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Abstract. Model-driven development aims at increasing productivity by raising 
the abstraction level of software specifications and introducing automated trans-
formations for replacing lower level specifications. To assess benefits of replac-
ing a legacy development process with a model-driven approach, one needs to 
establish a baseline of the current process with respect to the effort invested in 
the development artefacts. In this paper we report on an initial case study in 
which we investigate the main artefacts in the analysis and design phase with 
respect to required effort and perceived importance. We studied a non-model 
driven development of software based automotive functionality and  our initial 
results show that a few artefacts receive the majority of effort, and that the arte-
facts that receive the most effort are not the most important ones. The initial re-
sults indicate that the distribution of effort between models and other artefacts 
is similar to that of model-driven projects in spite of the project being perceived 
and characterized as code-centric. 

Keywords: Software engineering, Requirements, Analysis, Design, Modelling, 
Process. 

1   Introduction 

Model-driven development (MDD) [1-3] has the goal of increasing development 
productivity and the quality of software based products by raising the level of abstrac-
tion at which the development takes place. Several studies have provided evidence 
showing that the application of MDD in large industrial project has indeed improved 
productivity and the quality of the products (e.g. [4-7]), while other studies show 
mixed results and also point out the lack of objective empirical evidence [8].  

Industrial software development, however, rarely provides the possibility to go 
from code-centric to model-driven software development in a single step and to the 
full extent. One example of software development domains where this is not possible 
is automotive software development. The domain is characterized by the existence of 
a lot of legacy software and high interdependence between car manufacturers and 
suppliers of car components. This high interdependence requires precise specifica-
tions that have to provide possibilities for interoperating of software development 
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practices at the manufacturer’s side and the supplier’s side. This, in consequence, 
means that a number of practices for using models are used in parallel – e.g. UML, 
SimuLink. Since modelling notations differ in the degree of formality and quite often 
can be used interchangeably, it is important to optimize the cost of using these nota-
tions. The cost has to be balanced with the benefits that these models bring and per-
haps not used in those parts of software development where code-centric approach is 
already very efficient.  

In this case study we explore the costs and efforts of using different modelling no-
tations and different abstraction levels for specifying requirements and designing the 
software in the automotive domain. The case study was conducted at Volvo Car Cor-
poration (VCC), within the department responsible for electronic and software sys-
tems in Volvo automobiles. The research question in the case study was: 

What is the distribution of the effort invested in the artefacts, 
documents and deliverable products in the main software  
specification phase? 

Addressing this research question provided the possibility to assess the costs of us-
ing different kinds of modelling notations in software development. The data was 
collected via document analysis and a sequence of interviews with architects and 
project managers. The main perspective of the results is the project managers’. The 
results show that there are a few artefacts which require significantly more effort than 
other artefacts and that the perception of what is important is different from where the 
effort is spent.  

The rest of the paper is structured as follows. Section 2 describes the most related 
work in the area of studying effort of software development activities. Section 3 pre-
sents the fundaments of the case study – description of the de-facto process of soft-
ware development at VCC. Section 4 outlines the design of the case study, while 
section 5 presents the results, and section 6 concludes the paper. 

2   Related Work 

The concepts which we investigated in this case study were based on the map (re-
ferred hereon to as domain model) of the development phases reported in our previous 
research [9]. In [9] we have evaluated the correctness of the domain model, discussed 
its expressive power and assured that it represents the de-facto development process 
at VCC.  

Mohagheghi and Dehlen [8] conducted a review of documented modelling experi-
ences and concluded that there are few reported results of how the MDD scales to 
large system development. Furthermore, the paper concludes that there often is a lack 
of company baselines which results in subjective evaluations. Our case study is in-
tended to contribute to such a company baseline intended to be used to compare the 
development process with other companies.  

Method engineering [10-12] recognizes the fact that no development method will fit 
every development task. Instead, method engineering aims at establishing a framework 
for adapting existing methods to better fit the development task at hand [11]. However, 
what is entailed in “better fit” differs greatly between projects. In this case study we 
examine – from the perspective of project managers – which development artefacts are 
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considered central to the development process and thereby contributing with evidence of 
which parts of the development process should be in focus if an adaption of the current 
process be made. 

