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The goal of WP2 is to research and
understand the mental processes and
thought processes both experts and
students go through when creating
test cases. Based on this, a cognitive
model of learning can be defined.

The present report describes the
research performed so far: the method
and the initial results and conclusions.
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General research goal

In this project we concentrate on test case design, since we consider this to be one of the most
challenging and important parts of testing, since the test cases you execute determine the quality
of your testing. Looking at the existing literature on test case design we find two schools with
different views on how testing is done. In the analytical school the emphasis is on better testing by
relying on precise specifications and models of the Software Under Test (SUT). This school has many
proponentsin academia. On the other hand, in the context-driven schools the emphasis is on better
testing by adapting to the circumstances under which the SUT is developed and used, by exploring,
learning and questioning. This model of exploratory testing has more proponents in industry.

For years, both schools have been in fights related to terminology and what the process and craft of
testing is and what it is not. We believe both schools are right: testing is specification and model-
based and exploratory. Test case design requires information about the Software Under Test that
we get through sensemaking like exploring, questioning, studying, observing and inferring. Based
on this information we can make a more formal model that helps us design a good set of test cases
and know what we have tested. This combination of skills is not being taught well currently in
testing courses, neither in academia (that concentrates on the formal models) nor in industry (that
concentrates on the informality of testing). We need to combine both worlds and take the best of
each. We need to teach the technical model-based side of testing not ignoring the complexity and
creativity of the sensemaking part. We need to identify the gap between teaching techniques and
students, and then we need to clarify the skills needed to successfully perform the testing process
as a model-based exploratory process. To identify the gap, we first need to understand the mental
processes and thought processes both experts and students go through when creating test cases.
Next, we can define the cognitive model of learning. This is what this work package (WP2) will do.

The goal of WP2 is thus to collect the testing strategies applied by (untrained) students during test
case design: do they base their testing on specifications and models of the SUT, or do they testin an
exploratory way? We aim to identify key strategies (how they do it) and the concepts students
base their strategy on. The strategies refer to how students address problem solving and may refer
to elements such as problem understanding, problem (re)formulation, research, interpretation,
communication, etc. [Lombardi, 2013]. The concepts refer to a student’s domain knowledge
(which will be called “mental model” in what follows) and can be studied by considering the words
used while phrasing testing strategies.

Research Methodology

To develop the initial model, we proceed in three steps. First, we focus on how students experience
their testing courses. This has been investigated by means of a survey. Next, we observe how
students and experts perform a same testing task, and compare the strategies they use, and the
concepts they refer to while executing this task.

To develop the survey for the students, we took a holistic view on course design (see Figure 1).
Herein, a course intends to bring students from a starting context to a final context where the

ENACTEST
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learners achieve the learning objectives of the course. To this end, instructional activities, learning
tasks, learning materials and assessments will be designed and combined into an instructional
design of the course. This design is informed by a -possibly implicit- instructional design model,
that is in turn informed by learning theories.

Did the teacher offer formative

assessment?
Did you make use of formative

What type of exam was

prio *  Were the Learning taken? assessments? For what purpose?
owledge on te g Objectives on testing *  Were there intermediate « How did these assessments look like?
did you have before clear to you? evaluations?
ourse *  What type of questions
Starting Context were asked on testing

How do you estimate your

Learner y Learner's achievements by the end
Characteristics Learning Summative Formative achievement of the course?
Environment Objectives Assessments Assessments obeearnlng Do you feel confident

N Objectives
characteristics
Learning Instructional Learning about your knowledge on

Teacher yfterial Activities Tasks software testing?

Characteristics / N

Were there besides lectures, specific
tasks/labs for the students to make?
Can you describe those tasks?

FIGURE 1. OVERVIEW OF POTENTIAL STUDENT QUESTIONS RELATED TO THE DIFFERENT DIMENSION OF THE
PEDAGOGICAL FRAMEWORK

Furthermore, the experimental framework STEP (Scatalon et al., 2021), shown in Figure 2, which
addresses the domain of software testing integration into programming courses has been used as
source of inspiration for the questions of the questionnaire.

