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Abstract: Software engineering is an applied research area preferably conducted 
jointly by academia and industry to enable transfer of knowledge in both directions 
and at the end improvement software engineering in industry. In this paper we 
present how the required mutual knowledge transfer via empirical evaluation was 
performed to improve testing with defect taxonomies in industry.

1 Introduction

Empirical studies have a value stand-alone, but they can also be part of a knowledge 
exchange and improvement endeavor jointly between academia and industry [WRH+12].
Software engineering is an applied research area [WRH+12], from which research on 
industrially relevant problems is expected. It is in many cases insufficient to just do 
academic research on, for instance, requirements engineering or software testing with the 
motivation that these areas are challenging in industry [WRH+12]. Industry-relevant 
research involves more than merely producing research results and delivering them in 
publications and technical reports. It demands close cooperation and collaboration 
between industry and academia throughout the entire research process [GWC+06]. Thus, 
software engineering is preferably conducted jointly by academia and industry to enable 
transfer of knowledge in both directions and at the end transfer of new methods, 
technologies or tools from academia to industry [WRH+12]. Joint research with mutual 
knowledge transfer provides an excellent opportunity to improve industrial software 
development based on concrete empirical evidence, and hence being a good example of 
evidence-based software engineering [KDJ04].

In this paper we present how the required mutual knowledge transfer via empirical 
evaluation was performed to improve (requirements-based) testing with defect 
taxonomies in industry. Testing with defect taxonomies exploits defect taxonomies to 
support all phases of the system test process, i.e., test planning, design, execution and 
evaluation [FB14a].

The remainder of this paper is structured as follows. In Section 2 we provide an 
overview of testing with defect taxonomies. In Section 3 we present the process of 
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mutual knowledge transfer between industry and academia to improve testing with 
defect taxonomies. Finally, in Section 4 we conclude and present future work.

2 Testing with defect taxonomies

In practice, most defect taxonomies are only used for the a-posteriori allocation of 
testing resources to prioritize failures for debugging purposes. But the full potential of 
these taxonomies to control and improve all phases of the overall system test process has 
so far remained unexploited. To overcome this limitation, in previous publications 
[FB12], [FB13a], [FB13b], [FB14a], [FB14b], [FBP14] we defined and evaluated 
requirements-based testing with defect taxonomies (RTDT) which supports all phases of 
testing requirements, i.e., test planning, design, execution and evaluation. In RTDT, the 
defect taxonomy is created on basis of the requirements specification. Then the 
requirements are linked to defect categories and specific requirements quality attributes 
like completeness, traceability or comprehensibility are validated [FB13a]. Afterwards 
tests are planned taking defect taxonomies into account which results in a test strategy
that assigns test design techniques to combinations of defect categories and 
requirements. From the test strategy abstract and executable test cases are designed and 
then executed. Finally, the test results are evaluated and failures are assigned to defect 
categories. In empirical case studies [FB12], [FB13b] performed in a public health 
insurance institution in Austria it has been shown that RTDT has the potential to 
improve the effectiveness [FB13b] and efficiency [FB12] of system testing. 
Furthermore, in a student experiment we showed that RTDT is independent of a specific 
type of defect taxonomy [FBP14].

3 Mutual knowledge transfer between industry and academia

In this section we present the process of mutual knowledge transfer between industry 
and academia to improve testing with defect taxonomies. The knowledge exchange was 
mainly performed between a researcher and a test manager who are both authors of this 
paper. The steps of the knowledge transfer process between industry and academia are 
shown in Figure 1 and presented in the following.

Initially, defect taxonomies were informally applied for testing in projects of a public 
health insurance institution in Austria by a test manager. In this institution a standard test 
process based on an iterative development process is applied. In several discussions with 
a researcher from the University of Innsbruck, knowledge on how defect taxonomies are 
actually applied was transferred to the researcher and the potential of defect taxonomies
to improve testing in practice but also potential for research was jointly recognized.

Then, the researcher performed a state-of-the-art analysis on defect taxonomies as well 
as their application for software testing and requirements engineering. In several 
telephone conferences and face-to-face discussions, the knowledge on state-of-the art 
was transferred from the researcher to the test manager. The resulting state-of-the-art 
analysis is presented in [FB13a] and [FB13b].
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Figure 1: Steps of mutual knowledge transfer between industry and academia

On the basis of knowledge of state-of-the-art, the application of defect taxonomies for 
testing was analytically refined by the researcher and the test manager to RTDT. In 
course of this refinement, the process steps of RTDT, the underlying test design 
techniques, and the applied taxonomy itself were formalized. In addition, the potential of 
RTDT to also validate requirements quality was recognized and elaborated. The refined 
approach of RTDT is presented in [FB13a] and [FB13b].

