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Abstract. Capability-driven development (CDD) is an emerging research field aimed 

at aligning information technology (IT) to business evolution. From a methodological 

perspective a designer using CDD is faced with the challenge of reasoning about 

phenomena present in the business domain, capturing user requirements and 

developing an IT solution that reflects these phenomena and meets user expectation. 

Central to this process is the methodology meta-model, which is intended to define 

both the key concepts on which the designer has to focus and the process to be 

followed. The purpose of this paper is to report on an investigation on the utility of a 

specific meta-model in terms of these two aspects. This investigation was carried out 

through a use case that involved capability modelling on the same application, by 

different designers. Each approach was documented using design rationale techniques. 

The two efforts were then analysed and observations about the capability driven 

design activities were defined. The output of this work has provided feedback to 

enhancing the capability meta-model and consequently the capability driven design 

activities in a number of important ways. 

Keywords: Capability – driven development, Design rationale, reasoning cycle 

1   Introduction 

In today’s dynamic business environment software systems need to evolve to reflect 

changes in user requirements [1, 2]. Against this dynamic business backdrop, emergent 

application software is regarded as a key component in the service industry of tomorrow 

[3]. The effective and efficient development of such systems can have a major impact on 

the economic value of digital companies – that is companies for which enterprise software 

becomes the decisive driver behind product and service innovation [4]. One important 

factor in achieving this is to ensure that the design and evolution of the software system can 

comply with the design and evolution of the enterprise. To this end, focus of development 

lifecycle model has shifted in recent years towards dynamic configuration using approaches 

such as agile methods, method-driven development and software-oriented architectures. 

These efforts are complemented by a response to adaptation at operational level by 

exploiting context-awareness [5]. However, there still exists a gap between enterprise 

requirements and software solutions [6, 7]. One recent development that attempts to bridge 

this gap is the use of capability-driven approaches. 

The notion of ‘capability’ has been traditionally used in non-technical domains such as in 

socio-economic analyses [8-10], organizational studies [11, 12] and arguably most 

intensively in strategic management with a variety of theories that fall into three categories 

namely resource based value [13, 14], absorptive capability [15, 16], and dynamic 

capability [17-21]. Recently, a number of initiatives have begun to use the concept of 

‘business capability’ as a way of linking enterprise aspects to software solutions. These 

efforts include information system agility [22, 23], service-orientation [24, 25], software 

process improvement [26] and business-IT alignment [27-29]. 
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This paper focuses on one particular approach that falls in the last category specifically 

that of the CaaS (capability as a service) approach. The motivation of the work presented in 

this paper is the need to examine an initial version of the CaaS meta-model [29] about its 

utility to modelling business capabilities. More specifically, the question being answered is 

“to what extent does the meta-model support modelling activities in a consistent and 

generic manner?” To this end, a single use case was used where two designers completely 

independently, using the capability meta-model, attempted to capture and represent the 

enterprise requirements and their business setting. 

 The two different design efforts were formally documented using the generic model for 

reflective design, known as the reasoning loop, originally presented in [30]. This model is 

non-descriptive and affects minimally the design process, whist it provides the means of 

capturing and recording the design goals, the hypotheses for meeting these goals, the 

arguments for or against accepting a particular hypothesis and the actions that are needed in 

proceeding in the design tree. In order to record and analyse the design decisions of each 

one of the two modelers, the authors deployed the Compendium tool [31, 32]. 

The analysis that resulted from this study has given a number of key insights into the 

utility of the meta-model and has proved valuable in the meta-model’s evolution as well as 

in impacting in the core elements of the methodology for a capability-driven development. 

2   The Key Elements of the Evaluation Study 

This section discusses the three essential elements involved in this study: (a) the meta-

model being tested (section 2.1), (b) the use case used for the testing (section 2.2) and (c) 

the method by which design decisions were captured and subsequently analysed (section 

2.3).  

