D
/p (i ) )
\\\\‘|'////
ENACTEST

ENACTEST

European Innovation Alliance for Testing Education

WWW.ENACTEST-PROJECT.EU

ENACTEST D3.2: Report with the
identification of industry needs and
voids to be fulfilled by the testing
capsules

Edited by: Nele Van Asch, Graham Moran, Beatriz Marin
Contributing partners: ENACTEST WP3 partners
Submission date: March 2025

Confidentiality level: Public



ENACTEST D3.2: Report with the identification of industry needs and voids 2

CONEENTS <ttt ettt e b e st e ae st e s bt e bt e bt s aesanessaesnis 2
GLOSSANY .uvitiereeieeteie ettt st st s et e st e st e st e s b e s st et et e s e s b e ebe s st e st e st esaseese e st e st ansasseeseeneenaententensesseeneentans 3
EXECULIVE SUMIMAIY c.eeiiiiiieeiietertenteit et st e st s e e st e tesbe st e satesaeessa e sasssesasesasesssessaessasssesnsesssesssensessseensens 4
1 INEFOAUCTION ettt ettt sttt st b e bt et b et sesb et et ebesseneenessens 5
2 Summary of FOCUS Groups PerfOrmMed........coceecvecieriinerinierteieseeeeeetesteste e st ssessessessesnneneens 6
2.1 o Tl [ €T ¢ 1] o BT =11 o] o 3RS 6
2.2 FOCUS GrOUP CONCIUSIONS ..vviuveiieeieeieetecteeeteeteetesteeeesaesseesteeseeseesraesseessesssesssesssessessseensens 8
3 Mapping literature review of INAUStIY NEEAS........cevirireririeeerereeeeee et 9
4 Commonalities & VOids MAPPING ...cccvevieierierererereetestesiestesreseesessessessessesseeseessessassassassesssessenes 15
4.1  Themes covered by ENACTEST CAPSULES ....cceverirrierieriinereeeeteiesteseeeeeeetesaessesaesneesseneens 21
4.2  Themes not covered by the ENACTEST CaPSULES ....ccvevviereririrrienienieneeeeeetesiesreseeseeseneens 23
5 SUMMANY & CONCLUSION ...oviieiiieierieeeete ettt st e st estestesae s e e s e s et assassesseeseessansassassesssensensenes 25
REFEIENCES ...ttt sttt b et et b ettt b et et s st be e et ebesbennenensens 26

ENACTEST



ENACTEST D3.2: Report with the identification of industry needs and voids

Glossary

Abbreviation Description
HE Higher Education
KTT Knowledge and Technology Transfer
LE Large Enterprise
LTEM Learning-Transfer Evaluation Model
MBT Model-Based Testing
PDPP Planning, Development, Process, and Product evaluation
ROI Return of Investment
SME Small and Medium-sized Enterprise
VET Vocational Education and Training
WP Work Package
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Executive summary

This work package is related to properly characterising industry needs about testing. We identify
two viewpoints that we need to consider: the training strategies that companies need to apply to
their employees and the knowledge transfer among team members. First, we need to clearly
identify companies' needs and pains regarding testing education. Later, we need to identify
patterns and define strategies to facilitate knowledge transfer and improve their training efforts.
This work package is directly related to fulfilling the SO2: To categorize the industry needs and pains
concerning technical skills and testing skills to identify topics and skills that are fundamental to
include in academic curricula. In particular, this report presents the voids in training needs and
knowledge transfer identified in the practice of testing in industry.
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1 Introduction

The main goal of WP3 in ENACTEST is to categorize the industry needs and pains concerning
technical and testing skills to identify topics and skills that are fundamental to include in academic
curricula. Towards this goal, we study the practice of testing in industry to clearly identify their
needs, taking into account two aspects: the training strategies that companies need to apply to their
employees and the knowledge transfer among team members. To perform such observations, we
will use focus groups with key actors and apply data analysis of the existing data on these processes
in the industry. This deliverable summarises the results of the focus group studies we have
performed with our industrial actors.

In addition, to gain a broad view of the industry's testing needs, we conduct a systematic mapping
literature review to identify the industry's testing and knowledge transfer needs as published in
various venues. We codify the information gathered from the mapping review and identify the
commonalities with the codes identified from the expert focus groups.

Finally, we identify the gaps (voids) we need to fill with novel approaches. The capsules defined in
the ENACTEST project already cover some of these gaps. Moreover, we identify that there are still
gaps that require further research and development. Therefore, the content of this deliverable and
the results reported here will also be used to shape the final results of the ENACTEST project and as
a basis for a new project proposal.
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2 Summary of Focus Groups Performed

Focus groups were carried out with representative companies from within the industry to gather
data about current practices in software testing training and knowledge transfer within the
industry. Deliverable D3.1 shows details of the focus groups conducted to classify the industry's
software testing needs and knowledge transfer needs.

Figure 1 shows how the focus groups related to the overall study procedure for the focus groups.
There were three phases, where focus group sessions were planned (A), focus group sessions were
carried out (B), and results from the focus group sessions were thematically analysed (C).

Plannlng of the sessions ,' """"""""""""""""""""" i

Draft Instrument I Refmed Instrument Fmal Instrument Focus group 1 '
Consortium Review u '

v : ;

/ Thematic Analysis & « ° :
@ Y =) Focus group 2 " :
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—_— ‘\“V/\ «— )
e 9 /= Group 2
Final Thematic Map \
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Group 3 Industrial

K Thematic Maps / ________________________________ Actors___:

FIGURE 1 Focus GROUP STUDY PROCEDURE

A. Planning of focus group sessions

An instrument was drafted by the consortium partners involved in WP3, which covered three areas:
data collection for testing training, knowledge gaps, and knowledge transfer. The following
summarises the topics that questions to be asked in the focus group sessions set out to cover:

Part 1: Software Testing Training

- Demographics of software testing training at the participant’s company
o Type (internal or external) and Topic
- Mode of Delivery of training given at the participant’s company
o Delivery mode (virtual, on-site), Evaluation method (Exercises, questionnaire, example cases),
training material used (slides, case studies, software)
- Adequacy of the training to current needs
o  Theory vs practice, interaction, learning evaluation, and things missing from the training.