In [7] we contrasted how effort was distributed between the different development 
phases in model-driven and code-centric projects within a company in the telecom-
munication domain. The results showed that the overall efficiency of the development 
process improved by adopting an MDD approach, the evidence for the analysis and 
design phase were not conclusive. In this case study we examine the analysis and 
design phase, specifically with respect to the development artefacts created. Further-
more, in [7] we found that the implementation phase had the most improvement po-
tential; however, in the automotive domain the majority of implementation is done by 
third-party suppliers. This raises the question of how an MDD approach can be used 
to improve the efficiency of the analysis and design phase. In this case study we have 
taken the initial step by examining the distribution of effort among and the perceived 
importance of the artefact developed in the phase.  

Bollain and Garbajosa proposed in [13] an extension to the ISO/IEC 24744 [14] 
meta-methodology standard. Their purpose was to extend the standard in order to 
better fit a document-centric (referred to as code-centric in this paper) development 
process. Our research has similar goals, but instead focuses on the use of models 
within a non-MDD development process. The case study reported in this paper pro-
vides evidence of which artefacts are the central ones, which in turn indicate where 
the focus of a modelling meta-model may be. 

Broy [15] outlines the challenges in automotive software engineering, and also out-
lines a structural view on the development process, which he calls a comprehensive 
architecture. Our case study focuses on one particular part of this architecture, namely 
what Broy refers to as the Design level (which we refer to as the function definition 
phase). Moreover, Broy concludes that although models are used throughout the 
automotive software development process, their use is fragmented. This means that 
the benefit of having a coherent model chain – such as automatic artefact generation 
and traceability – is lost. Our case study contributes with empirical evidence that 
characterizes the development process – with regard to effort and importance of the 
constituent artefacts – which we hope will contribute with further evidence of how 
such an integrated modelling chain can be created in an optimal way.  

Heijstek and Chaudron [5] report on an empirical study regarding model size, 
complexity and effort in a large model driven process, but whereas their study in-
cluded the investigation of effort distribution among categories of development activi-
ties for the whole development process, our study focuses on how effort is distributed 
among the artefacts produced in one of the development activities, and specifically on 
the effort distribution among types of models and requirements. Moreover, Heijstek 
and Chaudron report on the importance and centrality of models in a pure MDD pro-
ject, whereas our case study is conducted at a company which does not use an MDD 
approach. We elaborate on this in section 5. 

3   Domain Model 

The development of software based functions at VCC makes extensive use of models, 
although it cannot be classified as ‘model-based’ according to the definitions by 
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Fig. 1. Product Development Stages 

Brown [3]. The types of models used are both descriptive and prescriptive, as defined 
by Ludewig [16]. However the use of modelling techniques is fragmented and does 
not constitute a coherent chain of models, as model-driven development advocates 
[9]. This fragmentation is typical and evidence for such a fragmentation in new 
adopters of model driven engineering has also been reported by Broy [15]. 

The development of the products at the electrical department is separated into four 
phases (described in more detail in our previous research [9]) which – as shown in 
Fig. 1. – are: the strategic phase which is focused on selecting a number of high level 
features; the function definition phase in which individual functions are analysed and 
specified, and finally; the system and node development phases which are concerned 
with designing and specifying a software and hardware solution that realize the func-
tions. The strategic phase is concerned with product planning, where a set of high-level 
features are selected in order to make the vehicle model competitive at the market. The 

subsequent phases contain 
the engineering activities 
which are of main interest in 
our research, and the activi-
ties in the function definition 
phase are the focus of this 
case study. 

The activities in the 
function development phase 
result in design and 
specification of a function, 
e.g. airbags or collision 
warning. In the phase, only 
the implementation 
independent properties are 
under consideration, such as 
desired behaviour and pro-
posed algorithmic solutions.  

