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Sammanfattning 

"Modularitet är inte bra eller dåligt. Det är snarare viktigt, och det är dyrt. Och det är farligt 
att ignorera "(Baldwin, 2000). 

Begreppet modularitet betyder att man kan bryta upp ett problem i en lösning som innehåller 
flera moduler som på så vis kan användas med ett gränssnitt utan att andra moduler påverkas. 
Begreppet modularisering fokuserar mycket kring komplex systemhantering. Det första som 
bör diskuteras är ömsesidigt beroende där ambitionen är att omvandla ett komplext system till 
moduler, där alla är beroende av varandra, men som fortfarande kan fungera tillsammans när 
det blir nödvändigt. 

Denna studie fokuserar på att identifiera modularisering och dess fördelar och nackdelar samt 
vilka effekter skulle det ge till företaget. Vad som har visats av studien är vilka fördelar och 
nackdelar det medför för att hantera ett komplext system genom att använda modularisering 
och vad är den relativa betydelsen av de identifierade fördelarna och nackdelarna i en 
telekommunikations sektor. 

En kvantitativ forskningsmetod valdes och användes i form av en undersökning för att samla 
information om hur viktigt/oväsentlig en effekt av modularisering skulle vara för företaget 
Telenor Sverige AB. I det här dokumentet har vi till och med valt att fokusera på en enda 
fallstudie eftersom det redan fanns en väletablerad teoretisk bakgrund av modularisering och 
vi ville undersöka hur den skulle kunna tillämpas i ett telekomföretag.  

Vi har identifierat 38 fördelar och nackdelar med modularisering och kategoriserat den i fem 
lämpliga kategorier. Vi har kommit fram till slutsatsen att de fem främsta fördelarna är: 

● Gör komplexa system mer hanterbara 
● Minskar utvecklingstiden. 
● Aktivera mer effektivt parallellt arbete 
● Snabbare lokalisering av fel. 
● Regressionstest har minskat brister. 

Och de fem viktigaste nackdelarna är: 

● Längre test- och integrationsfas.. 
● Inte alltid kostnadseffektivt beroende på systemets parametrar. 
● Modularitet kräver mer tekniska problemlösningar insatser. 
● Svårt att designa modularisering koncept. 
● Minskning av tillförlitlighet i allmänhet. 
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Abstract 
“Modularity is not good or bad. Rather, it is important, and it is costly. And it is dangerous to 
ignore”(Baldwin, 2000).  

Modularity means to break up a problem into a solution containing several modules which 
can with an interface be used without affecting other modules. Modularisation is focused 
upon key thoughts surrounding complex system management. The first that should be 
discussed is interdependence where the aspiration is to transform a complex system into 
modules, which are all interdependent of each other but that may still work together when it 
becomes necessary. 

This study focused to introduce what modularisation is and what effects would it bring to the 
company. What has been shown by the study is what are the advantages & disadvantages that 
it brings for managing a complex system by using modularisation and what is the relative 
importance of the identified advantages and disadvantages in a telecommunication sector. 

A quantitative research method was chosen and used in the form of a survey, see Appendix A, 
to gather information on how important/unimportant an effect of Modularisation would be for 
the target case study Telenor Sverige AB. In this paper we have even chosen to focus on a  
single case study because there were already a well established theoretical background of 
Modularisation and we wished to examine how it applied in a telecommunication setting 
during a tight deadline. 

We have defined 38 advantages and disadvantages of Modularisation and categorized it into 
five pockets. We have come to the conclusion that the top five most important advantages are:  

● Make complex systems more manageable 
● Reduction in development time. 
● Enable more efficient parallel work  
● Faster fault localization.  
● Regression testing got reduction in defects. 

and the top five most important disadvantages are: 

● Longer testing and integration phases. 
● Not always cost efficient depending on the system's parameters. 
● Modularity requires more technical problem solving efforts. 
● Hard to design Modularisation concepts. 
● Reduction in reliability in general. 

 

Keywords: modularisation, complex system, quantitative & qualitative research method, 
single case study, advantages & disadvantages  
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1.0 Introduction 

Modularisation is focused upon key thoughts surrounding complex system management. The 
first that should be discussed is interdependence where the aspiration is to transform a 
complex system into modules, which are all interdependent of each other but that may still 
work together when it becomes necessary. However, this takes effort and time to restructure a 
current complex system into a streamlined framework consisting of modules capable of 
working together but also independently.  
The other key thoughts that should be highlighted about modularisation, are abstraction, 
information hiding and interface. It is about decomposing a complex system into smaller 
submodules and managing these modules. It follows the same theorem as in how one tackle a 
problem; first you identify the problem and then you break it up into pieces in order to have 
better prospects of solving it one step at a time. The interface, the information hiding and the 
abstraction part is then used to cover up the complexity, leaving you with the essential parts 
which may then be used more easily to your advantage and be managed by itself.  
When something undergoes modularisation, its components are broken apart into pieces 
which then becomes assigned to a standardized group with other components who all fulfilled 
the same function within a larger system. By doing this, Modularisation fulfills three 
purposes: 
-To make complexity manageable 
-To enable parallel work 
-To accommodate future uncertainty(Baldwin & Clark, 1997). 

All the effects of modularisation has made it to become an incentive of driving and increasing 
value for companies with the ability to reshape its existing structure. Furthermore, for any 
company modularisation has a certain value and cost based on its individual situation around 
constructing and using a modular design structure. (Baldwin & Clark, 2003) 

1.1 Problem discussion 
In order to survive and thrive in today’s competitive market, a company is expected to be 
prepared for the unknown future and pushed to find new and innovative ways to raise their 
value and decrease its operational costs. To preserve its competitive advantages, to be more 
sensitive to customer needs and to tackle various other challenges, it is imperative for a 
company to stay ahead and adapt to the rules of market(Ramachandran & Kumar, 2005). 

Especially, software companies constantly face needs for improvements to their existing and 
developed products starting from debugging errors to adding various different systems, 
processes and enhancements. This leads to drastic change in the original intended 
architectural structure or deviation from company’s original plan regarding the management 
of this complex system(Ramachandran & Kumar, 2005). 

Eventually all these different systems and processes start having problem interacting with 
each other and they all turn into an unmanageable and generally ineffective monolith. For 
smaller companies and their accompanied smaller systems, they usually spend enormous time 
and money to rewrite their whole system as to make every part of the system being able to 
function together. However, for much bigger systems this is a futile attempt because it would 
take too much effort to rewrite, thus the modularisation approach is the only remaining choice 
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in managing a huge system which is continually expanding(Ramachandran & Kumar, 2005).  

The data used in this research was mined at the Telenor Sverige AB, one of the biggest 
Telecom company in Sweden and the Nordics, and the survey is conducted at its office in 
Karlskrona, Sweden. As part of Telenor Sverige AB’s market expansion policy, Telenor 
Sverige AB is trying to enter a global market and as they expand they are strategically 
merging smaller companies into their own system.  

This current situation creates a challenge for Telenor Sverige AB down the road as Telenor 
Sverige AB is suddenly in charge of managing a complex environment with its own system in 
addition to various other systems which functions rather different than Telenor Sverige AB's 
own system. 

In order to prepare for this system which is expanding and becoming increasingly more 
difficult to control they have begun to look at various options and have taken an interest in the 
benefits of modularisation. However there is however a need for a more detailed look into the 
effects their company would experience in case modularisation became a viable option, thus 
the primary goal of this paper is to provide an insight into the various positive and negative 
effects of Modularisation in their company and how much of an impact they could have based 
on how important they are perceived. This brings us to the following research questions we 
aim to have answered in this paper. 

1.2 Aim and purpose 
The purpose of this study is to identify possible advantages and disadvantages of 
modularization. Furthermore, this study aims at investigating the importance of these potential 
advantages and disadvantages to an information system in an international company. The 
results presented in the study can be used to prepare the company for what is expected of the 
actual modularization of the system and its importance, but also of the consequences the 
company may have from these effects. 

1.3 Limitations 
The presented result from the data in this thesis is the result of a single case study done at 
Telenor Sverige AB. This result could therefore not be a representation of whether the 
importance of effects due to modularisation is eminent in all telecommunications companies, 
but only how it is perceived in Telenor Sverige AB. This thesis and its case study was only 
performed at Telenor Sverige AB, all of these effects could therefore not be considered 
exclusive to the telecommunications branch of industry in which Telenor operates. 
Another limitation is that the the results are based on only interview and surveys with a 
limited number of participants, which opens up the possibilities that there could be 
information missed to acquire through these methods.  
These methods also utilized a limited number of participants which suggests the results 
derived could be biased as it could be only a certain type of employe with a certain mindset 
who might answer the surveys on which a large part of our result is based on. 
Finally, the last limitations are the amount of participants present in our interviews & surveys 
on which this thesis is based of. The interviews & surveys are based of key personnel, chosen 
managers in Telenor in different areas of expertise in the company and is intended to act as a 
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representative but the amount is still considered a limitation as it is focused on a few rather 
than many. 
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2.0 Literature review 
The theories and principles upon which we have based our studies. 

2.1 What is a telecommunications company 
What most characterizes a telecommunications company is that it includes services and 
technologies which have the capability to  transmit and represent messages between recipients 
and transmitters in different locations around the world through a wired or wireless physical 
medium. Sweden was very successful in the field of telecommunications and is still a very 
well-known country in radio and telephony industry. This is through companies like Telenor 
Sverige AB, Telia and Ericsson. The development of telecommunications has been very 
interesting since it began with a single network that became linked to an increased number of 
telecommunications services and connections. This industry has then expanded which has led 
to faster data transfers and connections throughout the world. 
 