Part 2: Knowledge Gaps and Void

ENACTEST



ENACTEST D3.2: Report with the identification of industry needs and voids 7

- Gapsin software testing education, training, business knowledge, tooling, and current practices
- Needed skills from a five-year perspective.
- Waysto fill the gaps.

Part 3: Knowledge Transfer

- Knowledge transfer process at the participant’s company
o Mode and direction of transfer (formal or informal), Budged assignment
- Mediums of knowledge transfer
o Types of sessions, Tools used, and material used for facilitating knowledge transfer

It’s worth noting that, while drafting up this instrument, a diverse set of industrial actors were
identified, working in six domains. The key industrial actors were informed about the study and
asked to provide a list of potential participants relevant to the study. Based on convenience
sampling, a total number of 12 participants was reached who participated in the two focus group
sessions (as well as interview sessions).

B. Sessions and Transcription

The focus group sessions were carried out by three working groups, who were also responsible for
analysing collected data and reviewing the reported results of the other groups. The working groups
organised three focus group sessions based on the participants' availability.

The selected participants who agreed to participate in the sessions were briefed in advance about
the ENACTEST project. Two sessions were planned and executed as focus groups, following the
guidelines [1]. In addition, the third working group used interviews as a research method to collect
data from three interviews.

Consent was obtained from the participants to record the focus groups and the sessions. They
lasted at least an hour and some up to two hours. The recorded audio files of the session were
transcribed and anonymized to omit confidential information. The transcription of three interviews
and two focus groups resulted in 70 pages of Word documents again subjected to anonymization of
confidential information. The resultant documents were analysed following the guidelines for the
thematic analysis method for qualitative data analysis.

C. Thematic Analysis

Following the guidelines proposed by Braun and Clarke [2], a thematic analysis approach was
applied to analyse the output of the focus group sessions. The following concepts were applied to
this analysis:

— Themeis an abstraction of a commonly occurring pattern within qualitative data.

— Sub-Theme is an abstraction of a sub-pattern within a theme.

— Codes act as labels assigned to chunks of qualitative data (such as sentences) for indexing.

— A Thematic Map is a visual or tabular representation of the extracted themes, sub-themes,
and codes.
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Following the cited guidelines, the recorded transcripts from the focus group sessions were
independently coded. The coded transcripts were then analysed for reoccurring themes and
subthemes. As a result, three thematic maps were derived from the sessions. Members of the
working groups reviewed each other's coded transcripts and thematic maps, identifying 60 themes
and sub-themes with frequencies.

From the three sessions carried out, several trends emerged, which were grouped into three main
topics:

1. Training given up to now

From the focus group sessions, internal on-the-job training was the preferred type of training given
within companies, mainly on the fundamentals of software testing and tools used to test software.
Techniques for testing software and acquiring specific domains seemed important for companies.

Ongoing pre-recorded online training from training platforms was a preferred method for delivering
training, butinternal mentoring came out on top by far, showing that companies within the industry
support internal mentoring among engineers.

Companies considered that the level of experience of trainers was of utmost importance when
delivering training and sometimes presented a challenge with training being currently being
offered. The industry prefers Practical training where the applicability of the training received is
highly valued.

2. Knowledge gaps and voids

The focus groups identified gaps such as technical knowledge in the industry and considered skills
such as using Artificial Intelligence to test software and being able to test Artificial Intelligence,
cybersecurity testing, communication abilities and using new test tools as important skills going
forward for the next 5 years.

3. Knowledge transfer

The principal form for transferring knowledge within the industry, identified by the focus groups,
was internal mentoring among engineers, where knowledge is directly handed down. It was also
highlighted that companies particularly rely on internal online repositories for storing knowledge
and making it available to others.
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3 Mapping literature review of Industry needs

To compare the results of the focus groups and truly identify where the needs are, we started our
second phase of the research using the question, “What does industry literature say about current
and future trends for software testing skills?”, and out of this question we distilled a few keywords
that we could use during our search for industry literature. The predefined set of keywords were:

- Software tester skills

- Quality assurance skills

- QAskills

- Future of software testing

- Future skills software testing

Based on these keyworks, we searched many digital sources to ensure that the reports and articles
identified were sufficiently representative.

We first searched reputable sources and selected more than 50 articles and reports that could be
used for this purpose. To filter out unrepresentative articles and reports, we used predefined
inclusion and exclusion criteria to determine whether or not a given paper was good enough to be
included. These criteria were:

What was the data for the publication based on, or how was it gathered?

- No real basis shown (exclude)

- Based on previously published reports from other reputable sources (include)

- Based on a survey carried out using a representative number of participants (include)
How many years has the source been publishing industry information?

- More than 5 years from 2024 (exclude)

- Last 5 years from 2024 (include)

The following figure schematizes the process performed for the literature review:

Inclusion
&exclusion
criteria

What does industry
literature say about
current and future trends
for software testing skills?,

Filter literature
according to criteria

Identify software testing
skills for next 5 years

Literature

FIGURE 2 LITERATURE REVIEW PROCESS
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Starting with an initial overview of 30 papers widely known to be relevant, presenting industry
needs, we ended up with more than 70 after conducting the literature review and a snowballing
technique. To do this, we used different platforms (such as SCOPUS and Google Scholar for scientific
literature and Capgemini, Practitest and TestSigma for industrial reports) and checked the
references to include them in the snowballing process. We checked whether these published papers
matched the search criteria (with the predefined keywords) and met the inclusion and exclusion
criteria described above to see whether the reports were qualified for us to use in the selected
papers. For the snowballing selection, we used all collected papers selected from the initial search
after applying the inclusion/exclusion criteria and checked if any references to other reports could
also be used (1-step forward snowballing). After re-evaluating all published papers with the same
categories, as mentioned above, and not including duplicates, we concluded that more than 70
papers would be part of our review. Concretely, after the search, we compiled a list of 71 reports,
where 43 reports were the result of the initial search and 28 extra papers where the result of the
snowballing techniques was used.

