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ABSTRACT 
The level of industry-academia collaboration (IAC) in software 
engineering in general and in software testing in particular is quite 
low. Many researchers and practitioners are not collaborating 
with the “other side” to solve industrial problems. To shed light 
on the above issue and to characterize precisely what industry 
wants from academia in software testing, we solicited 
practitioners’ opinions on their challenges in different testing 
activities and also the particularly relevant topics that they want 
the research community to work on. This short paper aims to draw 
the community’s attention to the important issue of strengthening 
IAC with the hope of more IAC in software testing in the areas of 
most importance to the industry. 

CCS Concepts 
Software and its engineering → Software creation and 
management → Software verification and validation. Social and 
professional topics → Professional topics → Computing industry. 

Keywords 
Software testing, industrial needs, industrial challenges, industry-
academia collaborations, opinion survey. 

1. INTRODUCTION 
Even though the global software industry and the academic 
software engineering (SE) are two large communities, still, the 
level of joint activities in an SE industry-academia collaboration 
(IAC) is low; compared to the amount of activities in each of the 
two communities [1, 2]. This also holds for the level of IACs in 
the software testing [2, 3]. For example, a survey of software 
testing practices involving 246 practitioners from Canada [3] 
revealed that 56% of the respondents had never interacted with 
researchers in academia during their career, and 32% reported 
seldom interactions with researchers only. A small portion of 
respondents (12%) mentioned interacting with researchers once a 
year or more. 

So far, various reasons have been discussed by researchers and 
practitioners for such a lack of motivation for IACs, like different 
objectives for both sides, industrial problems lacking scientific 
novelty or challenges as well as low applicability and scalability 
problems of the solutions developed in academia [2, 4, 5]. 

In the context of analyzing the root causes of low IACs, the phrase 
convenience research has been coined. In a talk entitled “software 
engineering research under the lamppost” [6],  Wohlin talked 
about “convenience research” and that many researchers are not 
working on actual industrial problems and challenges, but instead 
work on problems which are more convenient to be worked on.  

The goal of this study is to shed light on the above issues and to 
identify the research topics that industry wants to suggest to 
software testing researchers. For this purpose, we designed a 
classification of testing activities and solicited practitioners’ 
opinions on the extent of their challenges in each testing topic and 
also the concrete topics in which they need support from the 
research community. 

The remainder of this paper is organized as follows. Section 2 
presents the related work. Section 3 describes the goal and the 
research method used in this study. Section 4 presents and 
analyzes the results. Finally, Section 5 concludes this study and 
states the directions of future work.  

2. RELATED WORK 
To highlight the importance of IAC in SE, to discuss successful 
collaboration, and how to bridge the gap, various workshops and 
panels are regularly organized at international conferences. An 
example was the panel called “What industry wants from 
research” at the International Conference on Software 
Engineering (ICSE) 2011 in which interesting ideas from 
companies such as Toshiba, Google, and IBM were presented. 
More recently in 2016, a panel was held on “the state of software 
engineering research” in which several panelists discussed the 
need for more IAC in SE. The challenges and best practices in 
IAC have been reported by several experience reports. 
Furthermore, the first author of the present paper was involved in 
a recent systematic review of those challenges and best practices 
[5]. 

Few studies on the practitioners’ perception of the relevance of 
SE research have been carried out. For example, Lo et al. [7] 
surveyed more than 3,000 practitioners at Microsoft to rate the 
relevance of research ideas in a set of 571 selected SE papers. The 
study found no correlation between the citation counts and the 
relevance scores of the papers. The study also identified reasons 
why practitioners considered certain research ideas to be unwise. 

In a paper entitled “Making software engineering research 
relevant” [8], the authors reported that “Practitioners [...] rarely 
read academic articles on the topic. Instead, they look to books, 
blogs, colleagues, forums, and their own experiences for 
solutions”. Authors further stated that: “Making research more 
relevant to practice requires a new mindset” and “researchers 
should do more to make their research accessible, applicable and 
relevant”. Tang and Kazman [9] went one step further and 
questioned the “worthiness” of SE research by their lines of 
argumentation. 
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The issue of research relevance has also been a hot topic in other 
disciplines and several papers have been published on this topic, 
e.g., [10-12]. Even formalized models such as the “Pasteur's 
quadrant” [11] have been proposed with the purpose of linking 
research rigor with practical relevance.  

The present paper contributes to the body of knowledge by 
reporting software testing practitioners’ perception about the 
important research topics that they would like to suggest to 
academics. 

3. RESEARCH GOAL AND METHOD 
This section presents the research questions studied and outlines 
the research method implemented for this study. 