Independent variables | : Dependent variables
(Integration of software testing) S (Outcomes)
Course materials Program
* Testing concepts * Size and density
* Code structure
Programming assignments * Code style
*  Programming process ¢ Correctness
*  Testing activity
O Testing tasks Context Variables Tests
. . * Size and density
O Testing levels (Programmlng Educatlon) * Code coverage
O Testing technique/criteria * Mutation score
Student Course * All-pairs testing score
I *  Prior programming experience * Undergraduate program * Redundancy
O Test cases format *  Prior testing experience *  Programming paradigm
\ *  Motivation * Programming language Process
*  Platform * Effort/time
Programming assignments ¢ Topics *  Productivity
Supporting tools *  Prerequisites * Submissions/snapshots
*  Submission and testing systems *  Difficulty Other practices o ALoC
*  Testing frameworks/libraries *  Scaffolding * Pair programming O Acoverage
* IDE testing facilities . GUI *  Peerreview O diffsffixes
¢ Tutor systems *  Assessment *  Version control
*  Online judges O Feedback * Live coding Student
¢ Games O Plagiarism *  Debugging * Grades

* Perceptions
¢ Behaviors
O adherence to testing

FIGURE 2. STEP FRAMEWORK FOR THE INTEGRATION OF SOFTWARE TESTING INTO PROGRAMMING EDUCATION
(SCATALONETAL.,2021)
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To understand the student’s strategies and on which conceptions these are based, we performed
an experimental simulation (Stol, 2020) where we asked students to test the functionality of a SUT
by creating a collection of test cases to the best of their abilities while thinking aloud. We videotaped
the students and registered their written notes. We set up a contrived setting where students must
develop test cases for testing functionality inspired in a real scenario.

The students received two exercises. The first exercise is a rule-based exercise: the student is given
a small scenario where different variables are used in rule-based calculations, whereby different
rules use different boundary values for certain variables. Herein the students were asked to develop
test cases to test a system based on these requirements. The second exercise consists of the
functional testing of an application. For this exercise different artifacts were provided: the website
itself, the textual requirements of the website and a graphical model of the underlying business
process. No code was supplied. All students started by developing test scenarios based on the
requirements only. Subsequently they were given access to either the diagram or website, and
finally they were given all artefacts. The possible scenarios are given in Table 1. The students were
divided into two groups. The first group did scenario A (only requirements), followed by B
(requirements and diagram), followed by D (all artefacts). The second group did scenario A (only
requirements), followed by C (requirements and website), followed by D (all artefacts). This is
depicted in Table 2.

TABLE 1: POSSIBLE SCENARIOS GIVEN TO THE STUDENTS

Scenario Requirements Diagram Website
A X
B X X
C X X
D X X X

TABLE 2: SEQUENCE IN WHICH SCENARIOS ARE GIVEN TO THE STUDENTS

Group Scenario Scenario Scenario

1 2 3
1 A B D
2 A c D

To avoid language-related bias in the results, the description of the requirements and of the
instructions were translated to Italian and Spanish.

The proposed tasks needed to be performed in a limited period of time. We either used a camera
recording students’ behaviour during the experiment or set up screen recording. When using a
camera, to minimize the impact of audio and video recording on students’ behaviour, the camera
was placed behind the student to avoid recording their faces. Audio recording was used to record
the thinking-out loud process of the students. The audio recording was then automatically
transcribed to text. This text was used for coding the testing strategies and concepts.