Based on the list, we categorised each paper according to:

- Age: noolder than 5 years from 2024, to ensure the relevance of the reports in this project

- Reference paper: used as a starting point for the snowball technique

- Snowball: was this paper a result of the snowball technique, and if so, which paper was
used

- Selected: based on the date of publication, we decided if this literature was to be used for
our further research and review by all partners.

After the categorization of papers, we finally left with 37 papers for the mapping review (28 from the
initial search and 9 from the snowballing process). The following table shows the reports included
in our mapping review.

ID Title Year Reference
1 5tips for effective Training Needs 2022 https://corporate.britishcouncil.org/insi
Analysis to future proof your business ghts/5-tips-for-effective-training-needs-
analysis-to-futureproof-your-business
2 Alfor Testing Today and Tomorrow: 2019 King, T. M., Arbon, J., Santiago, D.,
Industry Perspectives Adamo, D., Chin, W., & Shanmugam,

R. (2019, April). Al for testing today and
tomorrow: industry perspectives.
In 2019 IEEE international conference
on artificial intelligence testing
(AlTest) (pp. 81-88). IEEE.

3 Augmented Testing: Industry Feedback 2019 Nass, M., Alégroth, E., & Feldt, R.

To Shape a New Testing Technology (2019, April). Augmented testing:
Industry feedback to shape a new

testing technology. In 2019 ieee
international conference on software
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11

12

13

11

ChatGPT and Software Testing
Education: Promises & Perils

Closing the Gap Between Software
Engineering Education and Industrial
Needs

Exploring the Profiles of Software
Testing Jobs in the United States

Gap between academia and industry:

case of empirical evaluation of three
software testing methods

Myths and Facts about a Career in
Software Testing: A Comparison
between Students' Beliefs and
Professionals' Experience

On the roles of software testers: An
exploratory study

The skills that employers look for in
software testers

Studies on the Software Testing
Profession

25 Top Software Testing Trends to Look

Out for this Year

What 5 Million Job Advertisements Tell

Us about Testing: a Preliminary
Empirical Investigation

2023

2020

2021

a 2019

2023

2023

2019

2019

2023

2020

testing, verification and validation
workshops (icstw) (pp. 176-183). IEEE
Jalil, S., Rafi, S., LaToza, T. D., Moran,
K., & Lam, W. (2023, April). Chatgpt
and software testing education:
Promises & perils. In 2023 IEEE
international conference on software
testing, verification and validation
workshops (ICSTW) (pp. 4130-4137).
IEEE.

Garousi, V., Giray, G., Tuzun, E., Catal,
C., & Felderer, M. (2019). Closing the
gap between software engineering
education and industrial needs. IEEE
software, 37(2), 68-77.

Kassab, M., Laplante, P., Defranco, J.,
Neto, V. V. G., & Destefanis, G. (2021).
Exploring the profiles of software testing
jobs in the United States. IEEE
Access, 9, 68905-68916.

Farooq, S. U. (2019). Gap between
academia and industry: a case of
empirical evaluation of three software
testing methods. International Journal of
System Assurance Engineering and
Management, 10(6), 1487-1504.

de Souza Santos, R., Capretz, L. F.,
Magalhées, C., & Souza, R. (2023).
Myths and Facts about a Career in
Software Testing: A Comparison
between Students’ Beliefs and
Professionals’ Experience. IEEE
Software, 40(5), 76-84.

Florea, R., Stray, V., & Sjgberg, D. I.
(2023). On the roles of software testers:
An exploratory study. Journal of
Systems and Software, 204, 111742.
Florea, R., & Stray, V. (2019). The skills
that employers look for in software
testers. Software Quality Journal, 27(4),
1449-1479.

Capretz, L. F., Waychal, P., Jia, J.,
Varona, D., & Lizama, Y. (2019, May).
Studies on the software testing
profession. In 2019 IEEE/ACM 41st
International Conference on Software
Engineering: Companion Proceedings
(ICSE-Companion) (pp. 262-263).
IEEE.
https://testsigma.com/blog/top-software-
testing-trends-to-look-out-for-in-2022/

Cerioli, M., Leotta, M., & Ricca, F.
(2020, March). What 5 million job
advertisements tell us about testing: a
preliminary empirical investigation.

In Proceedings of the 35th Annual ACM
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15

16

17

18

19

20

21

22

23

24

25

12

Quantum software testing State of the 2021
art

state_of_testing_report_2022 2022
World quality report 2022 - 2023 2022
state_of_testing_report_2023 2023
World quality report 2023 - 2024 2023
Mentoring as a Tool: To Bridge the gap 2020
between industry and academia for
undergraduate students

Beyond Technical Skills in Software 2020
Testing: Automated versus Manual

Testing

Practical relevance of software 2020
engineering research: synthesizing the
community's voice

Exploring the industry's challenges in 2020
software testing: An empirical study

A taxonomy of common engineering 2023
activities and competencies

Industry perceptions of the 2023
competencies needed by novice

software tester

A pragmatic look at education and 2024

training of software test engineers:
Further cooperation of academia and
industry is needed

Symposium on Applied Computing (pp.
1586-1594).

Garcia de la Barrera, A., Garcia-
Rodriguez de Guzman, 1., Polo, M., &
Piattini, M. (2023). Quantum software
testing: State of the art. Journal of
Software: Evolution and Process, 35(4),
€2419.
https://www.practitest.com/assets/pdf/st
ate-of-testing-report-2022v10.pdf
https://www.capgemini.com/wp-
content/uploads/2022/10/WQR-2022-
Report-Final.pdf
https://www.practitest.com/assets/pdf/st
ot-2023.pdf
https://www.capgemini.com/insights/res
earch-library/world-quality-report-2023-
24/

Pradhan, S., & Kreglicki, M. (2020).
Mentoring as a Tool: To Bridge the gap
between industry and academia for
undergraduate students. Australasian
Association for Engineering Education.
Sanchez-Gordén, M., Rijal, L., &
Colomo-Palacios, R. (2020, June).
Beyond technical skills in software
testing: Automated versus manual
testing. In Proceedings of the
IEEE/ACM 42nd International
Conference on Software Engineering
Workshops(pp. 161-164).

