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Abstract. While the field of information systems engineering is largely focussed 
on developing methods for complex problems and larger enterprises, less is done 
to specifically address the needs of smaller organizations like small and medium 
sized enterprises (SMEs), although they are important drivers of economy. These 
needs include a better understanding of the processes (know-how), why things 
are done (know-why), what concepts are used (know-what) and who is 
responsible (know-who). In this paper, the KAOS approach is evaluated as not 
only useful for developing software projects, but with the potential to be used for 
developing a business architecture or enterprise model. An example of KAOS is 
given, by way of illustration, and KAOS was applied by an SME’s CEO, which 
resulted in a set of questions for further research. 
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1   Introduction 

In the state-of-the-art of the field of information systems engineering, a lot of 
emphasis is placed on automation through software systems. However, information 
systems can exist without much or even any support of software. 

Smaller organizations, like small and medium sized enterprises (SMEs), do require 
proper systems to fulfil their information and automation needs, but their first 
concerns are organizational issues, with IT as a means for achieving business 
objectives [1]. While most of the effort in the field of information systems 
engineering is focused towards complex problems and large enterprises, the specific 
needs and problems of smaller enterprises are often forgotten [2]. 

An enterprise can be interpreted in a very wide sense. It could mean the whole 
enterprise, a smaller part of it (e.g., a business unit), or an area of activity of the 
enterprise (e.g., the purchasing). This research limits itself to SMEs, although the 
problems addressed could be the same in larger organizations as well. The purpose of 
our research is to investigate the problems that SMEs are facing today and if methods 
or techniques that are used in requirements engineering can provide an adequate 
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solution to those problems. The problems we will specifically look at are the need for 
a better documentation, understanding, and analysis of the processes (know-how), 
why things are done (know-why), what concepts are used (know-what) and who is 
responsible (know-who), taking into account the specific characteristics of SMEs that 
may impose constraints on potential solutions. 

In this paper, KAOS is proposed as a solution to document SMEs’ know-how in 
process models, know-why in goal models, know-what in object models and know-
who in responsibility models, and to make sure these models are aligned to achieve 
internal consistency and traceability. 

This work extends that of others in several ways. Kamsties et al. [3] investigated the 
use of requirements engineering for developing software products by SMEs in the 
software and embedded systems industry. A more recent paper of Zickert and Beck [4] 
extends the work of Kamsties et al. This paper evaluated whether KAOS addresses the 
characteristics of complex tasks in software engineering. They conducted a literature 
analysis and applied KAOS to two software development projects. In our paper, 
however, requirements engineering is used to explicate how an SME’s activities relate 
to its goals, without necessarily thinking about how the resulting requirements models 
could be used for systems development.  

The people working on enterprise modelling [5, 6] have already put a lot of effort 
in developing the enterprise model, in which different submodels are interrelated and 
describe these four dimensions [5]. More recent work on the Enterprise Knowledge 
Development (EKD) method for enterprise modelling defines six submodels, but 
agrees that its Goals Model (Why), Business Process Model (How), Concepts Model 
(What), and Actors and Resources Model (Who) tend to dominate EKD usage ([6], p. 
7). We consider this work to be very useful and see KAOS as a feasible language for 
describing these submodels. In addition, KAOS already has tool support, which the 
authors of [6] considered to be the main weak point of the EKD method ([6], p. 9). 

This work can also be situated in the research on enterprise architecture. In The 
Open Group Architecture Framework (TOGAF) [7], this work can be seen as creating 
a business architecture, after which the information systems architectures and 
technology architecture can be developed. According to the Zachman Framework [8], 
this work covers four focuses (what, how, who, why) across two views (contextual, 
conceptual). Finally, KAOS’ responsibility, operation, and object model respectively 
correspond to ArchiMate’s [9] active structure, behaviour, and passive structure. 

This paper is structured as follows. Section 2 starts with describing the relevant 
characteristics of SMEs and their CEOs. Section 3 evaluates KAOS in terms of how 
well it addresses the specific characteristics and needs of SMEs. Section 4 illustrates 
how KAOS can be used in an SME. An example of each of the four core models of 
KAOS is given for an existing Belgian company that sells tyres for passenger cars. 
The questions of this SME’s CEO regarding KAOS and Objectiver while building his 
own models are presented in Section 5. The paper ends with a discussion and 
guidelines for future research in Section 6. 

