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Abstract

Children are increasingly surrounded by computer science aspects in their every-
day life. Primary school education aims at empowering children to participate in
and reflect on their environment. Therefore, computer science related contents
such as programming are increasingly introduced into primary school curricula.
However, this also involves challenges in particular for teachers, who need to
familiarise themselves with the new curriculum. As a result, primary school
teachers often struggle to help primary school children with their programming
issues. Corrective feedback given during the learning process (i. e. formative
feedback) can help by promoting cognitive factors such as content knowledge.
This thesis therefore aims to support primary school programming education
through formative feedback.

In order to shed light on different perspectives, both teachers and children
participated in the studies in a mixed methods design. Teachers’ challenges and
children’s programming issues were explored as a basis for knowing what both
target groups struggle with. This was done by conducting content analysis on
the challenges and issues collected and using the resulting categories for further
quantitative analysis. The effects of different characteristics of feedback on the
effectiveness and efficiency of teaching and learning programming were then
explained. This was done by asking the teachers and children to explain their
ratings and conducting content analysis on their explanations.

The support of primary school programming education through formative
feedback builds on the major challenge of teachers’ lack of content knowledge
and the corresponding strategies of teacher training and automated feedback. In-
deed, automated feedback was found to be mostly helpful for debugging and task
creation. In order to provide direct support to children, common programming
issues were identified in terms of the understanding of programming concepts
and the usage of the programming environment. Effects on children’s learning
and their preferences were identified for several feedback characteristics, leading
for example to elaborated hints instead of simple direct instructions. Based on
these results, a formative feedback approach of hint cards was developed and
evaluated. The hint cards approach proved to be a useful example strategy for
supporting primary school programming education through formative feedback.

iii



Zusammenfassung

Kinder sind in ihrem Alltag zunehmend von informatischen Phanomenen um-
geben. Die Grundschulbildung zielt darauf ab, Kinder zu befihigen, an ihrer
Umwelt teilzuhaben und sie zu reflektieren. Daher werden informatikbezogene
Inhalte wie das Programmieren zunehmend in die Lehrpldne der Grundschulen
aufgenommen. Dies bringt jedoch auch Herausforderungen mit sich, insbeson-
dere fir die Lehrkrafte, die sich mit dem neuen Lehrplan und Ansétzen vertraut
machen misssen. Infolgedessen fillt es Grundschullehrkréften oft schwer, Grund-
schulkindern bei ihren Programmierproblemen zu helfen. Korrektives Feedback,
das wahrend des Lernprozesses gegeben wird (formatives Feedback), kann helfen,
indem es kognitive Faktoren wie fachliches Wissen fordert. Ziel dieser Arbeit
ist es daher, den Programmierunterricht in der Grundschule durch formatives
Feedback zu unterstiitzen.

Um die unterschiedlichen Perspektiven zu beleuchten, nahmen sowohl Lehr-
kréfte als auch Kinder an den Studien in einem Mixed Methods-Design teil. Die
Herausforderungen der Lehrkrafte und die Schwierigkeiten der Kinder bei der
Programmierung wurden exploriert, um zu erfahren, womit beide Zielgruppen
Probleme haben. Dazu wurden die gesammelten Herausforderungen und Proble-
me einer qualitativen Inhaltsanalyse unterzogen und die daraus resultierenden
Kategorien fiir eine weitere quantitative Analyse verwendet. Aulerdem wurden
die Auswirkungen verschiedener Merkmale des Feedbacks auf die Effektivitat
und Effizienz des Lehrens und Lernens von Programmierkonzepten erklart. Dazu
erlduterten die Lehrkrafte und Kinder ihre Bewertungen und ihre Erlduterungen
wurden einer qualitativen Inhaltsanalyse unterzogen.

Die Unterstiitzung des Programmierunterrichts in der Grundschule durch for-
matives Feedback baut auf der groflen Herausforderung des fehlenden fachlichen
Wissens der Lehrkrifte und den entsprechenden Strategien der Lehrkréftebil-
dung und des automatischen Feedbacks auf. Das automatische Feedback erwies
sich beim Debugging und bei der Erstellung von Aufgaben als hilfreich. Um
die Kinder direkt zu unterstiitzen, wurden allgemeine Programmierprobleme
in Bezug auf das Verstidndnis von Programmierkonzepten und die Nutzung der
Programmierumgebung ermittelt. Es wurden Auswirkungen auf das Lernen der
Kinder und ihre Praferenzen fiir verschiedene Feedback-Merkmale ermittelt,
was beispielsweise in elaborierten Hinweisen anstelle einfacher direkter Anwei-
sungen resultiert. Auf der Grundlage dieser Ergebnisse wurde ein formatives
Feedbackkonzept mit Hinweiskértchen entwickelt und evaluiert. Dieses Konzept
erwies sich als niitzliche Strategie zur Unterstiitzung des Programmierunter-
richts in der Grundschule durch formatives Feedback.

iv



Acknowledgements

Danken méchte ich mehreren Menschen, die mich auf dem Weg zur Promotion
begleitet und unterstiitzt haben.

Als erstes mochte ich mich ganz besonders bei Prof. Dr. Gordon Fraser, meinem
Doktorvater, bedanken, dessen passende Worte zur richtigen Zeit diese Arbeit
ermoglicht und stets verbessert haben. Danke Gordon fiir die vielen schnellen,
hilfreichen und konstruktiven, immer wertschétzenden Riickmeldungen. Vielen
Dank auch an meine Zweitgutachterin Prof. Dr. Eva Marinus, deren Begeisterung
und ausfiihrliche Riickmeldungen viele Denkanstofie lieferten und diese Arbeit
durch Lob und konstruktive Kritik mit formten. Bedanken mdchte ich mich
auflerdem bei ADin Ute Heuer, die durch ihre Ideen und Durchdenken immer
wieder Inspiration und Stoff zum Nachdenken lieferte.

Nattrlich geht auch ein grofies Dankeschén an meine Kolleginnen und Kolle-
gen. Insbesondere an Isabella Graf3l und Florian Obermiiller, die mich sowohl
durch ihre aufmunternden Worte als auch durch fachlichen Austausch pos-
itiv begleitet haben. Ein weiterer Dank geht an die studentischen Hilfskrafte,
insbesondere Markus Brune fiir die Unterstiitzung bei der qualitativen Datenaus-
wertung samt zugehdrigen Diskussionen. Bedanken méchte ich mich auch bei
der Lehrstuhl-AG und der Abteilung Heterogenitat und Diversitat des ZLF fiir
den Austausch und die Offenheit fiir innovative Themen. Vielen Dank auf3er-
dem an PD Dr. Michael Haider, der mich seit meiner Zeit als SHK stets ermutigt
und mein Interesse an digitalisierungsbezogener und informatischer Bildung in
der Grundschule geweckt und gefordert hat. An die Didaktik der Informatik-
Community fiir den Austausch auf Konferenzen, Kolloquien und Schreibtagen
ebenfalls ein herzliches Dankeschon, insbesondere fiir tolle Organisation, reges
Brainstorming, engagierte Nachwuchskréfte und lehrreiche Unterhaltungen.
Keinesfalls wire der Weg ohne meine Familie und Freunde moéglich gewesen.
Daher mochte ich mich bei euch bedanken, dafiir, dass ihr mich in meinen Zielen
unterstiitzt habt, mich auf dem ganzen Weg oder Teilen davon begleitet habt und
dabei immer fur mich da wart. Danke fiir die lieben, zielfithrenden, ehrlichen
und verstdndnisvollen Worte.

Ein abschlieBender Dank geht an alle teilnehmenden Lehrkréfte, Studierenden
und Kinder und das BMBF fiir die Forderung des Projekts “primary::programming”.



Contents

(L _Introductionl 1
[1.1 Reasons, Problem Statement and Emerging Idea| . . . . . . . .. 1
|{1.2  Connection of the Research Questions|. . . . .. ... ... ... 2
13 Structure of thisThesis| . . . . ... ... ............. 4

[2 Background| 5
[2.1 ~ Programming in Primary School Education| . . . . . . . ... .. 5

[2.1.1  Reasons for Primary School Programming Education| . . 5
212 State of Practicel. . . . .. ... ... ... ... ... 6
[2.1.3  Approaches for Teaching Programming| . ... ... .. 8

............................... 11
(22.1  Definition of Terms around Feedbackl . . . . .. ... .. 11
(2.2.2 Feedback Forms and their Effects . . . . ... ... ... 13

(3 Related Workl 16

[3.1 Challenges of CS Education in Schools| . . . ... ... ... .. 16
[3.1.1  Overview of the Studies on Challenges| . . . . . . .. .. 16
[3.1.2  Categories for Classifying the Challenges| . . . .. ... 16
[3.2  Supporting Teachers with Teaching CS| . . . . . ... ... ... 19
[3.2.1  Challenges of Teachers|. . . . . ... ... ... ..... 19
[3.2.2  Strategies for Addressing Teacher Challenges| . . . . . . 20
[3.3  Supporting Primary School Children with Learning Programming| 23
[3.3.1 Common Programming Issues of Children| . . . . . . .. 24
[3.3.2  Formative Programming Feedback] . . . ... ... ... 25

|4 Methodology| 27

|4.1 Participants| . .. ... ... ... o 27
411  Teachers|. ... ........ ... ... ... ... .. 27
412  Childrenl . . . ... ... ... ... 28

[4.2  Study Designs| . . . . ... ... 29
4.2.1  Mixed Methods Researchl. . . . .. ............ 29

[4.2.2  Study Design Types of the Mixed Methods Approach|. . 30

vi



[4.3  Analysis Methods| . . . ... ... .. ... ... ... ...... 32

431 Inferential Statistics] . ... ................ 32

[4.3.2  Hermeneutic Content Analysis| . . . ... ........ 33

[4.4  Collection and Analysis Tools| . . . . ... ... ... ...... 34
[4.4.1  Collecting Programming Data with ScratcHLOG| . . . . 34

[4.4.2  Testing Functionality with WHISKER| . . . . . . ... .. 35

[4.4.3  Detecting Code Patterns and Calculating Code Metrics |

[ with LITTERBOx|. . . . . . . . ... ... .. . ... 35
b Publications| 36
b1 Overview of Publications . . . . .. ................ 36
.11 Publications for this Thesis| . . ... ........... 36

6.2 Additional Publications| . . .. .............. 38

[5.2  Papers for RQ 1 (Teachers” Perspective)| . . . . . ... ... ... 39
[5.2.1  Paper I: Challenging but Full of Opportunities: Teachers’ |

[ Perspectives on Programming in Primary Schools|. . . . 40
[5.2.2  Paper II: Ein Seminarkonzept zum algorithmischen Den- |
L kenim Grundschullehramtsstudiuml . . . ... ... .. 51
[5.2.3  Paper [II: Exploring Programming Task Creation of Primary |

| School Teachers in Training| . . . . . .. ... ... ... 62
[5.2.4  Paper IV: Effects of Hints on Debugging Scratch Pro- |

| grams: An Empirical Study with Primary School Teach- |
| ersin [raming| . .. ... ... ... ... ... ... 70
[5.3  Papers for RQ 2 (Children’s Perspective)] . . ... ... ... .. 81
[5.3.1  Paper V: Common Problems and Effects of Feedback on |

[ Fun When Programming Ozobots in Primary School| . . 83
[5.3.2 Paper VI: Gelingensbedingungen fir die aftektive For- |

[ derung von Kindern durch einen Robotik-Making-Kurs: |
| Befunde zum Zusammenhang von Schwierigkeiten und |
[ Spass und deren Diskussion aus motivationspsycholo- |
| gischer Sichtf. . . . ......... ... ... ... 94
[5.3.3  Paper VIL: “Help Me Solve It” or Solve It For Me”: Effects [

| of Feedback on Children Building and Programming Robots|123
[5.3.4  Paper VIII: Impact of Hint Content on Performance and |