A few examples of different telecommunication services used in modern times are: 
Fax, communications radio, telegraphy, satellite navigation and mobile telephony. 
As a research area and academic subject, telecommunications technology traditionally 
includes electronics or systems engineering (such as Telenor Sverige AB in this case). 
Presently it is also sometimes included and studied in computer engineering and information 
technology(Birdwhistell, 1970). 

2.2 What is Modularisation 
The purpose of  Modularisation is drawn upon two key thoughts upon complex system 
management. The first is interdependence where the aspiration is to transform a complex 
system into modules, units, who are all interdependent of each other but that may still work 
together when it becomes necessary. This takes effort and time to restructure a current 
complex system into a streamlined framework consisting of modules.  
The second thought is comprised of abstraction, information hiding and interface. It is about 
cutting up a complex system into not so complex pieces and managing these pieces. It follows 
the same theorem as in how one tackle a problem; first you identify the problem and then you 
break it up in order to have better prospects of solving it one step at a time. An interface and 
the abstraction part is then used to cover up the complexity, leaving you with the the essential 
parts which may be used to your advantage(Baldwin & Clark, 1997).  

A module is designed to be a part of a larger system made up of other modules, they are 
purposely designed to work independently of each other but still retain their function as a 
group. These modules allow different actions and tasks within a firm to operate within groups 
independently and even if they are not part of the same firm. This is ensured by the design 
rules of your module interface and is through these design rules that govern the architecture of 
your module that allows for compatibility. It is these design rules that decides and thus 
governs the architecture of the module, its interfaces and the standardized tests. A perfectly 
functioning Modularisation system is made up of its architecture which shows what kind of 
module it is, an interface which specifies how the modules interact with each other and lastly 
a set of tests which guarantees the modules actually work together(Baldwín & Clark, 2003). 
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Modularity is a good idea to start when the complexity of a system have reached such high 
levels that it is dangerously close to threaten normal functions and impede your 
goals(Baldwin & Clark, 1997).  

A functioning module is capable of allowing you to do many more things with what you have. 
Firstly, its structure makes complex systems more manageable by dividing the tasks. 
Secondly, the module then organize these tasks and enables parallel work, in other words all 
the modules can work on their own task for the same goal at their own speed without being 
hindered or burdened by the other modules or in turn affecting their functional capabilities. 
Lastly a designed modular architecture allows a module, or a part of the overall system, to be 
configured or improved or anything similar without impeding the other modules work, which 
is something you can’t do in a standardized normal system(Baldwin & Clark, 2003).  

In order to decompose your current standardized system and transform it into a modular one, 
five criteria have been identified which are necessary to successfully modularize your system: 
Minimality, Determinism, Losslessness, Coupling and Cohesion. Minimality refers to the non 
existence of redundant information in your modules model. Determinism refers to that a 
module needs an identified change whenever an internal or external event occurs. 
Losslessness refers to that a module does not lose any functions & properties when 
modularized. Coupling refers to that a module should have as many or less inputs as any other 
module so as not to overload. Cohesion refers to that a module should have maximal output 
and that all output is connected to all the input in the same set(Reijers & Mendling & 
Dijkman, 2011). 
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Figure 2.2.1 The Four Phrases of Modular Approach. 

The figure above shows the four phases of a modular architecture. Before explaining these 
phases, it will be interesting to go through some benefits and risks of modular architecture. 
First of all, a simple thing is that if you want your architecture to be more integral, it will 
happen when the more components are needed to fulfill a certain function and the more 
functions fulfilled by a certain components then the architecture will become integrated. 
Standardization and the increased functional independence of interface in modular 
architectures creates multiple benefits for the manufacturer. These involve increased 
interchangeability and reduced complexity, which leads to reduced component variety in 
manufacturing and even lower rate of production errors ( Performance, Volume 7, Issue 1, 
February 2015).  

Despite these multifaceted advantages, the potential risks should also be analyzed. High 
implementation cost and product-specific technical restrictions are some of the examples that 
should be analyzed. Depending on the individual company it is more suitable to pursue an 
optimal modularity rather than maximal degree. 
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The different phases in the module product architecture explains what is included in the four 
phases and it helps the specific company to reach their eventual goals with Modularisation 
(Performance, Volume 7, Issue 1, February 2015).  

In the first phase you need to go through the objectives of the product Modularisation and 
clarify them. After that you have to include product requirements within the engineering 
process.  
In the second phase it is necessary to determine the subfunctions and the functions of the 
product and while doing that the requirements from phase one has to be met. Then it's time to 
determinate the relationships between the subsystems and the technical specifications. The 
last two steps in this phase is to connect the product and functional structures that can form 
the product architecture and even further product characteristics need to be considered 
because it may helps to eventually generate diverse perspectives on the product structure.  
In the third phase, after determining the existing product architecture, the next step is to 
optimize the product. It’s like defining possible modules. 
The fourth and last phase is where you implement your modular architecture(Performance, 
Volume 7, Issue 1, February 2015). 

Modular design process 
Modular design process consists of three stages:  
(1)Formulate design rules,  
(2)parallel work on hidden modules and  
(3)testing and integration 

In the first stage a designer creates the architectural structure of the module with all the 
corresponding boundaries, tasks and interface to make it function is decided in this first phase. 
At this point the design of the module does not have a working function and therefore has no 
value, instead it is based and designed after a potential value and a probability distribution. 
The costs in this phase is correlated with the amount of modules in place, as many different 
variation of modules require their own set of design rules. Often, this is regarded as an 
investment as for a specific set of modules with the aim of a similar function then you only 
need to design these rules once and is therefore a one time cost(Baldwín & Clark, 2003).  

In the second stage the task structure is implemented and this active function now gains a 
value. The costs in this phase is correlated with the amount of design parameters in place and 
as you have more rules active, the more complex the module becomes and the higher cost you 
get(Baldwín & Clark, 2003). 

At the last stage, the value of the module is revealed  as you test the modules functioning. A 
standard integrated system is a few-options systems and testing is very easy, with a module 
however, you have a many-options systems which all require testing. 
The costs in this stage is therefore compromised of all the individual tests both in the 
beginning but also later as maintenance and they can change throughout the systems life 
cycle. This stage is also very connected to the previous stages, as if a module is new and of 
“unknown territory” then the testing will be inefficient and costs will go up. Also when this 
module becomes bigger with more options and functions then certain tests and fixes will be 
necessary to properly integrate the newly made changes(Baldwín & Clark, 2003). 

The author Andrea Prencipe is writing about the different issues of modularity from a 
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problem solving perspective. It is the environment that sometimes plays a major role in the 
effects of Modularisation provides. Andrea explains that modularity is a decomposition 
heuristic where a complex problems divided into completely independent or to a degree 
independent subproblems. Andrea says that the finer modules are its increasing the speed of 
search, but usually they determine lock-in into sub optimal solutions which are not so good 
(Prencipe, 2008) 

Fang Guo explains in his article that the beginning of the modular redesign, where greater 
improvements are seen, it is more effective at reducing costs. This is because the cost savings 
simply depends on the appropriateness of modularity (Fang Guo,2007) 

The cost of modularity is something that every organization today will be interested in. The 
cost of creating and exploit things in modular systems depends on how big you think the 
value will be. There is one dimensional and three dimensional systems where the one 
dimensional systems are the physical systems where computers are based, and  mechanical 
solids are three-dimensional. Clearly the tolerances are much tighter for three dimensional 
systems than one dimensional. The reason for that is because there is more dependencies to 
manage, for example it is harder to split up the complex for three dimensional designs, and 
even the flexible interfaces will be harder to create for them. It is for example much easier to 
modularizing a circuit design than an automobile's design which is a tougher engineering 
problem. This will lead that the cost of creating a modular architecture and related interfaces 
for an automobile design will be higher (Baldwin and Kim B, 2000) 

Baldwin are explaining the value of substitution and splitting when it comes to modular 
design. In the figure above Baldwin indicates the value of different combinations of 
experiments and modules. The value of running one experiment on one module we can see if 
go along the middle of the figure. Even see two experiments on each two modules and so on. 
As you can see we have in this system 25 experiments on each of 25 individual modules. The 
figure shows that both modules and experiments go together. It is a strong complementarity 
between those two. More experiments make more modules more valuable and vice versa 
(Baldwin and Kim B, 2000).  

Because modules and experiments work together it is important that you find a balance 
between them. If you increase experimentation then you also have to increase modularity. It’s 
about R&D in order to get the best outcome. This is costly but there is another kind of cost 
involved which is the cost of potential innovation ignored. The problem with this is if the top 
managers ignore that innovative value, then it will maybe help other companies enter the 
marketplace and offering their own innovative modules (Baldwin and Kim B, 2000).    

 
2.3 The Effects of Modularisation 
With the introduction of modularity, a growing huge system can be taken apart and split into 
smaller modules as a way to handle the growing complexity of the system which always 
follows when it becomes bigger. This has brought with it a great deal of flexibility, not only in 
handling of the modules and all its sub processes, but also with the options outside of your 
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company. Other companies can take over management of specific modules if there was a 
beneficial need for it to both enhance cooperation and interaction between companies and 
develop relationships and also boost innovation as one company may put all their focus on a 
module and therefore taking its development further(Baldwin & Clark, 1997) 

2.3.1 Manage Complexity 
Modern technology has rapidly advanced and has become increasingly more effective at 
various tasks, this however makes it a lot more complex and everything points towards it 
becoming even more so in the near future. To combat this growing complexity scholars have 
looked upon modularity as a solution. With modularity, a company can break up a system, 
process, service or products into modules which can be managed separately which grants 
these companies who exercise this an enormous increase in flexibility.  
To put this into perspective, IBM had the first modular computer in history with their 
System/360. Before this each time a technology was improved and they wanted to replace it 
they had to replace the entire software and all the other components in the computer to match 
the new updated technology to match the new specifics of the new system. During this 
process one risked to lose all the critical data gathered up to that point, which made customers 
reluctant to invest further. With the System/360 however, this problem was solved and 
quickly became a huge financial success(Baldwin & Clark, 1997). 

