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Abstract

Decision support in software engineering is an emerging field. The need to se-
lect the best method, technique or tool in a given business context is becoming
more and more important in an increasingly competitive world where time-to-
market, budget constraints, and the achievement of functionality and quality
goals are becoming crucial for achieving a company’s business goals. In today’s
software development organizations, technologies are employed that fre-
quently lack sufficient evidence regarding their suitability, their limits, qualities,
costs, and inherent risks. This paper presents ongoing research towards the de-
velopment of a decision support system that aims at improving software engi-
neering technology selection by software managers. To develop such a system,
a multiple-step requirements analysis, consisting of a literature survey, a pilot
study amongst research managers, and the analysis of additional use cases, was
performed. The focus of this paper is on presenting and discussing the results
of this three-step requirements analysis process.
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Introduction

1 Introduction

Software engineering decision support (SE-DS) is an emerging field [1, 2]. One
of the major goals of SE-DS is to support software managers in selecting suit-
able SE technologies. Suitability implies the existence of a defined level of evi-
dence about the effectiveness of a specific SE technology in a given context.
Similar to work done in the area of empirical software engineering (ESE), SE-DS
implies data collection, analysis, and modeling. In addition, SE-DS involves
model application, possibly supported by software infrastructure.

In the past, research in both ESE and SE-DS has focused on evaluating tech-
nologies in isolation (e.g., empirical research on inspection techniques [3]). This
has produced many results that help software managers to better understand
the effectiveness of SE technologies in a stable — but undefined — context.
Moreover, much effort has been invested into analyzing results from different
empirical studies [4] focusing on the same type of techniques, e.g., [3, 5],
hence increasing the level of evidence about the /ocal effectiveness of SE meth-
ods, techniques, and tools. This evidence can be used for /ocal SE-DS.

Unfortunately, by relying on nothing but a body of knowledge with — mostly
isolated — pieces of local evidence, conclusions about the effectiveness of com-
binations of SE technologies can hardly be derived without further methodo-
logical and tool support. Why is this a problem? It is a problem because man-
agers are often not interested in the number of defects that a particular QA
technique might potentially find; they are interested in the impact of a particu-
lar QA technique on the overall project goals (which include many issues, e.g.,
functionality, quality, time-to-market, budget constraints, etc.). One can even
go one step further and say that managers are only interested in the impact of
a particular SE technology on the overall business value. In order to address
these broader questions, methods and systems that support comprehensive (in-
stead of local) SE-DS are needed. To give an example, comprehensive SE-DS an-
swers questions of the following type: Which combination of inspection tech-
niques (incl. requirements, architecture, design, code inspections) and test
techniques (incl. unit, integration, system, acceptance test) shall be selected in a
given business context? In other words, it is not sufficient to compare the effec-
tiveness of different types of code inspections, but the effectiveness of combi-
nations of a specific type of code inspection with other SE techniques along the
whole software development life cycle [6] must also be taken into account.

One step towards comprehensive SE-DS emerged from the process simulation

research community. By emulating the project context with the help of generic
process simulators that are instantiated by adding SE technology specific infor-
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mation as needed, many questions similar to the example question above can
be answered [7, 8, 9]. Specifically, a simulation-based approach would facilitate
the explicit modeling of the various interactions between software development
and quality assurance technologies. Moreover, the software development con-
texts could simply be modeled via environment parameters. There is, however,
a practical limitation to this approach. Even though much progress has been
made in the last couple of years, it is still very difficult and costly to come up
with company-specific generic process simulators that are sufficiently flexible
and valid at the same time.

Therefore, in this paper, we rely on a new approach to comprehensive SE-DS
[6]. This approach does not require process simulators but enhances the power
of existing software engineering decision support systems (SE-DSS) that focus
on providing local evidence. Examples of such systems include the ESERNET?
web-based repository [10]. The trade-off as compared to using process simula-
tors is that technology interaction and development context can only be mod-
eled in a black box like manner via pre/post-conditions.

The focus of this paper is on requirements elicitation for comprehensive SE-DSS
serving software managers in making SE technology selection decisions aligned
to project goals and/or business objectives.

The structure of the paper is as follows. Section 2 reviews the sets of generic
requirements to SE-DSS proposed by others. Section 3 presents our require-
ments elicitation process for a comprehensive SE-DSS. Section 4 maps our find-
ings to a standard architecture and a generic requirements classification
framework. The paper concludes with a brief discussion of the results and an
outlook to future work.