[ Learning: A Study with Primary School Children in a |
[ Scratch Coursel . . . ... ... .. ... ... L. 131
[5.3.5  Paper IX: Programmierfeedback fiir Kinder: Text oder |

| BT Eine Mined MetholsShidc el RobotkKus 142
[5.4  Papers for RQ 3 (Hint Cards Approach)| . . . . . ... ... ... 153

[5.4.1  Paper X: Mehrperspektivische Unterstutzung von Grundschul- |

kindern beim Erwerb informatischer Kompetenzen am |

Beispiel der Programmierung von Stickmustern| . . . . . 154

Contents

vii



5.4.2 Paper XI: Hint Cards for Common Ozobot Robot Issues:
Supporting Feedback for Learning Programming in Ele-

mentary Schools . . . . ... ... ... oL 171
6 Key Findings 179
6.1 Insights on the Perspective of Teachers(RQ1) . ... .. .. .. 179
6.1.1 Challenges and Support Strategies (RQ 1.1) . . . .. .. 179
6.1.2 Automated Programming Feedback (RQ1.2) . . . .. .. 180
6.2 Insights on the Perspective of Children(RQ2) . . ... ... .. 182
6.2.1 Common Programming Issues (RQ2.1) . . . . ... ... 182
6.2.2 Characteristics of Formative Programming Feedback
(RQ2.2) . .. e 184
6.3 Insights on the Hint Cards Approach (RQ3) . ... ... .. .. 185
6.3.1 Supportregarding Teaching(RQ3.1) . . ... ... ... 185
6.3.2 Support regarding Learning (RQ3.2) . ... .. ... .. 186
7 Concluding Discussion 188
7.1 Recommendations for Instruction . . . .. ... ... ... ... 188
7.2 Recommendations For Feedback Generation . . . . ... .. .. 189
7.3 Recommendations for Learning with Formative Feedback . . . . 190
7.4 Recommendations For Teacher Training . . .. ... ... ... 191
8 Conclusions and Outlook 193
8.1 Summary Howaml| Going? (FeedBack) . ... ... ... .. 193
8.2 Future Work Where to Next? (Feed Forward) . . . ... ... 193
8.2.1 Integrating further Automated Tools . . . . . ... ... 193
8.2.2 Combining CS Education and Montessori Pedagogy . . 194
8.3 Overarching Goal Where am | Going? (FeedUp) . ... ... 194

Contents viii



Introduction

This chapter provides an overview of this thesis and explains the overall purpose.
Thereasons, problem statement and emergingfaeavestigating feedback for
primary school programming education are given (Section 1.1),chenection

of the research questiossexplained (Section 1.2) and the overstiucture of
this thesids summarised (Section 1.3).

1.1 REASONS, PROBLEM STATEMENT AND EMERGING IDEA

Children are surrounded by aspects of computer science (CS) such as pro-
grammed computing systems in their everyday life [73]. In primary school
education, exploring the immediate environment is a central goal [47]. For
children to actively participate in and re ect on their environment, CS education

at primary school level is consequently needed [61, 73]. Therefore, CS content
should also be addressed in primary schools. This is also re ected in national
and international curricula: CS-related topics are increasingly introduced in
primary schools in Germany [108] and around the world [65]. These curricular
guidelines are implemented with the following child-friendly approaches: an
unplugged approach without digital devices, a software-based approach with
for example block-based programming and a physical computing approach with
for example robotic systems [9].

However, changes in the CS curriculum and the unfamiliar teaching ap-
proaches they bring involve certain challenges: Teachers not only in uence
whether and what content is taught to children, but in particular need training,
time and material to familiarise themselves with the new curriculum [91, 145].
In addition, teachers may be non-specialists in the subject of CS: In secondary
schools, the need for CS teachers leads to training teachers of other subjects to
additionally become CS teachers [39]. In primary schools, all teachers have to
cover several subjects due to the principle of one main teacher per class [36].
Indeed, research on challenges has shown that primary school teachers lack
content knowledge in programming more often than secondary school teach-
ers [51, 127]. They consequently need support and a common support strategy
is to provide teacher training on computing education. This has been found to



be e ective for primary school teachers in increasing knowledge and improving
attitudes [99]. Nevertheless, programming is often perceived as complex [36].
One strategy is to provide feedback to the teachers themselves by discussing
the programming issues they encountered [46].

Feedback can be a useful strategy to address the challenge of teachers' lack of
content knowledge: Feedback is a “consequence' of performance [64] and cor-
rective feedback is known to promote cognitive factors [144]. Giving feedback
to teachers or children can thus help them with learning about programming
concepts. For programming, automated code analysis tools can be of additional
bene t by providing objective and comparatively quick feedback. These also ex-
ist for educational programming environments such &sratch . The challenge
of helping children with their programming issues [46] could be addressed by
these tools by providing either the teachers with feedback or giving it directly
to the children. However, the conditions and characteristics of feedback such as
its (sub-)type, tutoring component and presentation to support primary school
programming education are still open to debate and the focus of this thesis.

1.2 CONNECTION OF THE RESEARCH QUESTIONS

Primary school programming education needs to be supported in order to em-
power children and familiarise teachers with the new curricula and approaches.
The three research questions (RQs), with two sub-questions each, aim at answer-
ing how to provide this support through formative feedback. Primary school
programming education involves challenges for the teachers such as a lack of
content knowledge. Therefore, RQ 1 deals with the perspective of those who
(will) teach children (i. e. in-service primary school teachers and undergraduates
who are pursuing their degree in primary school education or related discip-
lines such as educational sciences), hereafter referred teashersin order

to support teachers with helping their students learning programming, RQ 2
deals with the perspective of the young learners, hereafter referred tohésiren

To support both teachers and children, the example formative programming
feedback strategy of hint cards was developed. In order to evaluate the approach,
RQ 3 deals with the conditions required for teaching and learning with the hint
cards approach.

Several prior studies surveyed CS teachers on challenges of CS education, but
they do not focus on primary school programming education and corresponding
support strategies. RQ 1.1 aims at closing this research gap. In order to then
support teachers with their challenges, RQ 1.2 investigates whether automated
feedback is a useful support strategy for teacher challenges such as task creation
and debugging. Therefore, in RQ 1, the teachers' perspective is investigated:

1 Introduction 2



RQ 1: Teachers' Perspective

RQ 1.1:Which challenges do primary school teachers report regardin
primary school programming education and which strategies do they
suggest to address these challenges?

RQ 1.2: How and under what criteria does automated formative pro
gramming feedback a ect teachers' performance in task creation and
debugging?

O

J

The positive results of RQ 1.2 showed that automated formative program-
ming feedback helps teachers with teaching programming. The question arises
whether such feedback could also be given to children to help them learn about
programming concepts. However, children's speci ¢ programming issues and
to what overarching areas they relate needed to be identi ed rst (RQ 2.1) and
afterwards, the e ects of feedback characteristics on children's learning and the
children's feedback preferences were evaluated (RQ 2.2). Therefore, in RQ 2, the
children's perspective is investigated:

RQ 2: Children's Perspective

RQ 2.1:What are the most common programming issues encountered Qy
primary school children and to which overarching areas do these issugs
relate?

RQ 2.2:Which characteristics of formative programming feedback sup
port primary school children's learning of programming concepts ang
which are preferred by them?

RQ 1 and RQ 2 provided ideas on how to support primary school teachers
and children through formative feedback. Based on these results, hint cards
were developed as an approach to provide formative programming feedback. In
order to discover if the approach is suitable for addressing challenges of teaching
programming (RQ 3.1) and for learning programming (RQ 3.2), the approach is
evaluated by answering RQ 3:

RQ 3: Hint Cards Approach

RQ 3.1:How and under what conditions does the hint cards approac
support teachers to teach programming concepts?

RQ 3.2:How and under what conditions does the hint cards approac
support children regarding learning about programming concepts?

1 Introduction 3



1.3 STRUCTURE OF THIS THESIS

This thesis is structured into eight chapters. Thtroduction(Chapter 1) explains
the overall purpose of combining primary school programming education with
feedback.

The backgroundChapter 2) andelated workChapter 3) then delve deeper
into the topics by giving theoretical background information on primary school
programming education and feedback individually in thackgroundand then
presenting current research on their combinationiialated work This shows
how this thesis relates to theory and current studies.

The methodologyChapter 4) angbublicationgChapter 5) show the core of
this thesis: Themethodologyescribes how the studies were conducted. The
publicationsshows the full-texts of the 11 papers published for this thesis and
how the papers of each RQ are related.

Thekey ndings(Chapter 6)discussiofChapter 7) andonclusionfChapter 8)
then bring all the papers together. These sections show what can be taken away
from this thesis and can be used as an inspiration for work related to formative
feedback in primary school programming education.

1 Introduction 4



Background

The aim of this thesis is to investigate how feedback can be used to support
primary school programming education. This chapter serves as a theoretical
basis and therefore provides information on bgthogramming in primary school
educatior(Section 2.1) anteedbackSection 2.2).

2.1 PROGRAMMING IN PRIMARY SCHOOL EDUCATION

Many reasons motivate early programming education in primary schools. As a
result, it has recently been included in several primary school curricula. This
introduction in turn requires child-friendly approaches. This section therefore
describeseasongSection 2.1.1), thetate of practic€Section 2.1.2) arapproaches
for the practical implementation of curricula (Section 2.1.3).

2.1.1 REASONS FOR PRIMARY SCHOOL PROGRAMMING
EDUCATION

The reasons can be divided into general reasons for teaching CS and speci ¢
reasons for teaching programming: While several CS related competencies
are relevant for responsibly participating in everyday life, programming is
particularly related to the promotion of computational thinking (CT).

ENABLING PARTICIPATION AND INTEREST THROUGH CS
EDUCATION

Exploring the environment is a central task of primary school education [47]. As
the environment of children is increasingly characterised by digitalisation, both
learning with and about digital media needs to be included into primary school
curricula [61]. Learning about digital media in turn involves not only media
education (i. e. the promotion of media literacy of using, re ecting, knowing and
designing media [4]) but also CS education is required [85]. In addition, the need
for early CS education is also reinforced by children having a direct interest in
understanding the underlying mechanisms and creating technical artefacts [47].
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This interest also matches another task of primary school education: to include
children's individual interests and preferences and to link them to subject-
speci ¢ and interdisciplinary learning [73]. Another reason why CS education
should start before secondary school level is that the children's interest regarding
CS is higher for primary school children than for secondary school children
and can additionally be in uenced more positively [12]. This may result from
primary school children having hardly any prejudices about CS with less gender
di erences yet [117]. This changes at the latest in secondary school, where boys
choose CS as a subject more often than girls because of a higher interest and
more prior experience [75]. Therefore, one main goal of early CS education is
to stimulate the interest of all children in CS at an early stage, in addition to
providing a basic understanding of CS phenomena and promoting CT [9].

PROMOTING CT THROUGH PROGRAMMING EDUCATION

When teaching programming, the aim is not to teach speci ¢ knowledge about
one programming language, but to enable the application and an understanding
of the underlying concepts [73]. These concepts can be linked to the idea of CT,
as it involves solving problems, designing systems, and understanding human
behavior, by drawing on the concepts fundamental to computer science [143].
While there generally are several other CS concepts besides programming con-
cepts, a direct relation of CT to algorithms and programming can be seen in
recent de nitions of CT, which are summarised in Table 2.1. These de nitions are
based on a search in Scopus using the search term computational thinking AND
de n* for the article title. Although this overview does not aim at completeness,
the de nitions of all ve resulting articles show a strong tendency towards the
relation of programming and CT by including the terms algorithms and/or
programming (Table 2.1). This is consistent with the insights of Duncan, Bell
and Atlas [38] who compared the CT de nitions of CAS Barefoot [25], CSTA [1]
and Google for Education [49]: The authors conclude, that the de nitions over-
lap and that all de nitions include aspects @lgorithms and automatiof38].
Moreover, CT was known as algorithmic thinking in the 1950s and 1960s [32]
and CT and algorithmic thinking are still sometimes considered synonyms [146].
The link between programming and CT can also be seen in practice, where
programming is often used as a vehicle to promote CT [72, 95].