2   Small and Medium Sized Enterprises (SMEs) 

SMEs have very specific problems [3]: 
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1. Employees and management are typically overwhelmed with day-to-day business, 
leaving little space for strategic issues and other issues, such as process 
management, not to mention quality and process improvement. 

2. There is a large demand within the enterprise for know-how transfer with 
respect to basic issues and ‘how to do it’. 

Besides the problems SMEs are facing, they also have some specific characteristics 
which are defining for their business [10]: 

3. Small businesses have significantly fewer resources than large companies. This 
resource poverty is a result of their highly competitive environment, financial 
constraints, lack of professional expertise, and their sensitivity to external forces 
[11]. The smaller the business, the less able it is to hire people with specialized 
skills, like for example IT skills [12]. 

4. SMEs are lacking in specialized IT knowledge and technical skills [13-16]. The 
main reason why European SMEs fail in utilizing IT is their lack of IT knowledge 
[17]. This advocates for the offering of easy-to-use and easy-to-learn tools to SMEs. 

By definition, SMEs are organizations with fewer employees than large companies. 
The manager or CEO, who is often the company’s owner, is commonly the single 
person who decides on strategic issues. CEOs of an SME also tend to share some 
characteristics [10]: 

5. The CEO is the central figure who determines the direction of an SME [18]. The 
CEO’s abilities and inclinations are, next to other factors like business size or 
market forces, important determinants for the rate at which an SME changes [19]. 

6. In SMEs, the CEO makes the decision whether to adopt a new method or not. 
Rogers’ model of an individual’s innovation-adoption process [20] reveals that 
before such a decision is made, a positive or negative attitude towards the 
innovation is formed. With each innovation, a degree of uncertainty is present, so 
the perceived benefits of the proposed method have to outweigh the risks and costs 
(time, money, effort) associated with it, in order to be adopted by the SME. 

Table 1. Characteristics of SMEs and their CEOs 

Characteristics of SMEs and their CEOs 
1. Little space for strategic issues 
2. Large demand within the enterprise for know-how transfer 
3. Resource poverty 
4. Lack of specialized IT knowledge and technical skills 
5. CEO is the central figure 
6. CEO makes the decision whether to adopt a new method or not 

 
The previous six problems and characteristics (summarized in Table 1) clearly  

define SMEs and will be the main criteria for evaluating the possible solutions with 
respect to the context in which they are used.   
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3   KAOS 

Goal-oriented requirements engineering (GORE) can help SMEs to discover and 
define their strategic issues (i.e. problem domain) by developing and elaborating goal 
models. GORE is used nowadays as a means for information systems engineering, 
more particularly as a basis for the development of software systems, while it could 
also be of great help as a basis for the development of the internal processes of an 
enterprise. SMEs could benefit from a number of important advantages of modelling, 
refining, and analysing goals [21]:  

• The system environment is included in the modelling. 
• Goals provide a rationale for requirements that operationalize these goals. 
• A goal refinement tree provides traceability between high-level strategic objectives 

and low-level requirements. 
• Goals can be used to provide the basis for the detection and management of 

conflicts among requirements [22, 23]. 
• A goal model can capture variability in the problem domain by using alternative 

goal refinements. Goal models provide the opportunity to communicate about 
requirements. 

• Goals are much more stable than lower-level concepts like requirements or 
operations. The higher level the goal is, the more stable it is. [21, 24] 

As these advantages illustrate, when using goal models, an enterprise could elevate its 
knowledge from know-how to know-why. As Dougherty demonstrated in her study 
[25], successful enterprises are able to bring these different knowledge components 
together. Other distinctions between these two components of knowledge can be 
found in [26].  