ENACTEST
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The coding of video transcriptions was performed making use of a code book. The code book

contains two parts. Part | contains codes to label the key cognitive strategies:

e El:Gaining Confidence in the test suite

e E2:Identifying negative test cases

e E3:lIdentifying positive test cases

e E4:lIdentifying cases via previous knowledge
e E5:Understanding the artefacts

The codes for the mental model capture the participants reference to testing knowledge and were

based on the taxonomy of testing terms defined in WP4 and comprises a list of:

e EG6: Test design techniques
e ET7:Testing levels

e E8: Testing practices

e E9: Testing types

These codes were further refined into more detailed codes. For example, E3, “Identifying positive
test cases”, was further refined into 3 codes: “Identifying context of positive test case”, “Identifying
positive test case”, “Giving expected outcome of positive test case”. The clarity and suitability of the
codebook was tested by coding the first experiments and adjusting the definitions in the codebook
to resolve interpretation problems, and by adding missing codes. After two rounds of revisions, the

codebook was deemed clear and stable.

An example of coding is given in Figure 3.

Umm Cognitive strategies model codes
Mental model codes

thinking

check if the promo codes are valid, promo codes are valid
Identifying positive test case Giving expected outcome of positive test case

Requirements-based testing

also SQL injection for stuff like that
Thinking outside of the box

Security testing

check if the promo codes are added in the shopping as intended
Identifying positive test case Giving expected outcome of positive test case

Requirements-based testing

FIGURE 3. EXAMPLE OF CODING OF A TRANSCRIPT

ENACTEST
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Furthermore, the students received a pre-experimental survey collecting data about their personal
characteristics, and a post-experimental survey collecting extra feedback on the two exercises.

To be able to compare students’ strategies and conceptions to those of experts, the same
experiment was performed with 10 expert testers.

Results so far

We aimed for at least 5 courses for each of which at least 5 students were surveyed. At this pointin
time, we collected 55 responses from various courses.

Most of the students are registered in a computer engineering program and received software
testing as part of a software engineering course as shown in Figure 4.

21 respondents (38%) answered Computer Engineering for this question.

Security Master

Master's in Informatics Informatics Engineering
Cybersecurity Master

Computer Engineeing Degree in Computer Cibersecurity Master

Softwre Engineering co m puter E ng i neeri ng Computer Engeneering

Bachelor of Engineering Engineering Science

Master of Science Master of Engineering Computer Science  Engineering and Computing

Science Engineering Software Engineering Ingenieria Informatica

23 respondents (42%) answered Software engineering for this question.

Software Development Calidad  Quality and System
Software engineering

Audit Software Testing Secure

software developper Software Engeneering Software Developer

FIGURE 4. STUDENTS ¢ PROGRAM AND COURSES WHERE THEY LEARN ABOUT SOFTWARE TESTING.

The most frequently addressed topic is Unit Testing (cfr.Figure 5).
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13 respondents (24%) answered Unit testing for this question.

Unit Testing Decision coverage

Mutation Testing Partition TestingFunctional Testing Logical Testing

Random Testing U N it testi ng box testing

white box Category-Partition

Software Testing Structural Testing Black box Integration testing

simulation testing Jmeter testing Dataflow Testing Testing Scope GUI testing

FIGURE 5. MOST FREQUENTLY ADDRESSED TOPIC ACCORDING TO STUDENTS

Most of the courses were provided in a Face-to-face format, which is appreciated and seen as the
better format by students (see Figure 6).

17. In which format was the course provided?

More Details Gz Insights

. Fully face-to-face (F2F) 41
@ Blended (a mix of F2F and online) 11
@ rullyonline 0

@ oOther 3

FIGURE 6. COURSE FORMAT

The large majority of the respondents followed a course that organises lab sessions and attended
all of these sessions. The use of tools and games is appreciated by students as it helps them to learn
(Figure 7)
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32. | believe that these testing tools/games helped me to learn the material of the course.

More Details £ Insights

. Strongly disagree 3

@ Disagree 1 /
@ Neutral 13

. Agree 25

‘ Strongly agree 13

FIGURE 7. UTILITY OF TOOLS FROM A STUDENT PERSPECTIVE

Slightly more than half of the students attended courses that make use of mid-term assessments.
For most of them this was a mandatory assignment part of the final grade. Most students believe
that mid-term assessments are essential forimproved learning (Figure 8).