2.1.2 STATE OF PRACTICE

CS topics and in particular programming and algorithms have been included in
primary school curricula, but with di erent focuses and into di erent subjects.
However, changes in the curriculum are accompanied by overarching challenges.

2 Background | 6



Table 2.10verview of recent de nitions of CT and their inclusion of terms
related to algorithms and programming.

(@)
£
X
c
~ £ 2
L o £
E £ E
g £ g
& 5 8
Article Year Method © © =
[122] 2016 literature and survey 3
[140] 2016 literature, interviews and material 3 3
[93] 2017 literature 3
[74] 2022 literature 3

[118] 2022 literature, survey and discussion 3

CS IN PRIMARY SCHOOL CURRICULA

Since around 2016, there has been an international development to increasingly
include CS topics in primary school curricula [65]. While in some countries,
CS is a separate subject (e. g. Computing in the UK [10]) or a combined sub-
ject (e.g. Media and Computer Science in Switzerland [36]), it is also often
integrated into di erent subjects [65]. For Germany, the subject is still under dis-
cussion as only half of the federal states have integrated CS topics into primary
school curricula so far [111]. There are, however, some recommendations: The
Gl (German Informatics Society) and the SWK (Scienti c Committee of the
Standing Conference of the Ministers of Education and Cultural A airs) re-
commend the integration of CS related topics in sciences (in Germany mostly
calledSachunterricht[73, 85]. Nevertheless, there are other subjects besides
sciences, in which CS topics have been included such as mathematics, crafts
and technology [108]. This cross-curricularity also matches the inclusion of CT
as (1) CT has also been used in several subjects [72] and in addition, (2) Wing
suggests adding CT as another core competency alongside reading, writing and
arithmetics as CT represents a useful mindset for everyone [143]. As algorithms
and programming are directly related to CT (Section 2.1.1) algsrithmsalso

are one of the six content areas of the GI recommendations for CS education at
primary school level [73], this thesis will focus on algorithms and programming.

2 Background | 7



PROGRAMMING IN PRIMARY SCHOOL CURRICULA

Table 2.2 summarises how algorithms and programming have been introduced
into primary school curriculain the DACH region (Germany, Austria and Switzer-
land). In Austria, the subjedDigital Education(in German:Digitale Grundb-
ildung) and with that designing algorithms and programming has been man-
datory since 2022 for all federal states [69]. The situation is slightly di erent in
Germany and Switzerland: As their education systems are highly federalised,
CS content has been implemented quite di erently in the respective federal
states [36, 111]. However, where CS content has been introduced, program-
ming has usually been included as well: In Switzerlamadjorithmsare one

of three areas in thd_ehrplan 21(along with data structuresnd computing
systemp In Germany, eight of the 16 federal states integrate CS concepts in
their primary school curricula [108] and ve of them target algorithms and
programming (Table 2.2). Most of the courses of this thesis took place in Bavaria.
While Bavaria does not yet include algorithms and programming as a speci c
topic [108], Geldreich has shown how to combine algorithms and programming
with existing areas of the curriculum, namely with modelling, solving problems
and using representations in mathematics, using examples to explain which
principles of simple technical inventions enable a simpli cation of work in
sciences and acquiring knowledge and skills to act appropriately, independently
and responsibly in a multimedia society in the overarching interdisciplinary
educational goal of media education [6].

CHALLENGES AROUND CURRICULAR CHANGES

Algorithms and programming have often only recently been included in primary
school curricula. This highlights their topicality, but also indicates, that there has
been little time to train the teachers to teach the topic. Curricular changesin gen-
eral involve challenges for di erent stakeholders, but particularly for teachers,
such as the balance between external policy and teachers' local authority [125].
Changes to the computing curriculum have been shown to cause teachers to
avoid the curriculum [91]. This may be even more challenging at primary school
level, where teachers have to cover multiple subjects and therefore cannot be
educated or specialised in all of them. The speci ¢ challenges associated with
teaching CS from the teachers' perspective are discussed further in Section 3.2.1.

2.1.3 APPROACHES FOR TEACHING PROGRAMMING

In order to introduce the curricular content, appropriate approaches are needed [73].
These can be divided into approaches that use computing syst@mgded
approaches) and approaches that do not use computing systemaygged
approaches) [9]. The plugged approaches can be further divided into those that
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Table 2.2The integration of algorithms and programming into primary school
curricula in the DACH region.

Article Country Federal Year Subject  Specic content regarding

state algorithms and program-
ming
[36] CH e.g.ZH 2015 Mediaand algorithms as one of three
and SG Computer areas of CS
Science
'[69] AT  all 2018 Digital ~ working with algorithms

Education and creative usage of pro-

gramming languages
'[108] DE ~ HH 2020 Maths  structure of algorithms,
regular sequences, basic

skills in programming

MV / Sciences following and formulating
algorithms

NW 2021 Sciences programming a sequence

SN 2019 Crafts simpli ed software devel-
opment cycle

SH 2021 Technology programming of simple di-

gital systems

aresoftware-baseflising software on digital devices) and those that y¢gysical
computingsystems such as robots [9].

UNPLUGGED APPROACH

The unplugged approach aims at familiarising children with typical CS ideas
without relying on speci c computing systems [19]. Instead, it uses other creative
objects: The projec€S Unplugged provides a large collection of activities,
that use for example paper, pens, cards and ropes. It has become a popular
approach for many contexts, such as outreach activities and teacher training [7].
The Bebras challenge uses pen-and-paper tasks that are concerned with
speci ¢ CS concepts and it has developed into an international competition and
community [28]. In a Montessori inspired approach, tiles, cork boards, cards
and more are used [130]. All these ideas have in common that the underlying
unplugged approach implies a very playful and activating way of learning [9].
However, the unplugged approach should not be used in isolation but linked to

Inttps:/mww.csunplugged.org , last accessed 22 July 2024
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current technology or integrated with teaching programming [7]. In general,
the unplugged approach is used less frequently than plugged approaches in both
primary school [77] and K 12 education [100]. Therefore, unplugged activities
are not in the focus of this thesis, but were often used as a motivating entry-point
for sca olding the learning experience in the programming courses.

SOFTWARE-BASED APPROACH

The software-based approach is characterised by the use of software on digital
devices in the form of programming environments that give learners direct
feedback by testing their code [19]. There is a wide range of software, that
facilitates access to programming and supports children in using programming
as a creative tool [9]. Block-based programming environments (BBPE) enable this
and may therefore be preferred over text-based programming when introducing
children to programming: Blocks (1) serve as programming commands, (2) can be
stacked by drag-and-drop, similar to puzzle-mechanics, (3) are shaped according
to their type and (4) are coloured according to the category in which they
are displayed [5, 141]. There are several BBPEs that use these design choices
and educational motives, such &nap?, App Inventor ° or Alice 4. The most
widely used programming environment both in primary school [77] and K 12
education [100] is the BBPScratch °. This can be attributed to following the
principles oflow oor, wide walls, high ceilinflL 15, 120] and adding the paradigm

of making it more tinkerable, more meaningful, and more social [121].

PHYSICAL COMPUTING APPROACH

The physical computing approach refers to the direct interaction with physical
objects such as robotic systems or programmable toys [9, 19]. By re ecting on
these objects, physical computing can open up further possibilities, for example
in the concepts of sensors and actuators and even the construction of new
components [119]. Depending on the focus of the lesson, di erent characteristics
of the objects are needed: For educational robots, there is a basic distinction
betweerbuild-anduserobots. Using build-robots puts the focus on more general
STEM (Science, Technology, Engineering and Mathematics) skills as opposed to
use-robots that are programmed immediately [22]. As the focus of this thesis is
on algorithms and programming, all the robots that were programmed in the
courses were use-robots, with the exception of one self-built robot (Table 2.3).
In order to cover several characteristics, such as sensors or locomotion [22] and

nttps://snap.berkeley.edu/ , last accessed 22 July 2024

Shttps://appinventor.mit.edu/ , last accessed 22 July 2024
*https:/mwww.alice.org/ , last accessed 22 July 2024
*https://scratch.mitedu/ , last accessed 22 July 2024
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Table 2.30verview of physical objects that were programmed within the phys-
ical computing approach in the programming courses of this thesis.

Paper Name Type of physical object BBPE
VI, VII, IX  Arduino self-built robot with microcontroller mBlock

Il BOB3 microcontroller ProgBob

I Codey Rocky robot mBlock

I, V, Xi Ozobot Evo robot with focus on colour coding  OzoBlockly
I, X TurtleStitch stitching machine TurtleStitch

to not only refer to a speci ¢ system when exploring common programming
issues and explaining feedback e ects and preferences, di erent physical objects
were used, such as di erent use-robots but also microcontrollers and stitching
machines (Table 2.3).

Conclusions (2.1 Programming in Primary School Education)

Programming is used as the underlying CS topic of this thesis because
(2) it can promote the overarching skill set of CT and (2) it is included

in many primary school curricula. The approaches to implementing
the topic of programming are used as a basis for creating the materigl
for the workshops carried out in the course of this thesis. However,
the approaches mostly focus on guiding children, i. e. an instructional
approach [23]. There seems to be less focus on feedback (which is on the
opposite side of guidance [63]), which supports learners in a needs-baged
and issue-oriented manner.

2.2 FEEDBACK

This section deals with general theory on feedback, while feedback in relation to
primary school programming education is discussedétated workSection 3.3).
This section gives de nition of feedback and related terms (Section 2.2.1) and
shows di erentfeedback forms and their e e¢Section 2.2.2).

2.2.1 DEFINITION OF TERMS AROUND FEEDBACK

Feedback takes place after (a part of) a performance and is therefore related to
guidance (which takes place before and during a performance) and assessment
(which takes place after a performance). In order to outline the term feedback,
de nitions and functions of feedback as well as di erences and similarities with
assessment and guidance are given in the following.
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GENERAL DEFINITION OF FEEDBACK

The termfeedbacks used in various ways [106], can be seen as a concept, that
is di cult to understand [64] and therefore often no attempt is made to de ne

it [142]. Both Hattie and colleagues and Narciss have shaped the research and
discussion around feedback, de ning feedback as a ‘consequence' of perform-
ance [64] and all post-response information which informs the learner on
his/her actual state of learning or performance [106]. These de nitions have

in common that feedback occurs after a performance. However, this does not
imply that every information that refers to a performance should be considered
feedback: Feedback is distinguished by the learner's possibility to utilise the
feedback for regulating their learning process [106].

FUNCTIONS OF FEEDBACK

Figure 2.1 shows how feedback allows to reduce the gap between the current
performance and the intended learning goal: For feedback to be e ective, it
has to answer the three questions How am | going?, Where to next? and
Where am | going? [64]. The e ects of feedback can be measured in terms of
its functions: Thelnteractive Tutoring Feedback MoafeNarciss distinguishes
between a cognitive, meta-cognitive and motivational level [107]. Feedback is
mostly seen as a crucial factor for improving knowledge and skills (i. e. cognitive
aspects) and motivation [129]. However, depending on the feedback type, the
e ects on these levels are opposite, which will be discussed in Section 2.2.2.