Garousi, V., Borg, M., & Oivo, M.
(2020). Practical relevance of software
engineering research: synthesizing the
community’s voice. Empirical Software
Engineering, 25, 1687-1754.

Garousi, V., Felderer, M., Kuhrmann,
M., Herkiloglu, K., & Eldh, S. (2020).
Exploring the industry's challenges in
software testing: An empirical

study. Journal of Software: Evolution
and Process, 32(8), e2251.

Crossin, E., Richards, J. I., Dart, S., &
Naswall, K. (2023). A taxonomy of
common engineering activities and
competencies. Australasian Journal of
Engineering Education, 28(2), 181-193.
Hamid, B., & lkram, N. (2024). Industry
perceptions of the competencies
needed by novice software

tester. Education and Information
Technologies, 29(5), 6107-6138.
Garousi, V., & Keles, A. B. (2024, May).
A pragmatic look at education and
training of software test engineers:
Further cooperation of academia and
industry is needed. In 2024 IEEE
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26

27

28

S1

S2

S3

S4

S5

S6

S7

13

state_of_testing_report_2024

World quality report 2021

world quality report 2020

Aligning software engineering
education with industrial needs: A
meta-analysis

Exploring human factors of the agile
software tester

Software testing and code refactoring:
A survey with practitioners

Soft and hard skills of software testing
professionals: A comprehensive
survey

What Are Massive Open Online
Courses (MOOCs) Teaching About
Software Testing?

Developing Your Software Engineering
Career: Words of Advice From
Seasoned Professionals

On the industrial applicability of
augmented testing: An empirical study

2024

2021

2020

2019

2022

2023

2023

2024

2023

2020

International Conference on Software
Testing, Verification and Validation
Workshops (ICSTW) (pp. 354-360).
IEEE.
https://www.practitest.com/assets/pdf/st
ot-2024.pdf
https://www.capgemini.com/insights/res
earch-library/world-quality-report-wqr-
2021-
22/#:~:text=The%20WQR%202021%20
shows%20that,being%20given%20broa
dly%20equal%20weight.
https://www.capgemini.com/insights/res
earch-library/world-quality-report-wqr-
20-21/

Garousi, V., Giray, G., Tuzln, E., Catal,
C., & Felderer, M. (2019). Aligning
software engineering education with
industrial needs: A meta-

analysis. Journal of Systems and
Software, 156, 65-83.

Stray, V., Florea, R., & Paruch, L.
(2022). Exploring human factors of the
agile software tester. Software quality
journal, 30(2), 455-481.

Lima, D. L., Santos, R. D. S., Garcia, G.
P., Da Silva, S. S., Franga, C., &
Capretz, L. F. (2023, October).
Software testing and code refactoring: A
survey with practitioners. In 2023 IEEE
International Conference on Software
Maintenance and Evolution

(ICSME) (pp. 500-507). IEEE.

Valle, P. H. D., Vilela, R. F., Guerino,
G., & Silva, W. (2023, November). Soft
and hard skills of software testing
professionals: A comprehensive survey.
In Proceedings of the XXII Brazilian
Symposium on Software Quality (pp.
90-99).

Dziugaité, N., Ardic, B., & Zaidman, A.
(2024, April). What Are Massive Open
Online Courses (MOOCs) Teaching
About Software Testing?.

In Proceedings of the 5th ACM/IEEE
International Conference on Automation
of Software Test (AST 2024) (pp. 204-
208).

Hochstein, L., Lanubile, F., Nolan, L., &
Prikladnicki, R. (2023). Developing Your
Software Engineering Career: Words of
Advice From Seasoned

Professionals. IEEE Software, 40(05),
29-33.

Nass, M., Alégroth, E., & Feldt, R.
(2020, October). On the industrial
applicability of augmented testing: An
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S8

S9

14

empirical study. In 2020 ieee
international conference on software
testing, verification and validation
workshops (icstw) (pp. 364-371). IEEE.

Analysis of the gap between software 2024 Hanna, S. (2024). Analysis of the gap
testing courses at universities and the between software testing courses at
needed skills by industry universities and the needed skills by

industry. International Journal of
Learning Technology, 19(2), 203-242.
Hey teachers, teach those kids some 2023 Ardic, B., & Zaidman, A. (2023, May).
software testing Hey teachers, teach those kids some
software testing. In 2023 IEEE/ACM 5th
International Workshop on Software
Engineering Education for the Next
Generation (SEENG) (pp. 9-16). IEEE.

Those published papers (37) were then divided among the different partners to avoid bias and
misclassifications for analysis, where each partner read the papers assigned to them and extracted
the information related to common trends and future skills required for software testing. The
following columns were used to gather as much information as needed from the papers:

Empirical validation: is this report a result of an empirical study

Representative domain: to which domain does the report belong

Identified needs: by reading the report, which needs were identified in it and named as
important

Identified solutions for needs: in case the needs were named and there were solutions
described in the report, they could be placed here

Identified knowledge transfer possibilities: which training possibilities were used to deliver
the training; this could go from training on the job to in-depth interviews, etc.

Identified tools for knowledge transfers: if in the reports any tools were named that have
been used as tools to bring over knowledge transfer, they could be added here.

Identified risk: most of the reports end with a conclusion where they identify one or more
risks that have been identified during the research.

