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Summary

As efforts for computer science education in elementary and secondary education
are on the rise, there is an increasing number of efforts for integrating computing
into official school curricula as well as extracurricular initiatives. Especially for
elementary education, these efforts often follow the didactic approach of compu-
tational thinking, which places focus on the concepts, methods, and principles of
computing rather than on specific technological applications.

Aside from advancing students’ computational abilities, one of the most com-
mon goals of these efforts is fostering motivation and a positive self-concept with
regard to computing. Motivation and self-concept have been found to be impor-
tant predictors for educational outcome, particularly in mathematics and the sci-
ences. However, due to a lack of reliable instruments for assessing computing-
related motivation and self-concept in younger students, it is rarely empirically
evaluated whether computing education efforts are successful in reaching their
goal to foster such important motivational dispositions.

The aim of this dissertation is to address this gap by investigating (1) how stu-
dent’s motivation and self-concept can be assessed reliably within early computing
education and (2) how computational thinking can be taught in a way that is mo-
tivating to elementary school students and beneficial for their self-concept.

These questions are explored in four empirical studies, progressing from an
exploratory pilot study on methods for teaching computational thinking (Study
1) to the incremental development and evaluation of an instrument for assessing
programming-related motivation and self-concept (Studies 2 and 3) to a hypothesis-
driven randomized controlled field trial examining the effectiveness of a structured
multi-component computational thinking training for fostering programming-related
motivation and self-concept (study 4).
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Zusammenfassung

Es gibt zunehmend Bemihungen, Informatik in die of ziellen Lehrpl&ne von Schulen
zu integrieren oder in aul3erschulischen Angeboten zu unterrichten. Insbesondere
Informatikbildung fur jingere Schilerinnen und Schuler folgt oft dem didaktis-
chen Ansatz des informatischen Denkens, der den Schwerpunkt auf das Verstand-
nis konzeptueller Grundlagen der Informatik und nicht auf die Benutzung bes-
timmter digitaler Anwendungen legt.

Dabei ist neben der Forderung informatischer Fahigkeiten eines der héu gsten
Ziele, bei Kindern Motivation und positives Selbstkonzept in Bezug auf Informatik
zu fordern. Motivation und Selbstkonzept haben sich als wichtige Pradiktoren
fur den Bildungserfolg erwiesen, insbesondere in der Mathematik und den Natur-
wissenschaften. Da es jedoch an zuverlassigen Instrumenten zur Beurteilung von
informatischem Selbstkonzept und Motivation fehlt, die fur jingere Schulerinnen
und Schiler geeignet sind, wird nur selten empirisch evaluiert, ob Bildungsmal3-
nahmen in der Informatik das Ziel erreichen, diese wichtigen motivationalen Ein-
stellungen zu fordern.

Das Ziel dieser Dissertation ist es, diese Licke zu schlie3en, indem untersucht
wird, (1) wie Motivation und Selbstkonzept von Schilerinnen und Schilern in der
frihen Informatikbildung zuverlassig erfasst werden kénnen und (2) wie informa-
tisches Denken so unterrichtet werden kann, dass informatisches Selbstkonzept
und Motivation fur Informatik bei Kindern geférdert werden.

Diese Fragen werden in vier empirischen Studien untersucht, die von einer ex-
plorativen Pilotstudie zur Lehr-Lernmethoden fir den Unterricht in informatis-
chem Denken (Studie 1) Uber die schrittweise Entwicklung und Evaluierung eines
Instruments zur Erfassung von Motivation und Selbstkonzept in der Informatik
(Studien 2 und 3) bis hin zu einer hypothesengeleiteten, randomisierten kontrol-
lierten Feldstudie reichen, in der ein strukturiertes Training in informatischem
Denken fur Grundschulkinder auf seine Wirksamkeit fur die Forderung von Moti-
vation und Selbstkonzept in der Informatik untersucht wird (Studie 4).

Xi






List of Publications

The rst three manuscripts included in this dissertation have already been pub-
lished elsewhere. These manuscripts are reprinted here with permission from the
original publishers. Contributorship for each manuscript is speci ed on the fol-
lowing pages.

1.

Leifheit, L., Jabs, J., Ninaus, M., Moeller, K., & Ostermann, K. (2018, Oc-
tober). Programming Unplugged: An Evaluation of Game-Based Methods
for Teaching Computational Thinking in Primary School. In Proceedings of
the 12th European Conference on Game-Based Learning (ECGBEtademic

Conferences and publishing limited. (pp. 344-353).

Leifheit, L., Tsarava, K., Moeller, K., Ostermann, K., Golle, J., Trautwein,
U., & Ninaus, M. (2019, October). Development of a Questionnaire on Self-
Concept, Motivational Beliefs, and Attitude Towards Programming. In Pro-
ceedings of the 14th Workshop in Primary and Secondary Computing Education
(WIPSCE) ACM. (pp. 1-9).

Leifheit, L. , Tsarava, K., Ninaus, M., Ostermann, K., Golle, J., Trautwein, U.,

& Moeller, K. (2020, June). SCAPA: Development of a Questionnaire Assess-
ing Self-Concept and Attitudes Toward Programming. In Proceedings of the
25th Conference on Innovation and Technology in Computer Science Education
(ITICSE). ACM. (pp. 138-144).

Leifheit, L., Golle, J., Trautwein, U., Ostermann, K., Ninaus, M., & Moeller,
K. (unsubmitted manuscript). Motivational Effects of an Extracurricular
Computational Thinking Training for Elementary School Children: A Ran-
domized Controlled Field Trial. (17 pages).

Leifheit, L. , Tsarava, K., Ninaus, M., & Moeller, K. (unsubmitted manuscript).
“Verstehen wie Computer denken”. Ein Trainingsprogramm zur Forderung
von informatischem Denken und systematischen Problemlésefahigkeiten beson-
ders begabter Kinder im Grundschulalter. Reihe Hector Core Courses. (254

pages).

Xiii



List of Publications

Contributorship

1. Leifheit, L., Jabs, J., Ninaus, M., Moeller, K., & Ostermann, K. (2018, Octo-
ber). Programming Unplugged: An Evaluation of Game-Based Methods for
Teaching Computational Thinking in Primary School. In Proceedings of the
12th European Conference on Game-Based Learning (ECGBtademic Con-
ferences and publishing limited. (pp. 344-353).

Author contributions:

The study was initiated and funding was acquired by Ostermann and Jabs.
Data were collected and prepared by Jabs. The research questions were
mainly generated by me with input from Jabs and Ostermann. | analyzed
and interpreted the data with input from Moeller and Ninaus. The manuscript
was mainly written by myself with contributions from Jabs and editing from
Ninaus, Moeller, and Ostermann. | estimate my contribution to this manuscript
to be approximately 80% of the total work.

2. Leifheit, L., Tsarava, K., Moeller, K., Ostermann, K., Golle, J., Trautwein,
U., & Ninaus, M. (2019, October). Development of a Questionnaire on Self-
Concept, Motivational Beliefs, and Attitude Towards Programming. In Pro-
ceedings of the 14th Workshop in Primary and Secondary Computing Education
(WIPSCE) ACM. (pp. 1-9).

Author contributions:

| designed the study and methodology together with Tsarava and with in-
put from Moeller, Ninaus, Golle, and Trautwein. | designed the proposed
assessment instrument with input from Golle and Ostermann. The research
guestions were generated by me. Data were collected and prepared by my-
self, Tsarava, and student assistants. | analyzed the data and interpreted
the results with input from Moeller, Golle, and Ninaus. The manuscript was
mainly written by myself with input from Tsarava, Moeller, Ninaus, Oster-
mann, Golle, and Trautwein. | estimate my contribution to this manuscript
to be approximately 85% of the total work.

3. Leifheit, L., Tsarava, K., Ninaus, M., Ostermann, K., Golle, J., Trautwein, U.,
& Moeller, K. (2020, June). SCAPA: Development of a Questionnaire Assess-
ing Self-Concept and Attitudes Toward Programming. In Proceedings of the
25th Conference on Innovation and Technology in Computer Science Education
(ITICSE). ACM. (pp. 138-144).

Xiv



Author contributions:

| designed the study and methodology together with Tsarava and with in-
put from Moeller, Ninaus, Golle, and Trautwein. | designed the proposed
assessment instrument with input from Golle and Ostermann. The research
questions were generated by me. Data were collected and prepared by my-
self, Tsarava, and student assistants. | analyzed and interpreted the data
with input from Golle. The manuscript was mainly written by myself with
input from Tsarava, Moeller, Ninaus, Ostermann, Golle, and Trautwein. |
estimate my contribution to this manuscript to be approximately 80% of the
total work.

. Leifheit, L. , Golle, J., Tsarava, K., Trautwein, U., Ostermann, K., Ninaus, M.,
& Moeller, K. (unsubmitted manuscript). Motivational Effects of an Extracur-
ricular Computational Thinking Training for Elementary School Children: A
Randomized Controlled Field Trial. (17 pages).

Author contributions:

| designed the study and methodology together with Tsarava and with input
from Moeller, Ninaus, Golle, and Trautwein. The training was designed by
Tsarava and myself with input from Moeller, Ninaus, and Ostermann. The
research questions were generated by me. Data were collected and prepared
by myself, Tsarava, and student assistants. | analyzed and interpreted the
data with input from Golle. The manuscript was mainly written by myself
with input from Moeller, Tsarava, Ninaus, Ostermann, Golle, and Trautwein.

| estimate my contribution to this manuscript to be approximately 80% of
the total work.

. Leifheit, L. , Tsarava, K., Ninaus, M., & Moeller, K. (unsubmitted manuscript).
“Verstehen wie Computer denken”. Ein Trainingsprogramm zur Forderung
von informatischem Denken und systematischen Problemlésefahigkeiten beson-
ders begabter Kinder im Grundschulalter. Reihe Hector Core Courses. (254
pages).

Author contributions:

The training was designed by Tsarava and myself. Tsarava and | conducted
the literature review with input from Moeller and Ninaus. The manuscript
was mainly written by myself with approximately 30% contribution from
Tsarava and editing from Ninaus and Moeller. | estimate my contribution to
this manuscript to be approximately 50% of the total work.

XV



List of Publications

XVi



XVii






1 Introduction

“The aim of education is to enable individuals to continue their
education — or that the object and reward of learning is continued
capacity for growth. [...] In our search for aims in education, we
are not concerned, therefore, with nding an end outside of the
educative process to which education is subordinate.”

John Dewey, Democracy and Education

With the growing in uence of computing technology in society, research, indus-
try, and our private and social lives, the demand for computer science education
is increasing — especially in elementary and secondary school (Balanskat & En-
gelhardt, 2015). However, efforts for integrating computing-related topics into
school curricula vary widely across — and even within — countries (Balanskat &
Engelhardt, 2015). The inconsistency of these efforts re ects the current state of
empirical research on computing education, which does not yet provide conclu-
sive results regarding which selection of content and which teaching methodolo-
gies might be most suitable for fostering programming skills and computational
abilities in younger students.

Many of these efforts for promoting early computing education share the goal
to stimulate students' interest, self-con dence, and motivation for programming
and computing (e.g., Code.org; of Code; Kodable). This goal may be just as im-
portant as the goal to foster computing ability itself, considering the crucial role
that attitudinal factors such as interest, con dence, or motivation generally play
for educational outcomes.

Students' motivation for a school subject has been found to predict their achieve-
ment within that subject (Marsh, Koller, Trautwein, Ludtke, & Baumert, 2005;
Trautwein & Koller, 2005; Wilkins, 2004). Likewise, positive self-concept as an
aspect of con dence has long been established to have an effect on students' edu-
cational outcome in science and mathematics and for driving continued pursuit of
education in these domains (e.g., Armstrong & Price, 1982; Lantz & Smith, 1981,
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Oliver & Simpson, 1988; Wilkins, 2004). Motivational dispositions students have
as early as in elementary school can predict their educational trajectories, e.g.,
their course choices and performance in late high school (Wig eld & Cambria,
2010).

Considering the constitutive role self-concept and motivation play for educa-
tional achievement later in life, the goal to foster these characteristics in younger
students seems worthwhile. However, it usually remains unclear whether com-
puting efforts actually reach this goal. Owing to reasons such as a shortage of
nancial resources and lack of instruments for assessing such attitudinal factors
(e.g., Vivian et al., 2020), the effect of computing education efforts on students'
attitudinal characteristics is rarely evaluated empirically.

To make such evaluations possible and facilitate educational decisions regarding
computing curricula in elementary and secondary school, it seems desirable (1) to
reliably assess such student characteristics within early computing education and
(2) to evaluate didactic approaches and teaching methods for promoting positive
self-concept and motivation with regard to programming and computing.

1.1 Contribution goals

With the work presented in this dissertation, | seek to contribute to the scientic
body of evidence on effective didactic approaches for early computing education,
but also to the body of available evaluated teaching resources.