Figure 2.3.1. System before and after Modularisation: 

 

As we can see from the picture above, with Modularisation you are able to turn a specific and 
closed system into a system with many optional paths to take in terms of development and 
what you can achieve. With modularisation you now have multiple options and each option is 
able to operate independently of the other modules and options, this enable you to make 
certain changes in modules without affecting the other ones in anyway(Baldwin & Clark, 
2002). 

In the long term modularity gives one an advantage on the market, but it does not come 
without cost. Investments will have to be made in order to create a module capable of high 
flexibility and full of optionality and control. There are costs of creating a modular system 
and to achieve a working system as such which follows its given design rules and is able to 
complete its task. When it is completed it is a lot easier to manage but to create it in the first 
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place on top of an already existing non-modularised system is a lengthy process as each 
module and interaction and noninteraction needs to be fully understood if it is to operate as 
intended(Baldwin & Clark, 2002). 

2.3.2 Parallel Work 
Parallel work was one of the first benefits that was noted in researching Modularisation. 
Instead of first resolving a problem and then moving on in the process, you can work together 
and share the work(Christoph Loch, 2008). 
One of the great benefits of modularity is the availability of options which ensures that each 
module can be operated independently of the rest of the modules by different teams & 
managers and they don’t need to operate in the same company. This enables them to handle 
their assigned module and to work on them or in them without affecting the rest of the system 
the module is located in. Long term this boosts innovation as you are able to process more 
work simultaneously in many directions and the time it takes to complete various tasks 
decreases dramatically which also have a positive financial effect(Baldwin & Clark, 2004). 

2.3.3 Accomodate Future Uncertainty 
One very positive thing is that modularity accommodates uncertainty and the reason for that is 
simply that the individual elements of a modular design can be changed as long as you only 
follow the different design rules. Therefor within a modular architecture, new module designs 
may be substituted for older ones easily and even for a lower cost (Baldwin & Clark, 2003). 

Modularity is regarded as tolerant against uncertainty, this due to the fact that modules can be 
changed and improved during its lifetime without affecting the system as a whole. (Baldwin 
& Clark, 2004). 

A compilation of links to different functions usually facilitates changes. Knowing which 
modules affect product features make it much easier to understand how the project that 
changes a feature will look and at the same time be able to assess the size of the project 
(Baldwin & Clark, 2003). 

When creating a module designers have to in the design phase decide the purpose of the 
module and by doing so choose what information from the module in question is to be visible 
and what information is to be hidden. In effect this decides what kind of information the 
module is gonna interact with its surroundings(the visible information), i.e other modules for 
a common purpose, and what kind of information the module is gonna process by itself(the 
hidden information). These two parameters decide how all the potential interactions between 
modules is handled. 
The visible information does allow for interaction with other modules as this information is 
spread out and snatched up by the other modules, visible information is thereby the allowed 
information to be used by the surrounding systems. The hidden information however doesn’t 
let the surroundings interact with this information, since it is hidden, this in turn allows the 
users of these modules to change whatever information that is hidden, without affecting the 
surrounding. The visible information however does affect the rest of the system so when 
changes are made they should be calculated and handled with care as it could mean not only 
positive but negative consequences throughout the system. 
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By setting parameters for visible and hidden information you can dictate how your module is 
gonna act by itself, with other modules and with the system as a whole. This is greatly 
beneficial as it gives more control over your system. Since this information can be altered 
without affecting distant parts of your whole system, this invites more manual management 
for the module caretakers which is a potential for higher performance(Baldwin & Clark, 
2003).  
As the innovation boosts greatly and products & services become modularised and can offer a 
great deal more, so does the customer's desire for innovative solutions. With greater demand 
for optionality among customers, this puts a greater demand for leaders who manage these 
modules to be able to keep up with the faster changing market. Creating a great deal of variety 
out of modules isn’t easy though, as companies have no idea knowing which ones are gonna 
be successful on the market as competition is not without risks, this puts a demand of modules 
which may be very flexible in terms of rapidly adapting to changing technology and the trends 
of the market. A solution to this is to separate the responsibility of the modules even within 
the company into teams in order to improve it(Baldwin & Clark, 1997). 

Modularisation brings many benefits in system management in a company, one of the more 
complicated negative drawbacks of it however is the ability to protect the intellectual property 
of their module, i.e patentship.  
An example of this is with the “ first modular “ computer: “ IBM’s system/360 “ where they 
introduced modules such as disk drives, tape drives and printers and soon very many 
companies went in the same direction, interestingly many of these companies who adopted 
modularity from IBM were due to the efforts of ex-employees of IBM. The problem with IP 
and Modularity is that it is hard to patent and companies must therefore make efforts to hide 
their knowledge.  
However, Modularity is not only negative when it comes to IP, since companies need to make 
effort to hide their knowledge then modules can help in this regard. A company can choose to 
split up their knowledge into modules in an attempt to hide their crucial information(Baldwin 
& Henkel, 2015).  

Since Intellectual property is hard to effectively protect from outside influence and limitations 
and similar things which allow for other companies to utilize similar modules with similar 
effect and benefits. In order to protect as much as possible you need to cover up the crucial 
specific information that you do not wish your company's competition to use, a way of doing 
this is by dividing the workforce between the modules and only letting the employees who 
work on a module get knowledge about just that module, and only that module. This way you 
limit the knowledge of your modules as much as possible in case someone left your company. 

To manage the risk of your employees knowledge and the possibility that they might leave 
your company and use the knowledge gained for his or hers own benefit, a company has three 
choices:  
 
-Do nothing 
-Hope the employees are trustworthy 
-Sell your technology license to the highest bidder before you lose it. 

In a perfect world legal protection would ensure your company's rights and contracts, 
however in emerging economies and developing countries there are concerns since these 
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rights and contracts are poorly enforced. (Baldwin & Henkel, 2015).   

2.3.4 Speed & Efficiency 
There have been results showing that an increase in Modularisation has led to reduced 
development time. Data analysis has also shown that transaction efficiency is greatly 
improved by increasing degree of Modularisation. 

Modularization is even something most programmers likes today because with 
modularization, you can reuse parts of programs that already work. Simply dividing the 
modules, and with this the programmers save both effort and time. It's unnecessary to reinvent 
something if you already have a code that works well for a particular function. (Paulo 
J.Gomez and Nitin R.Joglekar, 2008).  

2.3.5 Innovation Ability 
With companies all around starting to invest in modularity, many companies who worked 
together started to divide the responsibility of various modules entirely to specific companies 
to ensure that they mastered management of one aspect of the whole system instead of trying 
to master it all, effectively dividing the workload. With many enterprises focusing on their 
own single module in a whole complex network of systems, this gave rise to innumerous 
parallel experiments in service & production development, as long as they stayed within the 
confines of the design rules placed upon the modules to ensure they could interact with other 
modules. Considering the fundamental of all innovation is to experiment forward, modularity 
became a great boon of innovation. 
With many modules available, customers and companies could then start to tweak each 
individual module, i.e change its settings to achieve a different result resulting in greater 
variety of products(Baldwin & Clark, 1997). 
As modules will become more available in the future, as all the options available to modules 
in comparison to a non modularised system they will start to evolve more rapidly, the reason 
for this being as a module is very cheap to configure, change and adapt after it has been 
established meaning this is a route more and more companies will pursue as the exercise of 
options is an exercise of innovation(Baldwin & Clark, 2002). 

How Modularisation affects competition among companies is one of the topics in the subject 
that has been less widely studied. Modularisation does have consequences for those 
companies who invest in it, similar to something of a trade off. With modularity you gain a 
faster rate of innovation which puts you ahead in the market, however it also makes your 
competitors able to imitate your product more easily.  
Another advantage a company may gain with modularized systems is interfirm compatibility. 
The ability to cooperate with other companies modules with your own to create 
value(Baldwin & Henkel, 2015).  

In order to effectively evaluate the economical consequences of modularity, i.e the costs of 
modularity it is necessary to focus on the total cost consequences along the whole internal 
value chain(Thyssen & Israelsen & Jorgensen, 2006). 

Modular is however difficult to properly execute as the designers of the module must know a 
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great deal about how the system which is to be modularized since they must specify the rules 
of the module and its parameters which dictate how it is going to behave must be specified 
before actually making the module. This makes it so that if a modular needs further 
adjustment or improvement, often, this only shows when the module is complete and you put 
it into interaction with other modules(Baldwin & Clark, 1997) 
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3 Methodology  
Description of the methodology used to ascertain our data in this study. 

3.1 Research Method 
There are three different scientific methods of research according to Creswell & Clark, which 
are: qualitative method, a quantitative method and a mixed methods approach. These three 
scientific methods are chosen and used based on what and how research data is gathered and 
analysed. 