The gathered information was used to complete a tabled matrix codifying the industry needs and
trends obtained from literature, which was used later to map the trends and needs with the ones
obtained from the focus groups. Those trends and needs were concluded by the mappings
described in Section 4. As a conclusion of the mapping review of literature, we had an overview of
needs, solutions (if suggested), and tools currently used within the industry. From there, we
generated the mappings as described in the next section.
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4 Commonalities & Voids’ Mapping

As we now had the output from the focus groups coded and output from the industry literature
coded, the next step in our analysis was to identify commonalities and uniqueness between the two
(the focus groups and the literature review).

This was achieved by defining the focus group codes (CE codes), see table in section 4.4.1, and
comparing these codes with the coded industry literature, identifying both common codes and
unique codes between the two, see tables in section 4.4.2. which in turn would highlight common
and unique themes. Various partners compared this to ensure that results were as consistent as
possible.

4.4.1 Definition of CE codes
1. Training

1.1 Type of Training

CE Code Description One-liner Explanation

. Training provided by external External courses help professionals gain
CE1 External training

institutions or vendors. structured expertise in testing.

. Training conducted within the Internal training ensures teams align with
CE2 Internal training

organization. company-specific testing standards.

. . Learning while performing daily Hands-on experience reinforces learning
CE3 On-the-job training

tasks. through real-world scenarios.

Training on structured testing Understanding methodologies enhances
CE4 Test methodology

approaches. testing efficiency and coverage.

CE5 Test tools

CE6 Fundamentals of
testing

CE7 Domain knowledge

CES8 Testing techniques

CE9 Manual testing

CE10 Exploratory testing

Learning how to use software
testing tools.

Basic testing concepts and best
practices.

Understanding industry-specific
testing needs.

Training on different testing
strategies.

Hands-on execution of test cases
without automation.

Ad-hoc testing based on intuition
and experience.

Mastering the right tools improves
automation and testing effectiveness.

A strong foundation is key to building
expertise in software testing.

Domain knowledge helps testers design
relevant and effective tests.

Using diverse techniques ensures
comprehensive test coverage.

Manual testing is crucial for exploratory and
usability testing.

Exploratory testing helps uncover hidden
defects.
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CE11 Automated testing

CE12 Non-functional
testing

CE13 Al training

CE14 Training not related
to testing

Using scripts and tools to run test

cases.

Testing for performance, security,

and usability.

Understanding Al applications in

testing.

Soft skills or other professional
development.

Automation speeds up testing and enhances
reliability.

Ensures the software meets quality attributes
beyond functionality.

Al can optimize test case generation and
defect detection.

Soft skills like communication are essential
for team success.

1.2 Delivery Method for Training

CE Code

Description

One-liner Explanation

CE15 Online training in-
person

CE16 Online training pre-
recorded

CE17 In-person

CE18 One-to-one

CE19 Group training

CE20 Mentorship

CE21 Learning through
experience

CE22 Ongoing / continuous

CE23 Lunch sessions

Instructor-led virtual learning.

Self-paced online courses.

Classroom-based training.

Individual coaching or training.

Learning in teams or cohorts.

Learning from experienced
professionals.

Gaining skills via practical
exposure.

Continuous professional
development.

Informal learning discussions.

Interactive sessions ensure real-time
engagement and feedback.

Enables flexibility but may lack engagement.

Provides hands-on learning with direct trainer
interaction.

Personalized guidance accelerates skill
development.

Group training fosters collaborative problem-
solving.

Mentorship bridges knowledge gaps and
provides career guidance.

Experience-based learning is highly effective
for skill retention.

Staying updated with evolving industry trends
is crucial.

Encourages knowledge sharing in a relaxed
setting.

1.3 Challenges and Adequacy of Training

CE Code Description One-liner Explanation
CE24 Good mix of theory & | Balancing conceptual and hands- A blend of theory and practice enhances
practical | on learning. learning effectiveness.
. Training lacks real-world Overly theoretical courses may not prepare
CE25 Too theoretical o . .
application. trainees for real scenarios.
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CEZ26 Experienced trainer

CE27 Exams

CE28 Exercises
CE29 Not applicable to day-
to-day context

CE30 Applicable to day-to-
day context

CE31 Depends on personality
of trainee

The impact of trainer expertise.

Assessing knowledge through
tests.

Practical activities to reinforce
learning.

Training does not match real work

needs.

Training aligns with job
responsibilities.

Learning effectiveness varies per

individual.

A skilled trainer enhances learning
outcomes significantly.

Exams validate understanding but may not
measure practical skills.

Hands-on exercises help translate theory
into practice.

Irrelevant training reduces engagement and
impact.

Practical training ensures immediate
applicability in the workplace.

Personal motivation influences training
success.

2. Knowledge Gaps and Voids

2.1 Gaps and Voids

CE Code Description One-liner Explanation
. Lack of clarity in quality Standardized guidelines ensure consistency in
CE32 Quality standards .
benchmarks. testing.
o . Clear guidelines improve test planning and

CE33 Guidelines | Absence of clear testing protocols. .

execution.

CE34 Technical | Gaps in understanding of Keeping up with technology advancements is
knowledge | technology. essential.

2.2 Needed Skillsin 5 Years

CE Code Description One-liner Explanation
. . Al will play a major role in software quality
CE35 Al | Al-driven testing trends.
assurance.
. . Demand for cybersecurity Security testing is crucial for safeguarding
CE36 Security testing . o
expertise. applications.
Future advancements in testing Mastering modern tools is key for effective
CE37 Test tools .
tools. testing.
. Emerging trends in software Staying ahead in tech ensures relevance in the
CE38 New technologies .
development. industry.
CE39 Communication | Soft skills needed in testing Strong communication fosters team
skills | roles. collaboration and efficiency.
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CE40 Product knowledge

CE41 General engineering

CE42 End-user oriented

CE43 Business oriented

CE44 Work closer with
business

CE45 Accessibility testing

CE46 Performance testing

CE47 Compliance testing

Understanding the software
being tested.

Broader engineering knowledge.

Focusing on user needs.

Aligning testing with business
goals.

Collaborating with stakeholders.