When considering the six characteristics of SMEs and their CEOs (Table 1), 
KAOS [27] is according to our analysis a suitable approach (Table 2). First, KAOS 
provides SMEs with a means to think about strategic issues and process management. 
Moreover, KAOS’ goal model and operation model (see Section 4.1) link the problem 
domain (i.e. strategic issues, goal model, know-why) with the solution domain (i.e. 
process management, operation model, know-how). Furthermore, Objectiver [28], a 
tool support for KAOS created by Respect-IT [29], provides SMEs with an easy-to-
use environment in which they can create, enlarge, and adapt the KAOS model 
whenever they have time for it. This tool can help the EKD method in providing 
integrated tool support. Second, SMEs can document their processes (know-how) in 
Objectiver and even the rationale behind the processes (know-why). Third, an easy-
to-learn approach (KAOS) with an easy-to-use tool (Objectiver), replaces the need to 
hire analysts and people with specialized IT skills. Fourth, KAOS in combination 
with its tool reduces the need to have specialists in-house. Fifth, this also means that 
the CEO, as the central figure responsible for the strategy, has to be involved in the 
development of the KAOS model. At every possible moment, he can adjust the 
KAOS model and even look at the impact that changes in the goal model could have 
on operations (operation model) and the agents responsible for the operations 
(responsibility model). Sixth, KAOS has the advantage to be an easy-to-learn 
approach and to have Objectiver as an easy-to-use tool. Of course these advantages 
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have to be compared to the total cost of time, money, and effort to implement the 
KAOS approach. If the benefits outweigh the costs, the CEO could be convinced to 
adopt this method in his SME. 

Table 2. KAOS in accordance to the characteristics of SMEs and their CEOs 

KAOS in accordance to the characteristics of SMEs and their CEOs 
1. Problem domain linked with solution domain 
2. Objectiver as a means to document know-how and know-why 
3. An easy-to-learn approach and easy-to-use tool 
4. An easy-to-learn approach and easy-to-use tool 
5. CEO involved in developing the KAOS model 
6. An easy-to-learn approach with an affordable and easy-to-use tool 

4   Modelling an SME with KAOS 

The KAOS approach consists of a modelling language, a method and tool support 
(Objectiver). It was developed by Axel van Lamsweerde in the early 90s [27]. In this 
work we are using KAOS as defined in [30]. 

To understand the full potential of the KAOS approach, a short overview will be 
given in the next section, including the benefits SMEs could get from using KAOS. 

4.1   Overview 

KAOS is composed of four core models, which are closely related: 

 

Fig. 1. Four core models in KAOS [31] 

• A goal model (why?), where goals are refined and justified until a set of  
interrelated goal diagrams have been put together for tackling a particular problem. 
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• A responsibility model (who?), in which agents are assigned to the goals they are 
responsible for. 

• An object model (what?), which is used to define and document the objects 
(entities, agents, and associations). 

• An operation model (how?), which defines various behaviours that the agents 
need to fulfil their requirements. 

Fig. 1 shows these four core models and how they are related to each other. The 
rest of this section will elaborate these four models in an example of a Belgian SME 
that sells tyres for passenger cars. In Section 5, the CEO of the same SME has used 
KAOS and Objectiver himself and his questions are listed in that section. 

4.1.1   Goal Model (WHY?) 
Goals are desired system properties that have been expressed by system stakeholders. 
An example of a goal could be: 

‘The cars of the customers are provided with the recommended tyre pressure’ 
KAOS makes it possible to discover the goals by interviewing the stakeholders and 

by analysing the already existing systems. The goals can be structured in a goal model 
and: 

• Each goal in the model (except the goals at the top of the diagram) can be justified 
by at least one higher level goal that explains why the goal exists. 

• Each goal in the model (except the goals at the bottom of the diagram) can be  
refined in one or more subgoals describing how this refined goal can be reached. 

In the example, a justification for the example goal could be: 
‘Vehicle safety improved’ 
The example goal can be refined into two subgoals: 
‘Tyre pressure checked before the vehicle leaves the company’ 
‘Car tyres inflated with nitrogen instead of oxygen’ 

 

Fig. 2. An example of justification and refinement of a goal 

Our example in Fig. 2 shows that a goal can be justified (why-question, linking to a 
higher level goal) and refined (how-question, refine in one or more lower level goals), 
which is the beginning of the development of the goal model. In our example, the 
AND-refinement is used (all subgoals must be satisfied to satisfy the parent goal). 
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OR-refinements (one subgoal must be satisfied to satisfy the parent goal) can also be 
used in KAOS. 

At the top of the goal model, goals are more strategic, whereas at the bottom, the 
goals are more operational. Identifying goals is a combination between a top-down 
and a bottom-up approach. 

Goals can be conflicting if the SME can reach a state in which it is not possible to 
satisfy both goals simultaneously. In our example, inflating car tyres with nitrogen is 
not one of the cheapest solutions for the customers (Fig. 3). 