1.1.1 Scienti ¢ contribution

To facilitate further research on self-concept and motivation in early computing
education, my goal was to design an assessment instrument for measuring these
constructs and conduct studies aiming at the instrument's incremental validation.
Such an instrument would be bene cial for evaluating the success of computing
education efforts and could help teachers and educational policymakers make in-
formed evidence-based decisions regarding the development or selection of com-
puting education curricula and teaching materials.

Additionally, | wanted to contribute to the evidence on what works with re-
gard to teaching computational thinking in a way that is motivating to elementary
school students. Expecting that such evidence would provide orientation for fu-
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ture development and evaluation of teaching resources, | analyzed the effective-
ness of a multi-component computational thinking course for promoting students'
programming-related self-concept and motivational dispositions toward program-
ming.

1.1.2 Educational contribution

My aim also was to create and evaluate teaching materials in the form of a struc-
tured computational thinking course for elementary school students. Potential
educational bene ts of this are twofold. First, the availability of evaluated teach-
ing resources can help educators design new resources or integrate the evaluated
resources into their own lessons and curricula. Second, if such a course is estab-
lished to be effective and can be scaled up and offered long-term, it would be of
direct bene t to many cohorts of participating students.

1.2 Overview

The cumulative nature of this dissertation results in overlapping content between
the manuscripts in the appendix and the frame of the dissertation. In particular,
there is overlap between Chapter 2 Theoretical Framework and the theoretical
background outlined in the individual manuscripts. For obvious reasons, the sum-
maries of the research goals, study design, and ndings of each study presented in
Chapter 3 Research Questions and Studies and Section 4.1 Main outcomes overlap
with the respective manuscript. Further, Chapter 1 Introduction and Section 4.2
Integrated discussion partially overlap with introductions and discussions of the
individual manuscripts.

1.2.1 Theoretical framework

The shared theoretical basis of the four studies included in this dissertation is
outlined in Chapter 2 Theoretical Framework. The chapter provides an overview
of the discussion surrounding computational thinking, the current state of early
computing education, and discusses the role of self-concept and motivation.
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1.2.2 Studies

At the core of this dissertation are two different but interconnected lines of re-
search. On the one hand, my goal was to investigate how students' motivational
dispositions toward programming can be assessed reliably. On the other, | aimed
to explore how computational thinking can be taught in a way that is motivating to
elementary school students. The studies included in this dissertation follow these
two lines of research, progressing from an exploratory pilot study identifying as-
sessment and research design needs to instrument development and evaluation to
a hypothesis-driven effectiveness study using a robust research design permitting
causal interpretation.

Study 1 lays the groundwork for both lines of research by exploring unplugged
game-based learning activities for teaching computational thinking (Manuscript
1, Leifheit, Jabs, Ninaus, Moeller, & Ostermann, 2018), opening up the questions
how motivational dispositions can be assessed reliably and which teaching meth-
ods are effective for promoting such positive dispositions in elementary school
students.

After identifying a lack of measurement instruments for assessing computing-
related self-concept and motivation at the elementary level, we designed and ini-
tially evaluated an instrument for assessing these constructs in Study 2 (Manuscript
2, Leifheit et al., 2019) and further examined the instrument for reliability and
construct validity in Study 3 (Manuscript 3, Leifheit et al., 2020).

Study 4 integrates the ndings from all previous studies, reconnecting the two
main research lines of this dissertation. The study investigates the effectiveness
of a multi-component computational thinking training for promoting a positive
programming-related self-concept and motivation for programming in elementary
school students (Manuscript 4, Leifheit et al., in preparation).

The research goals, study design, and analysis procedure for each of these stud-
ies are outlined in Chapter 3 Research Questions and Studies. | present and discuss
the ndings of all studies in Section 4.1 Main outcomes.
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2.1 Computational thinking

In this section, I discuss the origins of the term computational thinking as well as
some of the most prominent conceptions that are used today.

2.1.1 History and present discourse

The term computational thinking was coined by Papert (1980) to describe those
thought processes that play a fundamental role in the systematic development of
computational procedures. In the four decades since, computational thinking has
been conceptualized and discussed from many different perspectives. The term
became especially popular after Wing published the rst in her series of articles
on the topic, characterizing computational thinking as a fundamental and univer-
sally applicable skill set for solving problems that every child should learn (Wing,
2006).

Today, the term is used with a range of connotations. Some argue computa-
tional thinking to re ect computational skills learned through programming, and
consequently hold that computational thinking is intrinsically linked to program-
ming (Nardelli, 2019). Others consider computational thinking a novel and dis-
tinct way of thinking that can solve problems going beyond what can be achieved
through other forms of problem solving, as pointed out by Denning (2017). In
addition, computational thinking has been described as a cognitive ability (e.g.,
Garcia Pefalvo et al., 2016; Shute, Sun, & Asbell-Clarke, 2017) and found to be
empirically related to already de ned cognitive abilities (e.g., Roman-Gonzalez,
Pérez-Gonzalez, & Jiménez-Fernandez, 2017; Tsarava et al., 2019).

In the following sections, | further outline the ideas of computational think-
ing as problem solving and as a cognitive ability before discussing computational
thinking as a didactic approach for conceptual learning.
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2.1.2 Problem solving

Computational thinking can be considered a form of problem solving (e.g., Lu &
Fletcher, 2009; Wing, 2006; Yadav, Hong, & Stephenson, 2016) that is narrower
and more precise than that of general problem solving, i.e. skills and strategies to
solve problems of any kind. Computational thinking is not only about nding so-
lutions to problems, but about nding algorithmic solutions (Barr & Stephenson,
2011) that are algorithmic, systematic, abstract, and computable (Lu & Fletcher,
2009; Wing, 2008) — but it does not matter whether the computation is ultimately
performed or the algorithm executed by a person or a machine (Wing, 2014).
Because many problems can be understood and potentially solved in an algorith-
mic, systematic, abstract, and computable way, computational thinking can play
an important role for general problem solving.

Complex problems whose solution engages computational thinking are usually
de ned by a multitude of factors. Solutions to such problems typically require
processes of generalization, abstraction, decomposition into subproblems, and de-
veloping algorithmic solutions (Kazimoglu, 2013; Wing, 2006). An algorithmic
solution is one that can be formulated in an unambiguous way that leaves no room
for interpretation. This means that for a solution to be considered algorithmic, it
must be clear after each step which step is to be executed next or which conditions
are to be considered to decide which step is executed next. For the purpose of in-
troducing children to programming, such algorithmic solutions are considered as
consisting of a basic set of computational thinking concepts in the form of control-
ow building blocks, such as sequences, loops, events, and conditionals (Brennan
& Resnick, 2012).

2.1.3 Cognitive ability

According to cognitive conceptualizations, computational thinking refers to the
cognitive processes that play an essential role in solving computational problems
(Garcia Pefalvo et al., 2016). At the same time, making a larger claim, compu-
tational thinking is argued to represent a cognitive ability with applicability in
a wide spectrum of domains going beyond the eld of computing (Shute et al.,
2017).

In empirical research, computational thinking has been found to be closely asso-
ciated with a number of established cognitive abilities, such as reasoning, spatial,
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verbal, and arithmetic abilities (e.g., Roman-Gonzalez et al., 2017; Tsarava et al.,
2019).

2.1.4 Didactic approach for conceptual learning

Although the scope and meaning of computational thinking have been debated ex-
tensively in recent years, the idea that underlying concepts are the most essential
aspect of computer science has already been stressed by Donald Knuth (1974).
While speci ¢ technological applications are developing rapidly, the underlying
computational concepts remain the same (Wing, 2006) and are applicable more
universally (Wing, 2011). Accordingly, when | refer to computational in this dis-
sertation, | consider it to be the conceptual core of computing de ned by con-
cepts, methods, and principles rather than by speci c technology or applications
(Nardelli, 2019).

Consequently, the didactic approach of computational thinking teaches com-
puting with a focus on conceptual understanding of fundamental computational
concepts, rather than on the use of speci c digital technologies or programming
applications. For this reason, Prottsman (2014) advocates for the use of unplugged
activities to rst introduce computational thinking in elementary education.

2.2 Early computing education

To be successful, early computing education faces many challenges, including hav-
ing to consider children's cognitive development and nding ways to be integrated
into curricula. This section presents an overview of how computing education is
currently situated in elementary as well as secondary school curricula and points
out important factors to consider regarding the cognitive development of younger
students.

2.2.1 Current situation

Already in the 1970s, it has been proposed that learning to program can help chil-
dren re ect their own cognitive processes, because writing interactive programs
requires contemplating and anticipating any possible misunderstanding or mistake
that the program's users could encounter or make (e.g., Papert, 1972). On this
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basis, Papert (2005) suggested that teaching programming in elementary school
could be bene cial for the development of children's reasoning abilities.

Nowadays, promoting children's computing competences is considered to re-
ect the “21 *t century vision of students who are not just computer users but also
computationally literate creators who are pro cient in the concepts and practices
of computer science” K-12 CS. It is not surprising that efforts for computing ed-
ucation at the elementary level are becoming increasingly popular, not only in
the form of extracurricular initiatives (e.g., Code.org; of Code; Kodable), but also
as classes integrated into of cial elementary school curricula (e.g., Balanskat &
Engelhardt, 2015; Dredge, 2014; Wing, 2014).

Throughout Europe, efforts in education in logical thinking, problem solving
and programming are on the rise. This is also re ected in the fact that more
and more countries are already integrating or planning to integrate computational
thinking and programming into curricula at the elementary school level (e.g., Bal-
anskat & Engelhardt, 2015).

In 2012, the British Royal Society published the statement that “every child
should have the opportunity to learn computing at school” (Wing, 2014). Sub-
sequently, in September 2014, the Computing at School program was launched,
which introduced computing as a subject for all students in each year of elemen-
tary and secondary education (Dredge, 2014). In addition, the curriculum for
computer science in UK universities was revised in 2013, to include computational
thinking (“Restart: The resurgence of computer science in UK schools”, n.d.).

The relevance and importance of computational thinking is also re ected in the
founding of the European Coding Initiative in 2014, aiming to promote the inte-
gration of computational thinking and programming into of cial curricula (Bal-
anskat & Engelhardt, 2015). Moreover, in the United States, there currently are
numerous programs — e.g. CE21, CPATH, BPC, CS 10K, CS4HS or Computing in
the Core, to name but a few (Wing, 2014) — which aim to prepare teachers and to
further computing education at the elementary and secondary level (Wing, 2014).
Similar developments can also be observed in China, Korea and Singapore (Wing,
2014).

2.2.2 Cognitive development

Efforts for integrating computing into elementary education might seem promis-
ing. However, it is important to consider that students need to be at a stage of
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cognitive development rendering the acquisition of computational skills possible.

The concrete operational stage at which rst capabilities for abstraction are de-
veloped (according to Piaget, 1972) is typically reached between the age of 7 to
11 years. Considering how crucial abstraction is for computing, this suggests that
kindergarten or preschool would be too early for children to learn computational
thinking (Armoni & Gal-Ezer, 2014).

Instead, introducing elementary school students to programming seems devel-
opmentally appropriate — according to Neo-Piagetian models of cognitive devel-
opment with regard to learning programming, students rst show a purposeful
approach to programming at this stage (Lister, 2016) and are able to write small
programs when they are given well de ned speci cations (Teague et al., 2012). El-
ementary school students typically already have preconceptions of programming,
commonly associating it with objects — such as computers, apps, viruses, or robots
— as well as actions — such as creating, typing, inventing, adjusting, or combining
(?).

For elementary education, following a didactic approach of computational think-
ing that uses unplugged exercises (e.g., board and card games or pen-and-paper
exercises) is recommended to support comprehension of abstract computational
concepts (Prottsman, 2014), which children will need to understand when they
start learning to program (Kumar, 2014),

2.3 Self-concept and motivation

In this section, | introduce the constructs of self-concept and motivation, providing
theoretical de nitions, explaining how the constructs are related to educational
achievement, and illustrating the gap in assessment instruments for measuring
these constructs in early computing education.

De nitions for these motivational constructs and an overview of assessment
instruments were already detailed in Manuscript 2 (Leifheit et al., 2019) and
Manuscript 3 (Leifheit et al., 2020), but are included here as well to provide im-
portant context for the following chapters. Therefore, Section 2.3.1 De nitions
largely overlaps with the theoretical background detailed in Manuscript 2 (Leifheit
et al., 2019), while Section 2.3.3 Assessment largely overlaps with the theoretical
background detailed in Manuscript 3 (Leifheit et al., 2020).
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2.3.1 De nitions

Academic self-concept has been de ned as self-perception with respect to achieve-
ment in school (Reyes, 1984). Correspondingly, students' self-concept regarding
a speci ¢ subject re ects their con dence in their own ability to do well in that
subject (Reyes, 1984; Wilkins, 2004). Positive self-concept was found to be an
important predictor of achievement: When students have no con dence in their
ability to perform well in a subject, they have no reason even attempting to suc-
ceed (Oliver & Simpson, 1988).