 

2.1 An Overview of the Meta-model 

 

The capability meta-model that was examined was an early version of the CaaS framework 

[29]. This is graphically shown in Fig. 1. The model focuses on the representation of Goals, 

and the Processes realizing these goals using required Resources. These are essential 

components of business planning, and are common to many Enterprise Modelling (EM) 

approaches. In the CaaS project, the EM approach is based on the Enterprise Knowledge 

Development (EKD) paradigm [33, 34]. Furthermore, Key Performance Indicators (KPIs) 

are used to measure the achievements of goals. The main components in the meta-model 

needed for planning business variability are Capability and Context. In essence, Capability 

formulates the requirements for the ability of accomplishing a Goal, realized by applying a 

solution described by a capability delivery Pattern. This realization requires certain 

business Processes, Process Variants and Resources, such as infrastructure or IT 

components.  

The distinguishing characteristic of Capability is that it is designed to deliver a business 

solution for specific Context Sets that are represented by Context Situations at runtime. It 

essentially links together business Goals, related business Processes and Resources, with 

delivery solutions by distinguishing the business contexts in which certain Patterns 

capturing business Process Variants should be applied.  

In this framework, the specific paper focuses mainly on the terms of Context and 

Capability, also taking into consideration the Variability and the business Goals.  
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Fig. 1 An early version of the CaaS meta-model [29] 

 

2.2 A brief description of the use-case enterprise 

 

The use case was based on an enterprise that is one of the UK's leading Independent 

Alternative Investment promoters. For reasons of anonymity this will be referred 

henceforth as the “Enterprise”. The mission of the Enterprise is to help investors capitalize 

on their investments by striving for excellence with their investment options and offering 

the best customer service.  

Being truly independent, the Enterprise is able to consider a diverse range of investment 

opportunities to meet their clients’ requirements. Whilst the Enterprise does hold agent 

agreements with certain investment providers to ensure access to their full range of 

products, it strives to ensure that its work ethic and selection process remains unbiased and 

client focused. The Enterprise’s commitment to its customers is to provide a friendly, 

professional service, deliver results that are consistent with their expectations and fall 

within the customers’ investment remit, handled by specialist staff to take the job in-hand.  

The investments promoted are designed to provide the Enterprise’s clients with attractive 

income streams and investments with high potential for capital growth. Everyone’s needs 

and objectives are unique. This is why the Enterprise’s belief in tailor-made personal 

service lies at the heart of the Enterprise approach.  

The Enterprise’s operational model is depicted in Fig. 2. The Enterprise operates as a 

connector between various investment products and distributors, who are responsible for 

contacting the investors either directly or through a sub – distributor. 
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Fig. 2 The Enterprise’s operational model 

Regarding the specific use case, currently compliance procedures and pressures from 

industry bodies prevent the pension transfer process being managed through digital means. 

There are multiple compliance check points by all stakeholders (insurance companies, 

IFAs, introducers, agents, SIPP Trustees, Investment products) and all pension transfer 

documentation, SIPP establishment documentation and investment application 

documentation need to be manually signed by the client.  

If the industry and compliance procedures allowed digital submissions of such 

documentation, the Enterprise would like to be capable of getting such documentation 

signed via a secure portal on the system either whilst speaking to a client face to face (iPad 

digital signature) or over the phone (computer digital signature). Subsequently all 

documentation to be automatically sent to all relevant parties for processing, ideally their 

systems also being automated so as to speed up the pension transfer and investment 

process.  

In this case, capability-driven modelling is required in order to get all necessary 

documentation signed via a secure portal on the system either whilst speaking to a client 

face to face or over the phone and automatically sent to all relevant parties for processing. 

The overall goal is to design a thorough system that will enable compatibility within several 

different parties (insurance companies, IFAs, introducers, agents, SIPP Trustees, 

Investment products) regarding transfer and verification of all necessary documentation for 

cash and pension investments. In such a use case, the context may include the type of 

investment, type of product, the client’s characteristics, requirements by insurance 

companies and / or agents. 