Afterwards RTDT was applied in industry. The informal feedback of this application 
was positive but also raised two main issues. First, empirical evidence whether the 
approach improved effectiveness and efficiency of testing was required to confirm the 
informal feedback and to derive profound guidelines for successful application of RTDT.
Second, as the application showed that the applied defect taxonomy is a critical artifact 
of RTDT, the role of defect taxonomies required further investigation.

To show improved effectiveness and efficiency of RTDT, empirical case studies on 

effectiveness and efficiency were performed. A case study in software engineering is an 
empirical enquiry that draws on multiple sources of evidence to investigate one instance 
(or a small number of instances) of a contemporary software engineering phenomenon in 
its real-life context, especially when the boundary between phenomenon and context 
cannot be clearly specified [RHR+12]. The case studies were jointly performed by the 
researcher and the test manager in context of the standard test process of the investigated 
public health insurance institution and showed improved effectiveness (based on the 
observed defects) and efficiency (based on the time needed for testing with defect 
taxonomies compared to testing without defect taxonomies). For this purpose, case 
studies were selected as empirical strategy as RTDT can best be investigated in its 
industrial context. The case studies are based on test projects of the public health 
insurance institution where RTDT was applied on the basis of the established standard 
test process. The case study on effectiveness is presented in [FB13b] and on efficiency in 
[FB12].
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To investigate the role of defect taxonomies, a controlled experiment on the role of 

defect taxonomies was performed. In an industrial context the role of defect taxonomies 
could not be investigated in isolation. We therefore performed a controlled experiment 
with student participants at two universities in Austria, i.e., Graz University of 
Technology and University of Innsbruck. For sure, external validity can be threatened 
when experiments are performed with students, and the representativeness of these 
subjects may be doubtful in comparison to that of test professionals. However, our 
experimental setting was similar to system-level testing in industry, where it is common 
to recruit test personnel with some domain knowledge, but only little experience in 
systematic testing. The required skills in test design are then provided in short trainings 
(i.e., similar to preparation units in our experiment). Similar to students, also testers in 
industry have to be concerned with the requirements when a new project starts. 
Therefore, we think the student experiment could be considered as appropriate, because 
students and test professionals are in a comparable situation with respect to investigate 
the role of defect taxonomies. The experiment on the role of defect taxonomies is 
presented in [FBP14].

Based on the case studies and the student experiment, an empirical refinement of RTDT

was performed. Extraction of knowledge from the empirical investigations by the 
researcher and the test manager resulted in a refined process for RTDT and concrete
practical guidelines for the application of RTDT. Guidelines comprise the management 
of the underlying defect taxonomy, the required tool support, the quality of 
requirements, preconditions of the development and test process as well as the cost-
benefit analysis of the approach. The empirical refinements of RTDT are presented in 
[FB14a] and [FB14b].

The empirically refined process of RTDT and the guidelines are now successfully 
applied in a public health insurance institution in Austria. The knowledge gathered from 
the case studies and the experiments helped to improve RTDT in practice.

RTDT has so far only been applied in a public health insurance institution. But we 
expect similar benefits in other domains. We therefore plan further empirical case 

studies on the effectiveness and efficiency of RTDT in different contexts.

4 Conclusion

In this paper we presented how mutual knowledge transfer via empirical evaluation was 
performed to improve requirements-based testing with defect taxonomies in industry. 
Requirements-based testing with defect taxonomies exploits defect taxonomies to
support all phases of the system test process, i.e., test planning, design, execution and 
evaluation, and thereby improves its effectiveness and efficiency. The mutual knowledge 
transfer between industry and academia was jointly performed in several steps by a test 
manager from a public health insurance institution and a researcher from the University 
of Innsbruck. The steps for mutual knowledge transfer are (1) informal application of 
defect taxonomies for testing, (2) study on state-of-the-art, (3) analytical development of 
RTDT, (4) application of analytical refinement, (5) empirical evaluation in case studies 
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and a controlled experiment, (5) empirical refinement, as well as (6) application of 
empirical refinement. Appropriate size and complexity of the projects selected for the 
case studies, support by the management, as well as established procedures to quantify 
process aspects turned out to be key prerequisites in industry to enable knowledge 
transfer with academia in case of RTDT. Main success factors for the mutual knowledge 
transfer were the personal commitment of a researcher and an industrial test manager, 
the stepwise refinement of the approach by analytical and empirical methods, as well as
the applied mix of empirical methods which resulted in concrete applicable practical 
guidelines. In future, we plan further industrial case studies in different contexts. This is 
accompanied and supported by disseminating the approach via publications in magazines 
relevant to industry [FB14a], [FB14b], [FB14c] as well as presentations on leading 
industrial conferences like Eurostar1 and expo:QA2.
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