Motivational beliefs are attitudes toward a subject that motivate or demotivate
a student to engage with a subject and make the effort required for achieving in
it. As such, these beliefs re ect the motivational value a student attributes to a
subject or task and thus are also termed value beliefs. Positive motivational be-
liefs have been associated with students' persistence in attempting to perform well
even when their interest and intrinsic enjoyment of the subject decrease (Oliver &
Simpson, 1988). Eccles and colleagues differentiate between four aspects of mo-
tivational value belief: intrinsic value belief, attainment value belief, utility value
belief, and cost belief (Eccles et al., 1983; Wig eld & Eccles, 1992), all of which
are characterized below.

Intrinsic value belief with respect to a subject is de ned as the degree to which a
student intrinsically enjoys and is interested in the subject. This constructre ects a
student's attitude toward the subject. While a positive attitude toward a subject is
not a necessary requirement for achievement, it can support and increase student'
engagement (Oliver & Simpson, 1988). Furthermore, intrinsic value belief about
a subject is a predictor for students' voluntary engagement with a subject in their
leisure time (Durik, Vida, & Eccles, 2006; Nagengast et al., 2011).

Attainment value belief regarding a subject re ects the importance a student
places on that subject (Gaspard, 2017).

Utility value belief about a subject represents students' expectation of the sub-
ject's usefulness in different areas of life, such as everyday life, school, future
career, or social life (Gaspard, 2017).

Intrinsic value belief and attainment value belief are considered intrinsic moti-
vational factors, while utility value belief is seen as an extrinsic motivational factor
(Trautwein et al., 2013). All three of these beliefs have been linked with future
career ambition and selection of classes (Durik et al., 2006).

Cost belief about about a subject re ects the negative consequences a student
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expects to result from engaging in the subject, including assumed effort and ex-
haustion as well as negative emotions (Gaspard, 2017; Perez, Cromley, & Kaplan,
2014).

2.3.2 Connection to educational achievement

For other school subjects, motivational dispositions were repeatedly observed to
be signi cant predictors of students' educational achievement (Marsh et al., 2005;
Trautwein & Koéller, 2005; Wig eld & Cambria, 2010; Wilkins, 2004). Positive self-
concept as an aspect of con dence has long been established to have an effect on
students' educational outcome, particularly in science and mathematics, and for
driving continued pursuit of education in these domains (e.g., Armstrong & Price,
1982; Lantz & Smith, 1981; Oliver & Simpson, 1988; Wilkins, 2004). Students’
motivational dispositions from as early as elementary school can predict their edu-
cational trajectories, e.g., their course choices and performance in late high school
(Wig eld & Cambria, 2010).

Taking into account the important role motivational constructs play for educa-
tional outcomes, it seems desirable to also assess these factors for programming.
Measuring these factors reliably would allow for assessing the development of stu-
dents' self-concept and motivation toward programming and thus for evaluating
the success and the actual effects of early computing education efforts.

2.3.3 Assessment

Several questionnaires for measuring students' attitudes toward computing have
been proposed and evaluated in recent years. Generally, these questionnaires fall
into one of two categories: the rst type of questionnaire has a more narrowly de-
ned focus on computing, while the latter more broadly assesses attitudes toward
computer use.

One of the instruments from the rst category is the Computing Attitudes Sur-
vey (CAS) for assessing college students' attitudes toward problem solving and
their beliefs about the nature of knowledge within computer science (Dorn & El-
liott Tew, 2015). Other instruments in this category include the questionnaire for
measuring high school students' attitudes toward computer science and informa-
tion technology (Heersink & Moskal, 2010) and the Computer Science Attitude
Survey for undergraduate science and engineering students (Hoegh & Moskal,
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2009).

The other category includes questionnaires measuring attitudes toward com-
puter use, such as the Microcomputer Beliefs Inventory (MBI) (Riggs & Enochs,
1993) for assessing middle school students' self-ef cacy and outcome expectancy
beliefs regarding computer use (Riggs & Enochs, 1993). Another questionnaire
from this category measures high school students' attitudes toward interacting
with computers (Selwyn, 1997).

Due to the instruments' respective focus areas and target groups, questionnaires
from neither of these categories seem well-suited for assessing elementary school
students' self-concept and motivational dispositions toward programming. EXxist-
ing domain-speci ¢ instruments developed for measuring attitudes toward com-
puting — as is the case for questionnaires from the rst category — are mainly
aimed at high school and college students with previous computing experience
(e.g., Dorn & Elliott Tew, 2015). Accordingly, item phrasing is not suited for the
target group of elementary school students because it is too complex. Question-
naires from the second category are also aimed at younger students (i.e., at mid-
dle and high school students) and do not require previous computing experience.
However, they do measure attitudes toward computer use rather than computing
or programming, which makes them too broad for speci cally assessing students'
motivational dispositions toward computing and programming activities. Con-
sidering the assessments available, there still is a need for validated instruments
for assessing students' self-concept and motivational dispositions toward program-
ming, in particular for elementary school students.
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This chapter provides an overview of the overarching research questions as well as
the individual research questions of each study included in this dissertation before
outlining the research design for each of the studies.

3.1 Overarching research questions
In this dissertation, | aim to answer two main interconnected research questions:

1. How can computing-related motivational dispositions be assessed reliably in
early education?

2. How can computational thinking be taught in a way that is motivating to
elementary school students and bene cial for their self-concept?

The following section explains how each of the studies included in this disserta-
tion contributes to answering these main lines of research.

3.2 Studies

The studies with which | aspire to answer the aforementioned research questions
progress from an exploratory pilot study to a hypothesis-driven study using a ro-
bust research design to examine the effectiveness of a computational thinking
training for fostering self-concept and motivation for programming.

The goal of Study 1 was to explore the suitability of unplugged game-based
activities for helping elementary school students form an initial understanding of
computational thinking concepts and for motivating them to want to learn more
about computing (Manuscript 1, Leifheit et al., 2018).

Studies 2 and 3 aimed to incrementally evaluate a new instrument for mea-
suring students' self-concept and motivational beliefs regarding programming by
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gathering evidence on its validity and reliability (Manuscript 2 and Manuscript 3,
Leifheit et al., 2019, 2020).

Findings and considerations from the rst three studies were connected in the
design of Study 4. With this study, our goal was to evaluate the effectiveness of a
structured computational thinking training for promoting a positive programming-
related self-concept and motivation for programming, as well as to explore whether
students' gender had any differential effect on their training outcomes (Manuscript
4, Leifheit et al., in preparation).

However, groundwork for this research started before any of the studies could
be conducted and included the design of an assessment instrument for measur-
ing students' programming-related motivational dispositions (Manuscript 2 and
Manuscript 3, Leifheit et al., 2019, 2020) as well as the incremental development
of a structured 10-lesson course for training elementary school students in com-
putational thinking (Manuscript 5, Leifheit, Tsarava, Ninaus, & Moeller, n.d.).

The speci c research goals and research designs for each of these studies are
detailed in the following sections.

3.2.1 Study 1: Programming Unplugged: An Evaluation of Game-Based
Methods for Teaching Computational Thinking in Primary School

This chapter summarizes the study design and research goals of previously pub-
lished work (Leifheit et al., 2018). The original publication is included in the
Appendix as Manuscript 1.

Research goals

Our goal for this study was to assess the suitability of unplugged game-based
activities for helping elementary school students form an initial understanding
of computational thinking concepts. To this end, we evaluated the outcome of
three lessons that used unplugged game-based activities as their core component.
Each of the evaluated lessons introduced one computational thinking concept us-
ing an unplugged game-based activity. Speci cally, (1) debugging was introduced
through a relay race game, (2) conditional branching was introduced through a
card game, and (3) events were introduced through a sports game (Leifheit et al.,
2018).
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Study context

The evaluated lessons were part of a computational thinking course consisting of
18 lessons with 45 minutes each. The lessons were modeled closely on course
material from code.org (Course 2, code.org), which is available under Creative
Commons Attribution 4.0 International License. The main objectives of the course
were to promote students' conceptual understanding of computational concepts
and spark their interest in computing. Lessons primarily addressed concepts and
processes essential for creating simple algorithms, such as sequences, loops, con-
ditional branching, and events. Additionally, students were taught how to debug
algorithms. All concepts and processes were rst introduced through unplugged
game-based activities using tangible everyday objects (e.g., paper, pencils, or play-
ing cards) instead of digital environments and abstract code. In more advanced
lessons, students' conceptual understanding was applied and deepened through
simple plugged-in programming exercises.

Overall, 10 lessons included unplugged activities, while the remaining 8 lessons
included programming exercises using tablet devices and desktop computers. Over
the course of the curriculum, each computational thinking concept was rst intro-
duced in at least one unplugged lesson and consequently applied in a plugged-in
lesson.

The three lessons evaluated in Manuscript 1 (Leifheit et al., 2018) used a game-
based learning approach to increase students' engagement in the learning activity
(Plass, Homer, & Kinzer, 2015). The unplugged learning activities used in the
course have been argued to be especially well-suited for introducing elementary
school students to computing, because they allow for placing focus on computa-
tional concepts rather than technology use (Prottsman, 2014).

All of the lessons evaluated in this article followed the same structure. At the
beginning of the respective lesson, students were asked to recall the previous les-
son's activities and were encouraged to ask questions they have come up with in
the aftermath of the previous lesson. Then, the terms and vocabulary for any new
computational thinking concepts introduced in the current lesson were presented
and discussed with students. The central part of the lesson always consisted of
the respective game-based learning activity. After the game, the teacher prompted
them to discuss what they learned from this activity and how this may be imple-
mented when working with an algorithm.
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Participants

The study participants were 33 students (15 female) from 3 and 4" grade of Ger-
man elementary school. Written informed consent of parents or legal guardians
was required for the students to sign up for the course.

Study design and measurements

At the end of each lesson, students were handed an assessment sheet on the com-
putational concept introduced in the lesson and were given ten minutes to solve
it. Each assessment tested assigned learning objectives (Code.org, Course 2) and
students' results were analyzed descriptively based on which percentage of the
respective learning objectives they reached.

Additionally, students' interest in and motivation for programming education
were measured with pre- and post-course self-assessment questionnaires.

The pre-course questionnaire asked students to indicate whether they had any
previous programming experience or whether their parents were working in IT-
oriented jobs.

In both the pre- and post-course questionnaire, students were asked to indicate
their answer to the question “Could you imagine working in an IT job?” on a 5-
point Likert scale (ranging from 1 = not at all, to 5 = absolutely, with only the
endpoints labeled accordingly).

In the post-course questionnaire only, students were asked to indicate on the
same 5-point Likert scale (i) whether they liked the course in general, (ii) whether
they learned something new in the course, and (iii) whether they were interested
in learning more about computing.

Analysis

For our study, we evaluated all pre- and post-course questionnaires as well as the
short tests from each of the three lessons with unplugged game-based activities as
their core component.

Connection to the other studies

The results of this exploratory study were considered in the development of a
new computational thinking training (see Manuscript 5, Leifheit et al., n.d.). Its
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methodological limitations informed the development of a new instrument for
assessing motivational dispositions in elementary school students (see Manuscript
2 and Manuscript 3, Leifheit et al., 2019, 2020) as well as the design of a new
study on teaching computational thinking (see Manuscript 4, Leifheit et al., in
preparation).

3.2.2 Study 2: Development of a Questionnaire on Self-concept,
Motivational Beliefs, and Attitude Towards Programming

This chapter summarizes the study design and research goals of previously pub-
lished work (Leifheit et al., 2019). The original publication is included in the
Appendix as Manuscript 2.

Research goals

To address the lack of measurement instruments for assessing computing-related
self-concept and motivation at the elementary level (e.g., Leifheit et al., 2019;
Vivian et al., 2020), we developed such an instrument based on an existing in-
strument for measuring students' self-concept and motivational beliefs regarding
mathematics (Brisson et al., 2017; Gaspard, 2017; Leifheit et al., 2019), which
had already been adapted and validated for other school subjects, including biol-
ogy, physics, and languages (Gaspard, Hafner, Parrisius, Trautwein, & Nagengast,
2017). The proposed instrument assesses aspects of students' self-concept and mo-
tivational disposition regarding programming on 50 items across seven scales: (1)
self-reported programming experience and understanding, (2) self-concept, (3)
intrinsic value belief, (4) attainment value belief, (5) utility value belief, (6) cost
belief, and (7) compliance and persistence (Leifheit et al., 2019) (see Appendix,
Manuscript 2). De nitions of these constructs were introduced in Section 2.3.3
Assessment.

