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Abstract

Over the past few decades, the debates have shifted from whether to how Computer Science
(CS) should be introduced into formal education. Given the diverse ways to introduce CS into
formal education, and the struggles many countries have faced, considerably more research
is required to provide a framework for effective CS curricular reforms. Effectiveness implies
implementing a scalable reform and teacher Professional Development (PD) program that
promotes teachers’ acceptance of the discipline and sustains changes in their practices to
affect student learning and perception. This thesis investigated these prerequisites within
a mandatory curricular reform project in the Canton of Vaud in Switzerland. The project
introduces CS as a part of Digital Education in the K-12 curriculum through the collaboration
between 4 major institutions in a Research Practice Partnership (RPP). The RPP brought
together the main reform stakeholders to conceive, pilot and deploy the CS curriculum and
teacher PD program to all 93 schools in the region (130’000 students, 9’000 teachers) within a
framework that looks to address existing barriers to affecting sustained changes in teachers’
practices. In this thesis we focus on the mandatory primary school Digital Education curricular
reform where teachers teach all subjects and are generally less interested in teaching CS
than specialised teachers. The thesis examines all phases of the reform, from conception
to widespread deployment, with inputs from coordinators, trainers, teachers, students and
researchers in order to:

• Understand how to effectively co-construct a CS PD program with key stakeholders and
propose recommendations to improve the outcomes of RPP initiatives. The findings
draw from 3 studies where we interviewed project coordinators, trainers, teachers and
researchers.

• Validate the effectiveness of the proposed curricular reform framework and PD program
in terms of teacher perception, short-term and sustained adoption. The validation relies
on 3 studies following 350 pilot grades 1-4 teachers for four years, of which two after
their PD program. Additional studies then investigated (i) the factors that influence
teachers’ decision to teach a given CS pedagogical activity through adoption modelling,
and (ii) solutions to improve teachers’ acceptance of CS.

• Investigate how the reform contributes to equity in terms of student perception and
learning in one study involving 4 data collections with approximately 13’500 grades 3-6
student- and 320 teacher respondents. Two of these data collections evaluated student
learning using the competent Computational Thinking (CT) test, a CT-concepts test we
designed and validated through 3 main studies with data from 2’700 grade 3-6 students.
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• Validate the effectiveness of our adapted cascade deployment model to spread the PD
program to all teachers in the region in our final study. The validation concerns the first
of three deployment phases and involves 14 teacher-trainers, 700 grades 1-4 teachers
and a comparison with the pilot program’s outcomes.

To conclude, this thesis contributes to validating longitudinally, at a large scale, and through
multiple studies, a framework for the sustainable and scalable implementation of CS curricular
reforms and their PD program. This framework provides insight which are useful for all
stakeholders involved in CS curricular reforms, and will hopefully increase the likelihood of
their reforms succeeding.

Keywords: Computer Science Education, Curricular Reform, Sustainability, Scalability, Teacher
Professional Development, Computational Thinking, Learning, Perception, Equity
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Résumé

Au cours des dernières décennies, les débats ont évolué de la question de savoir s’il fallait
introduire la science informatique à l’école obligatoire, à celle de savoir comment le faire.
Étant donné les diverses manières d’introduire la science informatique dans les parcours
scolaires, ainsi que les difficultés rencontrées par de nombreux pays, il est nécessaire de
mener des recherches supplémentaires pour fournir un cadre pour des réformes éducatives
efficaces en science informatique. L’efficacité implique la mise en œuvre d’une réforme à
grande échelle et d’un programme de développement professionnel pour les enseignant-e-s
qui favorise l’acceptation de la discipline par ces dernier-e-s et soutient les changements
dans leurs pratiques de manière durable pour influencer positivement l’apprentissage et
la perception des élèves. Cette thèse a donc étudié ces conditions préalables dans le cadre
d’un projet de réforme éducative obligatoire dans le canton de Vaud en Suisse. Le projet
introduit la science informatique dans le cadre de l’Éducation Numérique dans à l’école
obligatoire grâce à une collaboration entre quatre grandes institutions au sein d’un Partenariat
de Pratique de Recherche (PRP). Le PRP a rassemblé les principaux acteurs de la réforme pour
concevoir, tester et déployer le programme d’études de science informatique et le programme
de développement professionnel des enseignant-e-s dans les 93 écoles de la région (130’000
élèves, 9’000 enseignant-e-s) dans un cadre visant à surmonter les obstacles existants pour
provoquer des changements durables dans les pratiques des enseignant-e-s. Dans cette thèse,
nous nous concentrons sur la réforme d’éducation numérique à l’école primaire, où les
enseignant-e-s enseignent toutes les matières et sont généralement moins intéressé-e-s par
l’enseignement de l’informatique que les enseignant-e-s spécialisé-e-s au secondaire et au
tertiaire. La thèse examine toutes les phases de la réforme, de la conception au déploiement à
grande échelle, avec des retours de coordinateurs, formateurs-trices, enseignant-e-s, élèves et
chercheurs-euses afin de :

• Comprendre comment co-construire efficacement la formation continue des enseignant-
e-s en science informatique avec les principales parties prenantes, et proposer des
recommandations pour d’autres PRP afin d’améliorer les résultats de leurs initiatives.
Les résultats s’appuient sur trois études dans lesquelles nous avons interviewé des
coordinateurs-trices de projet, des formateurs-trices, des enseignant-e-s et des chercheurs-
euses.

• Valider l’efficacité de la réforme et de la formation continue proposés en termes de
perception des enseignant-e-s, d’adoption à court terme et à long terme. La validation
s’appuie principalement sur trois études qui ont suivi 350 enseignant-e-s pilotes des
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classes de 1e à 4e primaire (élèves agés de 5-9 ans) pendant quatre ans, dont deux
après leur programme de formation continue. Des études supplémentaires ont ensuite
examiné (i) les facteurs qui influencent la décision des enseignant-e-s d’enseigner
une activité pédagogique de science informatique donnée à travers la modélisation de
l’adoption, et (ii) les solutions pour améliorer l’acceptation de la science informatique
par les enseignant-e-s.

• Étudier comment la réforme contribue à l’équité en termes de perception et d’apprentis-
sage des élèves dans une étude impliquant 4 collectes de données auprès d’environ 13
500 élèves de la 3e à la 6e année de primaire et 320 enseignant-e-s. Deux de ces collectes
de données ont évalué l’apprentissage des élèves à l’aide du competent Computational
Thinking (CT) test, un test de concepts CT que nous avons conçu et validé dans le cadre
de trois études principales avec des données provenant de 2 700 élèves de la 3e à la 6e
année.

• Valider l’efficacité de notre modèle de déploiement en cascade adapté qui a été mis en
oeuvre pour déployer le programme de formation continue à tous les enseignant-e-s de
la région dans notre étude finale. La validation concerne la première des trois phases de
déploiement et implique 14 enseignant-e-s formateurs-trices, 700 enseignant-e-s des
classes de la 1e à 4e primaire, et une comparaison avec les résultats de la phase pilote.

En conclusion, cette thèse contribue à valider de manière longitudinale, à grande échelle et à
travers plusieurs études, un modèle pour la mise en œuvre durable et à grande échelle d’une
réforme de science informatique et de son programme de formation continue des enseignant-
e-s. Ce cadre fournit des perspectives utiles à toutes les parties prenantes impliquées dans des
réformes de science informatique et, nous espérons, augmentera les chances de réussite de
leurs réformes.