In order to gather the necessary information from the enterprise based on a capability-

driven methodology, the enterprise’s goals were first identified and modelled. These goals 

were identified with respect to (i) the current capabilities of the enterprise, (ii) the 

envisioned capabilities for the near future and (iii) the context within which these 

capabilities would help towards the achievement of the main goals.  

 

2.3 An overview of the ‘reasoning cycle’ approach to recording design decisions  

 

The theoretical foundation of the design meta-process was based on the design reasoning 

framework introduced in [30] and used in various analyses of modelling techniques c.f. 

[35]. Briefly, the design reasoning cycle is depicted as in Fig. 3.  

 

Enterpris
e 
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Fig. 3 Design reasoning cycle 

The reasoning loop model for reflective design is a composition of a set of static 

primitives capturing the information content of the design process, and a set of operational 

primitives capturing its dynamic component. The former is concerned with what is done; 

the latter with how this is done. A synthesis of the two shows the interaction between 

process and substance. The following correspondences are identified: 

 Problem Setting generates Goals. Designers set the objectives to be reached, the 

demands to be satisfied, the problems to be resolved. These include anything that 

may arise in the design process and requires effort in order to solve it. 

 Problem Analysis generates Hypotheses. Designers analyse the problem domain to 

arrive at suggestions, proposals, or ideas about the resolution of identified problems. 

 Solutions Evaluation generates Justifications. Designers produce claims on the 

status of the generated alternatives. 

 Problem Resolution generates Design Actions, which alter design artefacts while 

generating and resolving Goals. Designers take actions affecting the objects used, 

produced or worked on during the design process. 

The design activity is goal-driven, in that it stems from and aims at resolving some 

design goal. A Goal in this context is the designers’ intentions with respect to the design 

process. The creation of new cycles results in the construction of a network of reasoning 

loops, each one of them derived to resolve a problem arising in the resolution of another 

problem. 

Reasoning proceeds in a closed loop process, starting with the definition of a problem 

and closing with its resolution. The notion of a closed loop has two connotations. First, a 

closed loop is a sequence of steps that must be closed, in the sense of being completed; if it 

is not, the problem has not been solved. Second, like a programming loop, it is a sequence 

of steps that is used repeatedly throughout the design process and whose contents take up 

different values in each application. 

4   Analysis and Results 

Using the design reasoning cycle, each one of the two modelers described the design goals 

that were set during the meta-model’s instantiation, and for each design goal they defined 

the relevant hypotheses, evaluated them based on specific justifications, and recorded the 

decisions reached for an action that would lead to another design goal.  

 

4.1 Presentation of the modelling and the rationale behind the instantiations 

 

The rationale behind the capability meta-model instantiations was captured in two levels for 

both modelers.  The outcome for the 1
st
 level of the rationale of the modelling is presented 

in Fig. 4 and Fig. 5. The two figures clearly depict the differences in the approaches used 

from the two modelers in order to instantiate the same use case. More specifically, for the 

1
st
 modeler the main goal of instantiating the use case, was analysed in three different sub – 
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goals, namely to decide the first item / entity to identify, to decide upon the way to proceed 

with the rest of the entities, and to identify them. On the other hand, the 2
nd

 modeler 

followed a more analytical approach.   

 

 

 

Fig. 4 Goal representation, 1st modeler 

 

 

Fig. 5 Goal representation, 2nd modeler 

The most important conclusions though may arise from the second level of analysis. For 

example, let us discuss about the rationale behind the decision of the first and most 

important entity to be identified; that is, the capability. The following figures depict the 

rationale behind the decisions of the two modelers. The rationale is based on a question – 

goal, the fulfilment of which is carried out through arguments and hypotheses. For instance, 

according to Fig. 6, the 1st modeler’s goal was to identify the capability. The first 

hypothesis was to directly understand capability’s definition, but this was rejected based on 

several arguments and the modeler was not able to provide a straightforward definition. 