35. | believe mid-term assessments are essential for improved learning

More Details £ Insights

. Strongly disagree 2
® Disagree 2
. Neither agree nor disagree 12
@ Agree 26
@ strongly agree 13

FIGURE 8. UTILITY OF MID-TERM ASSESSMENTS FROM A STUDENT PERSPECTIVE

For the final assessment, students were mostly asked to deliver a project and were having an oral
examination. They believe this format of (combination of) assessments for the final grade is the
best one to allow them to demonstrate their competencies about software testing (Figure 9).
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. Multiple choice questions 13
@ Open questions 13
@ cxercises 20
® rroject 44
@ Oral Examination 29
. Homeworks 12
. Closed form questions 7
. No formal evaluation 0
@ Other 4

FIGURE 9. FORMAT OF THE FINAL ASSESSMENT

44. The course met my expectations.

More Details {J: Insights

@ Completely disagree 1
. Disagree 3
@ Neutral 11
® Agree 28
@ Completely agree 12

45

35

8

-t
wm o

FIGURE 10. OVERALL SATISFACTION OF STUDENTS

30
25
II Il =

At the end, students are very satisfied with the testing education they receive (Figure 10).

12

Moreover, at the end of the course, students feel confident about their knowledge on software
testing, though the number of students that completely agree is quite small (Figure 11)
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38. Now that | have followed the course, | feel confident about my knowledge on software testing.

More Details Q Insights

. Completely agree 2
® Agree 30
. Neutral 14
. Disagree 4
‘ Completely disagree 5

FIGURE 11. STUDENTS’ CONFIDENCE LEVEL AFTER FOLLOWING A COURSE

When asked about suggestions to improve the teaching, the most frequent suggestions are to
provide more practice and more exercises, and to address other languages than Java.

In total, 46 students were observed on four different locations, contributing respectively 3, 4, 5 and
34 participants. One student did not fill out the questionnaires.

According to the pre-questionnaire, the majority of the students are male (35/46), the large majority
of them (38) did not follow a testing course before, but most of them (39) did follow some lectures
on testing. Only 5 students never had any course or lecture on software testing. As can be seen from
Figure 12, the large majority of students have a lot of previous knowledge on flow charts and
programming. As shown in Figure 13, most of the students are familiar with unit testing and
functional testing, but also have some knowledge of other aspects of testing.

All-in-all, the students can be considered to have some knowledge of testing, while their actual
experience with it is limited.

I have a lot of previous knowledge on programming from I i
a (previous) course

I have a lot of previous knowledge on flowcharts [ |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Completely Agree Agree Nor agree nor disagree Disagree B Completely disagree

FIGURE 12. PRIOR KNOWLEDGE ON PROGRAMMING AND FLOW CHARTS
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45
40
35
30

wv

Unit testing
Integration testing

System testing

Acceptance testing

o
®
o
@ System integration testing
]
]

Other

35

30

25

20

wv

0

14

Functional testing
Accessibility testing
Compatibility testing
Conversion testing
Disaster/recover testing
Installability testing
Interoperability testing
Localization testing
Maintainability testing
Performance related testing
Portability testing
Procedure testing
Reliability testing

Security testing

Usability testing

Other

FIGURE 13. PRIOR KNOWLEDGE ON TESTING

After the experiment, the students reported their experiences with the experiment (cfr. Figure 14).
Most students found the artefact they received useful, and clear. While 60% of the students felt they
formulated all possible test scenarios, about 40% of the students felt that more testing could have
been done. The answers to the question on their motivation to stop testing reported in Figure 15
show that students mostly feel they achieved a sufficient level of coverage of the SUT. It should be
noted though that they were not given any feedback on the actually achieved level of coverage.

| felt confused about the working application (website) B

| felt confused about the textual requirements | was i

| feel like | formulated/tested all possible scenarios. [l

| found the working application (website) useful || NN

| found the textual requirements useful [ NRNRNR R
| found the flowchart diagram useful [ NN @ D

| was given.

given.