Mots clefs : Enseignement de la science informatique, Réforme des programmes d’études,
Durabilité, Déploiement, Développement professionnel des enseignant-e-s, Pensée informa-
tique, Apprentissage, Perception, Équité

xii
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Part IIntroduction and Related Work

1





1 How can Computer Science be effectively
introduced into the curriculum?

In this chapter, we provide an overview of the literature and identify key themes related to
the effective implementation of Computer Science curricular reforms that constitute the
foundation for the work done in this thesis. More specifically, by highlighting the challenges
and opportunities in the literature, we identify four main research axes (see Chapter 2) which
we investigate in Chapters 4 to 11.
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Introduction

1.1 Integrating Computer Science into the curriculum is no longer a
debate about whether to do it but how

This section’s content is adapted from the following articles:

• El-Hamamsy, L.*, Chessel-Lazzarotto, F.*, Bruno, B., Roy, D., Cahlikova, T., Chevalier, Parri-
aux, G., Pellet, J.P., Lanarès, J., Zufferey, J.D. and Mondada, F. (2021). A computer science
and robotics integration model for primary school: evaluation of a large-scale in-service
K-4 teacher-training program. Education and Information Technologies, 26, 2445-2475.
https://doi.org/10.1007/s10639-020-10355-5 (Laila El-Hamamsy’s contribution: conceptual-
isation, methodology, investigation, data curation, formal analysis, writing - original draft
preparation, validation, visualisation, writing - review & editing, reuse authorised under the
CC 4.0 licence)

• El-Hamamsy, L., Bruno, B., Chessel-Lazzarotto, F., Chevalier, M., Roy, D., Zufferey, J. D., &
Mondada, F. (2021). The symbiotic relationship between educational robotics and com-
puter science in formal education. Education and Information Technologies, 26, 5077-5107
https://doi.org/10.1007/s10639-021-10494-3 (Laila El-Hamamsy’s contribution: conceptual-
isation, methodology, investigation, data curation, formal analysis, writing - original draft
preparation, validation, visualisation, writing - review & editing, reuse authorised under the
CC 4.0 licence)

• El-Hamamsy, L., Bruno, B., Audrin, C., Chevalier, M., Avry, S., Dehler Zufferey, J., &
Mondada, F. (2023). How are Primary School Computer Science Curricular Reforms
Contributing to Equity? Impact on Student Learning, Perception of the Discipline,
and Gender Gaps. arXiv, to appear in the International Journal of STEM Education.
https://doi.org/10.48550/arXiv.2306.00820 (accepted on 04/06/2023, Laila El-Hamamsy’s
contribution: conceptualisation, methodology, formal analysis, investigation, data curation,
visualisation, validation, writing - original draft, writing - review & editing)

• El-Hamamsy, L., Zapata-Cáceres, M., Barroso, E. M., Mondada, F., Zufferey, J. D., & Bruno,
B. (2022). The competent computational thinking test: Development and validation of an
unplugged computational thinking test for upper primary school. Journal of Educational
Computing Research, 60(7), 1818-1866. https://doi.org/10.1177/07356331221081753 (Laila
El-Hamamsy’s contribution: conceptualisation, methodology, investigation, data curation,
formal analysis, writing - original draft preparation, visualisation, writing - review & editing,
reuse authorised under CC-BY-NC license)

1.1.1 The importance of introducing Computer Science (and the closely related
Computational Thinking) for all

1.1.1.1 Equipping all citizens with the digital literacy they need

The past decades have seen a growing international consensus regarding the importance of
teaching Computer Science (CS), and the closely related Computational Thinking, to ensure
that students are digitally literate in today’s societies (Webb et al., 2017). Webb et al. (2017)
provides three rationales for the introduction of CS into curricula: the economic (the need
to have CS professionals in all industries), the social (the need to have active creators and
producers rather than passive consumers of technology), and the cultural (enabling people
to be drivers of cultural change). Another rationale that has been put forward by researchers
is that teaching CS contributes to fostering students’ Computational Thinking (CT), a more
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and more widely regarded competence of the 21st century. Indeed, CT is considered to be
a universally applicable attitude and skill set, that is as important as reading, writing and
arithmetics (Wing, 2006). While a consensus has not been reached on the definition of CT,
nor on where its boundaries lie, CT is traditionally considered to be the “thought processes
that facilitate framing and solving problems using computers and other technologies” (Relkin
and Bers, 2021), hence the strong links with computing and CS. Brennan and Resnick (2012)’s
operational definition then helps break down CT into three dimensions: i) the concepts that
designers engage with as they program, ii) the practices that they develop as they engage
with these concepts, and finally iii) the perspectives that they form regarding the world and
themselves. The interplay between CS and CT is highlighted for instance by the fact that (i)
one CT dimension is explicitly related to CS concepts, and that (ii) CT is considered by certain
researchers to be elicited in computational contexts which require solving problems through
algorithms (Piatti et al., 2022). It is therefore unsurprising to find a large number of current
initiatives looking to introduce both CS and CT into curricula.

1.1.1.2 Fostering transversal competences when engaging with Computer Science and
Computational Thinking

The rationale to introduce CS & CT into the curriculum also extends to what their introduction
into teachers’ practices may contribute to other disciplines. More and more researchers
have argued that CT, which is traditionally fostered through CS activities, is not specific to
“those interested in computer science and mathematics” but has a “multi-faceted theoretical
nature” and can be considered more generally as an example of “models of thinking” (Li
et al., 2020). Many researchers have advocated that CT has potential for learning and meta-
cognition (Yadav et al., 2022), with recent studies having demonstrated the link between CT
and other abilities (Xu et al., 2021, 2022; Li et al., 2021; Tsarava et al., 2022). Under this light,
CT is envisioned to have a broader role to play in education, from STEM-related disciplines
(Li et al., 2020; Weintrop, 2016; Peel et al., 2020), to languages (Rottenhofer et al., 2021), to
transversal competences1 such as “creative problem solving” (Grover et al., 2017; Chevalier
et al., 2020). Some researchers thus consider CT to be one of the fundamental competences
that every citizen must acquire in the 21st century (Li et al., 2020). The growing importance
of CT as a transversal competence that extends beyond CS or mathematics (Mannila et al.,
2014; Denning and Tedre, 2021; Weintrop, 2016; Weintrop et al., 2021b; Li et al., 2020), provides
an additional lever to introduce CS & CT to all. This has therefore led, in the past decade, to
an increase in the research around CT (Li et al., 2020; Ilic et al., 2018; Tang et al., 2020)) with
studies touching "different countries, subjects, research issues, and teaching tools hav[ing]
also become more diverse in recent years" (Hsu et al., 2018).

1A competence refers to “the proven ability to use knowledge, skills and personal, social and/or methodological
abilities, in work or study situations and in professional and personal development” (European Union, 2006).
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1.1.1.3 Addressing prominent barriers that cause under-representation in computing-
related fields

As CT is traditionally fostered through CS (and more often through programming, Grover and
Pea, 2013; Lye and Koh, 2014; Hsu et al., 2018) and is considered an essential skill for everyone
in the 21st century (Jiang and Wong, 2022), the dialogue around emerging skills and their
role in school curricula has evolved from debating the issue of whether CS and CT should
be introduced in the standard curriculum, to how their introduction should be done (Webb
et al., 2017). Therefore, it is not surprising to see an increasing number of countries presently
introducing or looking to introduce both Computer Science and Computational Thinking in
their curricula throughout K-12 (Weintrop et al., 2021b; European Commission et al., 2022) to
equip K-12 students with CT competences (Basu et al., 2020). Such initiatives operate through
informal education (Weintrop et al., 2021b), extra-curriculars, and even formal education
settings (Weintrop et al., 2021b), some even starting at the level of kindergarten (Bocconi et al.,
2016). However, although studies on CS education and CT have increased significantly in
recent years (Hsu et al., 2018; Bers et al., 2022), introducing CS & CT into curricula has been
a challenge internationally. Ottenbreit-Leftwich and Yadav (2022a) recently expressed the
importance of a “system-wide implementation of CT” from an equity perspective to ensure
that all students are introduced to CT, and not just those of a select group of teachers who
choose to teach CT. This is echoed by Bers et al. (2022) who advocate that exposure to CS &
CT should happen in early foundational years (ages 3-8) “from a social equity perspective
to prevent stereotypes and ensure [that] all young children receive equal opportunities to
develop their digital literacy”, thus increasing the likelihood that a more diverse and inclusive
set of people persist in these fields. Two elements emerge from this discourse and must be
addressed to broaden participation and promote equity in CS & CT: structural and social
barriers at the student level.