3.1 Goal and research questions 
Formulated using the Goal, Question, Metric (GQM) approach 
[13], the goal of the present study is to characterize industry’s 
challenges in software testing, and those topics that industry 
would like to see academia working on. Our study aims to inform 
the researcher community about practical problems among testing 
practitioners. Based on the above goal, we raised the following 
research questions (RQs): 

 RQ 1: To what extent does industry experience challenges 
in each types of test activities? 

 RQ 2: What concrete research topics do testing practitioners 
pose for researchers in software testing? 

3.2 Research method 
To address the study’s goal and RQs, we designed and conducted 
an online opinion survey to gather the opinions from practitioners. 
In designing the survey, we benefitted from the survey guidelines 
in SE [14]. We also relied on our experience in designing and 
conducting opinion surveys, e.g., [3, 15]. 

Since this survey addresses practitioners, we kept the number of 
questions to a minimum to ensure getting as many responses as 
possible. Therefore, the questionnaire had three questions only: 
Question 1 asked for the respondent’s country of residence. We 
discuss next questions 2 and 3, which targeted RQs 1 and 2. We 
also provided the participants with a text box at the end to collect 
further comments or suggestions. The survey form, as it was 
presented to the participants, can be found online [16]. 

To answer RQ 1, we provided a list of test activities as discussed 
next, and then provided a 5-point Likert scale (rubric) to survey 
participants so that they could mention their level of challenges 
in each of those test activities. The rubric was as follows: (0) No 
challenges at all and thus no need for collaborations (we are doing 
very well), (1) Some challenges, (2) Average level of challenges, 
(3) Many challenges, and (4) Lots of challenges (collaborations 
with academics is highly needed). 

By reviewing standard textbooks on software testing, e.g., [17], 
guidelines of industry certification bodies, e.g., the International 
Software Testing Qualifications Board (ISTQB; [18]), discussion 
with several senior test engineers in industry, and also our recent 
systematic mapping studies, e.g., [19], we classified the types of 
testing activities into nine types: 

1. Test-case design (criteria-based): Designing test suites (set 
of test cases) or test requirements to satisfy coverage criteria, 
e.g., line coverage. 

2. Test-case design (based on human expertise): Designing test 
suites (set of test cases) based on human expertise (e.g., 
exploratory testing) or other engineering goals. 

3. Test scripting: Documenting test cases in manual test scripts 
or automated test code 

4. Test execution: Running test cases on the software under test 
(SUT) and recording the results 

5. Test evaluation: Evaluating results of testing (pass or fail), 
also known as test verdict 

6. Test-result reporting: Reporting test verdicts and defects to 
developers, e.g., via defect (bug) tracking systems 

7. Test management: Encompasses activities related to test 
management, e.g., planning, control, monitoring, etc.  

8. Test automation / tools: Automating any of testing activities 
9. Other test engineering activities: Includes activities other 

than those discussed above, e.g., regression testing, and test 
prioritization. 

To answer RQ 2, the survey asked participants about specific 
research topics in each of the nine test activities that they would 
like to pose for researchers. For each activity, we provided short 
definitions as a reminder and examples to prevent potential 
confusions about terminology to ensure that participants really 
understood the question. For instance, the question on research 
topics in criteria-based test-case design including the relevant 
definitions and examples was as follows: 

Please list below your concrete challenges in the area of "Test-case 
design (criteria-based)" on which you would consider collaborations with 
software testing researchers (please separate multiple items by commas) 

Test-case design (criteria-based): Designing test suites (set of test cases) 
or test requirements to satisfy coverage criteria, e.g., statement coverage 
and/or branch coverage 

In total, we collected 105 data points from four sources. First, we 
sent invitations to testing practitioners in our contact network. We 
also posted messages in relevant online outlets and social media. 
We received only 16 data points from the online survey. Note that 
our sampling method was ‘convenience sampling’, which is the 
dominant survey and experimental approach in SE [20].  

Since the number of data points from the online survey was low, 
we decided to gather more data points from three other data 
sources as discussed next. In the context of a graduate course in 
the University of Southern Denmark, we used the opportunity to 
ask students to personally gather the data for the survey from 
several industry partners. We received 12 data points from that 
channel. As the third data source, we realized that there were 
relevant data provided by a 2010 survey of software testing 
practices in Canada [3], in which the first author was involved. 
One question of that survey was about “Challenges posed [by 
practitioners] for the research community” (Question# 29 of [3]). 
Using qualitative coding, we mapped the reported challenges to 
the current classification (see above), e.g., the following verbatim 
need of a survey participant: “Complexity of maintaining and 
documenting test plans and test results” was qualitatively 
classified under test activities “Test scripting” and “Test-result 
reporting”. The need “Automated GUI testing - not supper stable” 
was qualitatively classified under “Test automation”. In total, we 
collected 63 data points from this data source. We also had access 
to a list of 14 IAC projects from one of our previous papers (see 
[2]). Similar to the previous dataset, using qualitative coding, we 
mapped the topics of those projects to our classification. For 
example, a project with the following need: “Lack of a systematic 
approach to decide what test cases to automate in software 
testing” was mapped to test activity “Test management”. We 
extracted 14 data points from this source.  