H Completely agree

| felt confused about the flowchart diagram I was
given.

Agree

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Nor agree nor disagree Disagree W Completely disagree

FIGURE 14. RESULTS OF THE POST-QUESTIONNAIRES
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I was confident I could mentally check all/the remaining
test scenarios without having to write them down
explicitly

I did not see how to get higher coverage given the textual
requirements | was given.

| felt that higher coverage was not needed to achieve
better validation

I had more test cases in mind but felt these would not yield _
extra coverage

I no longer felt like writing out more scenarios
| believe all possible scenarios are being tested

I had no time left to write more test cases

o
N
N
[e)]
oo}
=
o
=
N
[
~
[
(e}
[
[ee]

FIGURE 15. REASONS FOR NOT TESTING FURTHER

Below we report the preliminary results of the coding. When a student mentions a code twice, e.g.
in Figure 3 we see a student giving the expected outcome of a positive test case twice, this can be
counted twice (Code count), or we can count this only once per student (Unique Students).

When considering the codes at the highest level (Table 3), it is clear that students refer significantly
more often to their testing strategy compared to testing concepts. The difference is less pronounced
when looking at unique students per code (factor of 3,03) compared to looking at the code counts
(factor of 17,2), but still, testing knowledge is referred to less often.

When looking at the subcodes for the key cognitive strategies, we can see that students focus mostly
on the identification of positive test cases, followed by gaining confidence in the test suite.
Considering the unique student count per code, we can see that the identification of negative test
cases is also considered by students, be it that they mention it less often (cfr. Figure 16 and Figure
17).

TABLE 3. HIGH LEVEL CODES MENTIONS BY STUDENTS

Row Labels Sum of Code Sum ofUniqueStudents Average
Count mentions  per
person
(M1) key cognitive 4215 409 10.3
strategies
//-7 ("’
(ki)
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(M2) mental model 245 135 1.8
Ratio 17.20 3.03

Thinking

Reading

Under standing the
artefacts

Asking clarification about exercise

Identifying new test case from previous test case

Extension of previous test case

Using previous knowledge

previous knowledge

Identifying test casesvia

Thinking outside of the box

Giving expected outcome of positive test case

Identifying positive test case

Identifying positive
test cases

Identifying context of positive test case

[ . s .

2 Giving expected outcome of negative test case
o »

L @

c v

o 8 Identifying negative test case
=z B

s 8

(= of o .

g Identifying context of negative test case
E Reformulating previous test case
£

@ .« . . . .

g Giving motivation behind test case
32

€3

8 Considering feasibility of test case
g

£

1] Enumeration of test case

o

100 200 300 400 500 600 700 800 9S00

FIGURE 16. KEY COGNITIVE STRATEGIES: OVERALL NUMBER OF TIMES A CODE IS MENTIONED BY STUDENTS
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Thinking

Reading

Understanding
the artefacts

Asking clarification about exercise
Identifying new test case from previous...
Extension of previous test case

Using previous knowledge

knowledge

Thinking outside of the box

Identifying test cases
via previous

Giving expected outcome of positive test...