Structural barriers are access-related and limit (early) CS & CT experiences for all. Sev-
eral studies have shown that unequal access to (high-quality) CS education (Wang and He-
jazi Moghadam, 2017; Bers et al., 2022) contributes to performance gaps. In particular, a
recent large-scale analysis of performance (46,000 students from 14 countries) by Karpin-
ski et al. (2021) found that socioeconomic background was related to persistent gaps in CT
performance. In particular, students from “less advantaged backgrounds had lower levels of
computer skills [...], especially in CT” (Karpinski et al., 2021). Such barriers can be addressed
through curricular reforms (Ottenbreit-Leftwich and Yadav, 2022a) that introduce CS for all
students starting from the first years of formal education.

Social barriers, often stereotype-related, arise despite equal access (Wang and Hejazi Moghadam,
2017), mainly due to stereotype threat (i.e., conforming to / inducing a stereotype simply
because you know it exists). For instance, regardless of access, several studies have found
that boys perform better than girls (Román-González et al., 2017; Polat et al., 2021; Kong
and Lai, 2022b; El-Hamamsy et al., 2022g), even in kindergarten (Sullivan and Umashi Bers,
2016) and with 6-year-old students (Master et al., 2021), due to the existence of stereotypes.
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Unfortunately, the developmental literature has found that basic stereotypes develop in chil-
dren as young as 2-3 years old (Bers et al., 2022), with stereotype threat extending beyond
gender, as socio-cultural factors have also been found to influence how students perceive the
discipline (Rachmatullah et al., 2022). Indeed, several studies conducted in the United States
have highlighted the impact of ethnicity, socio-economic status and gender (Lishinski et al.,
2022; Warner et al., 2022), particularly since belonging to multiple marginalised groups tends
to compound the effects (Crenshaw, 2017) whether in terms of perception or performance.

As perception has been found to mediate performance (Rachmatullah et al., 2022; Hinckle
et al., 2020), motivation, and career intentions (Master and Meltzoff, 2020; Plante et al., 2013;
Vandenberg et al., 2021; Cheryan et al., 2013), students may make early career decisions in-
formed by such stereotypes, contributing to early gaps, the most prominent of which being
the gender gap (Wang and Hejazi Moghadam, 2017), and long-term disparities in the fields of
CS and engineering (Master et al., 2021). Indeed, perception-related biases are considered
to contribute to disparities and under-representation in CS for both women (Wang and He-
jazi Moghadam, 2017; Rachmatullah et al., 2022), and more generally for under-represented
minorities (Lishinski et al., 2022; Warner et al., 2022). However, prior experience may positively
affect attitudes toward CS (Hinckle et al., 2020). For instance, researchers have suggested
that engaging early in CS-related activities that “signal equally to both girls and boys that
they belong and can succeed” (Cheryan et al., 2017) in CS, may increase girls’ interest, and
ultimately contribute to addressing gender equity in the field (Cheryan et al., 2017; Hinckle
et al., 2020; Jiang and Wong, 2022).

These studies therefore confirm the importance of developing CS and CT initiatives that
broaden participation to all students with early exposure to mitigate the effects of existing
stereotypes (Bers et al., 2022) that affect participation in the field for under-represented mi-
norities. Unfortunately, numerous efforts have focused on informal education by introducing
CS as an extra-curricular activity in informal learning environments which ultimately does not
contribute to equity and broadening participation in the field. While informal education has
helped contribute to exploring the range of possibilities CS has to offer, this comes at the price
of limited outreach, since it relies on having both flexibility in the curriculum, and innovative
teachers and pioneers in the matter. A change in scale via curricular reform is thus required,
as confining CS to informal education not only limits its accessibility, but also increases the
gap between teachers and students who do not require additional incentive to engage in CS
activities, and those who do.

1.1.2 The diversity of Computer Science Education formats

Despite the growing consensus regarding the importance of introducing CS into formal educa-
tion, there exists no single, common, or best way of introducing them in the curriculum, with
at least as many solutions nowadays as there are countries, as highlighted by the numerous
international reviews on the topic (Balanskat and Engelhardt, 2015; Hubwieser et al., 2015;
European Education and Culture Executive Agency and Eurydice, 2019; European Commis-
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sion et al., 2022; Commission et al., 2022). Open questions concerning CS curriculum design
include whether CS should be a standalone discipline or transversal, at what age CS should
be integrated, and with what content (Barr and Stephenson, 2011; Mannila et al., 2014; Yadav
et al., 2016b; Duncan et al., 2017; Webb et al., 2017). We explore these topics in the following
paragraphs, all the while advocating that CS should be introduced into formal education for
all students.

1.1.2.1 How to introduce Computer Science in the curriculum

Presently, it would appear that there are two main approaches to introduce CS into curricula.
The first approach is to consider CS as a standalone discipline with the objective of having
lectures that help students grasp core CS concepts. The second approach is to integrate CS
transversally and therefore envisions the use of CS as a tool to enhance learning in other
disciplines (i.e. changing the way things are taught without understanding the fundamentals
of CS). This for instance is the case of Denmark, Estonia, Finland, France, Slovakia, and Spain
according to Balanskat and Engelhardt (2015)’s review on the status of CS education in Europe.
We consider that both approaches are important and must be considered as a whole within a
grander Computing Education framework (which we refer to in the thesis and in the article
as Digital Education to align with the context in which the thesis was conducted). Only by
fully understanding how digital technologies work (related to CS & CT as a competence),
how to use them to be active creators in support of any task (related to CS and Information
and Communication Technologies, referred to as ICT), and how they affect our society today
(related to Digital Citizenship), will it be possible to have a complete Digital Education (DE).

1.1.2.2 When to introduce Computer Science into formal education

Although the trend favours introducing CS in secondary education (Balanskat and Engel-
hardt, 2015), introducing the discipline early on gives students time to assimilate the concepts
without the pressure of major assessments (Thompson et al., 2013), helps reduce pressure
and positively affects engagement and diversity (Duncan and Bell, 2015), while helping more
students be successful (Duncan et al., 2014). The presence of developmentally appropriate CS
content for pre-school children (Bers et al., 2014; Sullivan and Bers, 2016; Elkin et al., 2018)
reinforces this prospect. The hope is that an early CS introduction contributes to broadening
participation in the field (Webb et al., 2017), irrespective of gender, socio-economic status
or other factors that lead to under-represented minorities in the field. Furthermore, many
advocate that “the real foundational material that is needed in CS in early years are already
typical of curricula.” (Webb et al., 2017), which should theoretically facilitate introducing
the discipline into teachers’ practices. Finally, as the focus of early childhood curricula is
understanding the natural world, “knowledge about the work of technology and engineering
[...] is also needed for children to understand the environment they live in” (Sullivan and
Bers, 2016). For these reasons, we advocate that the introduction of Computer Science into
curricula should be done starting the early foundational years of formal education so that all
students may fully benefit from the novel discipline.
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1.1.2.3 How to teach Computer Science

Considering the need to have pedagogical content that is adapted and developmentally ap-
propriate throughout K-12, a significant challenge lies at the level of primary school where
traditional programming activities and programming environments are not adapted to stu-
dents’ abilities. Therefore, significant effort in the past decade has been placed on developing
developmentally appropriate CS content for primary school under the form of Computer
Science Unplugged (CSU), Educational Robotics (ER) and Programming activities.