In total, our dataset comprises 105 data points which we analyze 
next. The entire raw survey data can be found online [21]. 
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4. RESULTS AND ANALYSIS 
This section presents the study results by giving a demographic 
overview, followed by the elaboration of the RQs, and a 
discussion of the threats to validity. 

4.1 Demographics 
The first question asked for the respondent’s country of residence 
to get a sense of how distributed (and representative) our dataset 
is. Figure 1 shows five countries represented in the dataset. The 
authors’ country of residence have influenced the geographical 
composition of the dataset. However, in our past surveys of 
testing practices in Canada and Turkey [3, 15] and by comparing 
them to results of other surveys in the literature, we have not 
observed major differences among the practitioner communities 
and their challenges in different countries. Thus we think that the 
dataset is quite representative, given the fact that we had no 
choice, but to use the “convenience” sampling technique. 

 
Figure 1- Breakdown of the dataset by countries 

4.2 RQ 1: Level of challenge in each type of 
test activities 
Figure 2 shows the histograms of the level of challenges in each 
testing activity. For most of the nine testing activities, many 
respondents reported not having any challenges at all. This either 
denotes the high maturity/capability of respondents and their 
teams, and/or simplicity of testing tasks in their domains. Yet, 
there are slightly more challenges reported for the last three items, 
as discussed next. 

 
Figure 2 – Histograms of the level of challenges in each 

testing activity (0=no challenges at all .. 4=lots of challenges) 

To analyze the trends more objectively, we normalized the levels 
of challenges in the entire dataset, in the range of [0,1], as shown 
in Figure 3, which is interpreted as follows: If all respondents had 
mentioned, in the rubric, the value of 4 (Lots of challenges) for a 
given testing activity, the normalized level of challenge in that 
testing activity would have been 1. 

Figure 3 shows that test management, automation/tools and 
“other” test activities have rated highest by practitioners 
concerning the level of challenges, compared to test-case design, 
scripting, execution, evaluation (the oracle problem) and test-
result reporting. These trends seem to confirm our finding in a 
recent paper [22], i.e., highlighting that testing researchers and 
practitioners are “Living in two different worlds”, meaning that 
industry and academic focus areas in software testing are disjoint. 
As we reported in [22], while “researchers in academia feel 
excited by theoretically-challenging issues”, e.g., search-based 
test-case design, practicing test engineers would like to find ways 
to improve effectiveness and efficiency of testing (e.g., by better 
support for managing test automation) and are generally less 
interested in ‘fancy’ methods or techniques, which they consider 
too complicated to implement and deploy in practice. 

 
Figure 3 - Normalized level of challenges in each type of 

testing activity (max=1) 

4.3 RQ 2: Concrete research topics posed by 
industry for academia  
Table 1 presents a selection of specific research topics posed by 
practitioners (191 topics in total). The topics are classified 
according to the nine test activities, plus the “Training” group, 
which we extracted from “Other challenges” group. There was 
generally a correlation between the number of topics and the level 
of challenge in each type of test activities, i.e., if a practitioner 
had reported a high challenge for a given test activity, s/he 
reported more research topics in this group (to address those 
challenges). The full list of topics can be found in the raw data 
file [21].  

With 41 and 40 topics, test management and automation have the 
largest share of topic proposals. We would like to invite the 
research community to consider these topics as potential topics 
for research projects.  

Table 1-Specific research topics posed by practitioners 
Test activity/ 
Number of 
topic proposals  

Example topics suggested 

Test-case design 
(criteria-based)/ 
18 

Tracing from requirements to test specifications with a meaningful 
coverage metric; We have reviewed the literature w.r.t. criteria-based 
test-case design, but they are quite heavy for use; Can they be made 
more light-weight?; Assessing how quality of requirements impact 
quality of test-case design and how quality of design affects testing; 
More research in design testability is needed 

Test-case design 
(human 
expertise)/ 11 

Correlation between domain knowledge and tester skills; Exploratory 
testing is a must for embedded software testing area. But it makes the 
quality of test process dependent on quality of test operator; Exploratory 
testing is very hard to document or track; There may be a way or process 
to make exploratory tests more documented or traceable which results 
regression tests are always cover the previous exploratory paths and add 
a step over them 