Qualitative method 
A qualitative method is an explanatory oriented method which is used to gain an 
understanding of a problem. Some examples of qualitative method usage are small focus 
groups, interviews and observations, all of them used to provide a deeper insight into your 
research subject. A qualitative methods main purpose is therefore to be able to provide a 
detailed understanding of a problem(Creswell & Clark, 2011). This can be linked to the 
description of qualitative method Bryman writes about in his book Social Sciences Methods 
(2007). Bryman, argues that qualitative methods place more emphasis on words and 
interpretations in their analysis of the collected data. As we perform interviews, Bryman's 
description becomes relevant.  

Quantitative method 
A quantitative method is a raw data gathering oriented method which is used to attain a 
general understanding of a problem by generating quantitative statistics. A good example of a 
quantitative method is various forms of surveys and interviews(Creswell & Clark, 2011). 

Mixed method 
In the article: “A Research Paradigm Whose Time Has Come”, mixed method is described as 
a method in which both quantitative and qualitative data are processed. This in order to be 
able to use and process both the advantages and disadvantages of quantitative and qualitative 
methodology(B Johnson R, Anthony J, 2004). By combining these two method approaches, it 
should provide a better understanding of the problem and provide a better solution than what 
one of these methods would alone(Creswell & Clark, 2011). 

Our method 
A quantitative research method was chosen and used in the form of a survey, see Appendix A, 
to gather information on how important/unimportant an effect of Modularisation would be for 
the target case study Telenor Sverige AB. Also a large literature review was made as to get 
the theoretical background required for identifying the effects and gaining an understanding. 
A qualitative research method was also chosen and used in the form of interviews and 
observation at Telenor Sverige AB. 
The combined use of these two research methods results in a mixed method approach as to 
find the large data required and to dive into the problem and reach a conclusion. As mixed 
methods utilize both of the above methods we thought it was best for us. The quantitative 
research method was needed because we required the raw data as to gain indication into our 
research questions. We also felt that we needed a qualitative data approach to better 
understand the raw data collection.   
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3.2 Research Approach: Case Study 
Case study research approach is to choose one or several specific cases to study as a means to 
get a detailed examination of chosen case. A case study can be comprised of both a single 
case study or multiple ones and its conclusions can be both of quantitatively and qualitatively 
nature. It is of importance that you choose which case study orientation early and make a 
judgement whether you need a single case study or a multiple one, which depends on the 
circumstances of your chosen subject. 
 
Multiple case study 
A multiple case study is used when there is a need for a cross examination of different 
situations and can by using several sources more easily understand the similarities and 
differences in different situations. A study based on a multiple case study is considered a 
stronger and more reliable result as it can be backed up by several sources. 

Single case study 
A single case study is utilized when you specifically want to test a critical case with an 
already well established theoretical background and is highlighted by the use of challenging 
this theory and even extending it based on the results of your study. Another reason for using 
a single case study is the fact that you already have a well established theory which you study 
during a time deadline which are two strong reasons many choose to use a single case study    
(Yin. 2014). 

Our approach 
In this paper we have chosen to focus on a single case study because there were already a well 
established theoretical background of modularisation. This case study was done at Telenor 
Sverige AB - one of the leading telecom company in the international market. Telenor Sverige 
AB is currently expanding its market share at a global level and is looking for viable options 
to manage their system by making their system management more sustainable in order to 
prevent it to become too complex to manage in the future.  
In order to reach out to more customers and gain a wider market range, Telenor Sverige AB is 
expanding by absorbing other companies into their own. All of Telenor Sverige AB’s and the 
merged companies’ traffic goes through Telenor Sverige AB’s own existing system and 
resulting in an  increasingly demanding load onto the system itself. This in combination with 
the fact that  several kinds of systems all have their own unique processes.This represents a 
future problem as when these companies' systems are absorbed they merge, the existing 
system gets increasingly more difficult to manage. 
However, it also presents a big opportunity in finding ways to manage it more effectively. As 
it stands Telenor Sverige AB have increasing costs in managing their system and as a result 
made this paper possible. For these reasons above Telenor Sverige AB makes an excellent 
case study for us and our chosen theoretical subject.  
We believe it was not only a great opportunity to test our theoretical concepts in real life but 
also a chance to learn from this experience, furthermore to reevaluate our own concepts and 
knowledge. 

3.2.1 Telenor Sverige AB 
The Telenor Group is an international provider of communications services in 
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telecommunications, data and media, and is located in 13 markets in the Nordic countries, 
Central and Eastern Europe and Asia. The Group is one of the world's largest mobile 
operators with 214 million mobile subscriptions in its consolidated operations, a turnover of 
131 billion kronor and approximately 33,000 employees. 

Telenor Sverige AB is a comprehensive telecommunications service provider whose network 
covers 99 percent of the country's population. Today, Telenor Sweden has over 2.6 million 
mobile subscribers, approximately 674,000 broadband customers and half a million TV 
customers. Telenor Sweden has a turnover of approximately SEK 12.6 billion and has 
approximately 1,600 employees. 

3.3 Data Collection 

Primary data gathering method 
To find out how heavy these advantages and disadvantages weigh for our target company and 
its system, we decided to collect a survey from some more key personals in addition to the 
people we interviewed previously. The goal of this thesis is to act as a blueprint to showcase 
what effects could be expected and how important each of these effects could be, therefore we 
chose a few employees in leading positions with the intent to have the results gathered from 
these individuals as a representative measure of the importance of these effects.  We aimed to 
have at least 10 different people who were chosen specifically because they have a leading 
position at Telenor Sverige AB. 25 people were identified and asked to be part of the survey 
and 9 of these answered. Thus we took surveys from 9 people in total and in the survey we 
asked them to rank the given advantages and disadvantages on the scale of 1 to 10 where 1 
being “most unimportant” and 10 being “most important”. These chosen include people who 
work as system testers, system developers as well as in management positions. They all have 
different work responsibilities within the whole system of Telenor Sverige AB. Therefore we 
are convinced that their different perspectives on the current system and modularisation if 
applied, will provide a more complete picture of the relative importance of a specific 
advantage & disadvantage.  

Secondary data gathering method 
We chose to conduct interviews- which characterizing the qualitative method, with the two 
operator managers as well as two of the structural architects of the current systems in place. 
We chose these four for the interview because they are in the leading position when it comes 
to creating and using the systems. The reason for choosing this route is because interviews not 
only can take one so far theoretically but also it is necessary and crucial to consider the 
perspectives of the veteran users of these systems. Moreover these perspectives enable us to 
gain more insightful knowledge of the system. 
The interviews were formed in such a way that we hoped to discover the current situation of 
the system, its strengths and weaknesses, and the future needs which would have risen from 
this current situation. We were also interested in learning how they thought modularisation 
could help them and what they would expect out of it. To see the theoretical effects of 
modularisation on Telenor Sverige AB's systems we would first need to understand its current 
structural architecture, therefore we directed some of the interview questions on this subject 
matter.  

Table 1.  Interviews overview 
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№ Interviewee Position Date of the 
interview 

Purpose of the 
interview 

Duration 

1 Person 1 System leading 
manager 
Operating 
System 

March.2017 Find out the 
strengths & 
weaknesses of their 
system 

1 hour 

2 Person 2 System 
manager 
Operating 
System 

April.2017 Find out how 
modularisation could 
prove beneficial 

1 hour 

3 Person 3,4 Architectural 
managers 
Operating 
System 

May.2017 Find out the 
architectural 
overview of the 
current system and 
how modularisation 
could be applied 

2 hours 

 
The interviews were conducted to be a mean of research to identify the different advantages 
and disadvantages of theoretical modularisation in addition to the reviews on the existing 
internal reports inside Telenor Sverige AB. This comes back to our research questions where 
we were interested in assessing the importance of Modularisation effects in 
telecommunication companies like Telenor Sverige AB. 

These findings will later be analyzed against our reviews on theoretical background of 
modularisation in order to assess how a real life case study matches up with the theory. 
Literature reviews were conducted as to provide the theoretical background of modularisation 
and what effects modularisation could have if applied. The literature review was centered 
around exploring University library & databases for peer-reviewed studies, articles and 
journals of modularisation.  

The identified effects of Modularisation could already be divided into three categories which 
are the three main purposes of Modularisation: Manage complexity, enable parallel work and 
accommodate future uncertainty. However more types of advantages & disadvantages were 
found which we thought would be better placed into a category of its own. Therefore we 
decided to divide these other effects into two more appropriate categories of “ Speed & 
Efficiency “ and “ Innovation ability “. 

3.3.1 Research Analysis Tools 

The tool we utilized to analyze our findings from the surveys which were sent out to key 
personnel in Telenor Sverige AB was a simple “PUGH Matrix” which purpose is to simplify 
each of the persons ranking of the various advantages and disadvantages and provide a mean 
number value on each. This in turn tells us, with many various perspectives from these 
respondents, which advantage and disadvantage will be the most important and also least 
important for Telenor Sverige AB as a whole.  
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Also, to help us analyze the data and create appropriate presentations of said data we used 
“Tableau”. Tableau is a business intelligence and analytics tool which can easily manage our 
raw data of effects & numbers of grading and translate it into an appropriate presentation in 
the form of graphs in which we could configure a great deal to get the desired presentation. 

3.3.2 Validity & Reliability 
Validity is measured in a way to suggest whether the research is trruthfull or not. In 
qualitative- and quantitative methods is defined as how accurate may your research be, in 
other words do the research accurately fulfill its purpose(Golafshani, 2003). 

Reliability in qualitative- and quantitative methods is defined as consistency over time with an 
accurate representation of the population involved. In order for something to be called 
reliable, Kirk and Miller (1986) suggests it has to cover three areas: 
- The degree that a measurement remains the same even under repeated measuring. 
- The measurements stability over time 
- Similarities of measurements within a time period(Golafshani, 2003). 

