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Abstract. The amount of methods, techniques, and tools in software engineer-
ing is increasingly growing. In order to keep track of the progress of these tech-
nologies and methodologies, a software engineering manager needs an easy and
fast access to evidence about their effectiveness and efficiency. A semantics-
based evidence portal for software organizations helps them to continuously
gather and aggregate evidence about software engineering technologies and
methodologies. The information provided through the portal is targeted to sup-
port managers in planning software process improvement activities based on
data collected semi-automatically from published evidence.

1 Introduction

In today’s software development organizations, methods and tools are employed that
frequently lack sufficient evidence regarding their suitability, validity, limitations,
qualities, costs, or associated risks. The need to select the best-suited method, tech-
nique, or tool in a given business context is becoming more and more important.
From a business perspective the trade-off between time-to-market, quality, and cost is
a crucial factor for decision-makers. While new findings from research await their
transfer into industrial practice, systematic assessment, selection and infusion of these
findings with regard to business objectives and context is lacking.

In order to support software managers in selecting suitable software engineering
(SE) technologies it is necessary to provide a defined level of evidence about the
effectiveness of a specific SE technology regarding certain goals and in a given con-
text. Nevertheless, relevant information for the decision making in SE organizations is
often hard to access or, even worse, not available [Gla04].

In this paper, we present ongoing research towards the semantics-based evidence
portal (SEP). SEP will support goal-oriented decision making for SE technology se-
lection in learning software organizations as defined by Ruhe [Ruh03] and described
by Jedlitschka et al. [JPB04]. Furthermore, we summarize findings from a pilot study
[JPO4] and a survey. These findings were an initial input that helped us derive usage
scenarios of the SEP for practitioners and researchers.
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2 The Semantics-based Evidence Portal

In this section, we describe the key elements of a prototypical Software Engineering
Decision Support System (SE-DSS) targeting at supporting decision-makers in tech-
nology selection. The proposed SE-DSS will take the form of a SEP. Analogous to
ideas advocated in the semantic web research community, experiments are treated as
structured content documents with additional metadata that describe semantic issues
and might be used for further inference steps (e.g., (semi-) automated aggregation of
experiments).

We first present scenarios that describe how the SEP can be used. Then we present
the underlying infrastructure framework. Finally, we give an introduction into the
structure of the repository storing evidence about software technology derived from
various sources of information.

2.1  Scenarios for Semantics-based Evidence Portal usage

One of the major goals of SE-DS is to support software managers in selecting suitable
SE technologies. Suitability implies the existence of a defined level of evidence about
the effectiveness of a specific SE technology in a given context. In our pilot study
interviewees stated that they have the following information need that should be satis-
fied by a SE-DSS for the purpose of technology selection [JP04]:
1. Information on effectiveness and efficiency of the technology with respect to de-
fined quality aspect (e.g., performance)
. Information on the cost for introduction/applying of the technology
. Preconditions that have to be fulfilled prior to the application of the technology
. Context information
. Structured access to the content, e.g., by improved navigation and search
While the pilot study was performed with industry-oriented consultants of a re-
search organization, a second study was performed involving industrial decision-
makers. The decision-makers were asked about their responsibilities with regards to
technology selection and to provide information on key performance indicators
(KPIs) for product development. It turned out that technology selection needs to be
supported in the light of the following ranking of top goals: (1) product quality, (2) no
budget overrun, (3) no time overrun. This ranking was based on aggregations of more
detailed KPIs.

Both studies lead to the assumption that industrial decision-makers, i.e., managers,
are often not interested in the number of defects that a particular quality assurance
(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., func-
tionality, quality, time-to-market, budget constraints, etc.). Furthermore, managers are
interested in the impact of a particular SE technology on the overall business value.

Based on the results of our studies we define the usage scenarios for the envisioned
SEP from the viewpoint of a practitioner. Users from industry, interested in finding
the most suitable technologies in a given context, are the focus of the scenarios. These
scenarios describe the use of the SEP to give answers on questions of the following
types: “How often was it applied (successfully)?”, “Who has applied it (industry,
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research)?”, or “What were the results (e.g., impact on cost, quality, and time, cost-

benefit-ratio, return on investment)?”. The answers will be augmented with all avail-

able context information in order to increase transferability of the available data to the
inquirer’s environment. We support two main scenarios targeting at decision-makers
in software development organizations:

1. Goal-oriented search for best practices: The first scenario is targeted towards the
search for a technology that improves a key feature of the software development
process. The central questions are “How can we improve quality, reduce cost, or
reduce time?” either based on curiosity or an existing problem (i.e., “We have a
problem, e.g., with the product quality, what can be done?”). Characteristics to nar-
row the search space are: technology’s impact on quality, schedule/time, and cost.
In a second step the key features might be refined to narrow down the search.
Quality is refined by the quality characteristics from, i.e., ISO 9126, cost sub-
divided into personal (e.g., work or training) and resources (e.g., tools), and time
refined by the lifecycle phase (e.g., time for development, time including mainte-
nance).