Test scripting/ 
15 

There is a need for better tool support for automated test script 
generation form test specification; Manual test scripts should be 
detailed so that new testers can execute them. Tool support in this area 
is needed; Manual test cases are often very long. Perhaps new domain-
specific languages (DSL) are needed to simplify manual test cases 

Test execution/ 
12 

It is effort-intensive to setup test environments for the same SUT for 
different clients. Any method to do this more efficiently?; Test 
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execution for real-time embedded systems is a less studied subject; 
Time deterministic, scenario-based message traffic test tools are not 
mature enough; In manual test execution, the question that I would like 
to pose for researchers is: how can we increase effectiveness and 
efficiency? 

Test evaluation/ 
9 

For some of our complex products, the test oracle problem (test 
evaluation) is not trivial, e.g., for GPS software. Any help from 
academia? 

; The automation tool don't always give the needed output. It is difficult 
to evaluate upon wrong outputs; Need for test result analysis tools  

Test-result 
reporting/ 12 

Better test management reports; In bug reporting, we are struggling a 
bit with the issue of quality of bug reports. What constitutes a good bug 
report? How to write them short, but convey all the required info?; We 
have the issue of "false positive" defects as reported by our test 
automation tools. For example, if the 1st assert fails, the next asserts 
will also fail, but the defect is from the first one.  

Test 
management/ 41 

Testing system of systems; test ROI calculation; better risk metrics; 
Which tests do we have to select for at which stage in a development 
project to balance test effort and finding defects early; How can we 
objectively assess the effectiveness and efficiency of test management 
in our context?; Test size and effort estimation  

Test automation/ 
40 

Automated test-case generation; Better integration of test automation 
tools; metrics for test automation; easy test automation (e.g. DSL, 
tables); fully automated test-script generation; Using testing tools to 
automate tests that interact with the hardware devices; We would like 
to automate the decision, which tests to execute at which time within a 
development project; Determining need of test automation 

Training/ 10 More education on adapting open-source tools; Confusion among 
engineers about QA, QC, Testing, Validation and Verification; Critical 
thinking - testers are not monkeys, we have critical thought, training 
needed!; Lack of trained staff for automation testing 

Other 
challenges/ 23 

Regression testing of complex legacy software; As independent V&V 
teams, we have the issue of test "politics" in some of our projects. Some 
developers are very defensive in having their defects revealed and thus 
they pressure the testers to not reports defects in their developed SW 

4.4 Limitations and threats to validity 
We took steps to mitigate or minimize potential threats to the 
validity of our study, which could be of types internal, construct, 
conclusion, and external validity [23] . A threat to internal validity 
in this study could lie in the selection bias (i.e., randomness and 
representativeness of the data points). Since we collected data 
from four sources and from different contexts and countries, we 
consider the selection bias minimized. Construct validity in this 
study relates to whether we actually gathered practitioners’ 
opinions about what industry wants from academia in software 
testing. Since all the four data sources included direct opinions of 
practitioners, this threat was mitigated. Conclusion validity deals 
with whether correct conclusions were reached through rigorous 
and repeatable treatment. We analyzed and discussed the trends 
in aggregated form about the level of challenges and also open 
topics/challenges raised by practitioners. For RQ 1, we reduced 
the bias by seeking support from the 5-point Likert scale data in 
the survey. Thus, all the conclusions we have drawn in this study 
are strictly traceable to data. As for external validity, although our 
sample size is limited, it provides a snapshot of practitioners’ 
opinions. Thus, although some general trends are depicted, we 
cannot generalize the results of this study to all practitioners.  

5. CONCLUSIONS AND FUTURE WORK 
By gathering 105 data points (practitioner opinions) from four 
different data sources and from five different countries, this study 
identified a first big picture of industry expectations on academia 
and its software testing research efforts. 
Findings of this study confirmed findings of a recently published 
study [22], highlighting that industry and academic focus areas in 
software testing are disjoint. In particular, [22] reports that while 
researchers tend to be more interested in theoretically challenging 
issues, e.g., search-based test-case design, test engineers in 
practice are more looking for options to improve effectiveness 
and efficiency of testing. In addition to this finding, our study 
resulted in 191 research topic proposals of which, notably, test 
management and test automation were among the highest ranked 

topics. Our collection of topic proposals thus hopes to shape 
future research directions in (practically relevant) software testing 
research. 
Our future work directions include the following: (1) to conduct 
joint IAC in testing in the areas identified in this study; and (2) to 
continue collecting practitioners’ perceptions about practically 
relevant research directions. 
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