The quality of the interview has important implications for data validity and reliability. We 
acknowledge the fact that the people we interviewed and surveyed are the specifically chosen 
people in Telenor Sverige AB when it comes to the effects of modularisation, and the people 
who know their work and their system the best. This paper is however meant as a more 
general terms of which advantage and disadvantages would be important for a 
telecommunications company like Telenor Sverige AB if a concept like Modularisation would 
be applied.  

An assumption is made that the respondents is cooperative and wishes to be a good participant 
in our interviews & surveys. The quality of the interview  & survey situation has important 
implications for data quality. We will therefore limit ourselves to making assumptions and 
have thus formed our questions to be as direct as possible. 

After the interviews and surveys were started, we did not make any changes to the interview 
guide or questionnaire as it would adversely affect the study's reliability. It may be good to 
keep in mind that both the interviews and the questionnaires were designed and conducted in 
Swedish, but the study was written in English. The term may have a bearing on the reliability 
of the study given that language flaws but also word interpretations may have occurred. 

Our study has its base in text analysis as well, where we focused on peer-reviewed studies, 
articles and journals that will form the basis for the interview study. A great deal of 
importance was attached to the collection of these articles in order to ensure, but also to 
increase, the validity. The majority of our articles are scientific. We have also put big 
emphasis on critically reviewing our collected data from both the interviews and the surveys. 
This in order to both remind us as a scientist and not taking any part but being neutral and to 
ensure that the data is the one we request. And this happens by examining the facts in these 
scientific articles. 

We were out early to plan the interview guide as this would be a key part of our study but also 
for the relevance of the study. After going deeper into the text analysis of the articles we had 
to change questions but also add questions to suit the purpose and question of the study. This 
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because to give strength to the validity of the study. 

The data gathered is based on the survey in which 9 people responded out of 25. This could 
suggest that these 9 people are a certain type of person who decided to respond to the survey 
and could be that the data gathered is based on a similar perspective and mindset.  
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4.0 Results 
 
Showcase of the data collected, its presentation and  its conclusions 

 

Modularisation is process of decomposing complex problem into smaller components based 
on their related functions and trying to solve those smaller component separately. 
Modularisation is made to fulfill three purposes, “Make complexity manageable, enable 
parallel work and to accommodate  future uncertainty “(Baldwin & Clark, 1997). 
Based on our findings from extensive literature reviews, we believe below are the identified 
advantages and disadvantages of modularisation. We have sorted what we found into 5 
different categories, namely Complexity management, Parallel work, Accommodate future 
uncertainty, Speed and efficiency, and Innovation ability. The first 3 categories are based on 
the three purposes of modularisation defined by Baldwin and Clark, while the last 2 categories 
are what we have came up with after analyzing other existing literatures on Modularisation. In 
other words, we have enriched the initial three categories of Baldwin and Clark with 
additional effects found in various other sources, and moreover we have put the remaining 
effects into 2 additional categories depending on their similar attributes. The complete list of 
all the effects of modularisation that we have found is below and the effects written in red are 
disadvantages while the effects written in green are seen as advantages of modularisation 
process.  
 
Complexity Management 

● Make complex systems more manageable 
● In order to make changes one need only to familiarise with specific module instead of 

whole system. 
● More sub processes in a module the more understanding you get of the system. 
● Can break down information and put them back together 
● Sub processes in a module can help hide irrelevant information which leads to 

lightened system load. 
Parallel work 

● Enable more efficient parallel work 
● Improve functional independence 
● Can modularize for various objectives while still maintaining the desired functions 

Future uncertainty 
● Modularisation makes it possible to reuse parts of a program 
● Can maximize the potential benefits for projects. 
● Not always cost efficient depending on the system's parameters. 
● Allows for higher availability 
● Modularity requires more technical problem solving efforts. 
● Hard to design Modularisation concepts. 
● Sub processes in a module can help inexperienced people to better understand. 
● Excessive modularity may blind the designer to important interactions between 
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decisions and the results. 
● Conflict between attractive design and reliability. 
● Implementing for a benefit may cause consequences 
● Reduce future uncertainty 

Speed & Efficiency 
● Reduction in development time. 
● Faster fault localization. 
● Regression testing got reduction in defects. 
● Longer testing and integration phases. 
● Can be used to strengthen business performance when families of related products are 

designed and made. 
● Improve speed and efficiency. 
● Reduction in reliability in general. 
● High functionality. 
● Improvement in transactional efficiency. 
● May allow for better performance 
● Reduces degree of interdependency between components and systems. 
● Reduction in coordination effort. 
● Smaller components may have more bugs. 
● Reduced startup time for applications. 
● Reduction in run time memory requirement. 

Innovation ability 
● Can with a fixed amount of modules create with more variety.  

● Potentially extra design efforts in the beginning. 

● Variation in the modules give a product a variety of properties 

● Intermediate levels of Modularisation produces the most useful inventions. 

 

Based on the findings of Research Question 1, we have concluded with the list of 38 known 
advantages and disadvantages of Modularisation, of which are grouped into 5 different 
categories based on their related attributes and functional similarities. As our second research 
question states, this paper is interested in finding out the relative importances of previously 
identified effects of modularisation. Thus with the aim of answering this question, we choose 
to conduct a survey and interview to found out how the people work in Telecommunication 
sector ranked the importance of those identified advantages and disadvantages.  

In order to reach the above aim, we have chosen 9 participants who work at Telenor Sverige 
AB - One of the leading telecom operator in Sweden and the Nordics. For the survey, we 
asked all of them to rate each identified advantages/disadvantages on the scale of 0 to 10 
where 0 being least important and 10 being most important. However we believe that the 
single survey result is not enough to uncover the underlying reasons why those participants 
rated those effects important or no. Thus in order to get more detailed explanation, we have 
decided to conduct a face-to-face interview with 4 of the participants whom we thought are 
most closely connected to the existing system at Telenor Sverige AB. Two of them are system 
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managers and the other two are architectural designers of the same system. We are also 
convinced that those are the same people who will be most affected by the modularisation 
process if Telenor Sverige AB wish to proceed with it. Thus this section will start with 
presenting the results of given survey and will finish with detailed interview analysis in the 
end. At first, the result of the conducted survey is as follows. Note that this result is solely 
based on the online survey reports where participants from Telenor Sverige AB  graded the 
list of effects. Thus the result should be regarded as the combined general sense of importance 
at Telenor Sverige AB, their environment and Telenor Sverige AB’s needs.  

 

As we see from the graph 4.2.1, the top 5 advantages of Modularisation based on the mean 
value of the ratings given by the survey participants at Telenor Sverige AB are:  

● Modularisation makes complex system more manageable 
● Modularisation reduces the total amount of development time needed for the system 
● Modularisation enables more efficient parallel work 
● Modularisation helps to localize the fault in the system more faster  
● Modularisation makes it possible to reuse the certain parts of the program if necessary.  

However, it seems like for the people at Telenor Sverige AB, the other advantages of 
modularisation such as producing inventions, reducing run time memory requirements etc are 
not as much important as the above 5 advantages because the overall ratings of those 
advantages are less than 6.  

The top five advantages of modularisation, based on the ranking from the survey participants 
at Telenor Sverige AB, can all be found within the three main categories of Modularisation 
which are: manage complexity, enable parallel work and to accommodate future uncertainty. 
Finding these prevalent in our results we can conclude that Modularisation and its effects 
would be sought after at Telenor Sverige AB considering they ranked these effects of high 
importance.  
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From our interviews, we learned that Telenor Sverige AB is an older company founded in 
1970 and has since its beginning expanded globally, it went from a small system to a huge 
monolith comprised of lots of systems, subsystems, processes and so on. This has created a 
web of programs and is becoming increasingly more difficult to handle. Change one thing and 
another one is affected in a non advantageous way.  If this is not resolved or taken into 
consideration it will become unmanageable in the near future which is why it got the highest 
rating.  

As a huge telecommunications company with other big competitors such as Telia and 
Ericsson, they must constantly excel in the market and to be able to meet customers 
expectations. This creates a demand on delivering their products & services fully functioning 
as intended as fast as possible which is why we can see such a high mean value and why they 
are in the top 5 advantages list.  

As we see from the graph 4.2.2, the top 5 disadvantages of Modularisation based on the mean 
value of the ratings given by the survey participants at Telenor Sverige AB are:  

● Longer testing and integration phases 
● Not always cost efficient depending on the system’s parameters 
● Modularity requires more technical problem solving efforts 
● Hard to design Modularisation concepts 
● Reduction in reliability in general 

Above, Graph 4.2.2 and its top five disadvantages tells us that a problem which is time 
consuming is a huge problem and something which they would want to reduce as much as 
possible. This goes in tandem with meeting customer expectations and being able to put your 
products & services out on the market as soon as possible and to keep managing difficulties of 
these as low as possible. Having a reduction in reliability also affect customer satisfaction and 
leads to low cost efficiency which is also why this is a challenge for Telenor Sverige AB. 
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5.0 Analysis 
What we know is that modularisation provides access to increased capital of both products 
and services. (Patel and Jayaram, 2014) Increased capital in terms of services requires a cost 
that the authors consider could be a disadvantage as the costs are quite big. Another 
disadvantage is that it takes a long time to implement modularization but can be turned into an 
advantage as it becomes profitable in the final stage. Furthermore, modularization of different 
products and services requires both planning and implementation. The authors (Starr, 1965, 
Salvador et al., 2002) believe that communication is a key part of the implementation of 
modularization. If you do not have good communication between each other but also with the 
customer, the effect can be adversely affected. As previously mentioned, modularization can 
be explained as a series of different principles and guidelines for complexity management 
(Langlois, 2002). Complexity is important to handle and with the new time we live with the 
new technology, it becomes increasingly difficult to satisfy customers' needs for product and 
system design and manufacturing systems (Dekkers, 2006; Park and Creams, 2015). As it 
takes a long time to develop and apply modularisation, there is a risk that software & 
hardware will be updated, for example. This provides the conundrum that when you are done 
with modularisation there is a risk that it, i.e the software & hardware is outdated anyway and 
demands new updates (Dekkers, 2006). Telenor strengthens this by telling themselves about 
their process of modularisation. They argue that strong modularisation probably requires the 
majority of ones to develop - at least the integration between all modules. As a consequence, 
you do not get as much functionality "on the purchase" as you bought standard systems 
(which are often of a monolith character). Then it's all about having all the functionality 
offered by the standard system. But with proprietary solutions you probably get high 
functionality wherever you want. This applies regardless of how well the modular IT platform 
is. 