RELATION OF FEEDBACK TO ASSESSMENT

Feedback is closely related to assessment, as feedback is often given as part of
an assessment [64, 129, 142]. In particular, feedback plays an important role in
formative assessment [17], as learners can for example react to the answer to the
feedback question Where to next? . Formative assessment and feedback are also
often used in similar contexts such as related terms in a literature review [129]

or combined as so-called formative practices [13]. However, the more common
de nition of assessment distinguishes between feedback and assessment with
assessment evaluating with a focus on levels and scores [64].

RELATION OF FEEDBACK TO INSTRUCTION

Feedback can be seen as a counterpart to instructional approaches such as guid-
ance [23, 64]. The e ectiveness of feedback versus instruction depends on the
context: For example, if learners lack information about a task, further instruc-
tion is needed, whereas if learners have misinterpreted the task, feedback may be
more e ective [64]. Feedback and instruction can also be intertwined [64]: The
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Figure 2.1Combination of Hattie's de nition of and questions to feedback [64].

guidance and feedback loop starts with the instructional approach of preliminary
guidance, followed by steps such as feedback on knowledge of performance, and
has these steps in a loop until this process ends and its learning outcome is used
for further assignments [71]. Feedback itself can also provide a form of guidance:
While more explicit feedback particularly supports guiding novices, hints and
suggestions support guiding learners in regulating their learning process [129].

2.2.2 FEEDBACK FORMS AND THEIR EFFECTS

The e ects of feedback depend strongly on its form. Common distinguishing
aspects are at what time in the learning process the feedback is given (formative
versus summative), the depth of the information given (simple versus elaborated)
and the evaluative direction (positive versus negative).

FORMATIVE VERSUS SUMMATIVE FEEDBACK

The main di erence between formative and summative feedback is that sum-
mative feedback is given after [18] while formative feedback is given during the
learning process [129]. Summative feedback often o ers information about the
end product while formative feedback includes ideas on improving learning [80].
Summative feedback thus is closer to assessment and formative feedback to
instruction as formative feedback guides the learners to regulate their learning
process. Formative feedback can thus be considered a sca olding strategy if it
supports learning and fades gradually [129]. It is therefore also more e ective
for learning than summative feedback [18].
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SIMPLE VERSUS ELABORATED FEEDBACK

Feedback can consist of components for veri cation (simple judgement) and
elaboration (substantive information) [89]. THateractive Tutoring Feedback
Modelalso uses the degree of elaboration to categorise feedback (sub-)types in
terms of their content [107]:

" Non-elaborated osimplefeedback deals with knowledge on (1) the general
performance, (2) the result or (3) the correct response and refers to mostly
gquantitative information such as grades or percentages.

" Elaboratedeedback deals with knowledge about (1) task constraints,
(2) concepts, (3) mistakes or (4) how to process the task such as examples
or problem-solving strategies.

Simple feedback however does not answer the three questions to feedback
(Fig. 2.1) such as not giving information on Where to next? . Therefore, it is not
actionable and would not be considered feedback in some de nitions [142]. This
matches that simple feedback often addresses the Igstl(instead of thetask
processr self-regulationevel) and is therefore often not related to the learning
performance, but only the learner without any elaborated information [64].

POSITIVE VERSUS NEGATIVE FEEDBACK

Each feedback has an evaluative component [107] and can thyp®bi¢iveor
negative This does not refer to the e ects or function of the feedback, but only to
the content of the feedback being a rmative or corrective. Negative (hereafter
referred to acorrectivgfeedback can reduce both autonomy and the experience
of competence [144], which are crucial factors for the development of intrinsic
motivation [123]. This is because corrective feedback signals to learners that they
need help, which can make them feel less competent and more aware of their
dependence on others, thus reducing autonomy. However, promoting children's
a ective aspects is one of the main reasons for teaching programming in primary
schools (Section 2.1.1). Atthe same time, however, corrective feedback is e ective
for reaching cognitive learning goals [144]. Therefore, more experienced learners
mainly seek corrective feedback [42].

Positive feedback on the other hand tends to lead to higher intrinsic mo-
tivation than corrective feedback [63] and is particularly e ective for novice
learners in maintaining motivation and increasing learners' con dence and
leading to expecting successful goal attainment [42]. To ensure these e ects
on intrinsic motivation, feedback should enable the feeling of autonomy and
competence [124]. Motivated learners in turn also process feedback better [35],
which means that motivation (e. g. through positive feedback) is a useful con-
dition for e ectively processing corrective feedback. However, these e ects
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only occur with elaborated feedback. Simple positive feedback such as praise or
tangible rewards contains only little or no content information, may therefore
not be authentic or actionable and thus is one of the least e ective feedback
types [63]. Accordingly, simple feedback may only act as an extrinsic motivator
but does not increase intrinsic motivation [29]. This is consistent with ideas
from Montessori pedagogy: Education walks on the two feet of the giving of
prizes and of giving punishments; but if a child is given prizes and punishments
it means that he does not have the energy to guide himself and that the teacher
is hovering over the child and directing him. [104].

Conclusions (2.2 Feedback)

This thesis focuses on feedback that is formative, elaborated and corrgct-
ive. This combination of feedback aspects is of particular interest because
it is e ective for promoting cognitive aspects, but may at the same time
harm motivation. In order to investigate its e ects, Narcidsiteractive
Tutoring Feedback Mod&D7] is chosen for conducting the studies on
feedback e ects. Its categorisation into di erent (sub-)types, tutoring
components and presentation helps to systematically research di eremt
characteristics of programming feedback for primary school children i:l:
RQ 2.
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Related Work

This chapter describes current work on challenges and support through feedback.
First,challenges of CS education in schamsurveyed through related work
(Section 3.1). Then, this section describes howupport teachelSection 3.2)
and how tosupport childreiSection 3.3) with their challenges and issues.

3.1 CHALLENGES OF CS EDUCATION IN SCHOOLS

Several studies qualitatively investigated teachers' perspectives on the challenges
of CS education in schools (Table 3.1). Section 3.1.1 givesemwiewof these
studies and Section 3.1.2 describescthtegories for classifying the challenges

3.1.1 OVERVIEW OF THE STUDIES ON CHALLENGES

Table 3.1 shows the studies on general challenges and gives further information
on their method and the categories reported. All studies used a qualitative
approach to explore the challenges rather than quantifying existing categories.
Although some of them include primary school teachers, they do not focus on
this target group (Table 3.1). In addition to the teaching level, other contextual
factors of the studies vary in terms of the speci c teaching context and the
countries included (Table 3.1). However, the shared (sub-)categories of the
studies allow to draw conclusions on overarching challenges and are therefore
described in the following section.

3.1.2 CATEGORIES FOR CLASSIFYING THE CHALLENGES

The studies on challenges (Table 3.1) allow for an overview of common classi c-
ation types of challenges. There seem to be two main ways of classifying the
challenges in CS education perceived by teachers:

~ intrinsic versus extrinsic

~ teachers versus students versus resources
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Intrinsic challenges refer to more personal aspects such as beliefs and know-
ledge, whereas extrinsic challenges refer to more environmental aspects that may,
for example, impede implementation processes [41, 92]. Sentance and Csizma-
dia [127] have also shown that this overlaps with the distinction between teach-
ers, students and resources: Resource-related challenges are always extrinsic,
while challenges related to teachers and students can be both, although student-
related challenges are mostly intrinsic [127]. Two other studies (Table 3.1)
explicitly use either the di erentiation in intrinsic versus extrinsic [139] or
teachers versus students versus other [45]. The (sub-)categories of the other
studies can also be included in these distinctions as they target, for example, com-
pounding factors that are related to extrinsic challenges or explicitly mention
teachers and students in their speci ¢ categories (Table 3.1). This thesis focuses
on intrinsic challenges as these can be in uenced without external in uences
such as governmental policies, but rather directly with regard to students and
teachers. In the following and for RQs 1.1 and 2.1, the intrinsic challenges of
teachers and speci c issues of primary school children will therefore be explored.

Conclusions (3.1 Challenges of CS Education in Schools)

The studies on challenges explore the challenges reported by teachers.
However, there is a research gap in examining the opinions of primary
school teachers, who are focussed in this thesis. For several school levels,
the challenges can generally be split into intrinsic and extrinsic challenges.
This thesis focuses on intrinsic challenges of teachers and children gs
these can be in uenced without external in uences.
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3.2 SUPPORTING TEACHERS WITH TEACHING CS

In order to support teachers with teaching CS, their challenges have to be
known as a basis to then provide appropriate support strategies. Therefore, this
section describes intrinsichallenges of teachdSection 3.2.1) and discusses
two strategies for addressitigese challenges (Section 3.2.2.

3.2.1 CHALLENGES OF TEACHERS

In the studies on challenges (Table 3.1), teachers particularly consider the over-
arching intrinsic challenge of their lack of content knowledge as problematic.
This in turn further negatively in uences the creation of teaching material and
support of individual students.

LACK OF CONTENT KNOWLEDGE

A major challenge for teachers at various teaching levels is their lack of content
knowledge: Each study on the general challenges of teaching CS (Table 3.1)
refers to it with only slightly di erent terms (ack of knowledge and abilif#5],

lack of skill§70], subject knowledd&27], professional knowledge and understand-
ing [139] andcontent challengg$47]). According to the TPACK framework [83],
content knowledge (CK) is also related to other domains when teaching: CK
partially overlaps with technological knowledge and pedagogical knowledge,
resulting in technological content knowledge (TCK), pedagogical content know-
ledge (PCK) and also technological pedagogical content knowledge (TPACK).
The reason for the lack of CK and related knowledge types is linked to other
challenges such as the lack of preparation and especially the time to prepare [45,
147]). This also matches that topics around algorithms and programming have
only recently been introduced into primary school curricula (Section 2.1.2).
Teachers however still mostly need to be trained in CS topics such as program-
ming before teaching them, which di ers from other subjects in which they may
already be more pro cient, as they more often had learning opportunities in
their own education at school [96]. However, this lack of CK leads to further
challenges as discussed in the following.

DEALING WITH AND CREATING MATERIAL

When lacking CK and also PCK, it is di cult to select or create appropriate
teaching material. Surveys with teachers at di erent school levels have shown
that the lack of material, but also the creation, selection and di erentiation of
material can be challenging: There is still a shortage of material with textbooks
being mentioned in particular [45, 139, 147] and at the same time new emerging
tools require exibility from teachers [139]. Therefore, teachers may have to

3 Related Work | 19



create their own material, which is why RQ 1.2 addresses the creation of material
as one of two challenging activities. Creating own material however takes a lot
of time, also because possible issues of students should be considered [45], which
are addressed in RQ 2.1 of this thesis. The issues could also be incorporated into
the frequently mentioned need for di erentiation of the instruction [45, 51, 127].
This shows that existing material cannot simply be used, but must be carefully
selected [127], which in turn takes time [139].

SUPPORTING INDIVIDUAL STUDENTS THROUGH IMMEDIATE
FEEDBACK DURING DEBUGGING

Learning CS concepts yourself while helping students understand them at the
same time [147] can be challenging. These learning processes are particularly
di cult to handle for CS: There is a variety of issues because of the unique-
ness of the [students'] problem-solving approaches [147] when for example
implementing own ideas in the course of programming a game. In addition, CS
is subject to constant change [45] as it is linked to the prevailing developments
in a society permeated by technology and digitalisation. These many di erent
and changing issues of students need to be addressed. However, large class
sizes make it di cult or impossible to help students individually [45, 69, 147].
This negatively a ects providing appropriate feedback as giving e ective feed-
back would take time: Teachers on the one hand see the importance of giving
elaborated and immediate feedback [139] and thus work through programming
issues with their students following a trial-and-error-approach [127, 139]. On
the other hand, this can take more time than giving simple feedback, for example
in terms of the correct solution (Section 2.2). For programming, this is closely
related to debugging as it is de ned as the process of identifying bugs and
modifying the code respectively [82]. Immediate feedback could help to sca old
this process. However, teachers report the challenge of having to rush to help
their students with their programming issues [102]. Several strategies can be
considered: Teaching a systematic debugging process through an intervention
that includes stepping through it with an example, a discussion with students
and a corresponding poster [103]. Consequently, debugging is a main activity
where challenges arise and where teachers may therefore bene t from support,
which is why RQ 1.2 addresses debugging as one of two challenging activities.