1 ESERNET (Experimental Software Engineering Network) was a thematic network funded by the European
Commission from 2001 — 2003. Information is available from [13] and http://www.esernet.org
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Generic Requirements for SE-DSS

2 Generic Requirements for SE-DSS

Several authors have proposed sets of requirements for SE-DSS on various levels
of abstraction. Ruhe [1], for example, suggests nine categories of SE-DSS re-
quirements. The focus of his analysis is on requirements “that combine the in-
tellectual resources of individuals and organizations with the capabilities of the
computer to improve effectiveness, efficiency and transparency of decision-
making”. In addition, Ruhe defines associated functional components and pro-
poses a generic SE-DSS architecture.

Li et al. [11] suggest a generic set of requirements, which is based on Ruhe’s
proposal, but primarily focuses on web-based aspects, and particularly on user
interface friendliness.

Also related to our proposal of building a comprehensive SE-DSS is the work
done by Biffl et al. [12]. They describe functional and non-functional require-
ments of a knowledge management system thatbuilds upon a framework to
support software inspection planning.

All these proposals from literature were a good starting point for our research,

but in order to come up with a set of empirically-based requirements specifi-
cally aiming at a comprehensive SE-DSS, more work had to be done.
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3 Requirements for a Comprehensive SE-DSS

An alternative to Ruhe’s architecture, which mainly gives a hierarchy of compo-
nents related to the requirements (process view), is the standard three-tier ar-
chitecture, which consists of (1) the user interface layer, (2) the process man-
agement layer, and (3) the data management layer.

In the following sub-sections, we first present the results of expert interviews
that were conducted in order to elicit specific requirements for a comprehen-
sive SE-DSS. Then, we list additional requirements derived from lessons learned
of a European research project that aimed at establishing an international re-
pository of experience on the effectiveness and efficiency of SE technology
[13][14].

3.1 Requirements Elicited from Experts

The purpose of conducting expert interviews was to elicit a relevant and reliable
set of requirements for a comprehensive SE-DSS. In order to be relevant, inter-
viewees had to be sufficiently mature with regards to software management
experience. In order to be reliable, a sufficient number of subjects had to be in-
terviewed. Being a research institute that is largely involved in conducting re-
search and transfer projects with software industry, Fraunhofer IESE offered
enough experts to conduct a pilot study. In total, seven business area manag-
ers, one institute director, and one department head participated in the pilot
study. Business area managers are senior consultants who establish and main-
tain contacts with industrial partners, acquire projects, and help transfer re-
search results into industrial environments. Personal industrial project experi-
ence within the group of interviewees ranged from 5 to 17 years.

We used structured interviews for requirements elicitation. Each interviewee
had to answer seven questions. All questions were formulated as open ques-
tions (i.e., ““yes” or “no”” answers were not feasible).

In order to help interviewees imagine concrete decision support tasks and situa-
tions in which a comprehensive SE-DSS might (or might not) be helpful, we of-
fered three scenarios. A scenario consisted of a common part that served for
setting the scene of management decision-making (i.e., what kind of informa-
tion can be obtained, what is the basis for decision support, what is not avail-
able), and specific parts linked to the following: (1) quality manager, (2) project
manager, and (3) product manager.
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The questionnaire was developed in collaboration with an expert in cognitive
psychology and was based on experience gained in previous projects (cf. for ex-
ample [14]). Question 1 aimed at eliciting reasons for using a comprehensive
SE-DSS (motivation). Question 2 aimed at identifying benefits of a comprehen-
sive SE-DSS for improvement management on the organizational level. Ques-
tion 3 aimed at getting an idea of the amount of user interaction that could be
expected. Question 4 aimed at identifying the types of information that users
need for comprehensive SE-DS. Question 5 aimed at prioritizing the different
types of information needed by the users. Question 6 aimed at getting a better
understanding about how query results should be presented to the user. Ques-
tion 7 aimed at identifying other application areas (not mentioned in the sce-
narios) of comprehensive SE-DSS.

The questions not only aimed at eliciting requirements from potential future
users of a comprehensive SE-DSS, but also to substantiate the validity of the
scenarios offered to the interviewees.

The interviews were conducted as follows. Interviewees received the common
part of the scenario description and two role-specific scenario descriptions a
couple of days prior to the interview. When the interview started, first the role-
specific scenario was presented to the interviewee. Then, the interviewee was
asked to answer the questions from the perspective of the first role. When all
questions related to the first role had been answered, the second role-specific
scenario was presented to the interviewee, and the interviewee was asked to
assume the second role and think about differences in the requirements for
that role. % of the time were assigned to the first role, % to the second role.
Eight of the nine interviews were recorded with an MP3 stick. In one case, a
scribe recorded the interview on paper. All interviews lasted between 25 and
35 minutes.