Identifying positive test case

Identifying
positive test
cases

Identifying context of positive test case

w ‘ﬁ Giving expected outcome of negative test...
= % % Identifying negative test case
T g
= g Identifying context of negative test case
§ Reformulating previous test case
I
s 3 Giving motivation behind test case
O &
© a . . R
0 3 Considering feasibility of test case
= C
z £
S Enumeration of test case

o
=
o
N
o
w
o
o
o

50

FIGURE 17. KEY COGNITIVE STRATEGIES: UNIQUE STUDENTS THAT MENTION A CODE

Considering the testing knowledge, one can in see in Figure 18 that scenario testing is spoken about
the most, followed by exploratory testing, equivalence partitioning, boundary value analysis and
error guessing. The same order of frequency can be seen when looking at the count of individual
students (Figure 19) that mention a testing concept. However, here, we also see a good number of
students mentioning model-based testing.
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Testing Types

Testing Practices

Testing Levels

Test design techniques

FIGURE 18. TESTING KNOWLEDGE: OVERALL NUMBER OF TIMES A TESTING CONCEPT IS MENTIONED

Usability testing

Security testing

Reliability testing
Procedure testing
Portability testing
Performance related testing
Maintainability testing
Localization testing
Interoperability testing
Installability testing
Functional testing
Disaster-recovery testing
Conversion testing
Compeatibility testing
Accessibility testing
Scripted testing
Model-based testing
Mathematical-based testing
Manual testing
Keyword-driven testing
Fuzz testing

Exploratory testing
Experienced-based testing
Back-to-back testing
Automated testing

AB testing

Unit testing

System testing

System integration testing
Integration testing
Acceptance testing
Statement testing

MCDC testing

Experience based testing
Error guessing

Decision testing

Dataflow testing

Branch testing

Branch condition testing
Branch condition combination testing
Use case testing

Syntax testing

State transition testing
Scenario testing
Requirements-based testing
Random testing
Metamorphic testing
Equivalence partitioning
Decision table testing
Combinatorial testing
Classification tree method
Cause effect graphing
Boundary value analysis
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Usability testing

Security testing

Reliability testing
Procedure testing
Portability testing
Performance related testing
Maintainability testing
Localization testing
Interoperability testing
Installability testing
Functional testing
Disaster-recovery testing
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FIGURE 19. TESTING KNOWLEDGE: UNIQUE STUDENTS THAT MENTION A TESTING CONCEPT
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Observation of experts
The experts performed the same exercise as students. The coding of their thinking out loud scripts
reveals different patterns than those of the students.

When considering the codes at the highest level, it is clear that experts refer but very little to specific
testing concepts (see Table 4).

TABLE 4. HIGH LEVEL CODES MENTIONS BY EXPERTS

Row Labels Sum of Total Sum of Unique Experts Average
Count Count mentions per
person
(M1) key cognitive 753 83 9.07
strategies
(M2) mental model 11 11 1
Ratio 68.45 7.5

When looking at the subcodes for the key cognitive strategies (Figure 20), it is clear that compared
to students, experts are more engaged in understanding the artefacts and gaining confidence in the
test suite. Interestingly, the enumeration of test cases the code with the highest count. This code
was also used frequently by students, but comparatively less often.

g o 8 Thinking
é wg Reading
ST & Asking clarification about exercise
o 2 " & Identifying new test case from previous test case
>83% Extension of previous test case
p=] > =
S § g § Using previous knowledge
28 = Thinking outside of the box
%D v § Giving expected outcome of positive test case
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bl S Identifying positive test case
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;E) ° Reformulating previous test case
£ é E Giving motivation behind test case
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S Enumeration of test case
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FIGURE 20. KEY COGNITIVE STRATEGIES: OVERALL NUMBER OF TIMES A CODE IS MENTIONED BY EXPERTS
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Considering the unique expert count per code, we can see that nearly all codes appear for all
experts. Exceptions are “thinking outside the box” and “giving motivation behind test case”.
Interestingly, all experts consider both positive and negative test cases, and identify test cases
based on their previous knowledge (see Figure 21). Also gaining confidence in the test suite by
enumerating test cases and considering their feasibility is done by all experts.