Telenor, as previously mentioned, works with complexity manageable - something that both 
Dekkers (2006) and Langlois (2002) write about. They say, however, that there is some 
criticism that can be counterproductive in ways in which modularisation works. A subprocess 
that hides information for an external user probably has (inside the shell that offers less 
information in the interface) the same subprocesses to retrieve the information. Another 
criticism tells them that the information is limited to deliver the subset the user is interested 
in. Thus, it is very rarely practical to achieve performance gains through subprocessing. What 
you win might be that you get less bandwidth between information-sharing systems and the 
client if you only send relevant information between them. So if you include network / 
infrastructure, it gives some profit (on the other hand, probably many more small transactions 
are negative) they mean. Furthermore, they criticize the performance requirements of 
modularization. They say that if different modules have completely different languages, 
different code, it might break in overall quality. 

Based on the interviews, we have found that what Telenor regards as positive is also 
confirmed in Baldwin and Clark (1997). The authors write, as previously mentioned, that the 
purpose of modularization is to break down a system in smaller components, but also to 
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streamline it into a complex system. Telenor answered the question of what modularisation is 
in a similar way, emphasizing that modularization is the question of how to streamline a 
system so that the system is becoming less complex and more manageable. Furthermore, 
Baldwin and Clark (1997) write that an advantage of modularizing a system is that it allows 
the customer to access the information they want as quickly and easily as possible. Telenor 
reinforces this by telling themselves how their modularisation would look like, a system 
where modules provide access to the right information and limit information that is not useful 
to the customer. They further say that their systems would provide better control, which in 
turn contributes to providing better and faster feedback to the customer. This Baldwin and 
Clark (2003) confirms are a part of the advantageous modularisation. 

To locate problems in a faster way was also mentioned by Telenor. They argue that 
modularising can locate problems in a system faster as you break down the system into 
smaller components and thus you can theoretically find the problem faster. What we saw as a 
link in Baldwin and Clark (2003) is that they write that when you break down the system you 
get several smaller parts to work in. When a problem occurs, you will find it faster than if the 
system has not yet been modularised as the system is big and interconnected between various 
smaller systems, and the problem can be anything from huge to a lot smaller and hiden.  

Another advantage that the authors mention, but also what we found at Telenor, is that if a 
non-modular system changes something in its entirety, it can have consequences everywhere 
when everything is interconnected. Modularisation only affects a small part of the whole - just 
the module in which you have made changes or somehow affected, and thus has less impact 
and becomes more risk-free for the overall system. You simply get a system in which the load 
is divided and you get a system that is both vertical and horizontal. 

One of the hallmarks of modularisation is the ability to manage complexity, as the 
functionality of a system increases while giving more control(Baldwin & Clark, 2002) , in this 
case various systems with different functions operate within one huge “monolith” which 
makes everything interconnected with less functionality and less control as the impact over 
one area spreads to the others much more easily which creates a issue in making changes 
without complications that much harder. This is the most central core reason companies now 
tries to implement modularisation into their systems on a much bigger scale than ever before 
as its benefits are too hard to ignore.  
Modularisation is no easy feat however, there are costs of creating a modularised system upon 
an already existing system as the investments, depending on the system, will still be high and 
time consuming(Baldwin & Clark, 2004). Our findings would suggest that even though there 
is a cost-benefit analysis to be made before implementing modularisation, it is still a strong 
and important enough reason to draw upon the ideas of modularisation as the benefits of an 
increase in capital of products & services(Patel and Jayaram, 2014), and a stronger 
functionality & control which cannot be ignored in today's contending market. 

One of the strongest benefits of a working modularised system was its ability to both share & 
divide the work being made(Christoph Loch, 2008) which correlates with out findings 
through our survey and interviews made at Telenor. As companies want to gain further 
functionality in their system there has been a growing need for various parts of the system to 
work independently in which modularisation is a great option. This enables them to divert 
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their systems operating efficiency in a way in which they see fit depending on the situation, 
i.e if there is a sudden need for something to be handled in a certain way due to circumstances 
- opposed to in a non-modularised system in where this is not possible as every action will put 
a strain upon every other function. Long term this boosts innovation as you are able to process 
more work simultaneously in many directions and the time it takes to complete various tasks 
decreases dramatically which also have a positive financial effect(Baldwin & Clark, 2004) 
which outweighs the cost of implementation. 

With many modules available, customers and companies could then start to tweak each 
individual module, i.e change its settings to achieve a different result resulting in greater 
variety of products(Baldwin & Clark, 1997). 
As modules will become more available in the future, as all the options available to modules 
in comparison to a non modularised system they will start to evolve more rapidly, the reason 
for this being as a module is very cheap to configure, change and adapt after it has been 
established meaning this is a route more and more companies will pursue as the exercise of 
options is an exercise of innovation(Baldwin & Clark, 2002). 

How Modularisation affects competition among companies is one of the topics in the subject 
that has been less widely studied. Modularisation does have consequences for those 
companies who invest in it, similar to something of a trade off. With modularity you gain a 
faster rate of innovation which puts you ahead in the market, however it also makes your 
competitors able to imitate your product more easily.  
Another advantage a company may gain with modularized systems is inter firm compatibility. 
The ability to cooperate with other companies modules with your own to create 
value(Baldwin & Henkel, 2015).  

In order to effectively evaluate the economical consequences of modularity, i.e the costs of 
modularity it is necessary to focus on the total cost consequences along the whole internal 
value chain(Thyssen & Israelsen & Jorgensen, 2006). 

Modular is however difficult to properly execute as the designers of the module must know a 
great deal about how the system which is to be modularized since they must specify the rules 
of the module and its parameters which dictate how it is going to behave must be specified 
before actually making the module. This makes it so that if a modular needs further 
adjustment or improvement, often, this only shows when the module is complete and you put 
it into interaction with other modules(Baldwin & Clark, 1997). 
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6.0 Discussion 

6.1 Complexity management 
The first category of advantages is “Complexity Management” and this is the category 
consists of various positive effects of Modularisation in regarding to complexity.

  

According to the Table 5.1.1 within this category, the advantage named “Make complexity 
manageable” ranked at first with the rating of 9.11. The remaining three effects however 
received scores under 6.8 - the mean value of all the advantages ratings, thus those particular 
simplifying advantages are rated as relatively unimportant within Telenor Sverige AB.    

Graph 5.1.1. Make Complex System Manageable 

 

Furthermore “Make complexity manageable” even received the highest mean value among all 
the listed advantages and disadvantages. This also means that all nine respondents rated this 
particular advantage as relatively important giving scores from 7 to 10. /see Graph 5.1.1/. In 
order to understand the underlying reason for this, we have looked more deeply into the 
interview results. During the interview, we have found that the Operating System, Telenor 
Sverige AB’s current system which regulates literally everything from pricing to customer 
service request, is facing some problem of request overloading. When one part of the system 
is overloaded with information, data or customer requests, it affects the other parts of the 
system and results a slowing of the whole system or even a crash. Thus, the interviewee 
believes that Modularisation will help Operating System to come over this problem by 
making it possible to handle all the parts of the system separately and easing the complexity 
and interdependence of the system. Therefore, for one of the interviewee, this was the most 
mentioned and talked about advantage of the Modularisation. /See Interview Reports in 
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Appendix/ Another interviewee from Telenor Sverige AB also suggested that this particular 
advantage gives the best implementable structure, and modules in general provide an easily 
manageable and scalable representation of the reality of the system and its modules.  

In companies such as Telenor Sverige AB, there are models that try to document and capture 
each other's cooperation, for example, financial models, business models, process models, etc. 
With Modularisation complexity would be reduced and the information going through these 
modules would be better represented. Another interviewee also expressed desire for stronger 
pathways, that it is good if there was a better link between the processes on Telenor Sverige 
AB where everyone can see the same information, etc. The interviewee sees the system as a 
spider web  where you have to go from one point to another to collect information etc. which 
makes the codes very outdated and harder to reuse. Problems are usually solved by moving 
from A to B, and in between there are a lot of obstacles with other codes and paths. 

Now if we go back to the table 5.1.1, “Gives an ability to simplify making changes in your 
system”, got the second highest mean value in this category. In other words, modularity 
simplifies not only the procedure of making changes in whole system but also the procedure 
of changing the specific module in charge of whatever one would like to change. This 
suggests that an assumption is made that a user of a module does not need to understand the 
whole as he only needs to focus on his module. Whilst this may be true, we suggest however 
that if you do not understand the whole then there would be no understanding of the 
consequences of the actions you make. 