Therefore, he formed another hypothesis, according to which the capability of the 

enterprise would be defined through its goals, and that led to a capability definition. On the 

other hand, according to Fig. 7 the 2nd modeler directly identified the use case’s capability. 
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This difference in their approached resulted in different capability definitions and thus 

differences in the implementation of the same meta–model to the same use case scenario.  

 

 

Fig. 6 Enterprise instantiation of 1st researcher, identify capability  

 

Fig. 7 Enterprise instantiation of 2nd researcher, identify capability  

4.2 Presentation of the different analyses  

 

The different analyses carried out by the two different modelers are summarized in Table 1. 

The summary is carried out with respect to the following key-concepts of the meta-model: 

 Capability 

 Context 

 Goals 
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 Variability 

Table 1 summarizes the way the two modelers dealt with these basic use case concepts 

throughout the modelling process. The main outcomes of the comparison are briefly 

described in the Observation column. According to the table, similar approaches in defining 

capability resulted in quite different definitions from the two modelers, while regarding 

context, both modelers pointed out its strong relationship with capability but once again 

their definitions were different. As far as the use case’s goals are concerned, they were 

defined in the same way from both modelers, while variability was considered only by one 

of the two modelers.  

Table 1 Treatment of concepts in the meta-model 

Concept MODELER 1 MODELER 2 Observation 

Capability No distinction made 

between envisioned 

capabilities of the 

capability owner and 

the capability enabler 

Chose to define 

capability based on the 

capability owner’s 

requirements  

Similar approaches in 

defining capability 

resulted in quite different 

definitions. 

Context The context was 

defined according to 

the goals.  

The use case’s context 

was defined based on 

the changing context 

parameters and taking 

into account variability  

For both researchers 

context is directly related 

to capability. 

The two modelers 

derived two slightly 

different context 

definitions 

Goals The goals were 

defined based on the 

capability definition   

Goals were defined 

based on the context 

definition  

Despite the difference in 

the priority given, goals 

were defined in the same 

way from both modelers. 

Variability Variability was not 

taken into account 

according to the 

design rationale 

analysis.  

Variability was 

considered both in 

context type and in 

process variant 

definition 

Different rationales 

regarding use case’s 

variability affected the 

context definition. 

Variability may be 

considered in the meta 

model, as related both to 

context and processes. 

 

Similarly, Table 2 summarizes the results regarding the approach used by each modeler 

regarding the process of modelling.  Two separate process phases are investigated: the 

method guidance and the validation of the model quality. With respect to the method 

guidance, the main conclusion is that the two modelers were troubled about how to start the 

process, mainly due to lack of documentation. Thus, different method guidance between 

modelers finally resulted in different instantiations. Similarly, regarding the validation of 

the model quality, the lack of ontological definition resulted in alternative approaches even 

from the same modeler and for the same use case. 

Table 2 Approach to the process of modelling 

Process Phase MODELER 1 MODELER 2 Observation 

Method 

guidance  

1. Was troubled 

about which node to 

start with 

2. Capability was 

chosen as the key 

1. Was troubled about 

which node to start with 

2. Capability was 

chosen as the key entity. 

Capability was defined 

Both modelers were 

troubled about how 

to start due to lack of 

documentation.  

Different method 
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Process Phase MODELER 1 MODELER 2 Observation 

entity. Capability 

was defined first.  

3. Goals were 

considered directly 

related to capability 

and were defined. 

4. Context was 

defined after the use 

case’s goals 

first. 

3. Context was defined 

based on capability. 

4. Goals were defined 

based on context and 

the rest of design nodes 

were defined as well. 

guidance between 

modelers finally 

resulted in different 

instantiations.  