Computer Science Unplugged (CSU) activities (Bell and Vahrenhold, 2018) are defined as
activities which develop core CS competences without using screens. These activities have
numerous advantages including i) making use of embodied cognition, ii) being adapted to a
wide range of learners by reducing the cognitive load pertaining to use of technological devices
and programming artefacts (Romero et al., 2018), iii) saving time pertaining to the mastery
of specific tools and programming interfaces (Webb et al., 2017), and iv) not requiring any
specific technological devices. Owing to these benefits, CS Unplugged activities have gained
in popularity over the past two decades, with the term "unplugged" now referring to a type of
pedagogy (Bell and Vahrenhold, 2018) with a wide range of applications in outreach initiatives
and more recently teacher training and classrooms to support formal curricula. While there is
often a debate around the relevance of such types of activities to develop CT competences,
there is an increasing amount of research being done on the topic. The first studies on the
topic, although at a small scale, showed that CS Unplugged activities could be as effective as
traditional approaches (Thies and Vahrenhold, 2013, 2016; Hermans and Aivaloglou, 2017).
More recently, larger scale studies at the level of primary school have shown the benefits of CS
Unplugged activities compared to traditional approaches for learning (Brackmann et al., 2017;
del Olmo-Muñoz et al., 2020; Sun et al., 2021; Zhan et al., 2022; Kirçali and Özdener, 2022),
in addition to the benefits in terms of motivation and gender issues (del Olmo-Muñoz et al.,
2020), engagement (Zhan et al., 2022), and self-efficacy (Hermans and Aivaloglou, 2017), thus
contributing to the promotion of CS for all and the development of CT competencies (Huang
and Looi, 2021).

ER activities are inherently interdisciplinary in nature and more and more used as a tool
to teach CS concepts (Chevalier et al., 2016; Atmatzidou and Demetriadis, 2016; Roy et al.,
2015; Elkin et al., 2018; Calmet et al., 2016; Chatelin, 2019). They are often collaborative and
used in a variety of contexts from primary school (Bers et al., 2014; Sullivan and Bers, 2016;
Athanasiou et al., 2017; Elkin et al., 2018) to tertiary education (Alimisis, 2012; Eguchi, 2015).
ER’s tangible nature helps make “abstract knowledge concrete, [while being more] attractive
for children, motivating, and fun” (Chevalier et al., 2016) than the virtual counterparts (Mubin
et al., 2013). Indeed, “robots provide an embodiment and the ability to add social interaction
to the learning context and hence an advancement on purely software-based learning” (Mubin
et al., 2013).

Finally, programming activities, both tangible (Bers et al., 2014; Elkin et al., 2018; Mussati et al.,
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2019) and visual (Resnick et al., 2009; Portelance et al., 2016; Shin et al., 2014) are simplified,
developmentally appropriate, and playful environments that help reduce the cognitive load
compared to traditional programming environments and render CS notions accessible to a
wider demographic.

As such, to reach a wider demographic, we consider that the full range of developmentally
appropriate CS activities should be integrated into the curriculum. Indeed, combining these 3
components (CSU, ER, and programming) makes it possible for young students to discover
core CS concepts both in a scaffolded manner, and with different modalities that should
improve their appropriation and generalisation capabilities.

1.1.3 Implementation challenges related to introducing Computer Science Educa-
tion into teachers’ practices

As stated previously, and highlighted by the diversity of CS Education formats presented in
Section 1.1.2, there many means of introducing CS in the curriculum. The consequence is
that, despite the many benefits put forth in the literature, CS is not exempt from the struggles
related to implementing and sustaining changes in teachers’ practices. Indeed, efforts to
integrate CS, and Computing Education (which we refer to as Digital Education, or DE) more
broadly, into formal education are numerous (Thompson et al., 2013; Heintz et al., 2016;
The Royal Society, 2017b; The Committee on European Computing Education (CECE), 2017;
Webb et al., 2017) but not exempt from difficulties (Heintz et al., 2016; Webb et al., 2017;
The Royal Society, 2017b; Roche, 2019). One could even stipulate that these issues are more
prominent for Digital Education, and in particular in primary school where teachers often
teach all subjects, with specific time for DE not always being allocated. Indeed, implementing
changes in the educational system is a complex process and it is unsurprising to find that many
DE-related studies have referred to the “barriers [that need to be] overcome [to] [implement] a
high-quality, valued and sustainable Computer Science curriculum, [and ensure] that there is
the confidence and capability in the teaching profession to deliver it effectively (Passey, 2017)”
(Moller and Crick, 2018, p. 416). Teacher-level barriers to technology integration have been
characterised by Ertmer (2005) as first-order (i.e. external) or second-order (i.e. internal) and,
we believe, must be addressed in order to successfully implement and sustain any DE-related
reform.

1.1.3.1 First-order (external) barriers

We consider that curricular reforms can and must help address and provide the external facili-
tating conditions to support the changes in the teachers’ practice which are a pre-requisite for
their success. This can be achieved by providing the political backing and institutional injunc-
tions required to address recurrent issues which relate to organisational support. Based on
the literature, we have identified a certain number of recurrent first-order barriers (Kradolfer
et al., 2014; Chevalier et al., 2016; Mondada et al., 2017; Castro et al., 2018; Negrini, 2020) which
hinder the successful implementation of CS reforms and which we detail in the following
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paragraphs.

Without the required financial backing and adapted infrastructure (1), even motivated teachers
cannot integrate the CS content in their classrooms (The Royal Society, 2012). Additionally,
without the necessary resources (i.e., infrastructure and materials, Schleicher, 2018, Ch. 5)
even highly motivated teachers would not be able to implement the changes (Roche, 2019) (2).
With this in mind teachers should have access to:

• a well-defined curriculum (Mubin et al., 2013; Kradolfer et al., 2014; Chevalier et al.,
2016) to ensure that teachers target the desired learning outcomes (The Royal Society,
2012)

• corresponding resources (Sentance and Csizmadia, 2017; Benitti, 2012; Alimisis, 2012) to
facilitate the introduction of the discipline into their practices and make it more likely
that they do so (Roche, 2019) and

• assessment methods (Grover and Pea, 2013) to know whether their students are learning
when conducting CS activities (Strawhacker and Bers, 2019).

Unfortunately, even when resources are provided, it would appear that evidence-informed
Computing Education best practices are not globally implemented in schools (Sentance, 2021;
McGill and Reinking, 2022), which is coherent with the well known research-practice gap
which exists in numerous fields.

Teacher professional development (3) is widely recognised as a key element of curricular re-
forms. Teacher PD helps ensure that a sufficient number of teachers acquire the technological
and pedagogical content knowledge they need (Sentance and Csizmadia, 2017) to understand
how the content should be integrated into the curriculum and be able to teach it (Hubbard,
2018; Kradolfer et al., 2014; Fluck et al., 2016; Mannila et al., 2014; Heintz et al., 2016; Chevalier
et al., 2016; European Schoolnet Perspective, 2017; Webb et al., 2017; Jaipal-Jamani and Angeli,
2017). This is because “teachers teach in the manner in which they themselves were taught
[and] will likely continue to do so until significant changes in the system itself are effected”
(Dooley, 1999) and facilitate the appropriation and adoption of said content (The Royal Soci-
ety, 2017a; Roche, 2019). Considering that studies have found that primary school teachers
already struggle with science-related subjects (Drits-Esser et al., 2017; Hubers et al., 2020, p.
377), Computing Education, as a new field, therefore requires teachers to first learn the funda-
mental concepts and how to use the underlying tools (first stage of instrumentation, Trouche,
2005) before being able to teach them (second stage of instrumentation, Trouche, 2005), an
approach that has already been successful for pre-service teacher education (Repenning et al.,
2019).

