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Abstract— The paper describes the current state of the initial
part of the ongoing project aimed at the intelligent support for
dealing with quality-related information in the software
process. We describe the empirical qualitative studies aimed at
acquiring the knowledge on stakeholder perception of quality
and quality-related stakeholder interactions. This knowledge is
supposed to be incorporated into a common ontology serving
as a conceptual foundation for the prospective intelligent issue
monitoring and analysis system based on the semantic
repository. This system can be used to support prediction of
the quality-related behavior of the stakeholders and facilitate
reuse of the relevant knowledge.
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1. INTRODUCTION

It is not possible to organize successful software
processes without involving the respective business
stakeholders throughout the software development lifecycle
— starting from its early stages. The common prerequisite for
such involvement is establishing communication channels
between the parties in the software process (from both
customer and the developer side). In particular, it is
important to establish such channels to carry the information
on the quality of the software under development (SUD).

Unfortunately, organizing such kind of involvement still
remains an open problem mainly because of the difficulties
in establishing the necessary channels, especially carrying
quality-related information. This difficulty can be largely
attributed to the fact that the parties in software process
speak different languages while talking about quality and it
usually takes a long time to agree on a common vocabulary.
Often the business people refuse to talk about the quality
before they experience the implemented system — but in this
case it could be too late or too expensive to fix the problem.
Also, the reusability of the quality-related solutions and the
possibility to predict the participants’ behavior in future
quality-related interactions remain low.

We propose to address this problem by establishing the
intelligent support for dealing with quality-related issues (in
the same sense as used in the issue-tracking systems such as
JIRA [1] or Mantis [2]) in the software process. It involves
collecting rich descriptions of such issues into a semantic
repository and using this information to predict the reaction
of the parties to the future issues of similar kind or to
facilitate coming to the common language by these parties —
aimed at maintaining good quality-carrying communication
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channels between the parties in the software process. This is
a goal for the ongoing QuASE project [22, 23] established in
cooperation with two local software development companies.

This paper is devoted to describing the QuASE project as
a work in progress. Its current stage aims at acquiring and
formalizing knowledge about software quality as a result of
carrying on empirical studies involving the representatives of
both the partner companies and their customers with an
ultimate purpose of incorporating this knowledge into a
common ontology. This ontology is supposed to serve as a
source of rich semantic information to be incorporated into
the semantic repository to be used for facilitating intelligent
analysis and prediction of quality-related issues.

The paper is structured as follows. Section 2 outlines the
solution to be developed as a result of QuASE project and
the goal of its current stage of knowledge acquisition.
Section 3 describes the research activities conducted so far
by defining the categories of knowledge to acquire and the
empirical studies involved. Section 4 describes the related
work; it is followed by conclusions and the description of the
future work directions.

II. INTELLIGENT ISSUE ANALYSIS SUPPORT: AN OVERVIEW

The schematic overview of the intelligent issue analysis
solution to be implemented as a result of the QuASE project
is provided on Fig.l. This solution includes the issue
registration functionality (supported by the Registration
Engine) and analysis functionality (supported by the Analysis
Engine). It relies on the Semantic Issue Repository for storing
and retrieving the knowledge about past quality-related
issues. All the rich semantics to supplement this knowledge
is defined in the common ontology (QuOntology).

A. Registration and analysis engines

The Registration Engine is aimed at storing the
information about quality-related issues accompanied with
rich semantics provided by QuOntology. In particular, all the
semantics of quality-related negotiations is supposed to be
stored together with all relevant properties of the involved
parties, projects, qualities etc. Also, this system should allow
registering interaction solutions aimed at interacting with
business stakeholders (prototypes, mockups, interactive
simulations etc.): after the registration, stakeholders should
be able to interact with these solutions through the
assessment support interface of the proposed solution and
make all their reactions and quality assessments registered
into the repository together with the stimuli provided by the
registered interaction solution.
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Figure 1. Intelligent support for quality-related issues

The Analysis Engine interacts with the repository to
perform analysis of the past quality-related issues. In
particular, it should allow: aggregating the information about
issues to make useful generalizations and conclusions,
facilitating reuse of specific issue-related information (e.g. if
the encountered issue matches some historical data),
supporting prediction of the behavior of the parties
depending on the similarities between current issue and the
historical data, modeling the behavior of the involved parties
(e.g. the reaction of business stakeholders to the stimuli) or
the prototypes with the specific properties.

B. QuOntology structure and its role in the project

QuOntology is defined on three levels (Fig.1). On the
Sfoundational level, we rely on existing formal ontologies
with necessary modifications. For this purpose, we choose to
reuse certain concepts from DOLCE ontology [15] with
modifications related to the specific ways of representing
quality-related information [18]. As DOLCE relies in its
representation of quality on the notion of conceptual space
per Gérdenfors [10, 19] we plan to investigate the additional
ways of applying this notion and its modified forms [17] for
our purpose. More details about this level are in [23].