Validating 

model quality  

Uncertainty on how 

to define entities and 

relationships 

between them 

Uncertainty on how to 

define entities and 

relationships between 

them 

Lack of ontological 

definition leads to 

alternative 

approaches even 

from the same 

modeler and for the 

same use case 

 

 
4.3 Reflections on the use of the capability meta-model 

 

Reflecting on the exercise of instantiating the meta-model and recording the design 

decisions made one can observe the issues summarized in Table 3.  

Table 3 Main observations as a reflection of the procedure 

No. Observation 

1 

Different modelers approached capability and context through different 

perspectives and as a result they produced different outcomes based on the same 

use cases.  

2 

Capability and context are two of the key factors regarding the meta–model and 

CaaS in general, and should be precisely and accurately defined for every use 

case. 

3 

The meta–model validity should be investigated further and tested. The 

analytical design rationale outputs of two different researchers depict all the 

differences regarding both the goals set and the rationale that was used in order 

to achieve them. 

4 

A key issue that needs to be addressed is the ontological and formal definition 

of all the concepts in the meta-model. When discussing with users, it was 

completely subjective and informal how capability was defined. The approach 

depended almost entirely on the users’ interpretation of what they considered as 

their capability. There is a need for enabling modelers to elicit from users 

definitions of their capabilities, based on questions that have specific orientation 

based on key characteristics of capability 

5 

The idea of variability appears to be closely related to context and by 

correspondence also to capability. However, in the meta-model the concept of 

variability is related only to process as a process variant 

6 

The models finally produced do not appear to have anything that can be 

regarded as being of ‘capability-centric’ and indeed one might argue that the 

models are not much more than enterprise models 

7 
The different modelling viewpoints (e.g. goal modelling, business process 

modelling, business rules modelling, context modelling, concept modelling, 
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No. Observation 

etc.) need to be supported by modelling languages that have a clear grammar 

8 

Regarding the ‘designing process’, it was turned out that without some clear 

guidelines regarding phases, inputs, outputs, constraints etc. it is not possible to 

have a methodically robust approach 

5   Discussion and Conclusions 

This paper was motivated by the fact that the Capability-Driven Development (CDD) 

approach is expected to allow digital enterprises to exploit the notion of 'capability' as a 

means of both designing for services and operating with services. Capability-driven 

modelling has been in the centre of research efforts during the last few years, and a few 

formally defined capability-driven design approaches have been presented recently.  

In that framework, the main consideration of this paper was the impact one of these 

approaches would have on design activities. The main question that was to be answered is 

whether such a meta-model could provide sufficient guidance for repeatable design 

activities by different designs working on the same problem. In order to identify that, a use 

case was exploited which involved capability modelling on the same application by 

different designers. Each approach was documented using design rationale techniques. 

The two efforts were analysed and observations about the capability driven design 

activities were defined. According to the main results, it is interesting to point out that two 

researchers in several parts of the process used different rationales and thus were lead to 

different approaches and different results with respect to main entities’ definitions and 

representation.  

The output of this work has provided feedback to enhancing the capability meta-model 

and consequently the capability driven design activities in a number of important ways. For 

example, different modelling viewpoints need to be supported by modelling languages that 

have a clear grammar. Namely, business process modelling should be based on BPMN and 

therefore subject to all the concept, rules and constraints defined in the BPMN meta-model; 

the concepts modelling could be based on UML Class Association Diagram, which again 

will be subject to UML meta-model. Finally, the goal modelling needs to be more than just 

‘boxes and arrows’ since such a description would be entirely based on subjective and 

individualistic interpretations.  

Thus, future work on this aspect would include an accurate and thorough definition of all 

supportive modelling languages required, towards a complete capability meta-model able to 

support CDD. In order to efficiently exploit such models it is essential for modelers to 

ensure that these models provide sufficient guidance for repeatable design activities by 

different designs working on the same problem, and most research in the near future should 

focus on that direction. 
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