Lack of time (4, Kradolfer et al., 2014; Schleicher, 2018) also remains a recurrent issue that man-
ifests at multiple levels and prevents teachers from implementing changes to their practice.
The “K-12 curriculum is a zero-sum game, where adding a subject means [removing] some-
thing” (Ottenbreit-Leftwich and Yadav, 2022a) and there is “little flexibility in the curriculum
to include computing during typical school hours, [which is why] widespread implementation
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will typically not occur” (Israel et al., 2015). Teacher professional development should also be
attentive to avoid overloading teachers with information to avoid “information or innovation
overload and burnout” (Dooley, 1999), teachers need time to “absorb information, try ideas
out in their classrooms, and then come back for more discussion [as] change frequently fails
because insufficient time was allocated” (Dooley, 1999). The PD program should therefore be
conducted over multiple sessions with sufficient spacing between them (Ketelhut et al., 2020;
Darling-Hammond et al., 2017).

Finally, support (5), must also be provided within the schools to ensure the sustainable im-
plementation of any changes in teachers’ practices (Eickelmann, 2013), and we identify three
groups of actors that may contribute to this. The first group is school leaders who significantly
impact the implementation of reforms in their schools (Toh, 2016; Li, 2017; Niederhauser et al.,
2018; Gu et al., 2019; Wu et al., 2019; Howard et al., 2021b), either through the school culture
(Sindelar et al., 2006; Wu et al., 2019) or by inciting collaborations between teachers (Ramberg,
2014). The second group is instructional coaches (also referred to as “linkers” or change agents,
Dooley, 1999, and more recently “purveyors”, Israel et al., 2015) who provide instructional
support and help teachers engage in a supportive professional community (Coburn, 2003;
Pieters et al., 2019; Shirrell and Spillane, 2020; Caneva et al., 2022). The third group is the
teacher community itself (Li, 2017), as teachers can support one another in a community of
practice (Coburn et al., 2012; Kampylis et al., 2013; Eickelmann, 2013) either pedagogically or
from a technical perspective (Gu et al., 2019; Dooley, 1999), to promote the spread of novel
practices in schools (Klingner et al., 2001; Penuel et al., 2007).

The literature therefore highlights that widespread curricular reform is multilevel and requires
considering not only the teacher- and classroom levels, but also the school- and district levels
which must work together to support the change in teacher practices (Kampylis et al., 2013;
Hubers, 2020; Tan and Hung, 2020). Only by effecting change at these different scales and
promoting collective capability through widespread curricular reforms that look to address
these organisational barriers can one successfully implement, sustain and scale such changes
(Tan and Hung, 2020). Merely addressing external barriers is insufficient to ensure that teachers
engage in teaching the discipline.

1.1.3.2 Second-order (internal) barriers

Internal barriers are personal and fundamental beliefs such as teachers’ pedagogical beliefs,
attitudes towards technology, and willingness to change (Yadav et al., 2016a) which directly
affect their willingness to introduce CS-related changes into their practices. Unfortunately,
the literature indicates that there are numerous internal barriers when it comes to CS and
technology. For instance, beside the fact that teachers may have inaccurate understanding
of what CS is (Israel et al., 2015; Armoni, 2011) and may not understand the benefits of in-
tegrating the new concepts (Alimisis, 2013), teachers tend to believe that the content is too
difficult and/or that they do not have sufficient skills to integrate it into their classroom (low
self-efficacy, Chevalier et al., 2016; Sentance and Csizmadia, 2017; McGinnis et al., 2020) and
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that students are already in contact with too much technology (Negrini, 2020). CS is also
often subject to age and gender related-stereotypes (Dyck and Smither, 1994; King et al., 2002;
Clayton et al., 2009) which can contribute to stereotype threat (Spencer et al., 2016) and lead
to what is called “computer anxiety” (King et al., 2002) which is more prominent women and
among older people. CS-related stereotypes can thus negatively impact teachers’ percep-
tion of the teacher professional development sessions, the ability to focus when receiving
related training, appropriation, and performance (Ivan and Schiau, 2016). This issue is promi-
nent at the level of primary education, where most teachers are middle-aged women (Vaud,
2020). Teachers are also generally reluctant to adopt instructional or curricular innovations,
specifically those related to technology, as technology is perceived to be constantly changing
(Ertmer and Ottenbreit-Leftwich, 2010). The result is a direct “influence [on] whether and
how they teach concepts of CS” (Israel et al., 2015), whether in the short- or long-term (i.e.
the sustainability of the changes in teachers’ practices) and as such must be addressed in
professional development (PD) programs. Therefore, as long as teachers’ perception of CS is
not altered, the likelihood of CS curricular reforms succeeding, even when addressing external
barriers, is quite low. This is particularly the case at the primary school level where teachers
are generalists. Teacher PD and teacher education must therefore, in addition to training
teachers and providing resources, contribute to changing teacher representation (Ertmer,
2005) around CS (Rich et al., 2017) to avoid negatively impacting adoption (Ni, 2009).

Thesis objective #1

To investigate the case of a CS curricular reform that attempts to address these barriers
from the conception phase (see Section 2.2) and therefore offers a promising context to
conduct research with practitioners in the field on the topic.

13



Introduction

1.2 Co-construction, or conceiving an effective Computer Science
curricular reform by accounting for the reality of the field

This section’s content is adapted from the following articles:

• El-Hamamsy L., Kovacs H., Bruno B., Chevalier M., Dehler Zufferey J. and Mondada F.
Co-Constructing a Computing Education Teacher Professional Development with Teach-
ers & Researchers in a Research Practice Partnership (under review, Laila El-Hamamsy’s
contribution: conceptualisation, methodology, formal analysis, investigation, data curation,
visualisation, validation, writing - original draft, writing - review & editing)

• El-Hamamsy L.*, Monnier, E.-C.*, Avry S., Chevalier M., Bruno B., Dehler Zufferey J., and
Mondada F. (2023). Modelling the Sustainability of a Primary School Digital Education
Curricular Reform, Professional Development Program. Education and Information Tech-
nologies (in press, doi: 10.1007/s10639-023-11653-4, Laila El-Hamamsy’s contribution:
conceptualisation, methodology, formal analysis, investigation, data curation, visualisation,
validation, writing - original draft, writing - review & editing, reuse authorised under the
CC 4.0 licence)

• El-Hamamsy, L.*, Chessel-Lazzarotto, F.*, Bruno, B., Roy, D., Cahlikova, T., Chevalier, Parri-
aux, G., Pellet, J.P., Lanarès, J., Zufferey, J.D. and Mondada, F. (2021). A computer science
and robotics integration model for primary school: evaluation of a large-scale in-service
K-4 teacher-training program. Education and Information Technologies, 26, 2445-2475.
https://doi.org/10.1007/s10639-020-10355-5 (Laila El-Hamamsy’s contribution: conceptual-
isation, methodology, investigation, data curation, formal analysis, writing - original draft
preparation, validation, visualisation, writing - review & editing, reuse authorised under the
CC 4.0 licence)

There is no disputing the fact that teacher Professional Development (PD) is essential for cur-
ricular reforms by addressing both first-order barriers such as access to pedagogical resources,
and second-order barriers pertaining to teachers’ perception of the discipline. Unfortunately,
teacher PD comes with significant challenges. These include affecting and sustaining changes
in teachers’ practices (Hubers, 2020) that are aligned with the curriculum to contribute to stu-
dent learning (van den Akker, 2003) and with evidence-informed best practices (Coburn et al.,
2021). Given that there is no one-size-fits-all solution, the selected approach must therefore
be adapted to the local culture, and focus on the school level to avoid the “replica trap” (Clarke
and Dede, 2009; Coburn, 2003; Lidolf and Pasco, 2020), i.e., repeating “what worked [in one
context], without taking into account local variations in needs and environments” (Clarke and
Dede, 2009). This therefore requires accounting for the reality of the field and engaging with
the various stakeholders involved in the reform. As such, it is important to set the direction
through collaboration between all stakeholders (Blikstein, 2018; Balanskat and Engelhardt,
2015; Kradolfer et al., 2014; Schleicher, 2018). This includes all parties with a vested interest
in the topic and/or with the expertise required to put the project afoot: policy makers, those
in charge of the pre-service and in-service teacher professional development, experts in CS,
unions, teachers and all their hierarchy up to the head of the department of education. Surpris-
ingly, school leaders and teachers in particular are often neglected at this stage, even though
they are experts in the field and undoubtedly the ones best suited to reflect and comment
on the feasibility of such a project within the classroom (Schleicher, 2018, Ch. 5). Further-
more, their knowledge of the terrain and feedback regarding their experience is essential to