In the system development phase the designers specify a system solution that satis-
fies the specified behaviour of the function on a specific hardware and software plat-
form. In the component development phase the focus is on design and specification of 
the physical components that are part of the system solution. The components are then 
implemented, mostly by third party suppliers. Since the implementation is done by the 
suppliers, the most important design phase is the function design phase, which we 
study in our research. 

Fig. 2. shows the key concepts we have identified in the function development 
phase [9]. The map in Fig. 2. was created using domain modelling in UML (i.e. using 
class diagrams with classes as concepts, associations and dependencies). We used 
three stereotypes to distinguish between types of elements in the domain model:  

• Product: elements which are results (or in early stages of the project – prospected 
results) of the software project – e.g. features, functions, components.  

• Artefact: elements which are used in the development process – e.g. models, 
requirements, abstract pseudo-code, algorithm descriptions 
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• Document: elements which are official documents prescribed by the software 
development process at VCC and can be deliverables from the process – e.g. re-
quirement specification 

The above three categories show that the three kinds of elements interact and com-
plement each other.  

The concepts we have identified in the function development phase include  

─ The function requirements specification  
─ Description of the functions behaviour from an end-user perspective, shown in 

Fig. 2.  as Use Cases, Specification Model and Requirement  
─ Descriptions of algorithmic solutions, shown in Fig. 2. as Simulation Model and 

a textual description of the simulation model, shown as Design Description 
─ An initial design, shown in Fig. 2. as Logical Design  

 

Fig. 2. Artefacts, documents, and software products in the function development phase 

4   Design of the Case Study 

When designing this case study we followed the case study design proposed by Yin 
[17]. Initially a case study protocol was set up in which two case study propositions 
were defined. For each of the two propositions, a hypothesis was formulated and 
interview questions created that would elicit evidence to support or refute the hy-
pothesis. Using the data collected from the interviews we evaluated the hypotheses 
and addressed our research question. 
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In the following subsections we present an outline of the design of the case study: 
propositions, units of analysis, data collection procedures, and criteria for interpreting 
the data.  

4.1   Proposition 1 – Relative Importance of Artefacts  

Based on our previous research [9, 18] we anticipated that there would be large differ-
ences between the relative importance of artefacts and the effort put into their devel-
opment. In other words we anticipated that the most effort-intensive artefacts were 
probably not the most important ones from the perspective of product development. 
These differences meant that there could be a ‘waste’ of effort (in terms of LEAN 
[19]) and therefore there was a room for improvement or effort optimization.  

4.2   Proposition 2 – Effort Distribution among Artefacts 

We proposed that there would be a significant difference between the amounts of 
effort spent on the artefacts identified in the domain model. Furthermore, we pro-
posed that there is a pattern (with respect to artefact type) in how the effort is distrib-
uted among the development artefacts.  

In order to identify improvement opportunities in the current process, it is impor-
tant to know which artefacts are the most effort-intensive and therefore which  
artefacts we should concentrate on in the first place. If the perceived effort and impor-
tance do not match, then there is a need for deeper investigation and optimization of 
the development process at the company.  

4.3   Units of Analysis 

The main unit of analysis in this case study was the importance of and the relative 
amounts of effort invested in the development artefacts, specifically requirements, 
different types of models and documents. However, there was also an embedded unit 
of analysis in this case, namely the role of the interviewed subjects, as each role has a 
particular perspective on both the importance of the artefacts in question as well as 
the amount of effort that is invested in creating them.  

4.4   Data Collection Procedures 

The data collection consisted of structured interviews in which we collected evidence 
of the perceived importance and effort spent on the artefacts we identified as being 
the key concepts in the function development phase (see Fig. 2. ).  

We first presented and described domain model showing the key concepts in the 
function development phase (Fig. 2. ). The purpose with this presentation was to pro-
vide the respondent with the context of the study and also to provide the opportunity 
to ask about and comment on the content and structure of the domain model (e.g. add 
concepts that were found important or change relationships among the shown con-
cepts). We conducted this part as a focused interview [17], and in order to ensure 
construct validity, we noted the comments and incorporated them in the following 
parts of the interview (in accordance with Yin [17]).  