Ensuring software is usable for
all, including disabled users.
Testing system speed and
responsiveness.

Ensuring adherence to regulatory
requirements.

Evaluating software for fairness

Deep product knowledge improves testing
accuracy.

Testers benefit from understanding software
development principles.

Testing should prioritize real-world usability
and accessibility.

Understanding business impact improves test

relevance.

Business involvement enhances test
prioritization.

Accessibility testing ensures inclusivity and
legal compliance.

Performance testing ensures applications
meet user expectations.

Compliance testing prevents legal and security

issues.
Ethical testing ensures Al and software do not

CE48 Ethical testing . . .
and bias. reinforce biases.
3. Knowledge Transfer
3.1 Method
CE Code Description One-liner Explanation
. Learning via expert . . L
CE49 Through mentoring Mentorship accelerates skill acquisition.

CE50 Collaborative platforms

CE52 Video conferencing
sessions

CE53 Not transferred

guidance.

Sharing knowledge via
digital tools.

Remote knowledge sharing.

Knowledge retention issues.

Platforms like Confluence support
documentation and collaboration.

Virtual meetings facilitate learning across
locations.

Ineffective KT can lead to loss of expertise over
time.

4.4.2 Common & unique themes

CE focus group codes and industry literature codes’ comparison

Here, we can see the results of the comparison between the focus groups codes and the industry

literature codes:
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CE Sub-Theme Code Code papers
1 Training 1.1 Type of training [CE1 External training C1,C2, C3,C4,C9,
[CE2 Internal training C1,C2,C3,C4,C9,C39
[CE3 On-the-job training C1, C2, C3, C4, C9, C6, C22, C23, C25, C32
[CE4 Test methodology C1,C2, C3,C4,C9,C43
CES Test tools C1,C2, C3,C4,C9,C13,C26,C53
[CE6 Fundamentals of testing C1, C9, C60
(CE7 Domain knowledge C4, C15,C17,C34, C37, C45, C58
[CE8 Testing techniques C8
[CES Manual testing
[CE10 Exploratory testing C29
[CE11 Automated testing
[CE12 Non-functional testing
[CE13 Al training C7, C29, C30, C52
[CE14 Training not related to testing C15, C29, C39
1.2 Delivery method for training [CE15 Online training in-person C52, C55
(CE16 Online training pre-recorded
CE17 In-person
[CE18 One-to-one
(CE19 Group training C11,C12, C14,C16,C18, C21, C23, C24, C32,C43, C57
[CE20 Mentorship C5, C10, C11, C12, C14, C16, C21, €23, C25, €32, 36, €38, C46, €48, €49, C50,
[CE21 Learning through experience C11,C12,C14,C16,C18, C21, €23, C24, C32,C33, €35, (52, €55, C57
[CE22 On-going / continuous
[CE23 Lunch sessions
1.3 Challenges and adequacy of training  |CE24 Good mix of theory & practical C24, C43
[CE25 Too theoretical
[CE26 Experienced trainer C22,C25,C34,C37,C58
[CE27 Exams
[CE28 Exercises C32, C34,C58
(CE29 Not applicable to day-to-day context
CE30 Applicable to day-to-day context C24, 43, C45
[CE31 Depends on personality of trainee C35
2 gaps and voids_|2.1 Gaps and voids CE32 Quality standards
[CE33 Guidelines
[CE34 Technical knowledge C56
2.2 Needed skills in Syrs CE35 Al CE7, C13, C30, C54,
(CE36 Security testing c36
[CE37 Test tools C13, C26,C53
[CE38 New technologies C19, C33,C38,C54,
[CE39 Communication skills C5, €25, C32, €36, 38, €48, €50,
[CE40 Product knowledge C6
[CE41 General engineering C39
(CE42 End-user oriented
(CE43 Business oriented CE12,C23
[CE43.1 Process knowledge CE12, C22, C23, C45
2.3 Filling the voids [CE44 Work closer with business C22, C24, C37,C57,C60
[CE45 Apply metodology
[CE46 Retrospectives / internal reflection C28, C40, C41, C44
[CE47 Performing regular checks C41
CE48 Particiapting in external events C19, C47, €48, C52,C55
3 Knowledge Transfer 3.1 Method [CE49 Through mentoring C10, C21, C56
[CESO Colaborative platforms (confluence, etc.) |C5, €19, €20, €21, €27, C50
[CES1 Documention repository
CES2 Video conferencing sessions C47, €52, C55,
[CES3 Not transferred

Industry literature codes and CE codes’ comparison

Here, we can see the inverse to the above, a comparison between the industry literature codes and