2. Context-oriented search for best practices: The second scenario is a context-
oriented search for a better solution than currently in use. While the first scenario
excluded information about the context (e.g., the domain) this scenario excludes in-
formation about the problem. Central question is “What is the best practice for my
software/system engineering process?”. Characteristics to narrow the search space
are the application domain (e.g., automotive), SE phase (e.g., maintenance), or the
SE object (e.g., architecture).

2.2 Infrastructure of a Semantics-based Evidence Portal

In this section, we sketch the underlying infrastructure framework for the SEP. The
existence of such a framework is needed in order to facilitate the combination of
gualitative and quantitative data from current projects with distributed experience and
lessons learned from previous (internal or external) projects. The framework has three
main characteristics:

o First, it offers decision support which is based on both internal and external experi-
ence. Typically, internal experience stems from project databases, measurement
programs, and other company-specific organizational repositories. Typical sources
for external experience are public web-based repositories, like the ESERNET re-
pository [CWO03].

e Second, due to the extensive involvement of research organizations in the build-up
and maintenance of public web-based repositories, framework users can expect to
have access to state-of-the-art experience.

e Third, the proposed framework will offer integrated tools and techniques that help
to aggregate and synthesize experience across the borders of different SE tech-
niques along the software development life cycle.

More specifically, the framework aims at supporting comprehensive decision-making

in that sense that it will provide information for the evaluation of the effectiveness

and efficiency of combinations of SE technologies. This information stems from iso-
lated empirical studies each focusing on a single SE technology.
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Figure 1 shows the context in which the SEP will be used. To become efficient, or-
ganization-specific improvement activities in industry need to be connected with
external sources of information. In a complementary sense, the same is true for aca-
demia, i.e., research institutes and universities. In Figure 1, the arrows from the SEP
(“Semantic-based Portal”) to industrial organizations indicate the use of external data
to enrich the company-specific software process improvement approach, especially by
supporting decision-making in the context of technology selection. The arrows from
and to research describe the contributions of and benefits for empirical research con-
ducted within academic organizations (i.e., research institutes and universities). For
example, results from controlled experiments that measure the effectiveness of a par-
ticular technique in a local context, might be combined with related data from case
studies that provide evidence on the effectiveness of this technique in a global con-
text, e.g., with regards to project performance measures.

The motivation and prerequisites for combining data sources (e.g., project data
bases) from industry and research has been outlined in [JP03]. In order to enlarge the
available experiment base in the SEP and to add more analytic power, simulation
could complement empirical work [MPRO05].

View: Usage Scenarios for Research and Industry (goal-oriented search,
browse regarding underlying process model)
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Fig. 1. The Infrastructure of the Semantic-based Evidence Portal

As described in [JPB04] we implement the SEP by following a 3-tier architecture
approach. The front-end is realized by using internet enabling technologies, like Java
Server Pages, the middle-tier (business logic) is realized in Java and the backend is
realized by using MySQL as a database.

2.3 DB-Stucture for Sematics-Based Evidence

In order to come up with an initial structure for the repository, which also represents a
minimal set of elements that should be reported by experimenters, we surveyed a
number of experiments on inspection techniques [JC04]. Furthermore, we used the
information elicited from the two surveys mentioned in section 2.1 to construct a
database schema that has the potential to support the answering of questions by indus-
trial and academic users. We found some semantic elements, which, if commonly
reported, would help to classify the experiments and allow for aggregation of infor-
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mation. Triggered by a similar idea, Vegas et al. [VIB03] described and evaluated a
process for developing characterization schemas to create experience bases, especially
suited for testing techniques. By combining our results with those from Vegas et al.,
we derived a schema for reporting results from experiments in the area of defect re-
duction. Formalization of a document model for reporting about controlled experi-
ments in software engineering [JP05], as well as the usage scenarios presented in this
paper led us to the current schema of the repository. The document model in form of
reporting guidelines for controlled experiments reflects the information needs de-
scribed in the introduction section. It represents the logical model that is realized in a
physical model of a relational database schema as depicted in Figure 2. The “core” of
the schema is the entity study. It contains relevant information about the evaluation of
a specific technology and provides links to more specific information about the
evaluation itself, such as the impact effect or the application domain. The entity tech-
nology contains all information regarding the technology itself, e.g., a technology
description, whereas impact describes associated evidence, its validity, and provides a
link to its origin.
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Fig. 2. Compacted design of the database schema (n:m relationship tables are not shown).

In order to facilitate the acquisition of studies and to fill the repository, we aim at a
semi-automatic support. This support will consist of an internet wrapper that will
collect studies from several predefined sources, such as citeseer™ or google™
scholar. Furthermore, we will use an ontology of empirical SE that will enable us to
restrict the result set for our purposes. For example, if we are only interested in so-
called controlled experiments, we have to define a set of keywords that are related and
that could have been used by authors instead. This pre-processing will classify the
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results set into three categories: relevant, probably relevant, and not relevant. Without
having been able to comprehensively test the system, we are conservative and assume
that, unfortunately, most papers will end up in the category “probably relevant”.
These papers will have to be further looked at by humans. For this purpose we foresee
implementation of a clearing house, following an idea described in [STO05].