240 N. Mellegård and M. Staron 

We primarily wanted to interview subjects that had an overview of the entire pro-
ject in order to avoid introducing bias to specific activities; therefore our sample con-
sisted of: 

• Main study. The main study sample consisted of three project managers. All sub-
jects had been working at VCC for many years, and within the function develop-
ment phase between 6 months and several years 

• Pilot study. The sample used in the pilot study consisted of two architects who had 
been working as architects for several years. 

4.4.1   Units of Analysis for Proposition 1 
The unit of analysis in proposition 1 was the perceived importance of the artefacts in 
the domain model. In order to collect data regarding their importance, we divided the 
artefacts in the categories models, requirements and documents, and asked the inter-
viewee which they thought was the most important to get right in order to ensure the 
success of developing the function. Furthermore, in order to contribute to our under-
standing of why the particular category of artefacts was considered the most impor-
tant, we asked to interviewee to explain and give examples. These comments were 
noted for further analysis. 

4.4.2   Units of Analysis for Proposition 2 
Regarding proposition 2, we collected data by applying a variation of the $100 test 
technique [20], where we asked the interviewees to place an appropriate amount of 
money on each of the artefacts in the domain model. Because the artefacts shown in 
the domain model are constituent parts in the document, we considered effort spent on 
the documents to be editorial work or tasks not associated with the other artefacts 
shown in the domain model. 

The amount of effort assigned to each artefact was normalised by calculating for 
each concept the percentage of the total amount distributed. In addition, the sum of 
effort for each category of artefacts was also calculated (in order to match the catego-
ries of artefacts from proposition 1). 

We followed up on the result of the $100 test by asking the interviewees whether 
they thought it was straight-forward to assign the amount to each artefact, and if not, 
what they felt was the main difficulties in doing so. Furthermore, we asked whether 
they thought that their distribution of effort would be representative for other roles in 
their project, as well as for other projects. 

4.5   Interpreting the Findings 

We intended to analyse the results by means of pattern matching [17]. Based on our 
earlier research, we anticipated that there could be a difference between which arte-
facts were considered the most important and the effort that was put into their devel-
opment. By comparing the results of propositions 1 and 2, we examined whether the 
category of artefacts considered most important was in fact the same as the one most 
effort was invested in. 

By studying the effort distribution at VCC we could establish a reference point for 
comparing effort distribution in MDD projects in different companies or domains – 
e.g. by comparing that to the study conducted at Ericsson [7].  
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4.6   Validity Evaluation 

We have identified and grouped the threats to validity in our study according to rec-
ommendations of Yin [17]: 

Construct validity. The main instrument of this study is the domain model around 
which the questions of the interview revolved. In order to ensure construct validity, we 
began each interview session by presenting the domain model and asking whether the 
interviewee found any concepts missing. In neither of the interviews did we identify any 
issues with the domain model; we thus consider the model to be complete and correct. 

Internal validity. As any interview study we anticipated some personal bias in the 
answers from the interviewees. In order to minimize this threat we triangulated the 
results by conducting document analysis and a pilot study with architects who are not 
involved in the actual case study.  

External validity There is a risk that the results are too specific to Volvo Car Corpo-
ration. In order to validate the results we plan to conduct a similar study at other com-
panies which our university collaborates with.  

Reliability. As part of the case study design, we have created a case study protocol 
which ensured that we conducted the study and collected the data in a consistent 
manner. By using this protocol, we believe that the study can be reliably reproduced. 

5   Results 

5.1   Pilot Study Results 

In the pilot study we interviewed 2 architects. The subjects, however, were not work-
ing with detailed design of vehicle functions and were therefore used only to validate 
the design of our case study. 

As a result of the pilot study we found that the domain model was valid, i.e. com-
plete and correct. None of the architects identified issues (such as missing or invalid 
concepts) with the domain model (nor did such issues arise during the rest of the in-
terviews with project managers). Furthermore, as result of the pilot study we prelimi-
nary identified which artefacts might be the most important ones – e.g. Use Cases. 
This information made us aware when interpreting later findings in the case study. 