the focus groups codes:
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e Sub-Theme [s)
1 Needs 1.1 Need of education and training [C1 Need of training on processes and configuration management CElCee
C2  Need for training on test automation cE1-CES
C3  Need for training on testing for quality cE1-CES
[C4  Need for training on sepcific domains (Databases, Quantum, Al) ce7
[C5__ Need for soft skills (communication and collaboration) ce20, CE39. CESO
1.2 Needs related to roles and field in general C6  Need for clear role descriptions CE40, CE3
C7  Need for adoption to new trends such as Al, QAOps, low code cE13, CE35
C8  Need for research on practicle problems targeted toward testing efficiency cer2
C  Need for awareness regarding importance of testing (coders required 6x more) ces-ces
[C10  Need for awareness about burn outs and job satisfaction CE20, CE49
C11  Need for agility in teams and in individual testers |ce1s-ce2a
1.3 Needs for supporting tools and processes IC12 Need for testablity at center in dev. processes [ce1s-ce21, ceas, ceas 10
[C13 _ Need for tools for better testing of software from specific domains (Quantum. Al APls etc) ces, ce1s, cess, ces?
1.4 Needs related to acedemia and Industry. C14 Need of allignment of courses with current practices CE1s-CE21
C15  Lack of process knowledge in courses ce7, ce1a
IC16  Lack of real-world cases in courses [CE19-CE21, CE30
C17  Need for training on implicit testing activities (like refactoring) ce7
[C18 _ Need of life-long learning both in industry and acedemia ce21
[2 Solutions to address the needs_|2.1 Evolution and colloboration C19  Future planning. and proactive evolution with trends [CEzs. CE8, CESD
C20  Prioritized resource allocation for such activities ceso
C21  Strongindustry-aced: and mentorship: ce20, ce21, ceas, ceso
C22_ More applied research [CE43, CE44, CE26, CE3
2.2 Skills and training C23 Domain-specific testing skills trainings [CE3. CE20, CE21, CE43. CE43.1.
C24  Supplemeting courses and training with real-world cases and trendy topics ce21, ce24, ce30, cees,
[C25__ Soft skills are important and needed ces. ce20. ce26. CE39
2.3 Tooling [C26 Choose right tooling CE37. CES
(C27_ More visual tooling for testing ceso
[2.4 Time and Resources C28  Industry should allocate more resources to testing training and education CEas
C29 _ Resuources for experimenting with trendy topics and tools cE10. CE13. CE14
[3 Challenges Training and education C30  Alin testing education is not effective but could aid question and answering CE13. CE35
C31  Miissallignment of academia and industry
C32  Softs skills cannot be attained in classrooms and workshops CE3. CE19, CE20. CE21, CE28.CE39
C33_ New trends in industry but lack of knovdedge and colloboration s not helping ce21. cE38
32 Industry vs Acedamia 34 Lack of domain and practices in academia and practicle cases Ce26. CE28.CE7
35 Lack of quality mindset and lack of colloborations in industry ce21, ce38
C36  Alligining courses with industry (sweet spot between theory and practice) ce20, CE39, CE36
C37  Acedamia focuses on concepts but jobs require know-how of tools cE07, CE26, CE44
C38  Implicit skills required from industry (bug tracking) ce20, CE39, CE38
C33  Refactoring and developement skillls are required even from testers CE2, CE14,CE41
C40 _ Lack of willingness to allocate resources for testing and its trainings ceas
3.3 Industry and work life balacne [C41  Hard to balance worklife balance and leaming in industry CEas, CE47
C42  Software industry lay-offs and a perception of collapse
C43  Rapid dev cycles put pressure on testing teams Ce4.CE19, CE24, CE30
C44 _ Skills gaps requires leaming but lacks allocation of resources ce4s
[4 Knowledge transfer [4.1KT Enablers between industry and academia C25  Knowledge transfer industry to acedemia using cases from industry [CE7. CE30. CE43.1
cas p.in-course and learning can help with KT ce20
[C47__ Networking events, conferences and guest lectures ces2, CE4s
[4.2 KT in industry. [Ca8 Soft skills (such as communication) can enhance KT [CE20, CE39, CE48
C43  Mentorship, Life-long leaming and role/team switching can help with KT ce20
[C50__ Lack of resources for KT activities in industry (especially for experimentation) [ce20. CE39, CESO
[4.3KT enablers and tooling C51 Al and other trending technology can enable knowledge reuse and KT [CE13, CE35
cs2 |[c. tools, written seminars and CEs2, CE48, CE15, CE21
c53__ Additional traditional supporting tools may also help in KT ces. cea7
[4.2 Real-world KT for acedamia C54  Text-books, documentations, and Al can help with leaming Ce3s. Ceas, CE13
C55  Participatingin open-source initiatives can help with learning and KT ces2, CE4s, CE15, CE21
[C56__ Online coding platforms such as LeetCode and MOOCS can help in KT (=)
5 Risks 5.1 New graduates, their skills. and academia c57 industry in KT initiatives may limitthe exposure of students to real-world practices |CE44, CE49, CE1S, CE21
C58  Risk of larger skill gaps in new graduates CE26, CE28,CE7
C59  Incossitent access of online resources and varying course contents can create disparities
[C60_ Risk of sticking to traditions in academia ce4a. ces

4.4.3 Common & unique codes’ mapping to learning capsules

The final stage in our analysis was to determine what themes were covered by the learning capsules
being developed and what were the voids that needed to be covered in future analysis.

This was achieved by having consortium partners, who were developing learning capsules, review
the previously identified common and unique themes and determine which themes were covered
by their respective learning capsule, thus, identifying the skills and needs required by the software
testing industry that were covered and, if any, remaining voids.
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CE1Exteral training x x x x x x
CE2 Internal training x x x x x x x x x x x
CE3 On-the-job training.
CE4Test methodology
CE5 Test tools
CE6 Fundamentals of testing
CE7 Domain knowledge
CE8 Testing techniques
CEManual testing
CE10 Exploratory testing
CE11 Automated testing
CEL2 Non-functional testing
CE13 Al raining
CE14 Training not related totesting
CE15 Oniine
CE16 Oniin
CE17 In-person

CE18 One-to-one
CE19 Group training
CE20 Mentorship
CE21 Learning through experience.
CE22On-going / continuous
CE23Lunchsessions
CE24 Good mix of theory & practical
CE25Too theoretical
CE26 Experienced trainer
CE27 Exams
CE28 Exercises x
CE29 Not applicable to day-to-day context
CE30 Applicable to day-to-day context
CEB1 Depends on personality of trainee
CE32Quality standards
CE33 Guidelines
CE34 Technical knowledge
CE35AI
‘CE36 Security testing
CE37Test tools
CE38 New technologies
CE39 Communication skills
CE40 Product knowledge
CE41 General engineering
CE42 End-user oriented
CE43 Business oriented
CE43.1 Process knowledge
CE44Work closer with business
CEA5 Apply metodology
CE46 Retrospectives / internal reflection
CEA7 Performing regular checks
CE48 Participating in external events
CE49 Through mentoring
CES0 Colaborative platforms (confluence, etc.)
CE51 Documention repository
CE52 Video conferencing sessions
CES3 Not transferred

To conclude, if the creation of the capsules adds value to the academic world and the practitioner's
needs, we review if all themes listed below are at least covered once by one of the capsules
developed within the ENACTEST project. As a result, out of the 53 identified themes, we have
covered 43 themes with at least one capsule in our project. That means that we have covered 79%
of all identified themes that were distilled out of the reports from the last 5 years. Below, you can
see the overview of those covered themes.