The foundational level serves as a conceptual foundation
of the domain level, which collects notions specific for the
domain of quality-related stakeholder interaction. We
propose to collect these notions in empirical studies; also, we
plan to reuse specific ontologies such as those for people
roles [7, 16], organizations [6, 8], and requirements [12].

On the application level, following Ontology-Based
Software Engineering paradigm [11], QuOntology exposes
itself through a set of application-level ontologies supporting
the specific development tasks e.g. registration and analysis.

C. QuOntology engineering.

QuOntology engineering activities begin with empirical
studies gathering essential knowledge about the topic of the
study (the knowledge acquisition step). This knowledge is
then incorporated into the ontology following the steps of
ontology conceptualization, implementation, and validation
with such activities as knowledge acquisition, ontology
validation, and ontology documentation being performed
iteratively on every step of the process. Current stage of the
project deals with acquiring the knowledge for the
foundational and domain levels of QuOntology (emphasized
on Fig.1)
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III. KNOWLEDGE ACQUISITION

A. Acquisition methodology

To gain the necessary knowledge, we established the
following qualitative studies in cooperation with industry
partners: 1) detailed interviews questioning the partners’
representatives of different backgrounds, in total, more than
20 hours of interviews with developers, project managers,
and top management of the company were performed; 2)
post-mortal and documentation analysis of the existing
projects to gain the knowledge about their properties of
interest (among the analyzed documents were meeting
minutes as registered in issue tracking system at the
company site, project documentation of different kind); we
also plan to perform observations evidencing how the
interactions between stakeholders and developers take place;

The obtained qualitative data after its transcription is
supposed to be the subject of open and selective coding and
concept analysis activities as defined for grounded theory [4,
9, 20]. We defined a hierarchy of codes reflecting the
categories of knowledge to be acquired through the
qualitative analysis (enumerated below). As a result, the set
of concepts to be included into QuOntology is to be
obtained.

B. The categories of knowledge to be acquired

We acquire the following categories of knowledge about
quality-related phenomena of interest in the established
empirical studies:

1. The phenomenon of software quality, different types of
such quality

2. The categories of stakeholders participating in the
interaction process, the ways of their selection

3. The differences in perception of quality for different
categories of stakeholders

4. Quality-related stakeholder interaction process as it
currently performed in industry

5. The properties of software projects and software under
development which influence the practices of obtaining
stakeholder opinions on SUD qualities

6. The factors influencing stakeholder opinions on quality
during the negotiation process

7. The factors that influence software qualities that can be

produced by the developers and serve as their arguments
during the negotiation process



8. The ways of producing values of quality characteristics
to be proposed to stakeholders

9. Possible real-world contexts for observing SUD quality,
the ways of their selection

10. The ways of collecting and reusing the information
about quality-related issues, including assessment data
(stakeholder opinions on quality)

11. Real-world non-functional requirements and the ways of
their elicitation

12. The ways of integrating quality-related information into

software process activities

In this section, due to the space restrictions, we describe in
detail the acquisition activities for only first five knowledge
categories. For every category, we include the descriptions of
both the empirical knowledge to be obtained and the process
of conceptualizing this knowledge. Detailed treatment of the
rest of the categories will be the target for the subsequent
publications.

C. Category 1. The phenomenon of software quality

1) Obtained empirical knowledge

Out the particular categories for stakeholders, we
interviewed the developers and project managers to figure
out 1) their understanding of quality of the prospective
systems; 2) the quality characteristics which they encounter
most often, which are most important in projects and which
are most likely to cause conflicts with stakeholders e.g. later
in the development lifecycle; 3) the qualities the stakeholders
usually encounter and their understanding of these qualities.
In addition, the project managers were asked about 4) their
opinions about neglecting the quality issues in projects.

2) Conceptualizing software quality

The obtained knowledge about the phenomenon of
quality is planned to support the choice of formal ontologies
to serve as a foundational level of QuOntology. The current
definition of quality has been published in [21, 23] and is
being developed further. In establishing these definitions, we
rely on the efforts of establishing the notion of software
quality and its usage in terms of the formal ontology [14] e.g.
represented by DOLCE and, more specifically, by Core
Ontology for Requirements Engineering (CORE) [12].