The aim of our pilot study was to gather rst evidence on the validity of the
proposed instrument to explore its approach for assessing programming-related
self-concept and motivation before proceeding with further validation efforts. To
this end, we examined whether the intercorrelations of the subscales of the pro-
posed instrument were similar to those of the instrument it was based on.
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Hypotheses

We expected students' responses for the seven subscales of academic self-concept
and motivational beliefs to be correlated because they measure related constructs
(see corresponding ndings for mathematics, Gaspard, 2017). However, since
the subscales measure distinct aspects of self-concept and motivational beliefs, we
did not expect very high correlations, nor did we expect all of the subscales to
be correlated with each other. Our expectations are based on the correlational
patterns between the corresponding subscales on the mathematics questionnaire
on which we modeled the proposed instrument (Brisson et al., 2017; Gaspard,
2017).

Speci cally, we expected programming-related self-concept to be correlated with
three other aspects, namely with intrinsic value belief, utility value belief, and
compliance and persistence. In previous research, con dence as an element of
self-concept and interest as a form of intrinsic value belief have been found to be
signi cantly correlated within computing education (Wang, Hejazi Moghadam, &
Tiffany-Morales, 2017). In mathematics, self-concept was found to be a strong
predictor for both students' intrinsic value belief, and their persistence and com-
pliance (e.g., Denissen, Zarrett, & Eccles, 2007; Marsh et al., 2005; Trautwein,
Lidtke, Roberts, Schnyder, & Niggli, 2009). Moreover, students' utility value
belief about mathematics has been found to correlate with their mathematics
self-concept (e.g., Chouinard, Karsenti, & Roy, 2007; Husman & Hilpert, 2007;
Trautwein & Ludtke, 2009)).

We also expected intrinsic value belief to correlate with cost belief, because
these two aspects were found to be highly correlated for motivational beliefs about
mathematics (Gaspard, 2017).

Lastly, we expected self-concept, motivational beliefs, and compliance and per-
sistence to correlate with computational thinking ability, because these aspects of
motivation have been identi ed to predict achievement in other school subjects
(e.g., Marsh et al., 2005; Oliver & Simpson, 1988; Wig eld & Cambria, 2010;
Wilkins, 2004).

Participants

We evaluated data from 31 students in 39 and 4™ grade of elementary school
who participated in a computational thinking course within an extracurricular en-
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richment program for elementary school children in the German federal state of
Baden-Wurttemberg. Teachers nominate students to participate in the program
based on interest and achievement in school. Students who are nominated can
then choose which courses from the program they want to attend. Before the start
of the study, we obtained written informed consent from all participating students
as well as from their parents or legal guardians.

Study design

We collected all data in a pilot eld study with repeated measures. One week
before the start of the course, all participating students took a pretest and one
week after the end of the course, they took a posttest. In the two test sessions,
students were assessed in the normal course classrooms using paper tests and
questionnaires.

Measurements

In both test sessions, we collected data using three different instruments. First, we
used the newly developed instrument to assess motivational constructs on seven
subscales, each consisting of four to twelve 4-point Likert-scale items (1 = agree
completely; 2 = rather agree; 3 = rather do not agree; 4 = do not agree at all).

Second, we assessed selected aspects of students' socioeconomic background as
well as frequency of computer or tablet use with the TIMSS 2015 Context Ques-
tionnaire (Wendt et al., 2016), because correlations found in educational research
are often mediated of socioeconomic status (Niepel, Stadler, & Greiff, 2019).

Last, we assessed students' computational thinking ability using the Computa-
tional Thinking test (CTt, Roman-Gonzalez, 2015). As the CTt is originally aimed
at middle school students, we selected only the 21 easiest (out of 28) items to be
included in our measurements.

For our study presented in Manuscript 2, we focused on students' ratings of their
self-concept, motivational beliefs, and attitudes toward programming at pretest
to evaluate their responses to the proposed instrument before their attitude was
in uenced by the course. To identify potential effects of these constructs on com-
putational thinking ability, we also considered students' performance in a com-
putational thinking ability test at pretest and posttest and calculated the change
score.
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Analysis

We calculated bivariate Pearson correlations to assess the relationship between the
seven subscales for self-concept and motivation, as well as socioeconomic back-
ground, frequency of computer/tablet use, and the change score for computational
thinking ability.

The amount of missing data ranged between 3.2% and 22.6%. As missing data
treatment, we used multiple imputation, which represents the state of the art of
missing data treatment Schafer and Graham (2002) and has been recommended
for educational research Cheema (2014). Multiple imputation produces standard
errors re ective of missing-data uncertainty Schafer and Graham (2002), realis-
tically models random variation Cheema (2014), and provides high accuracy of
estimation especially for smaller sample sizes Cheema (2014).

Connection to the other studies

After the manuscript reporting on our development and evaluation of the instru-
ment was published (Manuscript 2, Leifheit et al., 2019), we named the instru-
ment the Self-Concept and Attitude toward Programming Assessment (SCAPA)
and took further steps toward its validation (see Manuscript 2, Leifheit et al.,
2020). We later used the instrument to assess the effects of a computational think-
ing training on elementary school students' programming-related self-concept and
motivation (Manuscript 4, Leifheit et al., in preparation).

3.2.3 Study 3: SCAPA: Development of a Questionnaire Assessing
Self-Concept and Attitudes Toward Programming
This chapter summarizes the study design and research goals of previously pub-

lished work (Leifheit et al., 2020). The original publication is included in the
Appendix as Manuscript 3.

Research goals

Based on the promising ndings of Study 2 (see Section 3.2.2, Manuscript 2,
Leifheit et al., 2019), the present study takes a further step toward the valida-
tion of the proposed instrument for assessing students’ self-concept and attitude
toward programming. To provide rst evidence regarding the internal consistency
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and construct validity of the proposed Self-Concept and Attitude toward Program-
ming Assessment (SCAPA), we examined the instrument's reliability (i.e., internal
consistency on item and scale level) and construct validity (by means of con rma-
tory factor analysis).

Participants

In this study, we analyzed data collected from 197 elementary school students
between 7 and 10 years old M = 8:83;SD = 0:73) attending 3™ and 4™ grade
of German elementary school. All children participating in the present study at-
tended a computational thinking course offered within the context of an extracur-
ricular enrichment program in the German federal state of Baden-Wurttemberg.
They had been nominated by their teachers to participate in the enrichment pro-
gram based on interest and school achievement. Yet, they were not nominated for
speci ¢ courses, but selected the courses they wanted to attend. Before the start
of the study, we obtained written informed consent from all participating students
as well as from their parents or legal guardians.

Study design

All data collection took place in the regular course classrooms. One week before
the computational thinking course started, the participating students attended a
test session, in which they were assessed using SCAPA in the form of a pen-and-
paper questionnaire.

Measurements

SCAPA assesses students' self-concept and attitude toward programming on the
seven scales (1) self-reported programming experience and understanding, (2)
self-concept, (3) intrinsic value belief, (4) attainment value belief, (5) utility value
belief, (6) cost belief, and (7) compliance and persistence. De nitions of these
constructs were introduced in Section 2.3.3 Assessment.

Scales (2), (3), (4), (5), (6), and (7) were developed based on an existing
instrument that had previously been validated for assessing the same constructs
for mathematics (Brisson et al., 2017; Gaspard, 2017; Trautwein & Koéller, 2005).
Scale (1) was not modeled on the existing instrument for mathematics, but was
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newly designed for SCAPA to allow for collecting indication of students' pro-
gramming experience and understanding. All scales combined include 50 4-point
Likert-type items (1 = agree completely; 2 = rather agree; 3 = rather do not
agree; 4 = do not agree at all).

Analysis

We assessed all scales of the SCAPA instrument for internal consistency by calcu-
lating descriptive statistics and Cronbach's alpha to investigate the reliability of
each of its scales.

To evaluate the construct validity of SCAPAs scales, we conducted a con rma-
tory factor analysis (CFA). Speci cally, we calculated the model t indices chi-
squared test, RMSEA, SRMR, and CFI to assess how good the t is between the
model for each scale and the actual data. In addition, we examined to what extent
the individual items of each scale contribute to the variance of the scale. To this
end, we calculated the factor loading of each item on the scale it belongs to.

Connection to the other studies

Our evaluation SCAPA for construct validity and reliability built upon a previous
study in which we had examined the pattern of intercorrelations between its scales
to gather initial indications of the instrument's validity (Manuscript 2, Leifheit et
al., 2019).

After establishing that the instrument had good model t and its scales were
largely reliable, we used SCAPA to assess the effectiveness of a computational
thinking training for promoting programming-related self-concept and motivation
in elementary school students (Manuscript 4, Leifheit et al., in preparation).

3.2.4 Study 4: Development and Evaluation of a Computational Thinking
Course for Elementary School Students

This section presents a proposed training for computational thinking and a study
investigating the effectiveness of the training. The rst subsection (3.2.4.1) re-
ports on the ndings from our study on the effectiveness of the computational
thinking training for promoting students' self-concept and motivation for program-
ming. In the second subsection (3.2.4.2), | present the educational objectives, di-
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dactic approach, instructional design, course structure, and learning materials of
the computational thinking course evaluated in the effectiveness study.

3.2.4.1 E ects of an Extracurricular Computational Thinking Training for Elementary
School Children: A Randomized Controlled Field Trial

This section summarizes the study design and research goals previously detailed
in a manuscript not yet submitted for publication (Leifheit et al., in preparation).
The manuscript is included in the Appendix as Manuscript 4.

Research goals

Our goal for this study was to evaluate the effectiveness of a structured computa-
tional thinking training for promoting a positive programming-related self-concept
and motivation for programming.

The computational thinking training is aimed at 3™ and 4™ grade elementary
school students and follows the conceptually-oriented didactic approach of com-
putational thinking. Thus, the focus of the training is not on using speci ¢ pro-
gramming applications or technologies, but on understanding the following es-
sential computational thinking concepts: sequences, loops, conditionals, events,
variables, constants, and operators (as identi ed by Brennan & Resnick, 2012).
The instructional design incorporates principles of embodied learning(e.g., Barsa-
lou, 2008; Butz, 2016), game-based learning (e.g., Hamari, Koivisto, & Sarsa,
2014; Ninaus et al., 2015), scaffolding (Belland, 2014), and blended learning
(unplugged/plugged-in) (del Olmo-Mufioz, Cézar-Gutiérrez, & Gonzalez-Calero,
2020; Prottsman, 2014). A more detailed description of the computational think-
ing training is given in the following Section 3.2.4.2 Computational Thinking
Course Manual (Manuscript 5, Leifheit et al., n.d.).

Our hypothesis was that the computational thinking training would have a pos-
itive effect on the development of students' programming-related self-concept and
motivational dispositions. In addition, the aim of the study was to explore whether
students' gender had any differential effect on their self-concept and motivation
for programming. To assess this, our study followed a randomized controlled re-
search design with repeated measures and a waiting control group. We used mul-
tiple linear regressions with maximum likelihood robust estimation to estimate
the training and gender effects on seven outcome variables representing different
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aspects of self-concept and motivation.

Furthermore, we assessed computational thinking ability and cognitive abilities
to estimate the effects of the computational thinking training on computational
thinking ability and reported the results separately (see Tsarava et al., in prepara-
tion).

Participants

Our participants for this study were 197 elementary school students female :
N = 47; 24%) between 7 and 10 years old (M = 8:83;SD = 0:73) from 3" and 4"
grade of German elementary school. The computational thinking training — and,
accordingly, our study on the effectiveness of the training — took place within the
context of an extracurricular enrichment program for talented elementary school
children. The program is being held at 66 local sites across the German federal
state of Baden-Wirttemberg and offers courses, mostly from the STEM elds, that
go beyond what children would learn in school. The proposed computational
thinking training was offered as part of this program at 16 local sites. Elementary
school teachers in Baden-Wirttemberg can nominate students for the program
based on interest, motivation, and school performance. After students are nomi-
nated, they can choose which courses offered by the program they would like to
participate in. Before students participated in our study along with the computa-
tional thinking training, we obtained written informed consent from all students
as well as from their parents or legal guardians.

Study design

For our study, 29 course groups participated in the computational thinking training

at 16 local sites. Each course group consisted of 4 to 6 students. At each site, both
the training and data collection took place in the same regular classroom. Data
collection was conducted by researchers or research assistants following detailed
instructions during two test sessions.

All course groups were taught by teachers who had previously participated in
a seminar instructing in teaching the course and had received a detailed course
manual. The instructional seminar was taught by me (one of the developers of the
computational thinking training) approximately one month before the beginning
of the computational thinking course and study.
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To allow for estimating the causal effect of the training (Torgerson & Torgerson,
2008) on both computational thinking ability and motivational attitudes toward
programming, the study followed a randomized controlled trial design (e.g., Fried-
man, Furberg, & DeMets, 2010) with repeated measures and a waiting control
group. After signing up for the computational thinking course and the accom-
panying study, students were randomly assigned to either the training condition
or the control condition. One week prior to the start of the training, all partic-
ipants took part in a pretest. At the end of the pretest session, students were
informed about whether they had been randomly assigned to the training group
or the waiting control group. Students in the training condition started attend-
ing their computational thinking courses one week after the pretest. The posttest
for all participants from both conditions took place one week after the training
group had completed their course. Students in the control condition had waited
for the start of their course and did not receive any computational thinking train-
ing between pretest and posttest. One week after the posttest, the computational
thinking course started for students in the waiting control condition. The study
design is outlined in Figure 3.1.