Each interviewee was randomly assigned to two of the three specific roles. The
set of questions was not sent to the interviewees in advance. Also, there was
no communication between interviewees about the content of the interviews
while the study was conducted.

Table 1 shows the random assignment of role-specific scenarios to interviewees
(1 = quality manager; 2 = project manager; 3 = product manager). The purpose
of having three scenarios for three different management roles was to find out
whether these differ in their user requirements. If that was the case, the devel-
opment of a comprehensive SE-DSS had to take these differences into consid-
eration.
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Table 1.

Table 2.

Interviewee A B C D E F G H J
Role 1 1 2 1 1 2 1 1 2
Role 2 3 3 2 3 3 2 3 3

Scenario assignments to interviewees

The procedure we used to aggregate and synthesize the answers given by the
interviewees was inspired by the grounded theory approach [15]. We started
the transcription with the first interview and the first question. Then we took
the next interview and tried to find communalities and differences related to
the first answer of the first question. If a similar answer was found, the counter
of the first answer to the first question was set from 1 to 2. If no sufficient simi-
larity was encountered, then the new answer from the second interview was
added to the list of answers related to the first question. When all interviews
were checked for question one, we repeated this procedure for question two,
starting with the first interview. When an answer that was given to a question
was found to be more related to another question, then this answer was re-
assigned to that more relevant question, again following the procedure de-
scribed above. After having processed all answers related to all questions, we
double-checked that the aggregated and synthesized answers still represented
sufficiently well the set of answers originally provided by the interviewees.

In addition to counting the occurrence of similar answers, a binary ranking was
made: the interviewee (H) explicitly or intuitively expressed high importance of
the response to the question, (M) either explicitly ranked it as medium impor-
tant or did not clearly rank it as highly important. The process of aggregation
and ranking resulted in Tables 2 to 6.

Why would you use a DSS in the given situation?

T
wig

1.1 | To get faster, broader, independent and empirically validated infor- | 2
mation about effectiveness and efficiency of a particular SE technol-

0gy.

1.2 | To answer the question: Which SE technique is most efficient / ef- 1|2
fective in a particular context (organization, process, product, docu-
ments)?

=
=Y

1.3 | To get an overview on the existing techniques.

1.4 | To get quantitative information (costs, quality level, defect reduction | 3
rate) about effectiveness and efficiency of a SE technique; people
often tend to deliver qualitative information.

1.5 | Access to external information, which are otherwise noteasytoget |2 | 2

Motivation for DSS usage (question 1)

The fifth question was used to prioritize different types of information obtain-
able from controlled experiments. Answers to this question were aggregated
with responses given to the fourth question (cf. Table 5).
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How could a DSS contribute to organizational improvement management?

2.1 | By connecting it with the internal software improvement manage- 3
ment
(One interviewee gave the hint that this connection will only work 1
in one direction, i.e. data will be imported from the DSS into the
organizational improvement management but not vice versa)

=Y
=

2.2 | By enhancing experience management

2.4 | By benefiting from experience of others 3

Table 3. Benefits for organizational improvement management (question 2)

Two alternative interaction strategies.
1. Similar to a search engine but more specialized.

2. Iterative refinement of the solution area by user model based interac-
tion.
Which strategy would you prefer, and why?

3.1 | A combination of the alternatives is preferable 3 |4

3.2 | Transparency is important: Why did | get this result set? Access to 4
the full set should be possible

3.3 | Not answering lots of questions, but fill in a template with check- 2
boxes
3.4 | Especially in case of a huge result set, the second alternative be- 3 |1

comes more attractive

3.5 | Guidance for reducing the result set (e.g., use the context to reduce | 3

result set)
3.6 | Interaction has to be goal/problem oriented 1
Table 4. Interaction preferences (question 3)

Results from empirical studies can be described and aggregated differently.

Which information should be provided by the DSS? H M
4.1 | Which techniques are available (information on a highly aggregated | 3 | 1
level)?

4.2 | How effective/efficient is a certain technique with respect to which 3 |2
quality aspect?