14

https://doi.org/10.1007/s10639-020-10355-5


1.2 Co-construction, or conceiving an effective Computer Science curricular reform by
accounting for the reality of the field

guarantee higher teacher motivation (Zee and Koomen, 2016) and ultimately increase the
likelihood of efficient and sustained reform of teacher practices (Schleicher, 2018). Teacher PD
could therefore benefit from a teacher-centric, and not overly theoretical (Jones et al., 2016),
approach to teacher education (with teachers as learners and end-users of the PD program
and curriculum) through partnerships that account for the reality of the field (Andreasen,
2023). We therefore consider that effectively conceiving, implementing and evaluating PD
programs requires co-constructing knowledge and practice between teachers and researchers
(Arastoopour Irgens et al., 2023). Indeed, co-construction has been employed in multiple
settings and is referred to by Jacoby and Ochs (1995) as “a range of interactional processes”
that contribute to “the joint creation of a form, interpretation, stance, action, activity, identity,
institution, skill, ideology, emotion, or other culturally meaningful reality”. These interactions
do not necessarily imply an agreement among all actors but rather that all parties were able to
interact and express their opinions on the topic. We therefore propose that:

• Teachers should not be passive recipients of knowledge but actors in the creation of
knowledge and practice. Therefore, effectively conceiving, implementing and evaluat-
ing curricular reforms and PD programs requires co-constructing knowledge between
teachers and researchers (Arastoopour Irgens et al., 2023, see Section 1.2.1)

• Operationalising the co-construction of knowledge and practice with teachers and
researchers at scale with all stakeholders (i.e. project coordinators, trainers, teachers and
researchers) can be achieved through Research Practice Partnerships (RPPs, see Section
1.2.2) which provide a democratised (and less hierarchical, Risan, 2022) approach to
teacher education (Zeichner et al., 2015; Darling-Hammond, 2017; Burroughs et al.,
2020).

1.2.1 Co-constructing knowledge between teachers and researchers to affect teacher
professional development

Despite educators’ interest in using research for their practice (Farrell et al., 2021b), there is a
frequently reported gap between practice and research outcomes (Cochran-Smith and Lytle,
1999; Broekkamp and van Hout-Wolters, 2007; Darling-Hammond, 2012; Farrell et al., 2021b).
Educators either find that the research subject is irrelevant for practitioners (i.e. any actors
in the field, including teachers), or that research is too slow to be useful, while researchers
have no guarantee that interacting with educators and policy makers contributes to decisions
being taken about policy and practice (Farrell et al., 2021b). This represents a lost opportunity
for teachers and practitioners to benefit from research, and for researchers to open up their
analyses to interpretations that are closer to practice (McGill and Reinking, 2022; El-Hamamsy
et al., 2023a, 2022c). Research on teaching should contribute to developing teachers’ pro-
fessional knowledge (Lillejord and Børte, 2016) and to the co-construction of knowledge
that occurs through exposure to different perspectives, including research literature. Such
interactions should allow teachers to develop their agency beyond passive recipients of ed-
ucational interventions, and support them in developing their knowledge for practice and
better understanding the implicit aspects of teaching that Cochran-Smith and Lytle (1999)
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call knowledge of practice. Unfortunately, van Schaik et al. (2019) have noted, among other
barriers in teachers’ academic knowledge utilisation, insufficient communication and col-
laboration with researchers, which is essential to develop dialogue and trust among these
educational partners, despite the benefits both parties stand to gain (Arastoopour Irgens et al.,
2023). For instance, several studies found that teachers experienced increased self-efficacy,
sense of ownership, positive changes in their practice when engaging in co-construction with
researchers (McGill and Reinking, 2022; El-Hamamsy et al., 2022c; Arastoopour Irgens et al.,
2023), and cultivated a culture of evidence-based decision making (Wentworth et al., 2017).
For researchers, there is “increased confidence in the value of their work” and potential for
contextualisation, understanding, and analysis of the complex dynamics of the field (McGill
and Reinking, 2022).

Grounding teaching in research evidence is important, which is why one common solution
involves establishing "teacher-researchers" within schools (Stewart, 2006; Herrenkohl et al.,
2010; Taylor, 2017) so “that research can focus on problems they are trying to solve in their
own classrooms” (Shagoury and Power, 2012). Teacher-researchers are considered to be
“more complete teacher[s]” that “create the best possible learning environment for students”
(Shagoury and Power, 2012). However, since teachers experience temporal constraints and
daily workload pressure, such an approach is problematic for curricular reforms where novel
approaches already impact teachers’ effectiveness (Bransford et al., 2005). Furthermore, as
“long-term engagement with a broad range of stakeholders [is] essential [for] sustained and
systemic change (Doucet, 2019; Kirkland, 2019)” (Farrell et al., 2021a), we consider that cur-
ricular reforms should favour effective collaboration between all stakeholders (e.g. students,
teachers, classrooms, schools, districts, and notably, include researchers, Tan and Hung, 2020).
Such an approach also aligns with the increasing need for educational research that allows
practitioners to evaluate and adapt PD programs and curricular reforms according to their
contribution to teachers’ practices and student learning (Kirkpatrick, 1975; Guskey, 2000;
Avry et al., 2022). Although several approaches exist to establish such partnerships between
researchers and stakeholders in the field, we propose that Research Practice Partnerships
(RPP) may be key to effective curricular reforms and PD programs.

1.2.2 Research Practice Partnerships as a means of improving teacher professional
development and practices

Partnerships (Darling-Hammond and Lieberman, 2013; Jones et al., 2016), and more specifi-
cally RPPs, are relatively novel in education and look to collaboratively address problems of
practice. The objective is to improve teaching quality (Jones et al., 2016), and more broadly fos-
ter educational improvement or transformation (Coburn et al., 2021), while bridging research-
practice gaps (Coburn et al., 2021). Wentworth et al. (2016), when referring to Coburn and
Stein (2010), noted that:

• External pressures (temporal and political) often push practitioners to use research as a
means of justifying their decisions a posteriori, rather than employing research from the
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start to help guide their decision-making process.

• Researchers are driven by “research that is valued by [...] the academic community
rather than research that has a high likelihood of being used by practitioners” (as in the
case of action research for instance, see Section 3.1).

• Decision makers are not always aware of educational research that is of relevance for
policy and practice.

RPPs are therefore increasingly proposed as “a promising way to respond to the challenges of
producing rigorous, relevant, and effective education research” that can additionally align with
the public good (Welsh, 2021). RPPs are long-term collaborative initiatives, where researchers
and practitioners “pursue improvement goals they define together, drawing on the expertise
of each partner” (Coburn et al., 2021). By collaboratively addressing problems of practice,
RPPs may enable “a greater use of research in decision making, address persistent problems of
practice[, and] improve educational outcomes” (Coburn and Penuel, 2016). Although RPPs
differ in objectives, composition and research approaches (Penuel and Gallagher, 2017; Farrell
et al., 2021a; Sjölund et al., 2022b), certain principles unite them (Farrell et al., 2021a). RPPs
are long-term, aim for educational improvement by engaging with research, bringing together
a diversity of expertise and ensuring that all stakeholders have a say. Henrick et al. (2017) have
identified the following indicators of RPP effectiveness: having relationships and trust be-
tween partners, having research that informs actions, supports the RPP’s goals, and produces
knowledge of educational improvement for a broader community, and building the capacity of
the partnership’s members. By acting along these dimensions, RPPs contribute to sustaining
changes in teacher practices, one of the biggest challenges in education (Hubers, 2020), by
drawing on the expertise of all stakeholders to achieve educational improvement (Coburn and
Penuel, 2016; Coburn et al., 2021). As implementing curricular reforms requires accounting for
numerous factors including the development of standards, resources, assessments, teacher
professional development, in-school support, and policy, RPPs have begun to be used in such
contexts as well (Penuel, 2019).