In addition to permitting causal inference on the effectiveness of the training,
this study design reduces the risk of drop-out among students in the control group
and and allows all participating students to receive the same training. It is there-
fore considered to be in agreement with ethical standards for intervention trials
(Emanuel, Abdoler, & Stunkel, 2010).

Figure 3.1: Study design: Randomized controlled eld-trial with waiting control
group and repeated measures (Figure taken from Leifheit et al., in
preparation)
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Measurements

In both test sessions, we measured variables falling into three categories: 1) self-
reports on motivational constructs, 2) computational thinking ability, and 3) cog-
nitive abilities (as control variables).

Motivational constructs, speci cally programming-related self-concept and mo-
tivational beliefs about programming, were measured using the 7-scale, 50-item
Self-Concept and Attitude toward Programming Assessment questionnaire (SCAPA
Leifheit et al., 2019, 2020). This self-report instrument assesses aspects of motiva-
tion for programming on the seven scales (1) self-reported programming experi-
ence and understanding, (2) self-concept, (3) intrinsic value belief, (4) attainment
value belief, (5) utility value belief, (6) cost belief, and (7) compliance and per-
sistence. All SCAPA items items were rated on a 4-point Likert scale (1 = agree
completely; 2 = rather agree; 3 = rather do not agree; 4 = do not agree at all).

As an indication of computational thinking ability, students' understanding of
sequences, loops, conditionals, and simple functions was assessed using a short-
ened version of the Computational Thinking test (CTt, Roman-Gonzalez, 2015).
All tasks on this multiple-choice type performance test consist of an algorithmic
problem to be solved, a pictorial representation of the problem (e.g., a maze),
a pseudocode-like representation of the problem (in visual block-based program-
ming style), and four answer options. Because performance on the CTt has been
found to be correlated with various cognitive abilities (Roman-Gonzalez et al.,
2017; Tsarava et al., 2019), we assessed these abilities and used the measured
variables as control variables for the CTt, but not for the motivational constructs.

The full line of reasoning for including these variables, as well as a detailed
account of all measured variables, is provided in the Appendix in Manuscript 4
(Leifheit et al., in preparation).

Analysis

Before calculating any training effects, we tested for baseline equivalence of all
dependent and control variables to establish the success of the randomized group
assignment. To this end, we conducted two-tailed t-tests to check for potential
differences at pretest between the two groups.

The amount of missing values in the collected data ranged between 4.1% and
16.2% per variable across both groups. Data were missing due to individual item
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nonresponse and absence from posttest. Drop-out rates did not differ signi cantly
between training group and control group ( 2(1) = :45; p = :503. When using T-
tests to compare all dependent variable means of students present at posttest with
students absent from posttest, we found no signi cant differences between the
groups. These ndings suggested data were missing at random (Enders, 2010).
We con rmed this using Little's Missing Completely at Random test (Little, 1988),
which revealed that data were indeed missing completely at random ( ?(1) =
34934; p = :503. This permitted using the full-information maximum likelihood
estimator as missing data treatment (Muthén & Muthén, 2012), which considers
all available data when estimating model parameters and standard errors (Buhi,
Goodson, & Neilands, 2008; Schafer & Graham, 2002).

To evaluate the effectiveness of the training, we used multiple linear regres-
sions with maximume-likelihood robust estimation with study condition (training
or control group) as predictor. Dependent variables were the seven motivational
variables at posttest as assessed by the SCAPA questionnaire. For each variable,
we included its pretest score as a control variable to increase the precision of the
training effect estimate. As a result of the randomized controlled research design,
the estimated training effects can be interpreted causally.

Additionally, we estimated the effect of gender on students' motivational devel-
opment. To this end, we used another regression with gender as predictor and
group assignment as a control variable. However, any gender effects estimated in
this regression must only be interpreted correlationally and not causally, consider-
ing the predictor variable was not subject to randomized assignment.

We reported the training effects on computational thinking ability and cognitive
abilities separately (for a detailed description of the analysis and results for cogni-
tive abilities and computational thinking ability, see Tsarava et al., in preparation).

Connection to the other studies

The present study evaluated the effectiveness of the computational thinking train-
ing proposed in Section 3.2.4.2 (Manuscript 5, Leifheit et al., n.d.) for promoting
a positive programming-related self-concept and motivation for programming. For
the development of the computational thinking training and the design of this ef-
fectiveness study, we built on ndings from all three of the previously outlined
studies.

As previously mentioned in Section 3.2.1, the development of the computational
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thinking training evaluated in the present study was informed by our ndings
from Study 1. One of the reasons for selecting the design of the present study
was to overcome the methodological limitations of Study 1. Our new aim was to
generate inferential, causally interpretable evidence regarding the effectiveness of
the training through repeated measurements, a control group, and randomized
group assignment (Manuscript 1, Leifheit et al., 2018).

To assess the outcome variables for motivational constructs, we used the Self-
Concept and Attitude toward Programming Assessment (SCAPA). SCAPA was rst
proposed and described in Section 3.2.2 Study 2 (Manuscript 2, Leifheit et al.,
2019) and later evaluated for reliability and construct validity in Section 3.2.3
Study 3 (Manuscript 3, Leifheit et al., 2020).

3.2.4.2 Computational Thinking Course Manual

This section summarizes the goals, didactic approach, and theoretical background
of a computational thinking training previously detailed in the unpublished course
manual for instructors of the training (Leifheit et al., n.d.). The manual was co-
authored with Katerina Tsarava, Manuel Ninaus, and Korbinian Moeller. It incor-
porates some of the components and approaches suggested in a previous training
proposal (see Tsarava et al., 2017) as well as considerations outlined in Section
3.2.1 Study 1 (Manuscript 1, Leifheit et al., 2018). The full course manual is
included in the Appendix as Manuscript 5.

The computational thinking training was designed for groups of 6 to 10 students
from 3™ and 4™ grade and consists of 10 lessons. Each lesson is 90 minutes long
and the training is intended to be taught as a weekly course over a timespan of 10
weeks.

In the following subsections, | will outline the educational objectives of the
computational thinking course, its didactic approach and instructional design, the
course structure and learning materials, and present an overview of the contents
of the course manual.

Educational objectives

The computational thinking course aims to foster computational thinking abilities
and to spark motivation for computing. More speci cally, the course pursues the
goal of helping children develop an initial understanding of basic computational

28



3.2 Studies

concepts and form a positive self-concept regarding their programming abilities.

Currently, elementary and lower secondary school curricula in Germany do not
ensure that children can pursue computing education under professional and ped-
agogical guidance. It is unclear when students will have another opportunity to
engage in computational thinking or programming activities after they complete
the proposed computational thinking course. Therefore, the course also aims to
enable students to program independently and pursue further computing educa-
tion on their own.

To give students the skills they need in order to transfer their computational
thinking understanding to different applications and familiarize themselves with
new programming languages and environments, the course places focus on con-
ceptual understanding and transfer. In the last lesson of the course, students are
provided with a curated collection of links to further resources, such as online
programming courses for children, to facilitate further engagement in computing-
related activities independent of the availability of teachers or of cial school cur-
ricula.

Didactic approach and instructional design

To help students develop a conceptual understanding of computing, the course
follows the conceptually-oriented didactic approach of computational thinking.
Accordingly, the course does not focus on the use of speci ¢ programming appli-
cations or technologies, but on building an understanding of the following essen-
tial computational thinking concepts: sequences, loops, conditionals, events, vari-
ables, constants, and operators (as identi ed by Brennan & Resnick, 2012). The in-
structional design integrates principles of embodied learning(e.g., Barsalou, 2008;
Butz, 2016), game-based learning (e.g., Hamari et al., 2014; Ninaus et al., 2015),
scaffolding (e.g., Belland, 2014), and blended learning (unplugged/plugged-in)
(e.g., del Olmo-Mufioz et al., 2020; Prottsman, 2014).

Embodied learning happens when students develop new understanding, knowl-
edge, or skills through physical activity or manipulation of physical objects. Em-
bodied teaching and learning methods facilitate implicit learning (Barsalou, 2008)
and positively in uence understanding and memory through increased spatial or-
ganisation of conceptual content (Noice & Noice, 2001). The theory of embodied
cognition states that many aspects of cognition are dependent on the physical
body, which can play a constitutive role in the cognitive processing of experiencs
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and situations (Wilson & Foglia, 2015).

Game-based learning helps students form new understanding, knowledge, or
skills through games or playful activities. The use of game-based teaching and
learning methods can improve learners' performance (Ninaus et al., 2015), in-
crease motivation, and incite students to actively engage in learning activities
(Hamari et al., 2014, Plass et al., 2015).

Scaffolding is an instructional approach for helping students perform and ad-
vance in tasks they would not be able to complete without help (Belland, 2014).
Scaffolding means that students are guided and — if necessary — supported in com-
pleting the learning tasks, e.g., through teacher support or written hints and in-
structions (Belland, 2014). The level of support is gradually decreased as students
gain more skills in completing the tasks independently.

Blended unplugged and plugged-in learning takes place when an instructional
setting integrates learning activities using digital media and technology (plugged-
in) and learning activities without any digital or technological applications (un-
plugged). Unplugged activities are used to place focus on conceptual understand-
ing rather than technology use and are accessible even to schools with little access
to digital technology (Prottsman, 2014). Using a blended approach with a com-
bination of unplugged and plugged-in activities can lead to better computational
thinking performance and motivation compared to a plugged-in only approach
(del Olmo-Muiioz et al., 2020).

Course structure and learning materials

Throughout the 10 lessons of the course, learning activities progress from concrete
and playful unplugged activities (board games, card games, and pen-and-paper
exercises) to more abstract and sophisticated plugged-in programming exercises
(programming games, simulations, hardware, and simulated robots).

Students are initially familiarized with all computational thinking concepts in-
troduced in the course through unplugged activities (as suggested by Prottsman,
2014) before they learn to apply the concepts in plugged-in activities.

The unplugged activities include the life-size board and card game series Crabs
& Turtles (Tsarava, Moeller, & Ninaus, 2018a, 2018b) as well as pen-and-paper
exercise sheets based on tasks from the Bebras international informatics challenge
for children (Dagiene & Sentance, 2016).

In the rst three lessons of the course, students are introduced to basic compu-
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tational thinking concepts through playing Crabs & Turtles, which was developed
speci cally for this purpose and target group (Tsarava et al., 2018a, 2017). The
Crabs & Turtles series — two board games and one card game — is deliberately de-
signed to be independent of any speci ¢ programming languages or environments.
Instead, Crabs & Turtles offers students a game-based and embodied experience
for familiarizing themselves with basic computational thinking concepts.

In addition to unplugged games, the course also includes unplugged exercise
sheets. At the end of each of the 10 lessons, students work on exercise sheets
with puzzle-like tasks for 10 minutes. The tasks are based on the Bebras Inter-
national Challenge on Informatics and Computational Thinking for children (Be-
bras), which has been established for 16 years and is being held in in 50 coun-
tries (Dagiene & Sentance, 2016). Bebras tasks engage students in computational
thinking through motivating pen-and-paper puzzle exercises (Dagiere & Sentance,
2016). Within the computational thinking course, these exercise sheets are used so
that students can recapitulate previously learnt computational thinking concepts
in an unplugged way to strengthen their conceptual understanding.

Plugged-in activities are used to enable students to transfer and apply the com-
putational thinking concepts to which they were introduced using unplugged ac-
tivities. Scaffolded programming activity sheets guide students through three dif-
ferent programming languages and environments.

In the second lesson, students are introduced to plugged-in programming activ-
ities using the block programming language and environment Scratch 2.0, specif-
ically developed for children (Diaz & Lopez, 2017). Subsequently, in the fourth to
sixth lesson, Scratch allows students to apply the computational thinking concepts
introduced through Crabs & Turtles and transfer their conceptual understanding
to create basic programs (Diaz & Lopez, 2017), such as simple games and simula-
tions.

In the seventh and eighth lesson, the possibilities of Scratch are extended through
the open-hardware platform Arduino (Badamasi, 2014) as well as the program-
ming language and environment S4A (Scratch for Arduino) (S4A), via which the
Arduino's various ports and sensors can be controlled. After computational think-
ing concepts were introduced by Crabs & Turtles and applied in Scratch, the Ar-
duino and S4A are used to transfer these concepts to an area going beyond the
creation of simple screen applications to give students a rst glimpse into hard-
ware programming. This provides another embodied learning experience, as stu-
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dents get to see that their program code can not only dictate what happens on the
screen in front of them, but can also interact with their physical environment.