Thinking

Reading

the artefacts

Asking clarification about exercise
Identifying new test case from previous test case

Extension of previous test case

knowledge

Using previous knowledge

Identifying test
cases via previous Understanding

Thinking outside of the box
Giving expected outcome of positive test case

Identifying positive test case

Identifying
positive test
cases

Identifying context of positive test case
Giving expected outcome of negative test case

Identifying negative test case

Identifying
cases

Gaining confidence negative test

Identifying context of negative test case
Reformulating previous test case
Giving motivation behind test case

Considering feasibility of test case

in test suite

Enumeration of test case

FIGURE 21. KEY COGNITIVE STRATEGIES: UNIQUE EXPERTS THAT MENTION A CODE
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When considering the testing knowledge (Table 5), we can see that experts mention no more than 6
concepts, which is a much smaller number than students.

TABLE 5. TESTING CONCEPTS MENTIONED BY EXPERTS

Name Total Count Unique Experts
Count

Random testing

Branch condition testing

Exploratory testing

Manual testing

Functional testing

Security testing

RN NPk
RN NPk

Most of the student participants were recruited from a single course. These students had not yet
followed a software testing course, but nevertheless received a very brief refresher on the
importance of software testing and some basics about test case specification. In addition, students
were rewarded with a bonus point for an active participation (i.e. genuinely trying to solve the
exercise in the best possible way). In this sense, the results might have a positive bias towards a
profile of “naive” yet positively motivated students. We mitigated the threats to representativity by
avoided students and experts having knowledge of the task beforehand and for this one course, the
results of the task itself were not graded for students. In the other courses, participation was totally
voluntary.

A second important threat results from the fact that different researchers coded the expert
observations versus the student observations. Even though both coders were working with the
same code book, and how to code was extensively discussed based on examples and the coding of
the first student observations, different interpretations of transcripts and their coding cannot be
excluded. For the future, this threat can be mitigated by have a second review over the coding by
an independent researcher for observations of both samples.

A third threat results from the qualitative nature of the experiment. Because of the time-intensive
nature of the research methodology, the sample of both students and experts is relatively small.
Therefore, results of the research cannot be easily generalized. On the other hand, the sample of
students is not tiny either, and the qualitative nature of the experiment provides us with more in-
depth insights compared to e.g. surveys or a post-test after a larger experiment. We therefore
believe that the generated insights are already useful for the design of testing education material.

Finally, to mitigate threats to privacy violation, the methodology, data collection and management
plan were submitted for review and approved by the ethical board of KU Leuven. While survey, video
and photo’s can be related to each other, videos and photos were not recording participants faces,
and, where needed, data was anonymized before analysis.
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Initial conclusions

Given the qualitative nature of the observation experiment, the relatively small sample size and the
limitations of the research, it is impossible to draw strong conclusions. Nevertheless, two
observations can be made.

1. The results show that students who are familiar with programming and have some basic
knowledge of testing perform mainly exploratory testing and use scenarios as the main
testing technique. They, however, refer very little to testing knowledge.

2. Experts have a more balanced mentioning of Key cognitive strategies. They however rarely
give the motivation behind the test cases. Similarly, experts refer even less to testing
concepts. This might be an indication that experts have internalized their knowledge. In
order to transfer their expertise to junior testers, it isimportant that expert testers make the
concepts they base their testing strategy on explicit.

Future work will verify the quality of the coding and attempt a more in-depth investigation of the
differences between students and experts.

The information collected through this research will be used as input to develop teaching testing
capsules that address the identified gaps in testing strategies and mental models. However, when
developing these capsules, we need to consider the fact that from the preliminary results of the
qguestionnaire distributed to students we can conclude that from the students’ perspective, there is
no major problem in the way software testing is taught. What we do see, is that Face-to-Face
teaching, and practice sessions are highly appreciated and seen as key instrument for the learning
of testing. This is an important point of attention, as these types of formats are high on resource
demands in terms of teacher and teaching assistance time. Teaching testing “to the masses” may
thus prove challenging given the need for practical experiences. The developed capsules will
therefore have to consider keeping the strong points of current teaching approaches while being
respectful of the required resource demand in terms of teacher and teaching assistant time.
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