=

4.3 | Description of the process in which a SE technique shall be applied

N
N

4.4 | Costs for introducing/applying the SE technique

4.5 | To get information about the impact a single SE technique has on 1
the whole development process

4.6 | Information that allows for conclusions about the validity of empiri- | 3 | 2
cal results associated with a particular SE technique

4.7 | Context information (kind of system, programming language, proc- |2 |1
ess step)

4.8 | Preconditions that have to be fulfilled prior to the applicationofthe |1 |1
SE technique (e.qg., skills, kind of documents available)

Table 5. Types of information needed (questions 4+5)
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Table 6.

The seventh question was not intended to elicit new requirements but to con-
firm the relevance of our scenarios, and to identify new/other application areas
for a comprehensive SE-DSS. Since the answers were not used for requirement
elicitation, we omit the related table here. The relevance of the scenarios was
confirmed. In addition, the answers confirm findings from question two, but on
a more general level. For example, it was mentioned that a comprehensive SE-
DSS could be used to educate new employees, or store (and maintain) project
experience. Additionally, the available information might be used to focus fu-
ture studies on SE technology effectiveness/efficiency, and thus help improve
the coordination of empirical research.

How should the information be presented?

6.1 | Profile for each SE technique (details on request)

6.2 | Aggregated information in multiple graphical presentation

6.3 | Easy-to-understand, self-explaining diagram

6.4 | Easy-to-understand, self-explaining table

Nlo|uo|k|T
PlRRPk =z

6.5 | Executive management summary

Presentation preferences (question 6)

In the next step, based on the aggregated and ranked answers of the inter-
viewees, we sketched use cases from which an initial set of requirements could
be derived.

3.2  Additional Requirements

Table 7.

As mentioned earlier, the pilot study was used to elicit requirements of poten-
tial end users of a comprehensive SE-DSS, i.e., software managers. Additional
requirements that relate to the needs of content (data) contributors, adminis-
trators, and the sponsor of the comprehensive SE-DSS were derived from les-
sons learned we gained with setting-up and running web-based repositories.
Table 7 lists these additional requirements. Requirements that emerge from the
envisioned comprehensive DS method will also impact the internal system func-
tionality, but are not considered here.

#

AR1 Support for distributed contribution

AR2 Support for distributed quality management

AR3 Multi-role management

AR4 Multiple cross-linking of content items

Additional Requirements

(AR1) Support for distributed contributions: It must be possible for the research
community to contribute with new studies on SE technologies.
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(AR2) Support for distributed quality assurance: AR1 requires at least some de-
gree of quality assurance (QA). This could be organized, e.g., by establishing a
QA assurance board that is in charge of approving new contributions. Only af-
ter approval is a new contribution integrated into the body of knowledge and
made available to SE-DSS users.

(AR3) Multi-role management: AR1 and AR2 lead to two more different roles,
i.e., contributor and QA. Contributors might be part of the QA board, but are
not allowed to approve their own submission. Other possible roles are adminis-
trator, user, power user, guest, paying user, sponsor.

(AR4) Cross-linking of experience items: To enable the drawing of a landscape
that visualizes the relationship between available empirical studies on the effec-
tiveness and efficiency of SE technologies, it is necessary to cross-link repository
items.

Copyright © Fraunhofer IESE 2004 9
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Structured List of Requirements

Based on the two sources of requirements, described above, we order the re-
quirements according to the standard three-tier architecture, and according to
Ruhe’s generic requirements categories.

Table 8 lists the requirements derived from the pilot study and combines them
with the additional requirements. The set of requirements is grouped into five
categories: user interface (Ul), presentation (PR), content (CO), experience man-
agement (EM), and repository (RE). The first two categories correspond to the
first layer of the standard three-tier architecture, the third category corresponds
to the second layer, and the fourth and fifth categories correspond to the third
layer. Column three of Table 8 provides for each requirement the reference to
related aggregated answers or additional requirements.

Table 9 shows the mapping of the requirements for the comprehensive SE-DSS
to the framework “idealized” requirements (R1-R9) suggested by Ruhe [1]. The
instantiation depends on our concrete problem topic, i.e., comprehensive SE
technology selection, and usage scenarios, i.e., on-line, individual and strategic
decision support for project, quality, and product management. One lesson we
learned was that the framework was sufficiently generic to incorporate all of
our specific requirements. The following remarks are helpful for interpreting
Table 9.

(R1) We assumed that this generic requirement exclusively focuses on the man-
agement of the content. We moved requirement related to retrieval, presenta-
tion, and explanation — which are often associated with knowledge and experi-
ence management — to other generic categories.

(R2) Since we aim at a web-based implementation of the comprehensive SE-
DSS, export interfaces have to be provided to allow for integration into an or-
ganization-specific improvement management infrastructure.