In the last two lessons of the course, the robot simulation Open Roberta gives
students the opportunity to practice their acquired computational thinking under-
standing more independently by programming and controlling a simulated robot
(Jost, Ketterl, Budde, & Leimbach, 2014). Unlike Scratch, Open Roberta offers
no customizable graphical elements — the only way to control the simulated robot
is through program code. Therefore, Open Roberta provides no distractions from
programming itself, making the environment especially suited for open-ended ex-
ploration of programming.

Through all three of these programming environments, students are guided by
scaffolded programming activity sheets. In the beginning of the course, these ac-
tivity sheets provide students with clearly de ned program goals and step-by-step
instructions. As the course progresses, the programming activity sheets gradu-
ally provide less detailed instructions and, by the end of the course, even allow
students to choose their own program goals.

At the end of the last lesson of the course, students receive a set of resources
to help them to continue learning about computing without having to rely on
teachers or further courses. Providing students with such resources is crucial for
enabling them to have continued access to computing education materials, con-
sidering that elementary and lower secondary school curricula in Germany do not
ensure students will soon have another opportunity to engage in computational
thinking or programming.

Contents of the manual

The instructor's manual for the computational thinking course includes detailed
information on the theoretical background of the course as well as practical teach-
ing instruction and course materials.

First, the theoretical background of the course is explained. Speci cally, the
ideas of computational thinking, embodied learning, and game-based learning
are illustrated. Second, the overarching learning objectives as well as individ-
ual lesson goals of the course are presented. Third, all learning materials of the
course are introduced, including the unplugged games, exercise sheets, and pro-
gramming languages and environments. Fourth, detailed lesson plans for each of
the lessons are provided. Finally, the appendix of the course manual contains all
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central learning materials, in particular game instructions, programming activity

sheets, end-of-lesson exercise sheets, homework sheets, and resources for further
computing education.
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4 Discussion and Results

In the following Section 4.1 and its subsections, | will outline and discuss the
main ndings of each of the four studies included in this dissertation. Then, |

will present an integrated discussion (Section 4.2) of these studies, including their
strengths, weaknesses, and nally their combined contribution to the eld of re-

search on early computing education.

4.1 Main outcomes

In Study 1, we evaluated lessons from a pre-existing computational thinking course
to explore the suitability of unplugged game-based activities for helping elemen-
tary school students form an initial understanding of computational thinking con-
cepts and for motivating them to want to learn more about computing (Manuscript
1, Leifheit et al., 2018).

The goal of Studies 2 and 3 was the incremental development and evaluation
of a new instrument for measuring students' self-concept and motivational beliefs
regarding programming (Manuscript 2 and Manuscript 3, Leifheit et al., 2019,
2020).

Finally, for Study 4, we considered results from Study 1 and used the assess-
ment instrument proposed in Studies 2 and 3 to evaluate the effectiveness of a
structured computational thinking training for promoting a positive programming-
related self-concept and motivation for programming (Manuscript 4, Leifheit et al.,
in preparation).

Findings from each of these studies are detailed in the following sections.
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4.1.1 Study 1: Programming Unplugged: An Evaluation of Game-Based
Methods for Teaching Computational Thinking in Primary School

The ndings summarized in this section are based on previously published work
(Leifheit et al., 2018). The original publication is included in the Appendix as
Manuscript 1.

Research goals

Our goal for this exploratory study was to assess the suitability of unplugged
game-based activities for helping elementary school students form an initial un-
derstanding of computational thinking concepts. Additionally, we wanted to nd
out whether students who participated in the course were motivated to learn more
about computing. To this end, we evaluated pre- and post-course questionnaires
as well as the outcome of three lessons that used unplugged game-based activities
as their core component. Each of the evaluated lessons introduced one computa-
tional thinking concept using an unplugged game-based activity. Speci cally, (1)
debugging was introduced through a relay race game, (2) conditional branching
was introduced through a card game, and (3) events were introduced through a
sports game (Leifheit et al., 2018).

Study context

The lessons were part of a computational thinking course consisting of 18 lessons
with 45 minutes each, which was based on course material from code.org (Course
2, code.org). The main objectives of the course were to promote students' con-
ceptual understanding of computational concepts and spark their interest in com-
puting. Lessons primarily addressed concepts and processes essential for creat-
ing simple algorithms. These concepts were rst introduced through unplugged
game-based activities using tangible everyday objects (e.g., paper, pencils, or play-
ing cards) instead of digital environments and abstract code. In more advanced
lessons, students' conceptual understanding was applied and deepened through
simple plugged-in programming exercises.

The three lessons evaluated in Manuscript 1 (Leifheit et al., 2018) used a game-
based learning approach to increase students' engagement in the learning activity
(Plass et al., 2015). The unplugged learning activities used in the course have been
argued to be especially well-suited for introducing elementary school students to
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computing, because they allow for placing focus on computational concepts rather
than technology use (Prottsman, 2014).

Participants and study design

The course was taught to 33 students (15 female) from 39 and 4" grade of Ger-
man elementary school. At the end of all unplugged lessons, students' under-
standing of newly introduced computational thinking concepts was assessed using
short tests in the form of pen-and-paper exercise sheets. Students' interest in and
motivation for programming education was measured with pre- and post-course
self-assessment questionnaires.

Results and discussion

At the end of the lessons on debugging and events, students were able to mostly
solve the short tests correctly. In particular, we observed that (a) after playing the
debugging relay race game, students on average solved 89% of the end-of-lesson
assessment on debugging correctly, and (b) after playing the events sports game,
students on average solved 90% of the end-of-lesson assessment on events cor-
rectly. This suggests that the unplugged game-based learning activities employed
in these two lessons were suitable for helping students develop an initial under-
standing of computational thinking concepts.

However, we found that after playing the conditional branching card game, stu-
dents on average only solved 6% of the end-of-lesson assessment on conditional
branching correctly. None of the students were able to solve all tasks of the as-
sessment correctly. These results con ict with our qualitative observations from
the conditional branching lesson, in which we noted that students were well able
to understand the rules and play the card game, for which they had to apply con-
ditional branching. To better understand this inconsistency between our observa-
tions, we took a closer look at the end-of-lesson assessment on conditional branch-
ing. We found that students' problems in solving the tasks might have arisen from
the somewhat convoluted structure of the assessement: Students were largely
able to solve the individual tasks, but were unable to tally them correctly to keep
track of the score (Leifheit et al., 2018). The problems students faced in the end-
of-lesson assessment on conditional branching might be related to programming
novices' dif culties to understand “else' cases (Guzdial, 2008) and to trace code
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linearly (Kaczmarczyk, Petrick, East, & Herman, 2010). This is in line with lit-
erature arguing that conditional branching is an especially complex concept for
learners new to computing (e.g., Guzdial, 2008).

In addition to the end-of-lesson assessments, students lled out a pre- and post-
course questionnaire and responded to each item on a 5-point Likert scale (from
1 = not at all, to 5 = absolutely, with only the end points labeled). On the
post-course questionnaire, students reported they liked the course overall M =
4:36; SD = 0:89) and indicated that they felt they had made substantial learning
progressM = 4:39; SD = 0:98). For interest in learning more about comput-
ing, there was a wider variance between students' responses, but on average they
reported moderate interest in future computing education (M = 3:36;SD = 1:34).

In both the pre- and the post-course questionnaires, students were asked whether
they could imagine working in an IT job. Before taking the computational thinking
course, students rated their interest in such a job higher M = 3:27; SD = 1:39)
than they did after completing the course (M =2:82;(SD = 1:27). However, only
9% of students reported previous experience in programming. Participation in the
course provided the students with more experience to be able to judge whether
IT jobs might be interesting for them. Thus, the descriptive mean decrease could
re ect that students developed less strong and less unsubstantiated opinions (i.e.,
extreme ratings on the Likert scale) than before and were able to build a more
differentiated and informed idea of their vocational interest.

Limitations

It is important to note the study's limitations. Due to the study design, no in-
ferential analyses were possible. In other words, our statistical analyses of the
end-of-lesson assessments as well as the pre- and post-course questionnaires were
purely descriptive. Therefore, no causal conclusions can be drawn about the in u-
ence of the learning activities on students' learning outcomes nor the relationship
between the course and the development of students' interest in computation.

Conclusion and outlook

In conclusion, 3" and 4" grade students were able to understand debugging and
events, to which they were introduced by playing unplugged games. This indicates
that the lessons and their central activities were suitable for helping students un-
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derstand and apply the respective lesson's central concepts. However, parts of the
course appeared to be more challenging for the students. In particular, students
had problems solving the end-of-lesson assessment on conditional branching. This
nding is of particular interest for the development of future programming courses
for elementary school students. Furthermore, results of the post-course question-
naire re ected that students had a positive learning experience and were inter-
ested in learning more about computer science.

The results of this exploratory study — especially the ndings on conditional
branching as a challenging concept and the suitability of unplugged game-based
learning activities for teaching computational thinking — have proven helpful in
informing the planning and design of a new computational thinking training (see
Manuscript 5, Leifheit et al., n.d.). Furthermore, to investigate motivation and
learning outcomes beyond the purely descriptive results of this study, we de-
veloped a new instrument for assessing motivational dispositions in elementary
school students (see Manuscript 2 and Manuscript 3, Leifheit et al., 2019, 2020)
and designed an effectiveness study to allow for drawing causal conclusions on
the development of students' motivation and ability (see Manuscript 4, Leifheit et
al., in preparation).

4.1.2 Study 2: Development of a Questionnaire on Self-Concept,
Motivational Beliefs, and Attitude Towards Programming

The ndings summarized in this section are based on previously published work
(Leifheit et al., 2019). The original publication is included in the Appendix as
Manuscript 2.

Research goals

In this pilot study, we aimed to gather preliminary evidence on the validity of
an instrument for assessing programming-related self-concept and motivation in
elementary school students. We had developed the proposed instrument based
on an existing instrument for measuring students' self-concept and motivational
beliefs regarding mathematics (Brisson et al., 2017; Gaspard, 2017; Leifheit et al.,
2019), which had already been adapted and validated for other school subjects
(Gaspard et al., 2017). To gather rst evidence regarding its validity, we examined
whether the intercorrelations of the subscales of the proposed instrument were
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similar to those of the instrument it was based on.

Prior to developing the instrument, we had identi ed a lack of instruments for
assessing computing-related self-concept and motivation in younger students, es-
pecially at the elementary level (Leifheit et al., 2019).

The proposed instrument assesses aspects of students' self-concept and motiva-
tional disposition regarding programming on seven scales: (1) self-reported pro-
gramming experience and understanding, (2) self-concept, (3) intrinsic value be-
lief, (4) attainment value belief, (5) utility value belief, (6) cost belief, and (7)
compliance and persistence (Leifheit et al., 2019) (see Appendix, Manuscript 2).
De nitions of these constructs were introduced in Section 2.3.3 Assessment.

Participants and study design

We evaluated data from 31 students in 39 and 4™ grade of elementary school who
participated in a computational thinking course within an extracurricular enrich-
ment program. Students were nominated to participate in the program by their
teachers based on interest and achievement in school. After being nominated, stu-
dents choose which course offered within the enrichment program they want to
attend.

One week before the start of the course, all participating students were assessed
in a pretest and one week after the end of the course, they were assessed in a
posttest. Both test sessions included the same measurement instruments.

We collected data using the proposed instrument for assessing programming-
related self-concept and motivational dispositions. In addition, we assessed stu-
dents' computational thinking ability using the Computational Thinking test (CTt,
Roméan-Gonzélez, 2015) as well as selected aspects of students' socioeconomic
background and frequency of computer or tablet use with the TIMSS 2015 Con-
text Questionnaire (Wendt et al., 2016).

We focused on the pretest measurements to evaluate students' responses to the
proposed instrument before their self-concept and motivation could be affected
by the course. To identify potential effects of these constructs on computational
thinking ability, we also considered students' performance on the Computational
Thinking test at pretest and posttest and calculated the change score.
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Results and discussion

In line with our expectations, the results of our correlation analysis indicated
programming-related self-concept to be signi cantly correlated with other sub-
scales, in particular with intrinsic value belief, utility value belief, cost belief,
and self-reported compliance and persistence. Considering how constitutive self-
concept is for motivation to do well in a subject (Oliver & Simpson, 1988), this is
not surprising.

Intrinsic value belief, attainment value belief, utility value belief, and cost belief
all correlate signi cantly with each other as well as with other variables, specif-
ically with self-concept and compliance and persistence. This re ects that these
four motivational value beliefs are integral to the instrument.

Overall, the correlation patterns of the subscales for self-concept and moti-
vational beliefs regarding programming mirrored the patterns observed for the
same motivational dispositions regarding mathematics. This re ects that the con-
structs measured by the proposed instrument for assessing programming-related
self-concept and motivational beliefs have similar associations with each other as
the constructs assessed by the validated instrument for mathematics. This gives a
rst indication of the validity of the proposed instrument.

Aside from correlations between the subscales of the instrument, we found a
signi cant correlation between self-reported previous experience and understand-
ing of programming and frequency of computer or tablet use. This could indicate
that students might assume computer or tablet use to be closely associated with
programming skills. However, this could also indicate that students with previous
programming experience also use computers or tablets more frequently than those
without such experience. As the results are correlational, we cannot draw a causal
conclusion.