Partnerships, however, are complex enterprises (Lillejord and Børte, 2016; Daza et al., 2021)
that suffer from recurrent challenges to building and sustaining them (Welsh, 2021), including
defining roles, engaging all participants, power imbalances which complicate reaching equal-
ity among partners, trust, and sharing knowledge (Coburn and Penuel, 2016; Coburn et al.,
2021; Sjölund et al., 2022b; Risan, 2022) which can require significant resources, energy and
effort (Donovan et al., 2013; Farrell et al., 2021b). Unfortunately, RPPs are part of a “nascent”
(Welsh, 2021; Arastoopour Irgens et al., 2023), mainly US-centric literature (Sjölund et al.,
2022b), and are presently under-researched (Sjölund et al., 2022b). “There is still much to
learn about [how] RPPs work and overcome obstacles” (Welsh, 2021), and in particular through
investigations that include all stakeholders’ perspectives (Coburn and Penuel, 2016). Consid-
ering the increasing number of RPPs in education (Coburn et al., 2021; Farrell et al., 2021a),
the challenges implementing RPPs (Welsh, 2021), and the numerous ways the interactions
may unfold within an RPP (Penuel and Gallagher, 2017; Sjölund et al., 2022a), gaining insight
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into the inner workings of an RPP, the benefits, facilitators and barriers from the perspective of
all stakeholders is of the utmost importance.

Thesis objective #2

To investigate how effective co-construction can be achieved between the main stake-
holders involved in the conception of a PD program, including researchers and teachers
within a Research Practice Partnership (see Chapter 4).

1.3 Evaluation, or the need to ensure that the curricular reform’s
objectives are met

This section’s content is adapted from the following articles:

• El-Hamamsy, L., Bruno, B., Avry, S., Chessel-Lazzarotto, F., Zufferey, J. D., & Mondada,
F. (2022). The TACS Model: Understanding Primary School Teachers’ Adoption of
Computer Science Pedagogical Content. ACM Transactions on Computing Education.
https://doi.org/10.1145/3569587 (Laila El-Hamamsy’s contribution: conceptualisation,
methodology, investigation, data curation, formal analysis, writing - original draft prepa-
ration, validation, visualisation, writing - review & editing, reuse authorised by ACM with
authorisation obtained from all co-authors)

• El-Hamamsy L.*, Monnier, E.-C.*, Avry S., Chevalier M., Bruno B., Dehler Zufferey J., and
Mondada F. (2023). Modelling the Sustainability of a Primary School Digital Education
Curricular Reform, Professional Development Program. Education and Information Tech-
nologies (in press, doi: 10.1007/s10639-023-11653-4, Laila El-Hamamsy’s contribution:
conceptualisation, methodology, formal analysis, investigation, data curation, visualisation,
validation, writing - original draft, writing - review & editing, reuse authorised under the
CC 4.0 licence)

• El-Hamamsy, L., Bruno, B., Audrin, C., Chevalier, M., Avry, S., Dehler Zufferey, J., &
Mondada, F. (2023). How are Primary School Computer Science Curricular Reforms
Contributing to Equity? Impact on Student Learning, Perception of the Discipline,
and Gender Gaps. arXiv, to appear in the International Journal of STEM Education.
https://doi.org/10.48550/arXiv.2306.00820 (accepted on 04/06/2023, Laila El-Hamamsy’s
contribution: conceptualisation, methodology, formal analysis, investigation, data curation,
visualisation, validation, writing - original draft, writing - review & editing)

• El-Hamamsy, L., Zapata-Cáceres, M., Barroso, E. M., Mondada, F., Zufferey, J. D., & Bruno,
B. (2022). The competent computational thinking test: Development and validation of an
unplugged computational thinking test for upper primary school. Journal of Educational
Computing Research, 60(7), 1818-1866. https://doi.org/10.1177/07356331221081753 (Laila
El-Hamamsy’s contribution: conceptualisation, methodology, investigation, data curation,
formal analysis, writing - original draft preparation, visualisation, writing - review & editing,
reuse authorised under CC-BY-NC license)
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Bruno B., Román-González M (2023). The competent Computational Thinking test (cCTt):
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validation, writing - original draft, writing - review & editing)
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1.3 Evaluation, or the need to ensure that the curricular reform’s objectives are met

Merely implementing a curricular reform, even while accounting for the reality of the field by
co-constructing with the different stakeholders is insufficient to ensure that teachers change
their practices both in the short- and long-term, and that students are achieving the desired
learning outcomes. These are indeed pillars of sustainable changes in education as defined
by Hubers (2020, p.1): sustainable changes in education are “1) substantial changes made
that affect the core of educators’ everyday practice; 2) a longitudinal process that begins when
educators contemplate making changes and ends when satisfactory achievement on the other
characteristics is reached and overt learning efforts are stopped; 3) a process of individual and
organisational learning as well as changes in behaviours; resulting in 4) significant positive
effects on student outcomes”. Therefore, two key factors that must be accounted for when
evaluating a curricular reform’s professional development program are that:

• changes in teachers’ practices are being sustained

• students are benefiting from the reform.

Both elements must be monitored throughout the curricular reform process to adapt the
reform and corresponding PD program accordingly.

1.3.1 Teacher level-evaluations to ensure that teachers are introducing the disci-
pline into their practices

Affecting and sustaining changes in teachers’ practices is one of the biggest challenges in
education (Hubers, 2020). Indeed, although PD programs train teachers and build their
pedagogical content knowledge and self-efficacy (Bandura, 1977) to teach CS, this does not
imply that a teacher will actually introduce the new content into their practice (referred to as
adoption). That is why it is essential to verify teachers’ intent to adopt the content presented
in professional development programs (Jimoyiannis and Komis, 2007; Ravitz et al., 2017).
Unfortunately, there are numerous limitations to only measuring intention, despite many
studies using intent either as a proxy or as a predictor of the behaviour. Indeed, while intent
often correlates with behaviour (in our case adoption), it is not an absolute guarantee that
the behaviour will ensue (Miniard et al., 1982; Sheeran, 2002). Several studies have found that
there is a non-negligible gap between intention and behaviour (Sheeran, 2002). As successful
curricular change requires that teachers not just intend to, but actually teach the new content,
it is critical to verify whether teachers are indeed adopting (i.e., teaching) the content intro-
duced in CS PD programs.