We have also found that it is probably the models that contain most of the informa-
tion, but that this is dependent on the role of the subject. As a result of this remark we 
have checked the list of planned subjects in our study and found no risk of introducing 
bias by missing important roles. 

Finally we have found that specification models and the related requirements are 
more important than simulation models, although it might vary significantly depend-
ing on the product that is under development. As a result of this we have ensured that 
we introduced another question – which products the interviewee has in mind when 
answering our questions.   
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5.2   Case Study Results 

In this section we report the initial results of the case study. At this point three project 
managers have been interviewed; our study, however, is ongoing and results from a 
larger sample will be reported in a future paper. 

5.2.1   Case Study Proposition 1 
With regard to the importance of the development artefacts, we found that require-
ments, and especially performance and functional requirements related to design 
components such as sensors and actuators, were considered the most important ones. 
The rationale explaining this was, according to the interviewees, that other models in 
the design of the functional solution, such as the simulation models, rely on these 
requirements as assumptions about the available design components and their proper-
ties. Moreover, we found that the simulation models were not considered to be that 
important, as they can easily be reworked if the requirements change. 

We had initially anticipated that models would be the most important artefacts, as 
they are generally more expressive than text. However, we found that it is rather the 
level of detail and the need to express requirements unambiguously that is considered 
most important from the project manager’s perspective. We found that the models are, 
from the project manager’s perspective, mainly seen as support for the requirements; 
specification models are used to provide structure to the requirements or to provide 
them with context. In particular, the simulation models are used to explore possible 
functional solutions in order to learn to understand what the detailed requirements are. 

Furthermore, the detailed requirements created in the function definition phase are 
provided as input requirements to the subsequent system and component development 
phases, where they are further refined to form part of the specification that is eventu-
ally provided to the third-party supplier. Therefore it was considered highly important 
that the requirements were fully understood and correct.  

5.2.2   Case Study Proposition 2 
The models used in the function definition phase, listed in Table 1, consists of  

─ One or a few use case descriptions, including alternative flows and error states; 
─ Specification models, such as state machines, refining the use-case into a de-

tailed functional specification; 
─ Simulation models intended both as validate the function design, as well as  

to serve as a tool for the function designer to learn to understand the relevant  
requirements. 

The level of formality of the models ranges from informal, such as use cases, to for-
mal ones such as executable simulation models. 

From the normalized result of the $100 technique, shown in , we found that about 
twice the effort is invested in models compared to requirements. This initial finding 
supported our anticipated result that the artefacts considered most important are not 
the ones the most effort was spent on. Furthermore, we found that the artefact the 
most effort is spent on is the simulation models which can be explained by the fact 
that these models are used to make the requirements more precise.  

We also found that a significant amount of effort (approximately the same as is 
spent on requirements) is spent on editing documents. 
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When showing the re-
sults to the interviewees 
and their managers after 
the study, their reaction 
was that this was against 
their expectations – they 
expected more effort to be 
spent on the requirements 
than it is now. This called 
for a subsequent (planned 
for future) study about 
detailed optimization 
techniques how to im-
prove the throughput of 

the process. Possible targets for optimization is the multitude of different modelling 
techniques and notations used that are compatible to a limited degree. Similar observa-
tions and a report on how such challenges was overcome when Motorola successfully 
introduced MDD in their process is reported in [4]. 

Table 2. Effort distribution in percent per artefact as estimated by the project managers 

Artefact PM 1 PM 2 PM 31 

Models (56.4) (50) (73.4) 

Simulation model 39.7 30 26.7 

Use cases 7.9 20 20 

State Machines / other  
specification models except UCs 4.0  26.7 

Logical Design 4.8   

Requirements (23.8) (30) (26.7) 

Requirements (all types) 23.8 30 26.7 

Documents (19.8) (20)  

Design Description 11.9   

Requirements Specification 7.9   

5.3   Interpretation of the Results 

Interestingly, from the result of the case study propositions we found that the artefacts 
which were considered as the most important were not the same artefacts that receive 
the most effort.  