Contrary to what we expected, the constructs measured by the proposed instru-
ments showed no correlations with computational thinking abilities as assessed
by the Computational Thinking test. We had based our expectations on nd-
ings that for other subjects, self-concept and motivational beliefs were associated
with achievement in the respective subject (e.g., Oliver & Simpson, 1988; Wilkins,
2004). However, this lack of signi cant correlation could be the result of power
limitations due to the small sample size. Typically, correlations between moti-
vational dispositions and achievement were found in studies with much larger
sample sizes (e.g., Gaspard, 2017).
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Limitations

All students who participated in this pilot study had chosen to participate in the
computational thinking course voluntarily. Moreover, the study was conducted
in the context of an extracurricular enrichment program for which students were
nominated by their teachers based on interest and achievement in school. Thus,
results cannot necessarily be generalized for a broader population and may contain
a bias toward students with above-average motivation and school achievement.

Conclusion and outlook

Taking into account the important role of self-concept and motivation for educa-
tional outcomes, it would be desirable to reliably assess these constructs for pro-
gramming. A valid and reliable assessment instrument would facilitate evaluating
the effects of computing education efforts on important student characteristics
that could in uence their educational trajectories and success.

We observed that the relationships between the subscales of the proposed in-
strument show similar patterns to the instrument it is modeled on. This revealed
preliminary evidence on the validity of the developed questionnaire, encouraging
a follow-up study to evaluate the instrument's reliability and construct validity
with a larger sample of students.

After publication of the manuscript in which we reported the development and
evaluation of the proposed instrument (Manuscript 2, Leifheit et al., 2019), we
named the instrument the Self-Concept and Attitude toward Programming Assess-
ment (SCAPA) and took further steps toward its validation (see Manuscript 2,
Leifheit et al., 2020). We later used the instrument to assess the effects of a com-
putational thinking training on elementary school students' programming-related
self-concept and motivation (see Manuscript 4, Leifheit et al., in preparation).

4.1.3 Study 3. SCAPA: Development of a Questionnaire Assessing
Self-Concept and Attitudes Toward Programming

The ndings summarized in this section are based on previously published work
(Leifheit et al., 2020). The original publication is included in the Appendix as
Manuscript 3.
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Research goals

Following up on Study 2 (Manuscript 2, Leifheit et al., 2019), our goal for this
study was to provide rst evidence regarding the internal consistency and con-
struct validity of the proposed Self-Concept and Attitude toward Programming
Assessment (SCAPA). To this end, we examined the instrument's reliability (i.e.,
internal consistency on item and scale level) and construct validity (by means of
con rmatory factor analysis).

SCAPA measures aspects of students' self-concept and motivational disposition
regarding programming on seven scales: (1) self-reported programming experi-
ence and understanding, (2) self-concept, (3) intrinsic value belief, (4) attain-
ment value belief, (5) utility value belief, (6) cost belief, and (7) compliance and
persistence (see Manuscript 3, Leifheit et al., 2020).

Participants and study design

We collected and analyzed data from 197 elementary school students from &
and 4" grade of German elementary school who participated in the present study
and the computational thinking training within the context of an extracurricular
enrichment program. They had been nominated to attend the program by their
teachers based on interest and school achievement, but made their own decision
which courses they wanted to attend.

One week before the start of the computational thinking training, students at-
tended a test session in their regular course classrooms and were assessed using
SCAPA in the form of a pen-and-paper questionnaire.

Results and discussion

Overall, our results indicated adequate internal consistency for SCAPA. The scales
of the instrument were shown to have suf cient to very good reliability, the only
exceptions being the scale for self-reported programming experience and under-
standing and the subscale for programming persistence.

In addition, results of the con rmatory factor analysis mostly indicate a good
t between the models for the scales and the actual data. We had calculated
the four model t indices chi-squared test, RMSEA, SRMR, and CFI. While chi-
squared test, SRMR, and CFlI indicated adequate to very good model t, RMSEA
indicated the models for some of the scales to t less well. It must be noted,
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however, that RMSEA is known to yield inappropriately high values (indicating
low t) for models with smaller degrees of freedom and sample sizes up to N
= 200 (e.g., Taasoobshirazi & Wang, 2016), as is the case for our data set. For
such models, RMSEA should be considered with caution (Taasoobshirazi & Wang,
2016). Therefore, we place more emphasis on the other measures of model t,
which indicate adequate to very good construct validity.

A detailed account of all analyses and results for internal consistency on item
and scale level, for construct validity, and for factor loadings of the individual
items is reported in Manuscript 3 (Leifheit et al., 2020).

Limitations

It should be pointed out that the results found in this study cannot necessarily
be generalized for all elementary school students. All participants in the present
study were in 3" and 4" grade of German elementary school and attended an ex-
tracurricular enrichment program after they had been nominated by their teachers
based on their interest and school achievements. Thus, ndings may not be rep-
resentative for the overall student population but potentially only for a sample of
better performing students.

Conclusion and outlook

Based on the promising ndings of Study 2 (see Section 3.2.2, in which we had
examined the pattern of intercorrelations between its scales to gather initial indi-
cations of the instrument's validity Manuscript 2, Leifheit et al., 2019), the present
study takes a further step toward the validation of the proposed instrument for
assessing students' self-concept and attitude toward programming. Results for in-
ternal consistency and construct validity of the scales provided further evidence
for SCAPAS reliability and validity.

While our ndings regarding SCAPASs reliability and construct validity are promis-
ing, further development and evaluation is necessary to substantiate the suitability
of SCAPA. Future evaluations of SCAPA should aim for a broader, more represen-
tative sample to improve generalizability. Additionally, future evaluation studies
should aim for larger sample sizes to increase power and overcome limitations as
experienced with the RMSEA model tindex for some of the scales.

After the suf cient to very good results for reliability and construct validity
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established SCAPA as a suitable instrument for assessing self-concept and moti-
vational disposition regarding programming, we used the SCAPA questionnaire
to assess the effectiveness of a computational thinking training for promoting
programming-related self-concept and motivation in elementary school students
(Manuscript 4, Leifheit et al., in preparation).

4.1.4 Study 4: Development and Evaluation of a Computational
Thinking Course for Elementary School Students

The ndings summarized in this section are based on a manuscript not yet sub-
mitted for publication (Leifheit et al., in preparation). The manuscript is included
in the Appendix as Manuscript 4.

Research goals

Our goal for this study was to evaluate the effectiveness of a structured computa-
tional thinking training for promoting a positive programming-related self-concept
and motivation for programming.

The computational thinking training was aimed at 3 and 4" grade elemen-
tary school students and followed the conceptually-oriented didactic approach of
computational thinking. Thus, the focus of the training was not on speci ¢ pro-
gramming languages or technologies, but on understanding the following essen-
tial computational thinking concepts: sequences, loops, conditionals, events, vari-
ables, constants, and operators (as identi ed by Brennan & Resnick, 2012). The di-
dactic and pedagogical approach of the training followed principles of scaffolding,
embodied learning, game-based learning, and blended learning (unplugged/plugged-
in).A detailed description of the computational thinking training and its instruc-
tional design is given in Section 3.2.4 Study 4 and in the instructor's manual for
the computational thinking training (Manuscript 5, Leifheit et al., n.d.).

We expected the computational thinking training to have a positive effect on
the development of students' programming-related self-concept and motivational
dispositions. Further, we aimed to explore whether students' gender had any dif-
ferential effect on their self-concept and motivation for programming.

To go beyond motivational dispositions, we also assessed computational think-
ing ability and cognitive abilities to estimate the effects of the computational think-
ing training on computational thinking ability and reported the results separately
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(see Tsarava et al., in preparation).

Participants and study design

Our participants for this study were 197 elementary school students from 3¢ and
4" grade of elementary school who participated in an extracurricular enrichment
program. Students are nominated for the program by their teachers based on in-
terest an school achievement, and can then choose from a range of courses. In
total, 29 course groups participated in the computational thinking training at 16
local sites of the enrichment program. At each site, both the training and data col-
lection took place in the same regular classroom. The course groups were taught
by different course instructors, none of whom worked in research or were involved
in the development of the course. Instead, they had received a detailed course
manual and a one-day preparation seminar along with all teaching materials for
the course.

To allow for estimating the causal effect of the training (Torgerson & Torgerson,
2008), we used a randomized controlled eld trial design with repeated measures
and a waiting control group. To analyze the data we collected, we calculated mul-
tiple linear regressions with maximum likelihood robust estimation to estimate
the training and gender effects on seven outcome variables for different aspects
of motivational dispositions. The study design and analysis procedure yield con-
servative estimates to minimize the risk of nding false positives (Dong & Peng,
2013). Outcome variables were motivational dispositions toward programming as
assessed by the seven scales (P1) experience and understanding, (P2) self-concept,
(P3) intrinsic value belief, (P4) attainment value belief, (P5) utility value belief,
(P6) cost belief, and (P7) compliance and persistence.

Results and discussion

On the one hand, there is an increasing number of initiatives for teaching compu-
tational thinking at the elementary school level (e.g., Code.org; of Code; Kodable;
Balanskat and Engelhardt, 2015). On the other, the effectiveness of these efforts
is rarely evaluated empirically — among other reasons due to lack of funding and
appropriate assessment instruments (Vivian et al., 2020). To contribute toward
closing this gap in research, we developed a computational thinking training for
elementary school children (Manuscript 5, Leifheit et al., n.d.) and explored to
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what extent the training could foster positive motivational dispositions toward
programming.

Overall, results indicated that the computational thinking training had a sig-
ni cant positive effect for three out of the seven motivational constructs. Stu-
dents who received the computational thinking training, compared to the control
group, displayed a more positive development of (P1) experience and understand-
ing of programming (B = :373;p < :00), in (P2) programming-related self-
concept (B = :167; p = :029, and (P3) intrinsic value belief about programming
(B = :197; p = :003. All estimated effect sizes fell into the small to medium range
(Cohen, 1992). No signi cant effects were found for (P4) attainment value belief,
(P5) utility value belief, (P6) cost belief, and (P7) compliance and persistence with
regard to programming.

Considering the research design, method of analysis, and sample of the study,
we need to take several factors contributing to small training effect sizes into
account.

To evaluate the effectiveness of the training under real-world conditions, the
computational thinking course was not taught by researchers in standardized in-
structional settings, but by different course instructors in normal classrooms. All
instructors had received a detailed course manual and a seminar on how to teach
the course, but had not been involved in the course's development or research.
Such real-world settings and instructor variability lead to smaller treatment effects
compared to standardized instruction under controlled conditions (e.g., Greene,
2015; Hulleman & Cordray, 2009; Lendrum & Wigelsworth, 2013).

Moreover, all participants had been nominated for an extracurricular enrich-
ment program based on interest and achievement in school and had chosen the
computational thinking course over other courses offered within the program. Itis
therefore possible that the students participating in our study had above-average
levels of motivation at pretest time, which may have resulted in ceiling effects
at pretest and, consequently, smaller comparative training effects on the posttest
variables (Resch & Isenberg, 2018).

Finally, multiple linear regression analyses with maximume-likelihood robust es-
timation minimize the risk of nding false positives and yield conservative esti-
mates (Dong & Peng, 2013). As a result, any estimated training effects can be
interpreted as relevant outcomes of the training and are not likely to be estimated
too large.
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In light of these factors reducing the estimated size of training effects, we
can conclude that the computational thinking training was successful in fostering
programming-related self-concept, and motivational beliefs about programming
in elementary school students. Because there are no similar computing, program-
ming, or computational thinking training studies reporting effect sizes, we cannot
compare the observed effect sizes to similar studies.

Aside from the training effects, we also investigated the role of gender for the
development of students' motivational dispositions. Our ndings indicated that
a student's gender does not affect the in uence of the training on motivational
beliefs about programming. Speci cally, results revealed no signi cant effects of
gender for (P1) experience and understanding, (P3) intrinsic value belief, (P4) at-
tainment value belief, (P5) utility value belief, (P6) cost belief, or (P7) compliance
and persistence with regard to programming. At the same time, results showed
that after the computational thinking training, boys' programming-related self-
concept improved signi cantly more than that of girls. Considering that only 24%
of the participating students were female, this is in line with research reporting
that a smaller ratio of girls within a class for gifted students negatively impacts
girls' academic self-concept (Preckel, Zeidner, Goetz, & Schleyer, 2008). It must
be noted, however, that our study design does not allow for the estimated gender
effecs to be interpreted causally.

Limitations

Despite the promising ndings of this study, it is important to bear in mind its
limitations and point out areas in need of further research.

We evaluated the effectiveness of the computational thinking training for 3™
and 4™ grade students within an extracurricular enrichment program for talented
children. While it is recommended to focus on a clearly de ned target group when
rst investigating the effectiveness of a training (Gottfredson et al., 2015), such
narrow samples still limit the generalizability of the ndings. Therefore, future
studies should aim to adapt and evaluate the training for a broader sample.

