? 
○ How do you limit the number of product variants? 
○ How do you limit the number of module variant linked to modules? 
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Appendix C: Gantt-chart 
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