3.2.2 STRATEGIES FOR ADDRESSING TEACHER CHALLENGES

There are various strategies to address intrinsic challenges of teachers. One
evident strategy is teachers participating in teacher training. Another strategy,
which is less common but potentially useful, is using automated feedback tools.
Related work is described for both strategies to identify current developments.
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STRATEGY OF TEACHER TRAINING

Teacher training may be helpful for addressing challenges such as a lack of CK.
However, teachers' prior experience and further conditions have to be considered
for teacher training to be e ective.

The prior experience of teachers needs to be considered for teacher training
to not overwhelm the participants and be aware of their uncertainties. When
participating in teacher training, primary school teachers will already have their
own perception of CS such as a media-oriented, a mathematical, a social or a
design-oriented view [11]. Generally, many primary school teachers consider
CS as complicated and abstract [110], lack ideas on how to implement CS les-
sons [46, 110] and have no (correct) concepts [46, 62]. The latter can be seen
regarding, for example, the Internet [31] and central terms such as confusing
CS or programming with using digital media [36] or media education with CS
education [126]. Regarding programming, the majority of teachers state that
they had no prior experience [16, 36]. This may be one reason for the huge
heterogeneity in the performance between the teachers during a course [96].
These considerations on cognitive aspects match the initial a ective aspects
such as low interest [16] and existing fear [62, 110]. Consequently, there is a
need for teacher training in order to promote both a ective aspects such as
interest and cognitive aspects such as understanding important concepts.

In order to determine prior experience but also e ects of teacher training,
assessment instruments have been developed for the speci c target group of
primary school teachers. The SRCT [96] can be used to e ciently assess the
program reading comprehension of teachers with some experienc&ciratch
and consists of twelve single-choice tasks basedSanatch code. Another
test for primary school teachers assesses CS competencies via tasks and self-
evaluation [109]. A prior version of this test was used in a seminar in a pre-post-
design and showed a signi cant rise in the self-evaluation of the teachers [111].
This also matches other e ects of seminars for primary school teachers such as
a change in the self concept and subject concept [62] and more con dence in
teaching programming [46]. The teachers also consider the seminars interest-
ing [111] and have signi cantly higher interest afterwards if there are practical
teaching components and not only theory [16]. A balance between theory and
practice was generally perceived as very positive and has been achieved by in-
troducing and practising CS concepts with concrete material for primary school
children but also having further more complex tasks [46, 62, 111]. However,
programming, for example irscratch , has also been considered rather com-
plex [36] and helping students with programming issues still seems challenging
to teachers [46]. Thus, teachers also need further help with programming by for
example receiving feedback on code.
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THE STRATEGY OF AUTOMATED PROGRAMMING FEEDBACK

Automated programming feedback serves as another strategy to address chal-
lenges such as a lack of content knowledge. In the following, rst, an overview
of di erent approaches is given and then, it is shown how they are implemented

in code analysis tools for the block-based programming environnm@aottatch .
Scratch is chosen as it is widely used and follows several educational prin-
ciples (Section 2.1.3) and as at the same time, programming with it is considered
complex by pre-service primary school teachers [36].

Automated feedback has several advantages but its use cases depend on the
testing approach and its e ects on the inherent pedagogical approach. Computer-
based or automated feedback is generally rather objective (independent of sub-
jective perception of the individual characteristics of the student) and is therefore
perceived as less threatening [81]. Besides objectivity, automated approaches
often have the advantage of providing quick and consistent feedback [3]. Re-
garding programming feedback, the content of the feedback depends on the
automated approach used: For dynamic assessment, the code is executed (and
not the source code per se regarded) and tests, that were speci ed beforehand,
check if certain conditions apply which allows to analyse for example function-
ality, e ciency or testing skills [3]. Static assessment of code regards the source
code per se (and does not execute it) and can therefore analyse coding style,
programming errors, software metrics and design [3].

Some of these content aspects mentioned match the extension of Narciss'
feedback subtypes (Section 2.2.2) for automated programming feedback [80]:
The feedback typ&nowledge about mistakis example is divided into the ve
subtypedest failuresperformance issueslution errorsstyle issueandcompiler
errors While the rst three feedback types can be assigned to dynamic analysis
as they result from run-time analysis, the second two can be assigned to static
analysis as they result from an analysis of the source code. As these subtypes
belong to the feedback typkenowledge about mistake¢bey have in common
that they all refer to some kind of feedback on these mistakes such as error
messages. The pedagogical design of automated programming feedback is crucial
in general [3] but in particular for error messages: They often frustrate learners
as they are not always comprehensible [27, 84] and therefore also are time-
consuming [34, 90]. A strategy to counteract this are gradual error messages:
In the gradual programming languadéedy, syntactic elements are integrated
step by step in order to not overwhelm learners at the beginning but to nally
program inPython ; simultaneously the error messages become gradually more
complex [67]. Still, error messages need to ful | certain criteria such as providing
speci ¢ and clear information on the bug and its x [48]. The latter addresses the
feedback typ&knowledge on how to proce€&rresponding next-step hints can

3 Related Work | 22



be enhanced by adding textual explanations for better comprehensibility [98]
and self-explanation prompts for cognitive activation and learning [97].

Besides a variety of automated code analysis tools for professional program-
ming languages [80], there has been a lot of research on and development of
tools for Scratch recently. There also exist tools f@cratch that focus on
data collection or their reporting [21]. Most attention however is drawn to the
analysis ofScratch programs. These are of most interest for this thesis, as the
tools' results (1) are being evaluated in terms of the feedback they provide to
participants (e. g. irpapers IVand VIIl) and (2) are used for the analysis of the
artefacts (i. eScratch programs) in the studies (Section 4.4). Table 3.2 gives an
overview of the code analysis tools f@cratch and categorises them according
to their analysis and feedback type. While the feedback typme@wledge on
mistakescan be found for all analysis types, the corresponding subtypes [80]
di er: The dynamic analysis toolstch andWhisker for example addrestest
failureswhile the static analysis tools such dstterBox andDr. Scratch
addressstyle issueamongst other aspects. WhildgtterBox andDr. Scratch
use the same analysis type and return similar feedback types, they also di er in
the feedback they provideDr. Scratch focuses on more general knowledge
on CT concepts and is therefore in particular useful for extending code [137].
LitterBox detects bad code patterns (bug patterns and code smells) and good
code patterns (code perfumes [112]). This allows to provide speci ¢ hints on the
respective concepts and for bug patterns and code smells information on the
mistakes and suggestions on how to proceed (such as Fig. 3.1).

Conclusions (3.2 Supporting Teachers with Teaching CS)

Teachers face in particular the challenge of a lack of CK which in tur
leads to further challenges such as di culties in task creation and debug
ging. These two are therefore addressed in RQ 1.2. In order to address
these challenges, the strategies of teacher training and automated fepd-
back are combined. The conditions of e ective teacher training were
used as a basis for the development of seminar and lecture units. |In
these units, static analysis withitterBox is embedded. This allowed to
investigate the e ects of automated feedback and to give suggestions ¢on
how to integrate it into teacher training.

3.3 SUPPORTING PRIMARY SCHOOL CHILDREN WITH
LEARNING PROGRAMMING

In order to support primary school children with learning programming, areas
in which children need support rst have to be identi ed. Therefore, this
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Table 3.2: Categorisation of code analysis toolsSaratch .

Analysis Feedback type Tool

approach

Dynamic mistakes Itch [76], Whisker [132]

Static concepts, mistakes, proceediitterBox [44], Dr. Scratch [105]
concepts Ninja Code Village [114]
mistakes Hairball [14], Quality Hound [135]

Both concepts, mistakes, proceedNuzzleBug [30], Blink [133]
mistakes, proceed Catnip [40]

Figure 3.1Hint on the bug patternMissing Loopeceived by thelitterBox
web interface fittps://scratch-litterbox.org , last accessed 22 July
2024).

section describeprogramming issuesnd related aspects (Section 3.3.1). Then, a
procedure for addressing these issues needs to be considered. Formative feedback
could be used as a strategy for this as it can reduce the gap between the current
performance and the actually intended learning goal (Fig. 2.1). Therefore, this
section also describes existing insights fummative programming feedbairk
primary school education (Section 3.3.2).

3.3.1 COMMON PROGRAMMING ISSUES OF CHILDREN

Programming issues of children are related to overarching challenges in the
computing classrooms and can be a result of misconceptions. The challenges
that were reported by teachers in K 12 computing education do not only relate

to resources or teachers, but partially also to students (Table 3.1). Many of the
intrinsic challenges of children can be split into cognitive, meta-cognitive and

a ective aspects: Cognitive in terms of for example mathematical and literacy
skills [127], meta-cognitive abilities such as problem-solving and remember-
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ing [127] and a ective in terms of their attitudes [45]. Other student-related
challenges reported by teachers deal for example with the students' diversity
and their expectation of what CS is [45].

In particular cognitive challenges result in common programming issues. Spe-
ci c issues were reported in articles on primary school programming courses:
Children need support with for example re ning their code [86], deciding on a
feasible game [138] and for online courses with using Zoom and remote collab-
oration [94]. More general areas of student issues deal with the programming
environment and the programming concepts [43]. Issues around the program-
ming environment highly depend on its interface featuredcratch for example
is connected to issues such as undoing deletions or overusing the button for the
insertion of random sprites [68]. Issues around programming concepts on the
other hand depend less on the programming environment but are often related
to overarching misconceptions. They arise because of the interaction of what
is taught how to whom [131]. Mathematical content is often mentioned as a
source of misconceptions for programming [68, 131, 134] as it is often related to
di cult concepts such as variables. Other programming concepts such as loops
and conditional statements are di cult to understand because of their general
inherent complexity rather than because of speci ¢ misconceptions [134]. Is-
sues might therefore arise because of di erent cognitive student challenges and
mathematical and programming concepts. A systematic evaluation of common
programming issues however is missing. The relevance of respective research
however is shown by Denny and colleagues [33] who asked computing edu-
cators what research they would be interested in: Indeed, the question What
fundamental programming concepts are the most challenging for students?
was considered the most relevant of 284 questions.

3.3.2 FORMATIVE PROGRAMMING FEEDBACK

There are few studies that explicitly target programming feedback in primary
school education. Chevalier and colleagues [23] compared guidance and feedback
for primary school children aged 8 to 9 years during programming educational
robots. Guidance was provided in the form of guiding questions and feedback
was automatically given, either immediately or with delay. They found that
delayed feedback is more helpful for CT development than guidance and imme-
diate feedback. Again, timing seems to play a crucial role when giving feedback
which can be realised in particular through automated feedback. This makes
automated feedback also helpful for self-regulated learning: Kong and Liu [87]
investigated the role of support features such as feedback for primary school
children solving programming tasks. They found that the feedback in terms of
automated marking of subtasks was perceived as helpful for learning. Franklin
and colleagues [43] also consider automated feedback (integrated into the pro-
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gramming environment) but also verbal feedback from the instructor as main
sources of feedback in primary school programming lessons. They also found
that such feedback should be exible regarding the correctness of the children's
results: (1) Imperfect results should be considered appropriate if they result
from task understanding that deviates because of for example reading skills
rather than misconceptions about programming. (2) If the student results are
not correct, the wording should be carefully chosen as children might attribute
their failures to themselves rather than the new content.

