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WHO AM I?

- Niels Doorn

- PhD Student @ Open Universiteit
- Studying students' sensemaking to improve teaching
and learning strategies of software testing

- Supervisors: Tanja Vos, Beatriz Marin, Erik Barendsen, and Migchiel
van Diggelen

- Teamleader / lecturer-researcher @ NHL Stenden University of
Applied Sciences
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MY TOPIC: STUDYING STUDENTS' SENSEMAKING TO
IMPROVE TEACHING AND LEARNING STRATEGIES OF
SOFTWARE TESTING

—> My aim to design a teaching-learning strategy that supports students to learn
software testing which:

e works in different educational contexts
e isintegrable in existing courses

e can be taught from the start of the program
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STUDYING STUDENTS' SENSEMAKING TO IMPROVE
TEACHING AND LEARNING STRATEGIES OF
SOFTWARE TESTING

- Theme 1: The intended learning outcomes for
software Testing

- Theme 2: The sensemaking of students and test
experts

- Theme 3: Introducing testing early in introductory
programming courses using Test Informed Learning
with Examples
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TEACHING AND LEARNING STRATEGIES OF
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- Theme 1: The intended learning outcomes for
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SOFTWARE TESTING AND
EDUCATION

Enbancing Software Testing Education

No more

Just enough tests for a

passing grade

O’RLY Niels Doorn



WHY DO WE NEED TO IMPROVE EDUCATION?

// give difficulty stars between 1 and 5
public void setDifficulty(double difficulty)

{
if(1 <= this.difficulty && this.difficulty % 0.5 == 0)
Students don’t ___—’//”’——* {

test their systems this.difficulty = difficulty;
very well }else

I

A systematically developed body of
knowledge of didactic approaches,
learning outcomes, and effects in
different educational contexts is
lacking

Educators struggle
with teaching test
case design




Purpose of testing
s Why do we need testing? { Software Quality

Errors, failures, faults, bugs, etc

Definitions
i il ?
What is testing? { Coverage
Quality of testing {

Mutation

Exploratory

SOFTWARE TESTING IN EDUCATION: A CURRENT OVERVIEW MR | o { {

Treated as a secondary concern in p— {
computer science education

Acceptance

Software Testing < Artefact { Software Under Test (SUT)
Education - Functionalitiy

Lead engineers at Google call it the o s -

biggest gap between education and B

industry

Portability

Scripted testing

Scriptless testing

Students' inability to adequately test
software

How can we automate testing?
Property based testing

Search based testing

- How do we manage that? organisation
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Three books give examples of test cases

Three books contain a definition of testing

Seven books introduce assert, of which two in appendix

Igased(an de Woestyne
1% JanVagthienen

o tuonochamminen [ SRR AL e B - Illuminated
MET PYTHON 3 () 7 2R J % An Active Learning Approact

Julie Anderson
& % NAVIGATE® Hervé Franceschi
acco et e




COGNITIVE DEMANDS ON STUDENTS

Multitasking: Generating test cases, understanding code, and predicting
outcomes

Analytical Thinking: for example Identifying edge cases & potential
failures

Education focus is on solving problems, not on testing
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CHALLENGES IN TEACHING SOFTWARE TESTING
Curriculum constraints

Over-reliance on theory vs. practical application

Complexity of software testing as an intellectual activity
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THE ROLE OF SENSEMAKING IN SOFTWARE TESTING

Sensemaking is a dynamic process of building or revising an explanation in order to
“figure something out'' -- to ascertain the mechanism underlying a phenomenon in
order to resolve a gap or inconsistency in one's understanding

(Odden and Russ 2019)

sensemaking

Assembling a knowledge framework }—b Noticing a knowledge gap or inconsitency Generating an explaination to reconcile it —ﬁ Resolution

pagina 14
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EXPLORATORY STUDY ON SENSEMAKING



EXPLORATORY STUDY ON SENSEMAKING

Pilot study: Identification of four different
sensemaking approaches

Follow-up study with 50 students from a Spanis
university

Methodology: Modeling test cases using Test
Compass

Data & Knowledge Engineering

journal www.elsevier.

Data & Knowledge Engineering 146 (2023) 102199

Contents lists available at ScienceDirect Y

Towards understanding students’ sensemaking of test case design M)

Niels Doorn®*, Tanja E.J. Vos P, Beatriz Marin®

ey

* Open Universitit, Valkenburgerweg 177,(Ferien, The Netherlands
" Universitat Politécnica’de' Valencia; Camino de Vera, s/n. 46022, Valencia, Spain

ARTICLE INFO

ABSTRACT

Keywords:
Software Testing.

‘Sensemaks

Software Engineering

Computer science educational research
Higher education

Context: Software testing is the most used technique for quality assurance in industry. However,
in computer science education software testing is still treated as a second-class citizen and
students are unable to test their software well enough. One reason for this is that teaching
the subject of software testing is difficult as it is a complex intellectual activity for which
students need to allocate multiple cognitive resources at the same time. A myriad of primary
and secondary studies have tried to solve this problem in education, however still with very
limited results.

Objective: Before we can design interventions to improve our pedagogical approaches, we need
to gain more in-depth understanding and recognition of sensemaking as it is happening when
students design test cases.