After this first step the relevant papers will be further processed involving text
analysis. The idea behind this analysis is to extract information from the paper and
store it into the database. As of today it will be hardly possible to automatically ex-
tract the information, because the information is hidden somewhere in the publication.

Here is where reporting guidelines (logical or document model) as proposed in
[JPO5] can be helpful. Guidelines will help assure that information (if available) is
always in the same place, headings and content of sections are comparable, and in
some parts they require formal specification, e.g., of the hypothesis, variables, and
findings. That will facilitate text extraction on a syntactical basis. The mapping of
relevant information from arbitrary positions in the paper to the cells in the database
schema (i.e., physical model) will be based on the semantic level using techniques
such as latent semantic analysis (LSA). After having initially filled the data of a pub-
lication into the repository the system will automatically approach the author (using
the email address in the contact information) of the publication and ask him to check
whether the information extracted in the right way. In addition, an author will be
asked to provide information that was not found by the automatic extraction. A simi-
lar approach has already been tried out in the ESERNET [CWO03] project, where the
extraction was done manually before the authors have been asked for cross-checks.

3 Discussion

This section gives a brief overview of recent research related to building software
engineering decision support systems (SE-DSS). We start with decision support re-
search in general and then focus on decision support for SE.

Building upon the research already done in the field, our emerging work towards
comprehensive SE-DSS can be characterized as follows. We aim at the development
of a semantics-based experiment platform focusing on project planning and control
based on objectives from the industry. Currently, one of the main problems is the
collection and formalization of evidence in form of experiments or case studies from
published evaluations. Other groups like, Sjgberg et al., who found 103 controlled
experiments in SE (which represents 1.9 percent of the SE articles they surveyed)
[SH+05], partially confirm our initial findings [JC04], that in most cases information
is hard to extract from a publication.

In an attempt to make it more attractive for SE experimenters to include their work
into a common repository, Vegas et al. [VJB03] describe and evaluate a process for
developing characterization schemas to create experience bases, especially for testing
techniques. As described earlier, we have incorporated the conceptual model of Vegas
et al. in an earlier version of our logical model.

In SE, many different areas for decision-making can be found along the software
life cycle. Ruhe gives an overview on recent research related to SE-DS [Ruh03]. He
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characterizes five areas in which SE-DS research is progress, i.e. requirements, archi-
tecture and design, adaptive and corrective maintenance, project planning and control,
and verification and validation. Information from the SEP might be used in a SE-DSS
to support software engineers during these processes.

For the purpose of product-focused software process improvement, Birk describes
how to use so-called technology experience packages (TEP) in support of technology
selection [Bir00]. TEPs are a specific representation of software project experience.
Based on a two-step context evaluation with respect to the given situation, appropriate
TEPs are ranked and selected by the decision maker. The content of the TEPs is ini-
tially acquired from literature and iteratively adapted to the specific needs of an or-
ganization. Currently, we are investigating the usage of enhanced TEPs.

Instead of developing a new framework, or adapting an existing KM framework
from specialized application domains, such as the one proposed by Biffl et al.
[BHO3], the comprehensive SE-DSS will be methodologically backed-up by a frame-
work which is bases in the Quality Improvement Paradigm (QIP) [BCRO01].

Beside this basic background our research is build upon, several similar approaches
to support technology selection using portals are in development. For example, Shull
et al. report on an implementation of a best practice clearinghouse to identify, ana-
lyze, synthesize, and package evidence about a technology’s effectiveness [ST05].

SEP partially originated from ideas developed in the ESERNET [CWO03] project.
ESERNET aimed at supporting improvement of maturity and competitiveness of
European software intensive organizations. For this purpose a web portal has been
developed that provides empirical evidence regarding specific SE technologies, like
inspections. This evidence was manually integrated into the underlying repository and
there was no problem oriented search available. SEP enhances the concepts by auto-
mating the integration process of evidence into the repository and by providing goal-,
problem-, and context-oriented search facilities. Several initiatives similar to ESER-
NET, have been implemented in the US (CeBASE), Scandinavia (e.g., Inter-Profit),
Germany (VSEK), and Spain (VASIE).

4 Summary

The amount of methods, techniques, and tools in software engineering is increasingly
rising. In order to keep track of the progress of these technologies and methodologies
a software engineering manager needs an easy and fast access to evidence about them.
In this paper we have presented ongoing research towards a semantic-based evidence
portal for software organizations that help them to continuously gather and aggregate
evidence about SE technology and methodology.

We argued that, as of today, repositories containing relevant information about
evidence in SE must satisfy specific information needs of software managers in the
task of technology selection. With regard to the information need of software manag-
ers we developed a database scheme that allows for answering the questions repre-
sented by the stated information need.

The next steps will include the empirical assessment of the semantic-based evi-
dence portal in order to get more evidence about the effectiveness of the portal itself
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as well as feedback from the users. Furthermore, we are convinced that reporting
guidelines for empirical work will support the comprehension of the available infor-
mation both for managers and researchers. In addition, we will perform a survey
among experts in the field to assess whether they find the information offered by the
portal relevant and useful for their decision making.
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