(R3) In the envisioned SE-DSS, the decision process will be supported by goal-
oriented and problem-oriented interaction facilities.

(R4) Since we do not plan to support simulation, all listed requirements relate to
process modeling.

(R5) Since the scenarios offered to interviewees aimed at individual decision-

making, no requirements related to negotiation-support functionality were pro-
vided.
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(R6) All requirements listed in this category reflect the needs of our target SE-
DSS users.

(R7) Since the underlying comprehensive SE-DS was not presented to the inter-
viewees, no specific requirements were given. Nevertheless, we listed those re-
quirements that potentially have an impact on the underlying method.

(R8) Idem.

(R9) The listed requirements stress the distributed character of web-based com-
prehensive SE-DSS.

# User Interface Reference

Ull  |Support for several kinds of graphical / textual |6.1, 6.2, 6.3, 4
presentations

UI2  |Low interaction, easy access 3.1,34,14

UI3  |Goal-oriented interaction support 3.6,3.5

Ul4  |Alternative interaction modes 3.1,34,3.3
Presentation

PR1 [Transparency of decision process (reduction of [2.1
alternatives, priorities)

PR2 |Goal/problem-oriented aggregation of informa- (6.1, 6.2, 4.1, 4.3, 4.5, 4.6, 6.5
tion

PR3 |Understandable, self-explaining 6.3, 6.4

PR4  |Presentation in diagrams, tables, text 6.1-6.5
Content

CO1 [Effectiveness/efficiency with respect to quality 4.2
aspect

CO2 |Costs for introduction/applying the technique 1.4,4.4

CO3 |Preconditions that have to be fulfilled prior to 4.8
the application of the technique

CO4 |Context information 1.2

CO5 |Structured meta information for the content 2.3,4
Experience Management

EM1 [Support for distributed contribution AR1

EM2 [Support for distributed quality assurance (distrib- |AR2
uted content management)

EM3 [Support for export of repository data to organ- (2.1, 2.2
izational improvement management systems

EM4 |Multi-role management AR3
Repository

RE1 |Cross-linking of experience items AR4

RE2 |Case-oriented storing 45,4.6,2.4

Table 8
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Table 9.

12

Ruhe’s Framework [1]

Specific user requirements for com-
prehensive SE-DSS

(R1) Knowledge, model and experience
management

EM1-EM3, CO1-CO5

(R2) Integration into organization EM3-EM4, RE1

(R3) Process orientation CO03-CO5, PR1-PR2, EM4
(R4) Process modeling and simulation C03-C0O5

(R5) Negotiation --

(R6) Presentation and explanation PR1-PR5

(R7) Analysis and decision PR1-PR2, RE1-RE2

(R8) Intelligence RE1-RE2

(R9) Group facilities EM1, EM2

Mapping to Ruhe’s idealized requirements

Copyright © Fraunhofer IESE 2004
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5  Summary and Future Work

In this paper we have presented the requirements of a web-based tool for
comprehensive decision-making in support of SE technology selection. The re-
quirements were collected from a literature survey and from structured inter-
views with research managers.

The main contribution of our work is the empirical grounding of the require-
ments collection, by conducting scenario-based structured interviews with nine
Fraunhofer IESE managers. Besides the identification of requirements, the re-
search yielded the following results: All of the interviewees accepted the pre-
defined scenarios as being relevant and practical, none had difficulties with un-
derstanding. We interpret this finding to support the construct validity of our
measurement instrument (scenario-based structured interviews).

Surprisingly, we did not find much difference between management roles.
Apart from prioritization of content presentation (question 5), the answers
given were very similar, no matter which specific role was assigned to an inter-
viewee. At the moment, it is not fully clear whether this indicates that differ-
ences between roles are not as large as we originally expected, or whether the
answers given by the interviewees were too strongly influenced by the way
role-specific scenarios were presented to them. Also, the subjects might not be
fully representative for the specified roles due to the nature of their work in re-
search environments, which is probably not as strongly focused on actual (and
mostly short-term) decision-making within software projects.

Some of the subjects were skeptical if they would use such a web-based DSS,
as they felt unable to estimate the actual power of such a system in supporting
them in their job. This partly seems to reflect the common fear that web-based
information sources potentially create information overload.

Future work is dedicated to the incremental development of the comprehensive
SE-DSS. At each stage, the underlying method and the resulting tool will be
evaluated through controlled experiments and surveys among experts from
academia and industry. Issues to be evaluated include effectiveness and effi-
ciency of the method and tool support, as well as validity of the delivered in-
formation and completeness of the database.
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