 

Fig. 3. An example of two conflicting goals 

4.1.2   Responsibility Model (WHO?) 
A goal is called a requirement or an expectation from the moment an agent can be 
made responsible for it. This agent can be either a human or an automated 
component. The difference between a requirement and an expectation is that the 
former is a low-level type of goal to be achieved by an agent which is part of the 
SME, while the latter is to be achieved by an agent which is part of the SME’s 
environment. 

Suppose in our example that it is possible to install a device that automatically 
reads tyre pressure (requirement) and tread depth as a vehicle rolls over it at a steady 
pace (expectation) and that this device has to be installed at the entrance of the 
workplace (Fig. 4). 

 

Fig. 4. An example of responsibilities 

4.1.3   Obstacle Analysis (Part of the Goal Model) 
If the SME believes that not all customers will drive over the device at a steady pace, 
then the expectation ‘Driven at a steady pace’ is violated and an obstacle has to be 
added to the diagram. An obstacle obstructs a goal, requirement or expectation. 
Obstacles can be resolved in four ways.  

First, new requirements can be defined that prevent the obstacle from occurring  
(for example in Fig. 5, a requirement can be added to warn the customers to drive at a  
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steady pace). Second, the obstructed goal can be restored once the obstacle occurs (for 
example, if the device could not read the tyre pressure, the customer is asked to drive 
over it again). Third, an obstacle can be fixed by minimizing its effects (for example, the 
tyre pressure is checked both automatically and manually). Fourth, instead of adding 
new requirements in the first three solutions, the KAOS model can be modified in  
different ways to minimize or prevent the obstacle (for example in Fig. 6, one of the 
employees can be made responsible for driving the customers’ vehicle over the device). 

 

Fig. 5. Obstacle resolved by adding a new requirement 

 

Fig. 6. Obstacle resolved by modifying the KAOS model 

4.1.4   Object Model (WHAT?) 
A KAOS object model is a glossary of all the specific terms used. It includes agents, 
entities and associations among them: 

• Agents represent independent, active objects. Independent means that their 
description need not refer to other objects in the model. Active means they can 
perform operations. Examples of agents are ‘Customer’ and ‘Employee 1’.  

• Entities represent independent, passive objects. Independent means that their 
description need not refer to other objects in the model. Passive means they cannot 
perform operations. Examples of entities are ‘Vehicle’, ‘Tyre’ and ‘Brand’.  

• Associations are dependent, passive objects. Dependent means that their 
description needs to refer to other objects in the model. Passive means they cannot 
perform operations. An example of an association is ‘Read tyre pressure (a,t)’ if 
agent ‘a’ is reading the tyre pressure of tyre ‘t’. 
 

Object identification is driven by the goal definition process and stakeholders will 
have to agree on this common vocabulary of different objects identified while 
browsing through the goal model. Fig. 7 shows an example of an object diagram in 
which the requirement ‘Tyre pressure automatically read’ concerns the object ‘Tyre’, 
with the attribute ‘Tyre pressure’. A ‘Tyre’ is of a particular ‘Type of Tyre’ and  
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Fig. 7. An example of an object diagram 

‘Brand’ and is part of ‘Car’, which is (a specialization of) a ‘Vehicle’ and is 
composed out of other parts which could be of importance to the company, like 
‘Wiper’ and ‘Engine’. A ‘Car’ is linked to a ‘Customer’, who is the owner of this car. 

4.1.5   Operation Model (HOW?) 
The KAOS operation model describes the solution space, which means that it is a 
collection of all the behaviours necessary for the agents to fulfil their requirements. 
Operations either work on the objects defined in the object model, by creating objects 
or triggering object state transitions, or activate other operations by sending an event. 

Operationalization can happen in three ways. First, requirements that describe 
static properties are operationalized by objects. Second, requirements focussing on 
dynamic properties are operationalized by operations via operationalization links. 
Third, requirements with a focus on both static and dynamic aspects are 
operationalized by a combination of objects and operations. If we consider Fig. 6, we 
can operationalize this requirement by adding both objects and operations (Fig. 8). 