D. Category 2. SUD Stakeholders

1) Obtained empirical knowledge
We interviewed the developers to figure out 1) human
stakeholders they work with; 2) the organizations employing
these stakeholders; 3) which categories of stakeholders are
interested in which qualities; 4) the characteristics of the
stakeholders according to their ability to understand the
quality in more IT-oriented way; 5) the characteristics of the
domain and IT knowledge possessed by stakeholders and
developers. The project managers and top management are,
in addition, interviewed about 6) the possibility to select the
people to work with at the customer side, the quality criteria
for their selection, 7) the quality criteria for assigning the
developers to the particular projects.
2) Conceptualizing SUD stakeholders
The obtained knowledge about existing stakeholder
categories (including both parties in the development
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process: customers and developers) can be useful by itself to
better understand people’s needs with respect to the quality-
related issues. In a process of incorporating this knowledge
into QuOntology, we plan to merge it with the knowledge
from the established ontologies of organizational roles [7,
16]. The knowledge about the organizations participating in
the development process is planned to be combined with the
knowledge originated from established organizational
ontologies [6-8] before being incorporated into QuOntology
in a process of conceptualization.

E. Category 3. The differences in perception of quality

1) Obtained empirical knowledge

We interviewed the developers to learn about their
opinions on 1) the differences between their view on quality
and the managers’ view, 2) the differences in perception of
quality between business stakeholders and IT persons and 3)
the practices of resolving these differences. In addition, the
project managers and top management people (e.g. CEO) are
interviewed about 4) the differences between their view on
quality and the view on quality possessed by the developers
and business stakeholders.

2) Conceptualizing differences between quality views

The obtained knowledge about the differences in the
perception of quality between different categories of
stakeholders is conceptualized by introducing the notion of
quality realm defined as the particular subdomain in the
software engineering domain uniformly influencing the
treatment of the software quality for all corresponding
activities and concepts. We distinguish wuser satisfaction
realm and implementation realm. Concepts belonging to the
former represent user-centered view on the software quality:
it employs a conceptualization of quality as it understood by
business stakeholders. Concepts from the latter represent the
view on quality possessed by the software developers.

F. Category 4. The stakeholder interaction process

1) Obtained empirical knowledge

We interviewed both developers and project managers
about 1) the typical quality-related interaction with business
stakeholders, 2) the roles of the people involved in such
process, 3) the quality-related changes usually made in a
course of the negotiations with a customer. Project managers,
in addition, were asked about 4) the properties of the
communication process and communication channels
important for the success of the project (e.g. involved people,
the way of establishing the channel etc.); 5) the current
practice to ensure that both sides in a stakeholder interaction
process are learning about the capabilities of each other and
6) the properties of the stakeholder interaction process that
are important for the success of the project.

2) Conceptualizing stakeholder interaction

The preliminary results of this stage of research have been
already published in [23]. We described the interaction
process at two levels: coarse-grained level defining basic
interaction activities (preparation, negotiation, agreement,
implementation, checking) and fine-grained level defining
these activities in detail. We also conceptualized the levels of
SUD quality related to the particular activities of this process.



G. Category 5. The properties of software projects and SUD

1) Obtained empirical knowledge
We interviewed the developers to figure out 1) their view
at characteristics of the projects they participated in, 2) the
architectural solutions applied, the influence on quality
characteristics of the software and the attitude to quality of
the stakeholders and developers by the application of the
particular solutions. Project managers’ and top management
were additionally asked about 3) the process of defining the
scope of the project, the arguments used to keep the project
in scope and to prevent the uncontrolled scope changes.
2) Conceptualization of projects and SUD properties
The obtained knowledge defines the important properties
of software projects and the architecture of the SUD that
could influence the process of obtaining stakeholder opinions
on SUD qualities. An example of such properties could be
the degree of how much the software process is stakeholder-
driven or the way of breaking the SUD architecture into
quality-bearing units (e.g. software services or components).

IV. RELATED WORK

We consider the related works for the project activities of
knowledge acquisition and conceptualization.

We refer to our paper [21] for a detailed literature review
of the available quality conceptualization techniques. These
techniques [12, 13]. are not completely suitable for our
problem as they concerned with conceptualizing the quality
itself without connections to the software process activities.

Process conceptualization techniques [3, 5], on the other
hand, miss the notions of quality related to software process
activities. In particular [5] proposes grounded theory-based
conceptualization of the software development activities
aimed at reaching common understanding between the
parties in this process. We consider our work as an extension
of such or similar generic conceptualizations specifically
targeting quality-related communications.

V. CONCLUSIONS AND FUTURE WORK

We described the project aimed, at its current stage, at
acquiring empirical knowledge about dealing with quality-
related issues in a software development with a purpose of
incorporating this knowledge into the common ontology.
This ontology establishes a common ground for organizing
the knowledge about quality-related issues into the semantic
repository — a knowledge base. This information could be
reused directly while organizing future interactions; it also
could be used to predict the behavior of the parties while
encountering new quality-related issues. The proposed
solution also facilitates coming to a common language for
different parties in the software process by providing the set
of quality-related concepts to be utilized by all these parties
while participating in quality-related interaction activities.

The next stage of the empirical studies is devoted to
interviewing the business stakeholders about their perception
of quality. After completing the knowledge acquisition
activities, the next stages of the ontology engineering process
are supposed to be carried out, followed by establishing the
issues repository and other parts of the solution.
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