Whereas requirements were considered very important, they received about half 
the effort compared to the simulation models.  

Furthermore, creating the documents – mainly considered by the interviewees to be 
editorial work – required almost as much effort as the requirements do, while not 
considered as important. We raised an improvement potential here – perhaps the tedi-
ous work should be reduced.  

Table 1. Models in the Function Definition Phase 

Artefact Model Notation 
Use-case UML/Use-case 
Specification models 

Logical design 
State charts 

 
    UML/Class  
    Diagram 
    UML/State  
    Machine 

Function 
Description 

Simulation models 
Simulink 
Statemate 
Stateflow 
Powerpoint 
Video sequences 

 
Proprietary 
Proprietary 
Proprietary 
N/A 
N/A 
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We have found that the simulations models are often used during the function defini-
tion phase to explore different functional solutions, and thereby assisting the developers 
in understanding the requirements (conf. [9]). This would explain why such large 
amount of effort is spent on developing these models. However, this does not explain 
why the simulation models are not considered as important as the requirements. 

Furthermore, the results shown in  indicate a strong correlation between level of 
model formality and amount of effort required. Developing the formal specification 
model takes according to one subject almost all modelling time – approx. 5 times 
more than the next one – Use cases model.  

As the formal simulation models are not considered as important to the success of 
the product, it raises the question of why their importance is perceived to be so low.  
We plan further investigations at the company to explore it to a deeper extent.  

The results of case study proposition 2 indicate that documents require a substan-
tial amount of effort and as the majority of their contents are compositions of the 
other artefacts. Here automating the process of document creation may be a way to 
improve process efficiency.  

Although VCC cannot be considered as using an MDD approach, we have found that 
the relative amount of effort spent on models compared to other artefacts is similar to 
what Heijstek and Chaudron found in their paper [5] where they investigate pure MDD 
projects. In their study, Heijstek and Chaudron found that in a pure MDD project at an 
IT service provider, 59% of all effort is spent on developing models, whereas in our  
 

 

Fig. 3. Percentage of artefacts which contain models per phase from [7] 
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study we found it to be about 60%.  Although the product development process at VCC 
does not comply to a pure MDD approach – but can rather be described as document-
centric [21, 13] – models are frequently used in the requirements specification docu-
ments, but they are mainly used to provide context and structure for the requirements. 

Furthermore, Heijstek and Chaudron found quantitative evidence that some kinds of 
models receive more attention than others. In our case study we found similar qualita-
tive results. This finding suggests that a strategy for improving process efficiency is to 
concentrate such improvement efforts on particular types of models and their associated 
activities. The results of our study indicate that such effort should be directed at simula-
tion models and their traceability to the requirements that constrains their design.  

In the light of our previous research [7] we have investigated how much modelling 
is present in different phases – the results which are presented in Fig. 3. The results 
show that modelling is rather a large part of the phases covered by our study – analy-
sis, architectural design and system design – which are all part of the function  
development phase. Our new findings raise an important question – how much of the 
modelling in these phases is essentially needed?  

6   Conclusion 

The objective of this study was to investigate how effort and the perceived importance 
are distributed among artefacts identified in the function development phase of soft-
ware based vehicle functions. In this paper we have reported on an initial case study 
in which we interviewed project managers responsible for a software based safety and 
security related functions.  

Our initial results show that the artefacts that are considered the most important are 
not the ones that the most effort is invested in. While detailed textual requirements are 
considered the most important artefact in order to ensure a successful product, it is 
executable simulation models that receive the majority of effort during development. 
Furthermore, from the interview we found that the simulation models are not consid-
ered very important as they are easy to modify if the requirements should change. 

Moreover, we have in this initial study of a non-MDD project found that the 
amount of the total development effort invested in models is similar to the pure MDD 
project reported in [5] – about 60% in our case and 59% in the MDD case. 

As part of our continuing work we are conducting this case study on a larger scale 
by interviewing more people in a number of different roles in order to add to the em-
pirical evidence of how effort and importance of development artefacts such as mod-
els and requirements are distributed. 
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