Articles that describe primary school programming courses or respective
teaching material also incidentally mention insights on how to deal with giving
feedback. Teachers should gradually decrease their support such as formative
feedback during programming activities [138] and thus sca old the learning
process of the children. There also are insights on di erent types of feedback.
Simple feedback such as pointing out errors directly should be replaced by
debugging with the whole class to raise learning opportunities. On the other
hand simple feedback in terms of rewards and scores can be used to motivate
children to engage more [116], even though this may rather result from extrinsic
motivation than intrinsic motivation (Section 2.2.2). Instead of ascending and
descending scores, positive feedback in terms of reinforcement by teachers or
peers can also rise engagement and motivation [101]. Again, there are only few
individual results but no systematic evaluation of several feedback character-
istics. Feedback is also considered relevant for CS research as the following
two questions are ranked in the four most relevant questions by computing
educators who are not involved in computing education research: How and
when is it best to give students feedback on their code to improve learning? and
What is the most e ective way to provide feedback to students in programming
classes? [33].

Conclusions (3.3 Supporting Primary School Children with Learning
Programming)

There are several individual insights into common programming iSsues
and formative feedback in programming education. This thesis ains
at researching and then combining both aspects systematically with|a
speci ¢ focus on primary school education.
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Methodology

This chapter gives an overview of the methodology used for the studies. Di er-
ent participants(Section 4.1)study designéSection 4.2) andnalysis methods
(Section 4.3) are combined. In combination with tbellection and analysis
tools(Section 4.4), this aims at addressing formative feedback in primary school
programming education from di erent perspectives. The di erent perspectives
allow to answer the research questions posed in Section 1.2.

4.1 PARTICIPANTS

Table 4.1 and Table 4.2 show selected details on the participants for each study.
Following the research questions, the participants can be split temchersor

RQ 1 and RQ 3 (Section 4.1.1) aildrenfor RQ 2 (Section 4.1.2). In the studies
addressing RQ 3, teachers are used as participants (i. e. are surveyed) in order
to nd out if the challenges identi ed in RQ 1.1 can be met with the hint cards
approach developed as part of this thesis. Children's cognitive learning is also
addressed in RQ 3, but by surveying the teachers about it: Instead of assessing
the children directly, the teachers were asked to give their assessment of the
children. This was a compromise between receiving a reasonable amount of
gualitative data to be analysed in detail and still trying the hint cards approach

in many di erent classes.

4.1.1 TEACHERS

This thesis includes six studies that were conducted with teachers, more spe-
ci cally in-service primary school teachers and undergraduates (Table 4.1). The
majority of the undergraduate participants were doing their degree in primary
school education at the time of the studies. Undergraduates of the seminar
described inpaper Il who were pursuing other degrees in related disciplines
(e.g. educational sciences, media pedagogy and computer science in secondary
education) were also included in the studies conducted in the course of the
seminar papers I, 111, X.11 and XI).
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Table 4.1RQ that was addressed and type and number of teachers as participants
for the respective papers.

Paper RQ nundergraduates n in-service primary school teachers

I 1 97 200
Il 1 93
I 1 85
v 1 163
X 3 5 2
Xl 3 12 14

Table 4.2RQ that was addressed and type and number of children as participants
for the respective papers.

Paper RQ ntotal age grades school extracurricular

Vv 2 116 810 34 3
VI 2 45 911 3
VIi 2 45 911 3
VIII 2 36 712 3
IX 2 37 911 3
X 2 37 910 4 3

Three of the studies involved both in-service primary school teachers and
undergraduates (Table 4.1). This allowed us to contrast the opinions of in-service
and pre-service teacherpdper I) and to get a larger number of participants and
insights from di erent perspectivesgapers X.llandXl). The other three studies
with teachers involved undergraduates only (Table 4.1). This results from the
studies having been exclusively conducted in a semimapeers Ilandlll) or
lecture paper V) for undergraduates.

4.1.2 CHILDREN

This thesis includes seven studies where children were participants (Table 4.2).
The studies cover an age range of 7 12 years with a focus on 9 10 year old
children and grade four (Table 4.2). In Bavaria, children mostly enter primary
school with six years and primary school education covers grades 1 4. Thus,
with 9 10 year old children and mostly fourth grade children, the focus is on
the upper primary school level.

The courses and workshops that were conducted for the studies of this thesis
took either place as school workshops (lessons in primary schools) or as extra-
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curricular courses (in the children's leisure time at university or in cooperation
with the local STEM club Wissenswerkstatt Passau). All school workshops were
implemented in primary schools and the respective studies included children
of grades 3 4. The extra-curricular courses mostly included children aged 9
11 (Table 4.2). The latter allows to draw rst conclusions on age di erences
respectively between primary and secondary school aged children.

The drawback of extracurricular courses, however, is that they are limited in
their generalisability which poses a threat to external validity: The participants
of extracurricular courses may not be representative for the majority of children.
They tend to have a higher socioeconomic background [148] and may have also
participated in several related courses. Extracurricular STEM courses pose the
additional challenge that relatively few girls are being registered which is also
the case in the extracurricular courses of this thesis. While di erences regarding
prior experience and gender of children are not the main focus of this thesis,
they are often considered as learner characteristics in the evaluation.

The hint cards approach (RQ 3) resulting from this thesis has therefore not
been investigated in extracurricular courses but in regular lessons in primary
schools, both in rural and urban areas. Even though the children were not
directly surveyed (but only the teachers) for the corresponding studpegpérs
X.IlandXl), the di erent schools provide a more comprehensive picture than
individual children in extracurricular courses.

4.2 STUDY DESIGNS

All studies conducted in the course of this thesis used a mixed methods research
approach. The following paragraphs therefore descnibxed methods research

in general (Section 4.2.1) and how twtudy design types of the mixed methods
approachwere implemented (Section 4.2.2).

4.2.1 MIXED METHODS RESEARCH

Mixed methods can be seen as a third paradigm besides the quantitative and
gualitative research paradigm by combining both paradigms [88]. However, the
term mixed methodsan be misleading and is also partially more and partially
less broadly de ned [20]. Generally, mixed methods can be de ned as the
combination and integration of quantitative and qualitative methods within
one research project [88]. The methods do not only refer to the data analysis
methods but also to the data collection methods and consequently the data
itself [24]. A general consensus of mixed methods thus constitutes in its purpose
of evaluating aspects empirically from di erent perspectives in a comprehensive
way [20]. By combining quantitative and qualitative research strategies, mixed
methods remediates the weaknesses of both [24]: In quantitative research, it is
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for example more di cult to investigate the opinions of participants as in-depth
as for qualitative research. Qualitative research on the other hand often lacks
generalisability. By combining both approaches, mixed methods has a pragmatic
foundation [24] and a strong focus on the practical intention of research [20].
Creswell and Plano Clark [24] also argue that there is a practical need for the
existence of mixed methods as for example one data source or method may not
Su ce to answer certain research questions. However, combining both strategies
requires a general assumption of the compatibility of methods or data [20] and
requires su cient time, skills and resources [24].

In this thesis, the speci ¢ di erentiation of Creswell and Plano Clark [24]
is used: They distinguish six mixed methods design types but the three basis
designs are the convergent, the explanatory and the exploratory design type [24,
88]. While the convergent design type uses the qualitative and quantitative
approach in parallel, the other two design types use them sequentially [24]. All
studies of this thesis can be assigned to the sequential mixed methods study
design types of either exploratory design or explanatory design. In the di eren-
tiation by Kuckartz [88], they are called generalisation design and deepening
design, respectively.

4.2.2STUDY DESIGN TYPES OF THE MIXED METHODS APPROACH

Table 4.3 sorts all studies of this thesis into the exploratory or explanatory design
type. Both study design types are sequential, thus having at least two steps that
di er regarding the usage of quantitative or qualitative analysis methods or the
collection of quantitative or qualitative data [24]. Table 4.3 also shows the nature
of the quantitative and qualitative (1) data that were collected and (2) which
analysis procedures were used. These information are used to distinguish all
studies into either exploratory design or explanatory mixed methods design.

EXPLORATORY DESIGN

Exploratory designs aim to answer open research questions rather than testing
existing hypotheses, which is particularly appropriate when there has been
only little previous research so far [37]. This applies to many areas of primary
school programming education as it has been introduced only recently (Sec-
tion 2.1.2). Therefore, the exploratory design type has been chosen for exploring
the challenges of teachers when teaching programmipaper ) and common
programming issues of childrerpépers V, VI and X.l). Exploratory designs
mostly use qualitative research approaches even though quantitative approaches
are also possible [37]. In mixed methods, an exploratory design is implemented
by starting with qualitative research strategies and using the results for further
guantitative research strategies [24]. This aims at testing or measuring qualit-
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Table 4.30verview of the mixed methods design type implemented, data col-
lected and analysis methods used for each study.

Data collected Analysis method
Design Quant. Qual Quant. Qual.
£ )
g 2
> § g S o g
s 8 v O n 2 2 9 S
s & § 2 3 5 8 ¢
S < s o = 2 3 o ¢ [
o o n = n o = = () c
X X c £ c o O o .— IS
I 3 3 3 3 3
I 3 3 3 3
1 3 3 3 3 3 3 3
\Y, 3 3 3 3 3 3 3
\Y 3 3 3 3 3 3
\ 3 3 3 3 3
Vil 3 3 3 3 3 3
VI 3 3 3 3 3 3 3 3
IX 3 3 3 3 3 3
X 3 3 3 3 3
X 3 3 3 3
Xl 3 3 3 3

ative exploratory ndings [24]. The exploratory design is therefore also called
generalisation design [88].

The exploratory design was implemented as follows in the studies of this
thesis: Textual survey answers on challenges were collegbagér 1) and tutor
notes were collected regarding common programming issues of childpapérs
V, VI and X.1). The numbers of the occurrences of each category were then used
as gquantitative data for further quantitative analysis: For the textual answers, it
was analysed if category means were signi cantly di erent between pre-service
and in-service primary school teachers and the common programming issues
were correlated with the fun ratings of the participants (also see Table 4.3).

EXPLANATORY DESIGN

Explanatory designs aim at verifying hypotheses or theories [37]. In this thesis,
this was patrticularly the case for feedback theory: The explanatory design type
was used for explaining the e ects of certain characteristics of feedback. Ex-
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planatory designs mostly use quantitative research approaches and in particular
controlled experiments [37]. In this thesis, also (mostly) controlled experiments
were used and included in a mixed methods research approach: In mixed meth-
ods, explanatory designs aim at explaining quantitative results [24]. They are
characterised by starting with quantitative data collection and analysis in Phase
1 followed by qualitative data collection and analysis in Phase 2, which builds
on Phase 1 [24]. The explanatory design is therefore also called deepening
design [88]. In this thesis, this design was used to discover the reasons for the
participants' ratings. The ratings provide a basis by collecting quantitative data
on (1) the usefulness of hintgdépers IlI, IV andVIIl), (2) the preferences chosen
by the participants papers VII andIX) and (3) the teaching challenges and
learning opportunities addressed through the hint cards approgudpers X.lI

and Xl). The quantitative data were then used by the participants themselves in
a follow-up question that asked the participants to explain their rating.

4.3 ANALYSIS METHODS

This section describes the most relevant analysis methods used in the course
of this thesis (see also Table 4.3 for an overview). For this thésisrential
statisticgSection 4.3.1) ancbntent analysi§Section 4.3.2) are identi ed as the
two most relevant analysis methods: Inferential statistics were used to identify
if category values were signi cantly di erent from each other and to identify
correlations between key variables. Their usage di ered depending on the data
which makes it relevant to give an overview. Content analysis was used in every
paper (Table 4.3) and the mixed methods variant hermeneutic content analysis
in nine of them.