Common Themes Uniqgue Themes

CE1 External training

CE2 Internal training

CE3 On-the-job training

CE4 Test methodology

CE5 Test tools

CE6 Fundamentals of testing

CE7 Domain knowledge

CES8 Testing techniques
CE9 Manual testing

CE10 Exploratory testing
CE11 Automated testing
CE12 Non-functional testing
CE15 Online training in-person
CE17 In-person
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CE19 Group training

CE20 Mentorship

CE21 Learning through experience

CE22 On-going/ continuous

CE24 Good mix of theory & practical

CE26 Experienced trainer

CE27 Exams

CEZ28 Exercises
CE30 Applicable to day-to-day context
CE31 Depends on personality of trainee

CE32 Quality standards

CE33 Guidelines

CE34 Technical knowledge
CE36 Security testing
CE37 Test tools
CE38 New technologies
CE39 Communication skills
CE40 Product knowledge
CE41 General engineering
CE42 End-user oriented
CE43.1 Process knowledge

CE44 Work closer with business

CEA45 Apply metodology

CEA46 Retrospectives/ internal reflection

CE47 Performing regular checks

CE49 Through mentoring

CE51 Documention repository

To get more details on the themes, we have overviewed the most “popular” themes covered by the
capsules. Most popular means that out of 17 capsules, more than 13 capsules covered that
particular theme. Here we can see that for the beginning, the most common themes in our capsules
are covered by:

- Test methodology
- Fundamentals of testing
- Testing techniques

The basics for every tester is a good sign; our capsules are focused on the basics/ fundamentals and
give a good view and vision of these parts.

The most popular themes are the themes that identify that one of the most important parts of
training for academics and practitioners is to have a good mix of theory and practice in the training
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are important as well as exercises; this is also covered in 16 out of the 17 capsules that we have
created.

The most common themes in our capsules identify that we have made a great effort to create
capsules that have a good mixture of theory and practice and, after that, mapped to reality. Next to
that, we value learning by doing and by examples by others, so group training is also a theme
covered by 14 of the 17 capsules.

CE4 Test methodology 14 82%

CE6 Fundamentals of testing 13 76%

CES8 Testing techniques 14 82%
CE17 In-person 15 88%

CE19 Group training 14 82%

CE21 Learning through

experience 13 76%

CE24 Good mix of theory &

practical 16 94%

CEZ28 Exercises 16 94%
CE30 Applicable to day-to-day context 15 88%

Some of the themes are not covered by any of the capsules that we have created. As can be
observed, the ENACTEST capsules do not cover the subject of Al testing training. We identified this
as a specific need for education, academia, and practitioners. We analyse the specific needs related
to the use of IA for testing and testing IA components, and we consider that this topic requires more
research. Therefore, we proposed a new project, called GAINSEED, in the next ERASMUS+ call.

Next to that, we see that our capsules are focused on not being too theoretical and being hands-on
and in group training. Therefore, none of them are lunch and learn capsules or one-to-one given.

Common Themes Uniqgue Themes

CE13 Al training

CE14 Training not related to testing
CE16 Online training pre-recorded

CE18 One-to-one

CE23 Lunch sessions

CE25Too theoretical
CE29 Not applicable to day-to-day context
CE35 Al
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CE43 Business oriented
CEA48 Participating in external events
CE50 Colaborative platforms (confluence, etc.)
CE52 Video conferencing sessions
CE53 Not transferred

Next, we could also see that the following themes are covered 5 times or less by the other capsules.
Here, you can see that we could identify that there is still some room for improvement as we don’t
focus that much on non-functional testing or exploratory testing. In addition, many of the currently
covered themes focus primarily on "test knowledge" or testing-specific topics. However, our
capsules provide limited attention to another essential aspect of a tester's role: social,
communication, and interpersonal skills.

Common Themes Uniqgue Themes

CE7 Domain knowledge
CE9 Manual testing
CE10 Exploratory testing
CE12 Non-functional testing
CE15 Online training in-person
CE20 Mentorship
CE22 On-going / continuous

CE27 Exams

CE31 Depends on personality of trainee
CE32 Quality standards

CE36 Security testing

CE38 New technologies

CE39 Communication skills

CE40 Product knowledge

CE43.1 Process knowledge
CE44 Work closer with business
CEA46 Retrospectives / internal reflection
CE47 Performing regular checks
CE49 Through mentoring
CE51 Documention repository
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5 Summary & Conclusion

This report has provided a comprehensive overview of the training needs, knowledge gaps, and
knowledge transfer practices in software testing within the industry, based on both focus group
studies and an extensive literature review. Combining these two research methods allowed us to
validate our findings, identify overlapping themes, and pinpoint unique needs emerging from each
approach.

Our analysis revealed that while current industry practices prioritize hands-on, practical training
methods such as mentoring and on-the-job learning, there are still significant gaps—especially in
emerging areas like Al testing, security testing, and integrating new technologies. Soft skills,
communication, and a stronger connection between testing practices and business goals also
emerged as critical areas for development.

To better understand and comprehend the gap between Al and testing, we decided to start a new
project, GAINSEED, with the same consortium of partners as ENACTEST to the call ERASMUS-EDU-
2025-PI-ALL-INNO.

The ENACTEST learning capsules successfully cover most identified themes—79% of the needs
recognized in this research. However, certain important topics remain underrepresented,
particularly Al-related skills and knowledge transfer tools. These findings serve as both validation
of the project's current direction and a clear indicator of where further development is needed.

In conclusion, the insights from this deliverable will directly contribute to enhancing academic
curricula and practical training in software testing. They will also guide future projects, like the
GAINSEED proposal, ensuring that current and upcoming industry needs are addressed effectively
to bridge the gap between academia and industry.
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