To break down information and put them back together is also an advantage but it's also not 
always necessary to be able to do that which is something that we discovered after multiple 
interview observations performed. Because if the system is transformed into a huge 
monolithic system then there is probably very little need to break down the elements in order 
to rebuild it again. However, if you have modules that provide both the need and the 
capability, then Modularisation is probably a possibility for accomplishing this.  

Another advantage in this category is “If have more sub processes in a module then you will 
get more understanding of the system”. However this advantage received a relatively low 
ranking among the people at Telenor Sverige AB. After reviewing the interviews, we have 
found that people were concerned about the overall governance and documentation available 
to understand the whole system. We understand that modularisation allows users to recycle 
the subprocesses for different main functions and processes, therefore it is enough for one to 
learn and understand subprocesses once and that is all it takes. However if one has subprocess 
that hides information for external users within itself, the overall information sharing ability 
of the system decay. In other words the previously widely available  information becomes 
hidden in the subprocess, in turn results a worse understanding of the whole system for 
everyone. As one of the interviewees mentioned: 

“A problem with modularisation  modules is communication… it becomes difficult for one 
person operating in a module to understand another module in which another person is 
operating.” 

6.2 Parallel work 
“The ability to make efficient parallel work” is ranked the highest in the category - Parallel 
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work and received a mean value of 7.78 which is higher than the average. /see Table 5.2.1/

 

Nevertheless to say it is also the 3rd highest rated advantage of Modularisation out of all 28 
advantages. The least important rated effect, “ modularize for various objectives with desired 
functions “, was not as important as the ability to to enable parallel work who functions 
independently. 

This brings us back rethinking the interviews we had with some key personals at Telenor 
Sverige AB. During the interview it was mentioned that the global companies like Telenor 
Sverige AB usually have to maintain several synchronous services available for both their 
customers and employees as a part of their market strategy. The employees are expected to 
have access to the system in order to create or make changes, and provide informations to 
where it is needed through customer service. At the same time, the customers also need to 
access to some parts of the system using “My page” function in order to retrieve information 
necessary by themselves. Thus it is important for Telenor Sverige AB to allow parallel work 
in the system. This suggests that by enabling more efficient parallel work it puts a 
requirement for a very clear modularisation and distribution of responsibility. /see Interview 
Reports at Appendix/ 
Now if we look at how each respondent ranked this particular advantage, we could notice that 
the are relatively equally distributed except the respondent 2. /see Graph 5.2.1/ However if we 
go back to the previous Category 1, we could also see that this respondent 2 actually give 
“Make complexity manageable” score of 10. While respondent 5 who ranked “Enable more 
parallel work” the highest actually gave “Make complexity manageable” score of 7. This 
shows us that different respondents at Telenor Sverige AB is focused on different advantages 
of Modularity based on their personal opinions or their job responsibilities.  

 

 

 

 

Graph 5.2.1. Enable more efficient parallel work 
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However, this goes in tandem with the second highest rated effect within this category which 
is “To improve the function independence from the other systems.” To not only make parallel 
work better and more available without suffering its functionality.  
Telenor Sverige AB today wants to simplify its system as much as possible. Given that their 
different processes in the system do not have a great link with each other, it would be good 
with some kind of simplification. An interviewee /System manager/ at Telenor Sverige AB 
explained that if you want to change something in the system in a process, then you have to 
change the same information in all "outputs". This is because it is easier for anyone who 
accesses to see the same information. That this has not been such a disadvantage for Telenor 
Sverige AB, but through a modular system this could be greatly simplified. If an interface was 
created where all processes have a strong connection to each other it would be found useful 
with a single port, meaning everyone sees the same information. The fact that a system shares 
the same information model would also allow employees at the company to save more time.   

We also think that when one wants to modularize the system for the various purposes while 
maintaining the desired functions, it comes back to what goals one have,  but generally it 
should be easier to do that. By improving functional independence it depends very much on 
the Modularisation strategy that is used, but if you focus on information and function 
modulation, the functions are fairly independent of each other. 

 

 

6.3 Accommodate Future uncertainty 
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“To accommodate future uncertainty” is a category which have important effects in general 
because on average the advantages in this category got relatively similar and higher scores. 
/see Table 5.3.1/  Reusing parts of a program, maximising the potential benefits for future 
projects or keeping a high availability of the  system, all are important long term advantages 
for Telenor Sverige AB, furthermore for any telecommunication company in order to be well 
prepared for the uncertain future.  Reduce future uncertainty received the lowest grading 
within this category. 

Modularisation makes it possible to reuse parts of a program because the smaller the modules 
and the clearer responsibility is, it's more likely that it can be used for more things. But for 
this to happen, it is provided that anyone who wants to reuse has access to good interface 
information and expected behavior from each module, an interviewee explained. This will 
result in high coordination effort and not particularly high parallelism. In other words from 
their opinion its very important with a clear interface and structure to achieve this but it would 
prove highly beneficial. 

Telenor Sverige AB's system is very overloaded sometimes, and this often happens at 
holidays for an example Christmas or in different marketing campaigns. When a large stream 
of people access the system in a very short amount of time often overloads the system. All 
information access points available to customers need to be updated  in real time and the 
entire system experience a great deal of delay. The entire system is connected and when 
customers want a specific type of information or to do a specific thing, the entire system 
becomes affected in turn.   
Baldwin & Clark (2003), mentioned a specific advantage of Modularisation and it is to 
accommodate future uncertainty, an advantage that could be achieved by facilitating the 
burden through Modularisation. If a specific service is then experiencing an overload, the 
other services will not be affected. 
Furthermore the system or module availability can be maximized by having more than one 
instances of same modules or “hot standby” capability which allows the module or the system 
to get started faster with shorter reboot time. Furthermore the modularisation pushes one to 
monitor more things and made it possible to detect and correct the errors, in turn helps one to 
avoid unforeseen unfortunate future events.  
If we look at the Table 5.3.1 closely , we could observe that “To reduce future uncertainty” 
was not as high scored as the rest of the effects in this category. This could be explained by 
the following way. All the other effects in this category are the effects which could reduce 
future uncertainty indirectly. However when we ask the respondents exactly how much the 
actual “Reducing future uncertainty” mean to them, they gave it low score without realizing 
all the other advantages are indirectly reducing the future uncertainty. However if we look at 
the each respondent's answers on this particular effect at Graph 5.3.1, we could notice that 
only Respondent 2 has given very low score on this particular advantage. Now if we exclude 
Respondent 2 from this at Graph 5.3.2, we could see that mean score goes up to 6.75.  

Graph 5.3.1. Reducing Future Uncertainty 
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Graph 5.3.2. Reducing Future Uncertainty /without Respondent 2/ 

    

To help inexperienced people to better understand the whole system is important and received 
a relative high grade, but it was not as important as the others except to reduce future 
uncertainty.  This can be argued by that once they understand then they understand, which 
makes it important but it's not crucial as managers often supervise the same part of the system 
for many years. 

At least, the interviewee /Architectural manager/ also wanted to mention that it’s hard to 
reduce future uncertainty but you can probably handle the consequences of things you could 
not predict better with the help of modularisation.  
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6.4 Speed & Efficiency 

 

 

The “Speed & efficiency” is a broad category with many effects of which directly influence 
the capabilities of the system. Three of the highest rated advantages are “Reduction in 
development time” “Faster fault localization” and “Regression testing got reduction in 
defects”.  /see Table 5.4.1/  It is also necessary to mention that “Reduction in development 
time” and “Faster fault localization” are the 2nd and 4th highest rated advantages out of all 28 
respectively. However if we look at the Graph 5.4.1 and Graph 5.4.2, we could see that 
different respondents ranked them differently and this could be explained that the advantages 
in this category are more related to programme development and development improvement. 
Thus they could be important to some jobs like system developers or architects while not that 
important to managers.  

 

 

 

 

 

 

 

 

 

 

Graph 5.4.1. Reduction in development time 



42 
 

  

 

Graph 5.4.2. Faster fault localization 

 

 

These findings makes us believe that it is utmost important to reduce the time takes to develop 
the service or product. Moreover it is also crucial to find the development and deployment 
faults in the system faster. Furthermore experiencing less defects in the testing phase is also 
efficient to have from product and service oriented point of view.  This makes sense in a 
marketing oriented perspective because if development & testing phase takes a long time it 
will set you back due to the market competition. In this same aspect, good Modularisation can 
be used to strengthen business performance when families of related products are designed 
and made. With good Modularisation and good / thought-out structure, how to implement 
products & services on top of this, we believe combination possibilities will be encouraged. 

“ Faster fault localization “ got the second largest mean value in our survey among all the 
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effects. The interviewee subject implies, that if you do well from an information point of view 
by collecting operations linked to the information and thereby creating good functional 
Modularisation then maybe there are plenty of opportunities to reduce dependence. And it is 
not uncommon that when you discover a problem, it is in fact a symptom of a rooted big error 
you discover. This means that as with any system, you must understand how the whole 
system works to find the root cause. This is essentially “faster fault localization” and is 
strongly linked to the effect “ Make complexity manageable “ which also received the highest 
mean value. The better organized your complex system is the easier it becomes to localize 
faults. 
 
Modules can be configured, started and picked down individually and in parallel, which is a 
big advantage.  We also think that development speed through parallelization as well as 
operational speed / efficiency through the possibility of more specific management have the 
most to gain from Modularisation. More modules are likely to give more and less 
responsibilities, which probably gives more accountants, which is likely to make the 
coordination effort greater. This can of course be avoided through clear interface 
specifications for the modules, and a module can reuse an existing module without having to 
change it (which is more likely if you have many modules), so the coordination needs to be 
reduced. Most likely, however, you are still validating / checking with someone who is 
responsible for a module, unless otherwise they want to be included in any future test effort to 
check that no unintentional changes have been introduced, which means that still a fairly low 
rating here. 