4.3.1 INFERENTIAL STATISTICS

In the studies of eight papers (Table 4.3), it was analysed if the values of a speci ¢
category were signi cantly di erent for subgroups. The subgroups either relate
to participant characteristics (e. g. pre-service versus in-service primary school
teachers impaper 1) or the feedback given to the participants (e lgtterBox

hints versus no hints inpaper 1V). Depending on the level of measurement,
di erent statistical tests were used. The Wilcoxon rank sum test was used for
ordinally scaled data and for continuous data (as an alternative to the unpaired
t-test when the assumption of a normal distribution is violated) [15]. Ordinally
scaled data were ratings of for example the fun experienced (e. paper V)

or the usefulness of hints (e. g. paper VIII). Continuous data (more speci ¢
interval data) were the numbers of a category that emerged from content analysis
(e.g. inpaper I), of hints created by the participants, of speci c code patterns,
of subtasks (each ipaper Ill), of block and click events (ipaper VIII), code
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metrics (e. g. irpaper lll) and time measures (e. g. paper 1V). The Chi-squared

test was used for analysing dichotomous nominal data such as the correctness of
a program as it was only divided into completely correct versus not completely
correct. This was done for the debugging taskspapers [VandVIII.

In the studies of three papers (Table 4.3), it was analysed if the values of
two speci ¢ variables were correlated. Depending on the level of measurement,
Kendall's Tau or Spearman's rho was used as both variables were at least ordin-
ally scaled. Fopaper VII, the more common Spearman's Rho was chosen. The
variables were the proportion of how often the elaborated (and not the simple)
feedback was chosen (from 0 100 %) and the change of self-e cacy respectively
knowledge (from -10 10 respectively 0 100 %). Fmaper VI, Kendall's Tau was
chosen as it is appropriate when there are comparatively many ties (multiple
occurrences of the same values) and rather few data points [37]. This is the case
for paper Vliwhere the values of the fun experienced (integer values from 0 2 or
0 4) were correlated with the number of how often a speci ¢ di culty occurred
(integer values from 0 x with an emphasis on 0).

4.3.2 HERMENEUTIC CONTENT ANALYSIS

Hermeneutic content analysis (HCA) is a mixed methods analysis type, a speci ¢
type of content analysis and used for analysing non-numerical data [8]. It
combines qualitative and quantitative analysis methods by starting with an
initial qualitative content analysis, continuing with a quantitative dimensional
analysis and nishing with a second recontextualising qualitative analysis [8].
Bergman [8] suggests ve subtypes (thematic, causal, network, ethnography and
discourse) but adds that further types can be imagined even though hermeneutic
thematic content analysis (HCA-T) is the most straightforward one. HCA-T
was implemented in all studies of this thesis that used HCA (Table 4.3). The
procedure corresponds to the steps of HCA but HCA-T focuses on identifying
(sub-)themes and their combination, always in relation to contextual factors
such as the research focus or a theoretical framework [8].

In paper I for example, the three steps of HCA-T were applied as follows: First,
themes were identi ed for each of the open-ended survey questions. As for most
other studies of this thesis, the themes were mostly identi ed inductively, thus
through bottom-up coding. In the second step, the occurrences of themes were
quanti ed: For most papers of this thesis, this meant calculating the proportion
of each theme. Ipaper | for example, it was additionally analysed if the theme
means were signi cantly di erent between the subgroups of pre-service and
in-service teachers, the ten themes that were most often mentioned by pre-
service teachers were identi ed and given to in-service teachers. The in-service
teachers then suggested strategies and these strategies were put in a matrix
with the corresponding challenges in order to nd structures and patterns. This
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comparatively extensive quantitative analysis could be implemented as the study
in paper | consisted of a total of about 300 participants and short textual answers
(Table 4.3). It thus had an appropriate balance of enabling the generalisation of
ndings in a quantitative way and also analysing the original data qualitatively

in the rst place. The third step of HCA-T then links the complementary results

of the rst two steps. Inpaper I, the respective results were used to answer

what the main challenges of teaching programming were for primary school
teachers, thus integrating (1) the themes themselves and (2) their frequency as
a means for their relevance. This recontextualisation always takes place with
regard to the original data and its context and the research questions [8].

4.4 COLLECTION AND ANALYSIS TOOLS

Three automated tools foBcratch were used to collect and analyse program-
ming data for this thesis, namel§cratchLog [21] to collect programming
data(Section 4.4.1)\Vhisker [132] totest the functionality of progran{Sec-

tion 4.4.2) and.itterBox [44] to detect code patterns and calculate code metrics
(Section 4.4.3). These tools have been developed by a team of the chair of Soft-
ware Engineering Il at the University of Passau. This also enabled an e cient
and onsite communication regarding features needed for the tool usage in the
respective study.

441 COLLECTING PROGRAMMING DATA WITSCRATCHLOG

ScratchLog [21] collects data when learners program 8cratch and provides
custom management of courses, learners and assignments. This enables re-
producing the programming steps over time and downloading the respective
Scratch program. ScratchLog consists of a web interface (one variant for
researchers and teachers and one for learners) and an instrumesiteaich
instance. In the interface for teachers and researchers, learner accounts, courses
and assignments can be created. Learner accounts can be assigned to courses or
individual assignments and for each assignment, a sta@eratch program can

be inserted. In the interface for the learners, they see their courses and assign-
ments. By clicking on an assignment, they are forwarded to the instrumented
Scratch instance which has a customised GUI in order to track the following
events and the corresponding time stamps:

" Click events (such as clicks on the green ag or a script)
" Resource events (such as renaming or adding a costume or sound)

" Block events (such as adding, deleting or moving a block)
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ScratchLog was used for this thesis ipaper VIII. A buggy starter program
was inserted for all six assignments. The di erent event types tracked were
used to investigate the programming behaviour of the children and 8weatch
programs were used for further analysis witWhisker and LitterBox . As
ScratchLog was only developed recently, it had not been used for earlier studies
such aspapers lllor V.

442 TESTING FUNCTIONALITY WITWMHISKER

Whisker [132] and the corresponding tests check the functionality®dratch
programs thus whether certain features work or nd/hisker is particularly
useful for rather clear tasks such as pre-de ned steps in a tutorial or debugging
tasks. For such tasks, it is easier to de ne the intended output than for more
open-ended tasks. In order to us&hisker, the intended output has to be
speci ed in tests. These tests are usedWhisker to check, if the speci ed
conditions are true, by running the code and simulating user input. The approach
of Whisker can thus be assigned to dynamic testing (Section 3.2.2).

Whisker was used fopapers IVandVIll. One speci c failure per program had
to be debugged andhisker checked if the corresponding correct functionality
was implemented. Depending on the test results, a program was then classi ed
as (not) correct. The tests were iteratively revised and a subset of programs was
manually checked and compared to the resultsvidhisker . This ensured the
quality of the tests which is a prerequisite for using/hisker e ectively.

4.4.3 DETECTING CODE PATTERNS AND CALCULATING CODE
METRICS WITHLITTERBOX

LitterBox [44] calculates code metrics such as Halstead di culty and detects
patterns in the code on which the web interface returns automated feedback
(Section 3.2.2) itterBox is also useful to complement the analyseswhisker :
Whisker can for example not track stamps and a lack of delaijterBox can
be used to analyse if patterns matching the correct solution occur or if the
respective bug patterns had been removed. The approadtittdrBox can be
assigned to static testing (Section 3.2.2) as it analyses the source code.
LitterBox was used forpapers lll, IV and VIII. In all three papers, the
participants' code was checked for instances of code patterns in terms of bug
patterns, code smells and code perfumes. pager 1V, the code metrics of the
starter program were analysed, which allowed to better compare the complexity
of the code given in each task and to use this as an additional possible explanation
of the results. Fopapers llland VIll, the code metrics of the participants' nal
programs were used to evaluate the general quality of the code.
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Publications

This chapter includes amverview of all publicationgSection 5.1) and three
sections for the full-texts of the papers that were published for this thesis. The
full-texts of the papers are inserted into the respective section for the publications
of RQ 1(Section 5.2RQ 2(Section 5.3) anBQ 3(Section 5.4). The section for
each RQ also explains how the papers are connected.

5.1 OVERVIEW OF PUBLICATIONS

During the creation of this thesis, 11 peer-reviewpdblications for this thesis
and eightadditional publicationsvere published.

5.1.1 PUBLICATIONS FOR THIS THESIS

The following peer-reviewed papers were published as rst author and form the
core of this thesis:

paper I: Greifenstein, L*, Grayl, 1*, & Fraser, G. (2021, November). Challen-
ging but Full of Opportunities: Teachers' Perspectives on Programming
in Primary Schools. In Proceedings of the 21st Koli Calling International
Conference on Computing Education Research (pp. 1-10).

paper ll: Greifenstein, L., Heuer, U., & Fraser, G. (2023). Ein Semin-
arkonzept zum algorithmischen Denken im Grundschullehramtsstudium.
In INFOS 2023 Gl-Fachtagung Informatik und Schule (pp. 319-328).

paper llI: Greifenstein, L., Heuer, U., & Fraser, G. (2023, June). Exploring
Programming Task Creation of Primary School Teachers in Training. In
Proceedings of the 2023 Conference on Innovation and Technology in
Computer Science Education V. 1 (pp. 471-477).

paper IV: Greifenstein, L., Obermdller, F., Wasmeier, E., Heuer, U., & Fraser,
G. (2021, October). E ects of Hints on Debugging Scratch Programs: An
Empirical Study with Primary School Teachers in Training. In Proceedings
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of the 16th Workshop in Primary and Secondary Computing Education
(pp. 1-10).

paper V: Greifenstein, L., Grayl, I., Heuer, U., & Fraser, G. (2022, October).
Common Problems and E ects of Feedback on Fun When Programming
Ozobots in Primary School. In Proceedings of the 17th Workshop in
Primary and Secondary Computing Education (pp. 1-10).

paper VI: Greifenstein, L., Heuer, U., & Fraser, G. (2023). Gelingensbedin-
gungen flr die a ektive Férderung von Kindern durch einen Robotik-
Making-Kurs: Befunde zum Zusammenhang von Schwierigkeiten und
Spay und deren Diskussion aus motivationspsychologischer Sicht. Medi-
enPadagogik: Zeitschrift fir Theorie und Praxis der Medienbildung, 56,
pp. 429-456.

paper VII: Greifenstein, L., Grayl, I., Heuer, U., & Fraser, G. (2024). Help
Me Solve It or Solve It For Me : E ects of Feedback on Children Building
and Programming Robots. In Proceedings of the 55th ACM Technical
Symposium on Computer Science Education V. 1 (pp. 401-407).

paper VIII: Greifenstein, L., Brune, M., Fuchs, T., Heuer, U., & Fraser, G.
(2023, September). Impact of Hint Content on Performance and Learning:
A Study with Primary School Children in a Scratch Course. In Proceedings

of the 18th WiPSCE Conference on Primary and Secondary Computing
Education Research (pp. 1-10).

paper IX: Greifenstein, L., Heuer, U., & Fraser, G. (2023). Programmierfeed-
back fiur Kinder: Text oder Bild? Eine Mixed-Methods-Studie in einem
Roboter-Kurs. In INFOS 2023 Gl-Fachtagung Informatik und Schule (pp.
197-206).

paper X: Greifenstein, L., Heuer, U., & Fraser, G. (accepted). Mehrper-
spektivische Unterstiitzung von Grundschulkindern beim Erwerb inform-
atischer Kompetenzen am Beispiel der Programmierung von Stickmustern.
In Informatische Bildung in der Grundschule Befunde, Diskussionen,
Erfahrungen.

paper XI. Greifenstein, L., Heuer, U., & Fraser, G. (2024). Hint Cards
for Common Ozobot Robot Issues: Supporting Feedback for Learning
Programming in Elementary Schools. In Proceedings of the 55th ACM
Technical Symposium on Computer Science Education V. 1 (pp. 408-414).