Another limitation results from evaluating any training consisting of multiple
components. Because the proposed computational thinking course is a multi-
component training, the present study cannot determine which speci ¢ compo-
nents of the training were effective in particular. Thus, follow-up studies should
focus on assessing the effectiveness of the individual components of the training
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in a more ne-grained research design.

Lastly, in evaluating the effectiveness of the computational thinking training,
our focus was on the immediate training effects. Consequently, the employed
research design does not permit to predict longitudinal effects. To address this, any
further evaluation studies on the training should include additional measurement
timepoints after the end of the computational thinking course to provide insight
into potential long-term effects of the training.

Conclusion and outlook

Our ndings revealed that the training components and instructional design prin-
ciples applied in the proposed multi-component computational thinking course
were generally successful in reaching our goal to promote 3 and 4" grade stu-
dents' programming-related self-concept and motivation for programming. Specif-
ically, the training had signi cant positive effects on the development of students'
self-reported experience and understanding of programming, programming-related
self-concept, and intrinsic motivation for programming.

In addition to being effective for fostering positive motivational dispositions
toward programming, we found the computational thinking training to have sig-
ni cant positive effects on students' computational thinking ability, revealing that
the proposed training was not only motivating, but also bene cial for students’
learning outcomes in the domain of computing. We reported the training effects
on computational thinking ability and cognitive abilities separately (for a detailed
description of the analysis and results for cognitive abilities and computational
thinking ability, see Tsarava et al., in preparation).

With regard to gender, we found that for boys, the training had a signi cantly
greater positive effect on the programming-related self-concept than it did for
girls. It must be stressed that our study design does not allow for this effect to
be interpreted causally. In light of the smaller ratio of girls who participated in
the computational thinking training, our nding is in line with research reporting
that academic self-concept of girls is negatively affected by a smaller ratio of girls
within classes for gifted students (Preckel et al., 2008).

In conclusion, the present study provided initial evidence for the effectiveness
of the proposed multi-component computational thinking course for improving
students' computational thinking abilities and promoting positive self-concept and
motivational beliefs with regard to programming. Additionally, aside from gender-
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ratio effects unrelated to the proposed training, our results revealed that girls and
boys bene t from the computational thinking course in equal measure.

4.2 Integrated discussion

The studies included in this dissertation followed two different but interconnected
lines of research. On the one hand, my goal was to investigate how students'
motivational dispositions toward programming can be assessed reliably. On the
other, | aimed to explore how computational thinking can be taught in a way that
is motivating to elementary school students.

Findings of Study 1 re ected that unplugged game-based teaching methods
were generally suitable for teaching computational thinking in elementary school.
After attending a blended unplugged and plugged-in computational thinking course,
students felt motivated to learn more about computing. The results also indi-
cated that conditional branching, especially nested conditionals, was a particu-
larly challenging computational concept to grasp for elementary school students
(Manuscript 1, Leifheit et al., 2018). These ndings were considered for the de-
velopment of the new computational thinking training evaluated in Study 4. In-
formed by Study 1, a step-wise, scaffolded approach was chosen to introduce and
further explore conditional branching over the course of several lessons to meet
the complexity of the concept (Manuscript 5, Leifheit et al., n.d.).

After identifying a lack of research instruments for assessing programming-
related motivational constructs, | designed the Self-Concept and Attitude toward
Programming Assessment (SCAPA) and put it to the test in a pilot evaluation study
(Manuscript 2, Leifheit et al., 2019). In a follow-up study with a larger sample,
SCAPA was examined for internal consistency and construct validity. Findings
revealed high internal consistency for most of the scales and suf cient to very
good construct validity, establishing SCAPA as a suitable instrument for assessing
self-concept and motivational disposition regarding programming (Manuscript 3,
Leifheit et al., 2020).

Study 4 builds on ndings from all three of the previous studies and reconnects
the two lines of research in this dissertation. | co-developed a computational think-
ing training and evaluated its effectiveness for fostering a positive programming-
related self-concept and motivation for programming (Manuscript 4, Leifheit et
al., in preparation). The effect of the training on these motivational constructs
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was assessed using SCAPA. Because the research design of Study 1 only permitted
descriptive analyses and thus limited the possibilities for interpretation, Study 4
applied a robust research design to allow for inferential analysis and causal inter-
pretation of the training effects.

In addition to having a positive effect on students' learning outcomes in com-
putational thinking, the training effectively fostered positive self-concept and mo-
tivational beliefs with regard to programming. Aside from gender-ratio effects
unrelated to the training itself, results revealed that girls and boys bene ted from
the computational thinking training in equal measure.

4.2.1 Strengths and contribution

One of the key strengths of this dissertation is the evidence-oriented empirical
research approach followed by all of the included studies. Reporting empirical
evidence allows other researchers and educators to make informed decisions based
on what has been found to work when tested practically and systematically.

In line with this approach, not only the included studies, but also the proposed
computational thinking training was designed based on ndings from education
sciences, psychology of learning, and computing education research.

Results presented in this dissertation, particularly in Studies 2, 3, and 4, were
calculated using state-of-the-art statistical analysis procedures. All applied missing
data treatment was selected to ensure high accuracy and was speci cally recom-
mended for education research (e.g., Buhi et al., 2008; Cheema, 2014; Schafer &
Graham, 2002).

The research design used in Study 4 — a eld trial with randomized group as-
signment and a waiting control group — allows for drawing causal inference on the
effectiveness of the computational thinking training (e.g., Friedman et al., 2010;
Torgerson & Torgerson, 2008). For this reason, the reported effect sizes can serve
as a benchmark with which future effectiveness research in the eld of early com-
puting education can be compared.

4.2.1.1 Scienti c contribution

To facilitate further research on self-concept and motivation in early computing
education, | designed an assessment instrument for measuring self-concept and
motivation with regard to programming and incrementally worked toward vali-
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dating the instrument in two studies. Results revealed that the instrument is a
promising tool with suf cient to very good internal consistency and construct va-
lidity, which can be used in future motivation research or evaluation studies for
assessing students' programming-related self-concept and motivation. Further, ap-
plying the instrument to evaluate the success of computing education efforts could
help teachers and educational policymakers make informed evidence-based deci-
sions regarding the development or selection of computing education curricula
and teaching materials.

Additionally, | wanted to contribute to the evidence on what is effective for
teaching computational thinking in a way that is motivating to elementary school
students. For this purpose, | analyzed the effectiveness of a multi-component
computational thinking course for promoting students' programming-related self-
concept and motivational dispositions toward programming. The study followed
a randomized controlled eld trial design with repeated measures and a waiting
control group to permit causal interpretation of the results. The computational
thinking training was found to be effective not only for teaching computational
thinking, but also for fostering programming-related motivation and self-concept.
These ndings can provide orientation for future development and evaluation of
teaching resources while the estimated effect sizes for the training can serve as
a benchmark against which future studies on early computing education can be
measured.

4.2.1.2 Educational contribution

The computational thinking course proposed and evaluated in this dissertation is
being offered continuously in most of the 66 local sites of the Hector Children's
Academy Program in the German federal state of Baden-Wiurttemberg. Thus far,
over 100 instructors attended instructional seminars in which they were trained
to teach the computational thinking course and subsequently quali ed as of -
cial course instructors. From 2018 to 2020, already several hundred students
were able to bene t from participating in an empirically evaluated course that has
been established to be effective for fostering computational thinking as well as
programming-related self-concept and motivation.

Aside from students participating in the course, another educational contribu-
tion of the evaluated computational thinking training is that the availability of
evaluated teaching resources can help educators design new resources or inte-
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grate the evaluated resources into their own lessons and curricula.

Furthermore, the computational thinking course inspired an online program-
ming course in which over 1000 students participated while schools were closed
in Germany during the COVID-19 pandemic of 2020.

4.2.2 Limitations and future perspective

This dissertation reveals promising ndings, in particular the initial evidence on
the reliability and validity of the SCAPA instrument and on the effectiveness of
a training for fostering computational thinking, self-concept, and motivational
beliefs at the elementary school level. Nevertheless, it is important to note its
limitations and identify areas in which further research could help to answer the
research questions in more detail.

None of the studies included in this dissertation collected data at more than two
timepoints. Study 2 examined correlational patterns between the scales and Study
3 evaluated the SCAPA instrument for construct validity and internal consistency
on item and scale level. Longitudinal data were not required for either of these
goals. However, to also evaluate the instrument for retest reliability and construct
stability over time, a research design would be useful in which the instrument is
used to assess students at more than two timepoints over a longer period of time.
Such a longitudinal design would also allow to explore whether the motivational
constructs measured by SCAPA are predictive for future achievement and contin-
ued pursuit of computing education, as is the case for other school subjects. Study
4 focused on estimating immediate training effects. As a result, the structure of
the collected data does not allow longitudinal effects to be predicted. In future
studies, additional measurement timepoints after the completion of the training
could provide insight into potential long-term effects of the training.

Another limitation of Study 4 results from evaluating any training consisting
of multiple components. Because the proposed computational thinking course is
a multi-component training, determining which speci c components of the train-
ing were effective in particular lies beyond what this dissertation can accomplish.
More ne-grained effectiveness studies on individual components and instruc-
tional approaches used in the training could provide insight into which of the
training components and teaching methods are particularly effective for fostering
computational thinking and positive motivational dispositions.

Moreover, nding appropriate instruments for measuring computational think-
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ing ability in the target age group proved a challenge. Thus, a shortened version
of the Computational Thinking test was used, which is originally aimed at middle
school students (Roman-Gonzalez, 2015). In the coming years, | expect more in-
struments for assessing computational thinking to be made available. Hopefully,
future studies regarding the effectiveness of the training and its components will
be able to apply a wider array of assessment instruments, especially instruments
developed speci cally for the target age group.

Lastly, because of partially selective samples, ndings presented in this disser-
tation cannot necessarily be generalized for the entire population of elementary
school students. In all four studies, data were collected from students who were
in 3" and 4" grade of German elementary school and had voluntarily decided
to attend computational thinking courses. Thus, results may be representative
speci cally for students already interested in learning about computing. Further,
Studies 2, 3, and 4 were conducted in the context of an extracurricular enrichment
program for which students were nominated by their teachers based on interest
and achievement in school. While it is recommended to focus on a clearly de ned
target group when rst evaluating instruments or investigating the effectiveness
of a training (Gottfredson et al., 2015), such narrow samples still limit the gen-
eralizability of the ndings. For future studies, it would be desirable to have a
broader sample to fully validate SCAPA and to adapt and evaluate the computa-
tional thinking training for its general effectiveness.

4.3 Conclusion

With this dissertation, | aimed to nd answers to two main interconnected research

guestions, namely (1) how computing-related motivational dispositions can be
assessed reliably in early education and (2) how computational thinking can be
taught in a way that is motivating to elementary school students and bene cial for

their self-concept.

Being able to reliably assess student characteristics and to determine the ef-
fectiveness of didactic approaches and teaching methods within early comput-
ing education would help teachers and educational policymakers make informed
evidence-based decisions regarding the design and implementation of computing
courses or curricula for younger students. Likewise, such an assessment instru-
ment and evidence on effective teaching methods can serve as tools or provide
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orientation for future computing education research.

Thus, | designed the SCAPA instrument for measuring students' programming-
related motivation and self-concept and conducted studies aiming at the instru-
ment's incremental validation. Results revealed suf cient to very good results for
reliability and construct validity of SCAPA, establishing the instrument as suitable
for assessing self-concept and motivational disposition regarding programming.

Further, to gather evidence on how computational thinking can be taught in
a way that is motivating to elementary school students, | co-developed a struc-
tured computational thinking course and evaluated its effectiveness for promoting
students' self-concept and motivational dispositions with regard to programming.
Findings indicated that the training components, didactic approach, and instruc-
tional design of the computational thinking course were generally successful in
promoting students' self-concept and motivation for programming. In addition,
the course was also effective for improving students' computational thinking abil-
ity. The study design and analysis procedures allowed for drawing causal infer-
ences about the effectiveness of the computational thinking training. For this
reason, the reported effect sizes can serve as a benchmark future reports of ed-
ucational effectiveness in early computing education.

The substantial and original contribution of this dissertation lies in three ac-
complishments, speci cally in (1) proposing an evaluated novel instrument for
assessing computing-related motivational constructs, (2) presenting an empirical
evaluation study using a research design which is unique in the eld of early com-
puting education in that it permits drawing causal inference, and (3) providing
robust evidence that the proposed computational thinking training not only im-
proves computational thinking in elementary school students, but is also motivat-
ing and bene cial for their self-concept.

| expect these contributions to be of value for the evidence-oriented develop-
ment of new computing education materials and curricula, for facilitating future
research on computing-related motivation, and for introducing state-of-the-art em-
pirical study designs in early computing education research.
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