 

Fig. 8. Example of an operationalization 

In this example, to drive at a steady pace, a car is needed and when the customer 
arrives, this causes the employee to drive the car over the tyre pressure reading device 
into the workplace. When the car is driven into the workplace, the employee 
responsible for the workplace has to update the work schedule of that day by inserting 
the handling of this car into the schedule. 



38 M. Bernaert and G. Poels 

 

5   Evaluation 

This company’s CEO got a half day training, looked at our example from Section 4, 
and worked in his spare time for one week on the model of his company (which is not 
included). This yielded some questions which could be the basis for future work: 

• Good guidelines should be provided on how to start building these models. EKD 
already provides a way of working, which could possibly be used. 

• It has to be possible to distinguish between goals that are already fulfilled and non-
fulfilled goals. The measurement of goal-fulfilment could be done by linking them 
to key performance indicators (KPIs). 

• Some constraints have to be respected, like a total budget, a maximum amount of 
working hours, and other restrictions. Non-functional requirements could provide a 
possible solution for this remark. 

• It has to be possible to fill in some characteristics of goals, like the cost and time 
needed. In this way, trade-offs can be made. 

• The alternative of doing things in-house or outsourcing has to be visible. 
• Goals can change over time (e.g., seasonal goals), so the model has to be able to 

show the critical goals according to the period. 
• If the model is not kept up-to-date, the approach does not work. 
• Objectiver does not provide a way to link two or more resolving goals to an 

obstacle. 
• Objectiver should have an easy way to search through elements, like Google. 
• It is difficult to adjust the model once it contains many elements. 
• Domain properties are hard to understand and distinguish from regular goals. 
• An overview of the overall goal model should be provided in which the different 

parts (goal models in separate packages according to different topics) are 
highlighted in a different colour. This overview should be easily folded and 
unfolded according to different packages and goal levels. 

• It should be possible to easily insert a goal between higher and lower level goals. 
• A project planning module or exporting function to Microsoft Outlook could be 

useful. The workload per agent should be visible. 

6   Discussion and Future Research 

In this paper we investigated how KAOS can help SMEs in documenting their know-
why, know-who, know-what, and know-how by respectively using its four core 
models: the goal model, the responsibility model, the object model and the operation 
model. The KAOS approach, with its Objectiver tool, is a suitable approach to 
implement in an SME, keeping in mind the specific characteristics of SMEs and their 
CEO which are mentioned in this paper. Objectiver can be the basis for an integrated 
tool support for the EKD method, in addition to the ‘plastic wall’ which is extensively 
used in that method [32]. 

An example was given for an existing SME, which delivered some insights. First, 
the KAOS goal model enables SMEs to document their know-why by asking why-
questions (justification) and how-questions (refinement). Alternatives can be expressed 
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by OR-refinements, conflicts by conflicting goals, and obstacles can be analysed and 
resolved to make the goal model more robust. Second, SMEs’ know-how can be 
expressed by means of a KAOS operation model, which has the extra advantage that 
the rationale behind the processes can be expressed by linking the operation model 
with the goal model via operationalization links. In this way, bi-directional traceability 
between problem and solution spaces is being assured. Third, an SME can make an 
internal or external agent responsible for goals and for performing operations. Fourth, 
the KAOS object model provides a common glossary. 

This example showed that KAOS, as it was originally developed to be used in 
software system development projects, has the ability to document and analyse an 
SME. The SME’s CEO was very satisfied with the way in which KAOS and 
Objectiver enabled him to analyse his enterprise and to document both know-how and 
know-why. However, when building his model, he had some questions which provide 
us with material to work on in future research. Although this study does not offer an 
exhaustive look at the use of KAOS in all SMEs and while the study has been 
primarily descriptive, this study does serve to highlight the potential benefits that 
KAOS could provide to SMEs in particular, and other enterprises in general. Our 
future work includes implementing KAOS in multiple enterprises and derive both 
quantitative and qualitative data from predefined criteria, estimating the return on 
investment for particular enterprises (as in [33] for software projects), looking at the 
difference between using KAOS in an existing enterprise and in a new enterprise, and 
improving the visual effectiveness of KAOS according to [34]. The KAOS approach 
can also be combined with EKD and other methods to gain a better understanding of 
the existing material in business architecture and enterprise modelling. At last, more 
rigorous study is required in which KAOS is compared with other modelling methods 
and frameworks to evaluate its effectiveness and user-friendliness. 
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