*Both authors contributed equally to this research.
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5.1.2 ADDITIONAL PUBLICATIONS

The following peer-reviewed papers were published as co-author and are not the
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Scratch Programs. In Proceedings of the 17th ACM Conference on Inter-
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5.2 PAPERS FOR RQ 1 (TEACHERS' PERSPECTIVE)

papers | IV deal with the teachers' perspective and aim at answering RQ 1
(Section 1.2) by (1) exploring challenges regarding primary school programming
education and corresponding support strategies and (2) explaining the e ects of
automated programming feedback.

In paper | (Section 5.2.1), the challenges of teaching programming perceived

by primary school teachers were explored, complementing the research on
the challenges of CS education at di erent levels (Section 3.1) and informing
the subsequent papers. In addition, teacher training was found to be the most
popular strategy to address challenges and that teachers were in favour but often
not aware of automated tools. This matches the resultpaper Il (Section 5.2.2):
In the seminar evaluation, di erent forms of feedback such as peer feedback
were considered and in particular automated hints were seen as helpful. These
results suggested a more detailed analysis and further experiments which are
described in the following.

In paper Il (Section 5.2.3), one unit of the seminar was evaluated in more
detail in which the teachers created a programming task with the support of
an automated code analysis tool. Task creation can be challenging for primary
school teachers (Section 3.2.1) and agdper |, the complexity of programming,
the lack of teachers' CK and the challenge of a child-friendly implementation
were mentioned. Indeed, the hints had positive e ects on the code. While in
this study, this may be due to the participants adapting their own (and therefore
more familiar) code, the following paper deals with debugging foreign code.

In paper IV (Section 5.2.4), the debugging performance was investigated as
another application area of automated hints. Debugging consists of several steps
for teachers such as identifying the issue and considering how to resolve the
bug [66]. These steps in turn are related to several challenges from Section 3.2.1
andpaper | where primary school teachers explicitly mentioned the individual
support, debugging and respective programming issues.
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5.2.1 PAPER |I: CHALLENGING BUT FULL OF OPPORTUNITIES:
TEACHERS' PERSPECTIVES ON PROGRAMMING IN PRIMARY

SCHOOLS

Authors
Conference

Year

Editing status
Reference
Abstract

Luisa Greifenstein, Isabella Grayl and Gordon Fraser
Koli Calling International Conference on Computing Educa-
tion Research

2021

published

[51]
The widespread establishment of computational thinking in
school curricula requires teachers to introduce children to
programming already at primary school level. As this is a
recent development, primary school teachers may neither
be adequately prepared for how to best teach programming,
nor may they be fully aware why they have to do so. In
order to gain a better understanding of these questions, we
contrast insights taken from practical experiences with the
anticipations of teachers in training. By surveying 200 teach-
ers who have taught programming at primary schools and
97 teachers in training, we identify relevant challenges when
teaching programming, opportunities that arise when chil-
dren learn programming, and strategies how to address both
of these in practice. While many challenges and opportunit-
ies are correctly anticipated, we nd several disagreements
that can inform revisions of the curricula in teaching stud-
ies to better prepare primary school teachers for teaching
programming at primary schools.
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5.2.2 PAPER II: EIN SEMINARKONZEPT ZUM ALGORITHMISCHEN
DENKEN IM GRUNDSCHULLEHRAMTSSTUDIUM

Title translatedA Seminar Concept for Computational Thinking
in Pre-Service Primary School Teacher Training

Authors Luisa Greifenstein, Ute Heuer and Gordon Fraser

Conference Gl-Fachtagung Informatik und Schule (INFOS)
Editing status  published
Year 2023
Reference [54]

Abstract translated:The promotion of CS competences is now in-
cluded in several primary school curricula. As (pre-service)
primary school teachers see their lack of CK in program-
ming in particular as a challenge, there is a need for action.
In this paper, we describe didactic considerations for the
seminar "Computational Thinking', the seminar concept and
its evaluation. In order to support students in developing
their PCK, a particular focus of the seminar concept is on the
innovative interplay of di erent forms of feedback. For ex-
ample, students receive individual feedback on their weekly
assignments, use automated feedback for self-monitoring
and use peer feedback. In addition, the pre-service teachers
gave the lecturers feedback on the seminar at three points
in time during the course, which has now been held six
times with a total of 93 undergraduates. In particular, the
linking of theory and practice, the standardised structure
and various forms of feedback were reported as key positive
aspects of the seminar concept. In addition, the seminar en-
abled a positive self-assessment with regard to the increase
in interest, the acquisition of competencies and learning
progress.

5 Publications 51

































5.2.3 PAPER III: EXPLORING PROGRAMMING TASK CREATION OF
PRIMARY SCHOOL TEACHERS IN TRAINING

Authors Luisa Greifenstein, Ute Heuer and Gordon Fraser
Conference Conference on Innovation and Technology in Computer
Science Education (ITiCSE)
Year 2023
Editing status  published
Reference [55]

Abstract Introducing computational thinking in primary school cur-
ricula implies that teachers have to prepare appropriate
lesson material. Typically this includes creating program-
ming tasks, which may overwhelm primary school teachers
with lacking programming subject knowledge. Inadequate
resulting example code may negatively a ect learning, and
students might adopt bad programming habits or misconcep-
tions. To avoid this problem, automated program analysis
tools have the potential to help sca olding task creation
processes. For example, static program analysis tools can
automatically detect both good and bad code patterns, and
provide hints on improving the code. To explore how teach-
ers generally proceed when creating programming tasks,
whether tool support can help, and how it is perceived by
teachers, we performed a pre-study with 26 and a main study
with 59 teachers in training and the LitterBox static analysis
tool for Scratch. We nd that teachers in training (1) often
start with brainstorming thematic ideas rather than setting
learning objectives, (2) write code before the task text, (3)
give more hints in their task texts and create fewer bugs
when supported by LitterBox, and (4) mention both positive
aspects of the tool and suggestions for improvement. These

ndings provide an improved understanding of how to in-
form teacher training with respect to support needed by
teachers when creating programming tasks.

5 Publications 62
























5.2.4 PAPER IV: EFFECTS OF HINTS ON DEBUGGING SCRATCH
PROGRAMS: AN EMPIRICAL STUDY WITH PRIMARY SCHOOL
TEACHERS IN TRAINING

Authors Luisa Greifenstein, Florian Obermiiller, Ewald Wasmeier,
Ute Heuer and Gordon Fraser
Conference Workshop in Primary and Secondary Computing Education
(WIPSCE)
Year 2021
Editing status  published
Reference [59]

Abstract Bugs in learners' programs are often the result of funda-
mental misconceptions. Teachers frequently face the chal-
lenge of rst having to understand such bugs, and then
suggest ways to x them. In order to enable teachers to
do so e ectively and e ciently, it is desirable to support
them in recognising and xing bugs. Misconceptions often
lead to recurring patterns of similar bugs, enabling auto-
mated tools to provide this support in terms of hints on
occurrences of common bug patterns. In this paper, we in-
vestigate to what extent the hints improve the e ectiveness
and e ciency of teachers in debugging learners' programs
using a cohort of 163 primary school teachers in training,
tasked to correct buggy Scratch programs, with and without
hints on bug patterns. Our experiment suggests that auto-
matically generated hints can reduce the e ort of nding
and xing bugs from 8.66 to 5.24 minutes, while increasing
the e ectiveness by 34% more correct solutions. While this
improvement is convincing, arguably teachers in training
might rst need to learn debugging the hard way to not
miss the opportunity to learn by relying on tools. We there-
fore investigate whether the use of hints during training
a ects their ability to recognise and x bugs without hints.
Our experiment provides no signi cant evidence that either
learning to debug with hints or learning to debug the hard
way leads to better learning e ects. Overall, this suggests
that bug patterns might be a useful concept to include in the
curriculum for teachers in training, while tool-support to
recognise these patterns is desirable for teachers in practice.
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5.3 PAPERS FOR RQ 2 (CHILDREN'S PERSPECTIVE)

papers V IX andpaper X.l(pp. 3-11) deal with the children's perspective and
aim at answering RQ 2 (Section 1.2) by (1) exploring common programming
issues and (2) explaining feedback e ects and children's preferences. Table 5.1
shows how four characteristics of feedback are addressed in each paper.
Papers V(Section 5.3.1)/I (Section 5.3.2) and.l (Section 5.4.1) identi ed
common programming issues that provide the basis for feedback on mistakes. In
order to increase the results' generalisability, di erent educational programming
approaches were used (block-based programming of di erent robots and colour
coding).paper V also showed that meta-cognitive solving of cognitive issues in
terms of active involvement of children is related to their experienced fun.
paper VII (Section 5.3.3) therefore explicitly investigated to what extent chil-
dren wanted to be involved in the problem-solving process, thus comparing
simple and elaborated feedback. Indeed, the results showed that children liked to
be able to decide, but mostly wanted to be actively involved and thus preferred
elaborated feedback. This raises the question of whether automated feedback
(which was mostly useful for teachers jpapers llland V) can provide enough
information for children to solve their issuefapers VIII(Section 5.3.4) anX
(Section 5.3.5) therefore evaluated feedback that can be produced automatically.
In paper V, di erent tutoring components were addressed and it was shown
that hints were most positively and direct speci cations most negatively related
to the a ective component of fun. Therefore, another studyaper X.|) directly
compared these two tutoring components and found that hints were indeed
rated signi cantly better which is why the following two papers focus on hints.
paper Vil regards subtypes of elaborated feedback by comparing feedback on
knowledge about concepts versus knowledge about how to procpager IX
regards the presentation of hints by comparing pictorial and textual hints.
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5.3.1PAPER V: COMMON PROBLEMS AND EFFECTS OF FEEDBACK
ON FUN WHEN PROGRAMMING OZOBOTS IN PRIMARY SCHOOL

Authors Luisa Greifenstein, Isabella Grayl, Ute Heuer and Gordon
Fraser
Conference Workshop in Primary and Secondary Computing Education
(WIPSCE)
Year 2022
Editing status  published
Reference [52]

Abstract Computational thinking is increasingly introduced at
primary school level, usually with some form of program-
ming activity. In particular, educational robots provide
an opportunity for engaging students with programming
through hands-on experiences. However, primary school
teachers might not be adequately prepared for teaching com-
puter science related topics, and giving feedback to students
can often be challenging: Besides the content of the feed-
back (e.g., what problems have to be handled), the way the
feedback is given is also important, as it can lead to negat-
ive emotional e ects. To support teachers with the way of
giving feedback on common problems when teaching pro-
gramming with robotics, we conducted a study consisting
of seven workshops with three third and four fourth grade
primary school classes. Within seven di erent activities, the
116 primary school children rst programmed the Ozobot
Evo robot in the pen-and-paper mode and then on a digital
device. Throughout these activities we collected data on
the problems the students encountered, the feedback given,
and the fun they experienced. Our analysis reveals eight
categories of problems, which we summarise in this paper to-
gether with corresponding possible feedback. We observed
that problems that are urgent or can harm the students'
self-e cacy have a negative impact on how enjoyable an
activity is perceived. While direct instruction signi cantly
decreased the experienced fun, hints had a positive e ect.
Generally, we found programming the Ozobot Evo to be en-
couraging for both girls and boys. To support teachers, we
discuss ideas for giving encouraging feedback on common
problems of Ozobot Evo programming activities and how
our ndings transfer to other robots.
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