Method: An initial exploratory study identified four different sensemaking approaches used by
students while creating test models. In this paper we present a follow-up study with 50 students
from a large university in Spain. The used methodology was based on the previous study with
the improvements that originated from its evaluation. We asked the participants to create a
test model based on a description of a test problem using a specialized web-based tool for
‘modeling test cases. We measured how well these models fit the test problem, the sensemaking
process that students went through when creating the models, and the students’ perception of
the modeling task. The participants received no compensation for their efforts, and we scheduled
the experiment during a regular class. Apart from the created models and their metadata, we
also collected recordings of the students’ computer screens made during the experiment and
used a questionnaire to study their perspectives on the assignment. Al the collected textual,
graphical, and video data was analyzed using an iterative inductive analysis process to allow
new information about the different sensemaking approaches to emerge.

Results: We gained better insights into the sensemaking processes of students while modeling
test cases for a problem. The results enabled us to refine our previous findings, and we identified
new sensemaking approaches.

Conclusions: Based on these results, we can further investigate ways to influence the sense-
making process in education, the possible misconceptions that have a negative influence on it,
and the desired mental model we want our students to have to design test cases.

1. Introduction

As the role of software in our society increases, its quality becomes more important. However, this quality is not always evident.
‘The actual use of software is often different from the expected use, leading to failures that can highly impact the system in which
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THE CASE WE USED

~

/Testing the average age calculator

You work for a travel company. The sales department wants to know what
the average age is of the people who booked their holidays with your com-
pany. One of the developers in your team has developed a program to
calculate the average age for a hundred people at the time. The program
can handle up to a hundred dates of births and calculates the average age
in years. It gets its data from a remote server as a .txt file, where each line
contains the name and the age.

Assignment: Design a test model in TestCompass to adequately test the

N application. y
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TEST COMPASS TOOL

input is
Not a Y
Number 1

A 4

2

is there a
connection to
the database?

Legend

\

V.




TEST COMPASS TOOL

&« C O B https://app.compass-testservices.com
TEST@mMpass v

Project Model Test
Test Coverage: [Multiple Condition Coverage V] n

Generate Test Cases

Include Test Case

TCl: 5
TC2: 61
TC3: 6,23
TC4: 6,24

[J] Show Test Case Details

100% Multiple Condition Coverage

Generate Test Design Generate Feature File

Wat staat er in
de txt. Datum
of leeftijd?

Download .txt

Wat te doen als
er meer dan 100
personen in een
document staan

Is er een
aximale of
minimale
leeftijd?

Dit is het gemiddelde
van 100 mensen en
niet van het totaal

Bereken
gemiddelde

You
The sales de
average age

hol

One of the dev:

program to cal

The program

births and ¢
It gets its dat
where each |

Wat voor error

handling?
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RESULTS FROM THE STUDY
Enhanced understanding of student sensemaking processes
Refinement of previous findings

Discovery of new sensemaking practices and approaches
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DIFFERENT SENSEMAKING PRACTICES AND APPROACHES

Identified practice Number of students
Lazy student practice 2

Clueless student practice 3

Convergent Tester approach 10

Developer approach 26

Divergent Tester approach 5)
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DIFFERENT SENSEMAKING PRACTICES AND APPROACHES

Identified practice Number of students
Lazy student practice 2
Clueless student practice 3

Co : ber approa 10
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DEVELOPER APPROACH

»_ contador<100 Y
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DIFFERENT SENSEMAKING PRACTICES AND APPROACHES

Identified practice Number of students
Lazy student practice 2

Clueless student practice 3

Convergent Tester approach 10

Dev 26

Divergent Tester approach 5)
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Una vez vuelves a
ingresar una nueva
fecha vuelve al
principio para
comprobarlo todo
de nuevo

El usuario vuelve
aingresar la
fecha

DIVERGENT TESTER APPROACH

El usuario ha
ingresado las 100
fechas de nacimiento
en el fichero del
programa

Si el afo
(yyyy) es

mayor que
13 o0 menor

es menor que
1 0 mayor
que 31

Si el dia (dd)
es3lenel
mes (mm): 02,

bisiesto (yyyy)
y el mes 02

(mm) tiene 29

dias (dd)
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-

mngresdauo wds 1vv
fechas de nacimiento |
en el fichero del
programa

DIVERGENT TESTER APPROACH

esta en
formato 1
yyyy-mm-dd

Si el afio

(yyyy) es
negativo

(mm) es
mayor que Y
13 o menor

quNe 1

i el dia (dd
es menor que
1 o mayor
que 31

Y
7
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NEXT STEP IN MY RESEARCH: COMPARING TEST CASES, STUDENTS VS. EXPERTS

Now we now the approaches of students, we want to know the
approaches of experts.

Hypothesis: experts rely heavy on heuristics and are more aware
of biases and misconceptions
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CREATE INNOVATIVE INSTRUCTIONAL DESIGNS

Serious games such as Testsphere with
the mechanics of Fluxx

Vent the

FWar P Core

- |dentification of test cases

- creating awareness of biases

- [dentifying misconceptions
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More holistic: we need to
= shift our teaching strategies

testing like an
engineer solves
a problem

experimentation

from the to the

focus on o e
N . emplrtlcal
solving par‘adlgm paradlgm

based on
requirements and
specifications

looking for the
unknown unknowns
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CONCLUDING THOUGHTS
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{
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this.difficulty = difficulty;
L

A systematically
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DIFFERENT SENSEMAKING PRACTICES AND APPROACHES

Identified practice Number of students

Lazy student practice 2
Clueless student practice 3
Convergent Tester approach 10
Developer approach 26

Divergent Tester approach 5
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DIVERGENT TESTER APPROACH
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testing like an
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