It's good to mention also that regression testing got reduction in defects and that's happening 
by Small-scale modules with clear responsibility provide limited "test mass" and greater 
regression testing capability, which should minimize the amount of "basic error". Probably, an 
individual module can be optimized more slim than a large monolith which leads to reduction 
in run time memory requirement 

6.5 Innovation ability 

 

 

The last but not least category is “Innovation ability”.  We believe this is the most futuristic of 
all the above category since fostering innovation is must and crucial attitude to have in order 
to grow one’s company in the future. However all the advantages in this category received 
relatively lower ratings even lower than the average of all 28 advantages. / see Table 5.5.1/ 
“Intermediate levels of Modularisation produces the most useful inventions” in particular 
received the lowest average score of 4.67 out of all 28 advantages and if we look at how each 
respondents scored this advantage, we could see that almost all of them indeed rated this as 
low. / see Graph 5.5.1/ This could be explained that for the respondents of this survey, it is 
important that to manage what they currently have than to increase innovate attributes. 
Moreover this also could be explained by looking back at the rating of “Manage complexity”, 
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which received higher scores. This suggests and is verified through interviews that the current 
system is the spiderweb of complex systems and coding.  Thus priorities lies in managing the 
current systems, its offered products and services, before priorities of fostering innovation.
  

Graph 5.5.1. Faster fault localization 

 

If the variation consists in creating more "end user scenario" it will probably lead to creating a 
fixed amount of modules with more variety. Also intermediate levels of Modularisation 
produces the most useful inventions is a good advantage because It can be a great way to 
hide/separate technology and activities. For example, it is not relevant for an end user/client to 
understand the physical data model of a system and how the questions are built up to retrieve 
information from a data owner.  

With a fixed amount of modules create with more variety is an advantage that is comprised of 
innovation ability. This was considered a huge advantage and therefore important by all the 
interviewee subjects. If the variation consists in creating more end user scenarios, then it 
works. However, there has to be clear separating / modularizing business rules, for example, 
to create new offers from existing on 

Further, having a variation in the modules is conducive to a product with a variety of 
properties therefore clear Modularisation with strong governance gives greater opportunities 
to combine multiple parts into many different entities, which reasonably provides increased 
opportunities for variation in a product or combination of products. 

 

6.6 Disadvantages 
In this paper, we have came up with 10 different disadvantages that modularisation could 
bring. In order to find which of those disadvantages are more important for 
telecommunication company in particular Telenor Sverige AB, we have asked our survey 
respondents to give them values from 0 to 10 based on perceived importance of the 
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disadvantage. The higher the value, that particular disadvantage is more of an issue for 
Telenor Sverige AB. 

 

“Longer testing and integration phases” received the highest grade which tells us that this 
could be a challenge for Telenor Sverige AB. /see Table 5.6.1/ Telenor Sverige AB is a 
telecommunications company adapting to an ever-changing market including a fierce 
competition. Therefore having a longer testing and integration phases for developing service 
or product means there a chance to lose an advantageous edge against one’s competitors. This 
suggests that if Telenor Sverige AB was to transform its’ existing system into a modular one, 
the testing and integrations phases of the entire system would be a  thorn for Telenor Sverige 
AB.   

 

 

Modularisation can however also create communication problems,  which can result in a 
communications disadvantage such as "longer testing and integration phases" in both the 
erection of modules but could also for the products & services which are being created out of 
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the usage of modules. Either way, Modularisation puts new demands of communication than 
in a previously standard generated system. If two modules are to communicate, then there are 
basically two people managing each module, each module having their own area of expertise. 
This kind of problem was rated as very serious for Telenor Sverige AB and is something they 
do wish to decrease, with Modularisation, one would have to create and ensure that both the 
modules can understand each other, but also the people operating the modules. The reason for 
the high value is that the risk is high that you discover problems in the interactions very late in 
the development and testing phase. It is not always easy to have all the modules up and 
available in their latest version in a synchronized test environment so that each module can 
always test its items against the latest version of all other modules that you depend on. 

Then it's not always cost efficient depending on the system's parameters and excessive 
modularity may blind the designer to important interactions between decisions and the results, 
which is an disadvantage. The reasons discovered during the interviews  for that ca be that 
more modules is leading to bigger complexity if it's not controlled. It can also be difficult to 
understand the whole and how things really work, which can lead to blindness, especially if 
you are an architect and do not have access to the developers' detailed knowledge of each 
module. 
Another disadvantage worth mentioning is that conflict can arise between making a attractive 
design and what the reality looks like. High componentization is attractive from a design 
perspective, but may not always be practical. "Innovative" developers who develop "what 
they want" (since it's harder to control centrally across many components / developers does 
not always lead to a better end result. 

Further another challenge is that the implementing for a benefit may cause consequences. 
Because there is nothing that causes as many bugs as development. Telenor Sverige AB's 
absolute best operating periods during the "summer/winter freezing periods", as no new 
functionality can be provided (unless there are security and/or emergency patches that act on 
direct malfunctioning problems).  

Right now, it takes longer, no optimized interface, and walking around and looking for the 
right people to get the right information will deviate quite a bit of time. This is strongly linked 
to the advantage of "speed and efficiency" raised in theory. 

An disadvantage in this category as mentioned earlier is that it needs potentially extra design  
in the beginning. This control people  and that is difficult. Its also very hard to think of 
everything for the one who is controlling. 
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7.0 Conclusion 
We have defined 38 advantages and disadvantages and categorized it into 5 pockets. We then 
asked people to rate it. We have found this is what Telenor Sverige ABs priorities lies through 
the survey and it is confirmed from importance in theory and interviews with managers & 
designers at Telenor Sverige AB.  

The most important effect in each category are:  

● Make complexity manageable 
● Enable more efficient parallel work 
● Make it possible to reuse parts of a program 
● Reduction in development time 
● Can with a fixed amount of modules create with more variety 

The top five most important advantages are:  

● Make complex systems more manageable 
● Reduction in development time. 
● Enable more efficient parallel work  
● Faster fault localization.  
● Regression testing got reduction in defects. 

The top five most important disadvantages are: 

● Longer testing and integration phases. 
● Not always cost efficient depending on the system's parameters. 
● Modularity requires more technical problem solving efforts. 
● Hard to design Modularisation concepts. 
● Reduction in reliability in general. 

The respondents of the survey at Telenor Sverige AB thought these above were the five top 
advantages and disadvantages.  

Our conclusion about this is that it's a must with better governance/standardization if you 
want to componentize, which in itself (like a spin-off) makes complexity more manageable 
which ranked highest in the survey. 

Modularisation requires clear structures and goals. Therefore it's good having methods that 
are well developed when you want to introduce Modularisation in an organization. In order 
for the Modularisation to be developed and preserved, internal as external communication 
between departments, mainly from the management of the organization, is the key factor for 
success. It is the management of a company that has the task of having its staff and other 
employees in the organization agree on how the company intends to work with 
Modularisation. It is also important, in order to reach the fullest of work, that this workgroup 
is then integrated into both the advantages but also the disadvantages of Modularisation. 
Based on our study, we have come to the conclusion that work with Modularisation requires a 
lot of time to achieve success and results. 

We believe people are more focused on short term effects than long term ones like innovation 
this makes us believe that Telenor Sverige AB should invest more in long term and innovative 
ability of Modularisation rather than simple effects like "making complexity manageable.  
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Another important conclusion is that it is very important to get a company's employees 
incorporated into the company's modular work. This is very important because otherwise 
there is a high risk that you seek after solutions that are not within the scope of 
Modularisation. This is extra important for companies that work globally in order to gain 
value-creating effects and to maintain control over their own modular system. 

The 5 least important advantages 

● Sub processes in a module can help hide irrelevant information which leads to 
lightened system load. 

● Variation in the modules give a product a variety of properties 
● Reduced startup time for applications. 
● Reduction in run time memory requirement. 
● Intermediate levels of Modularisation produces the most useful inventions. 

 
The 5  least important disadvantages 

● Excessive modularity may blind the designer to important interactions between 
decisions and the results. 

● Conflict between attractive design and reliability. 
● Implementing for a benefit may cause consequences 
● Potentially extra design efforts in the beginning. 
● Smaller components has more bugs. 

 

7.1 Future Research 
The authors suggests, it would be interesting to see a multi case study between the major 
telecommunications companies to see if the importance of various effects could be considered 
general for this branch of industry or if they could be considered specifically for Telenor 
Sverige AB due to some situational occurrence. By doing this survey on several different 
companies, we had also obtained a more quantitative study.  
The authors also further suggests, that since this thesis case study was performed at Telenor 
Sverige AB, all of the effects are not solely representative for the telecommunications branch 
of industry and this research should be applied to other branch of industry  areas to see 
whether the result would be the same or the priorities of the effects would change and in that 
case, the causes for the difference in priorities. 
Future research within the specific limitations in this thesis should be made and use mapping 
to see who specifically and what kind of person answered what and how in similar surveys. 
Lastly, the data gathered in this thesis was based on few chosen managers who could act as a 
representative of the whole company, however future research could and should still be made 
based on a larger pool of participants in the surveys. 
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9.0 Appendix 

9.1 Survey 
https://docs.google.com/forms/d/e/1FAIpQLSfk2zYaK3qd5yZNMcwhGOD8wO-7Ne-
v_i2ZOJlLByEE0FxvSg/viewform?usp=sf_link 
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