Although adoption is an aspect known to be crucial in the evaluation of training programs
(Kirkpatrick, 1975; Guskey, 2000), it is complex to characterise (Straub, 2009) and measure. To
the best of our knowledge, no comprehensive model on how or what to consider specifically
in the evaluation of curricular reforms and corresponding PDs exists. Indeed, most CS PDs
evaluate the evolution of self-efficacy (Liu et al., 2012; Cooper et al., 2017; Kalogiannakis
and Papadakis, 2017). While certain CS PDs also look into acceptance (Kalogiannakis and
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Papadakis, 2017), and intention to adopt (Ravitz et al., 2017; Cateté et al., 2020), there seems to
be an agreement that their evaluations would benefit from knowing what teachers did after
the PD (Ravitz et al., 2017). In addition to being limited in number, studies that consider
teachers’ adoption of CS content often suffer from selection bias. Selection bias may be due to
the study:

• focusing on the case of a voluntary PD where teachers chose to sign up (Castro et al.,
2018)

• evaluating adoption on a small subset (Kay and Moss, 2012; Kay et al., 2014; Pollock
et al., 2017; Fisher, 2019)

• being in a context where adoption was imposed (Wolz et al., 2011; Martinez et al., 2016;
Hamlen et al., 2018; Kong and Lai, 2022a)

In all cases, the selection bias limits the generalisability of the studies’ findings. As a result,
there is a lack of understanding as to what influences the adoption of CS pedagogical content,
and thus no comprehensive model of CS pedagogical content adoption. To the best of our
knowledge, only one study investigated the factors influencing the adoption of CS content by
teachers (Roche, 2019). Although the study was conducted within the context of a curricular
reform, this was not related to a specific PD program or pedagogical resources. Having a link
between teachers’ perception of CS pedagogical content seen in a PD program would make
it possible to i) identify content that is less likely to be taught by teachers and therefore that
must be refined and ii) propose guidelines for the creation of pedagogical content that is more
likely to be taken up by teachers and taught in the long run.

Thesis objective #3

To investigate in what conditions a curricular reform’s PD program is successful in
terms of teachers’ perception and adoption of the proposed pedagogical content (see
Chapter 5), and to propose a model of the factors influencing their decision to adopt
CS pedagogical content (see Chapter 6).

1.3.2 Student-level evaluations to provide evidence of positive student-level out-
comes

As early CS and CT opportunities for all students are essential to address structural and social
barriers, broaden CS participation, and promote equity in the field, it is essential to establish
how such initiatives affect students (Guskey, 2002). This should extend beyond learning to
include perception, and investigate how these dimensions interrelate (Hinckle et al., 2020) to
ensure that expanding CS to K-12 “neither exacerbates existing equity gaps in education nor
hinders efforts to diversify the field of CS” (Wang and Hejazi Moghadam, 2017).
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1.3.2.1 There are few investigations into student-level outcome variables after PD pro-
grams and curricular reforms

The student-level impact of widespread CS and CT curricular reforms, and professional
development (PD) programs, is seldom evaluated. As a pre-requisite to achieving equity is
that the reform has an impact, this means that there is little insight into whether these reforms
are contributing to equity and reducing learning and perception gaps between different
groups of students. Indeed, “studies that relate student’s learning achievement and teachers’
capacity building are still rare in the literature of CT (Mason and Rich, 2019)” (Kong and Lai,
2022a). This is likely due to the difficulties countries face implementing CS & CT reforms,
including adequately training a sufficient number of teachers to teach the new concepts
(Bocconi et al., 2022; El-Hamamsy et al., 2021b). Difficulties in assessing teachers’ mastery of
Computational Pedagogical Content Knowledge (Hickmott and Prieto-Rodriguez, 2018), and
what is implemented after PD programs (El-Hamamsy et al., 2022b) also exist, despite their
direct influence on student learning (Kong and Lai, 2022a). To the best of our knowledge, only
Kong and Lai (2022a) linked 81 teachers’ content knowledge with 3226 students’ achievement
in their evaluation of a CT PD program. However, these teachers chose to participate in the
PD program and were required to teach a year-long curriculum. This differs significantly
from mandatory curricular reform contexts, where the PD program is imposed on all teachers,
but there is no incentive to adopt beyond the change in the curriculum (e.g. due to the
discipline not being assessed, lack of dedicated time), resulting in teachers who implement
the pedagogical content to varying degrees, if at all.

Provided that a “K-12 curriculum is a zero-sum game, where adding a subject means [re-
moving] something” (Ottenbreit-Leftwich and Yadav, 2022a), it is essential to establish the
effectiveness of implementing CS & CT curricula in formal education, notably given i) the need
to improve corresponding PD programs and curricula (Hickmott and Prieto-Rodriguez, 2018),
ii) the objective of sustaining the reform in teachers’ practices (Hubers, 2020), and iii) the
importance of alleviating concerns of funding agencies and government bodies regarding the
impact of the reform and PD program on teachers (Hickmott and Prieto-Rodriguez, 2018) and
students. Such studies are pressing since teachers are not necessarily convinced that their stu-
dents are learning as a result of teaching these novel curricula (Toh, 2016; El-Hamamsy* et al.,
2023b). Indeed, establishing the benefits at the student level having a complete evaluation of
reforms (Guskey, 2000; Avry et al., 2022; El-Hamamsy* et al., 2023b) is not only necessary, but
is also a key factor found to affect teachers’ decisions to continue to implement a new practice
in the long-term (Klingner et al., 2001; Howard et al., 2021b).

1.3.2.2 There are few validated assessments to evaluate the defined learning outcomes

There is a need for CT assessments at all levels of education. With the “tremendous growth
in curricula, learning environments, and innovations around CT education” (Weintrop et al.,
2021b), the design of tools to assess CT competences in a developmentally appropriate and
reliable way throughout compulsory education becomes crucial (Hsu et al., 2018). Indeed, be-
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yond the evaluation argument, “CT assessment is important [to document] learning progress,
[measure] lesson effectiveness, [assist] in curriculum development and [help] identify stu-
dents in need of greater assistance or enrichment” (Relkin and Bers, 2021). Indeed, to be
able to teach CT, guide students and provide feedback from the teachers’ perspective (Hsu
et al., 2018), or design and validate CT-interventions from the researchers’ perspective, it is
essential to have reliable and validated CT assessments spanning K-12 (European Commission
et al., 2022). Unfortunately, the use of validated CT assessments is something that Tang et al.
(2020) noted was lacking in approximately 50% of CT-related studies. From the practitioners’
perspective, assessment issues need to be resolved for successful integration of CT in K-12
curricula (Cutumisu et al., 2019). This is because the “purpose of an assessment is to facilitate
student learning” (Guggemos et al., 2022) and “validated assessments [...] measure students’
progress in meeting the learning outcomes prescribed by the programs of study” (Cutumisu
et al., 2019). Assessment tools should therefore be adapted for use, not only by researchers
looking to design CT learning experiences (Weintrop et al., 2021b) and investigate how best to
foster CT competences (Chevalier et al., 2020), but also by teachers aiming to ensure that their
students are acquiring the desired competences, and this starting from kindergarten onward
(Zapata-Cáceres et al., 2020). It thus becomes paramount to develop and guide “researchers
and practitioners in choosing developmentally appropriate CT assessments” (Cutumisu et al.,
2019). Provided the pressing need to clarify the question about how best to assess CT compe-
tences (Tang et al., 2020; Lockwood and Mooney, 2017; Hsu et al., 2018), it is not surprising to
find that CT assessment “is at the forefront of CT research [and] gathering the greatest interest
of researchers” (Tikva and Tambouris, 2021).

These assessments must be valid, reliable and not conflate with programming abilities.
Developing CT assessments must consider, in addition to the developmental appropriateness
for the target age group, the different assessment formats which exist, their use cases and their
scalability. From a design perspective, four main formats have been used to assess CT (Tang
et al., 2020): traditional tests (often used in combination with other assessment methods),
portfolios (to “[situate] CT assessment in a real-world context and further allows teachers
and researchers to provide formative feedback”), interviews (“to support or elaborate on the
results of traditional or portfolio assessment by specifying students’ thinking processes”) and
surveys (to assess dispositions and attitudes towards CT). The most common approach seems
to consist in the use of portfolios to “analys[e] projects performed by students in specific
programming environments” (Tang et al., 2020). Unfortunately, assessment tools following
this approach carry the risk of “conflating CT with coding abilities” (Relkin and Bers, 2021),
which may limit their use in i) pre-post test designs (Chen et al., 2017), ii) when validating new
learning environments, and iii) in cases where CS Unplugged activities (Bell and Vahrenhold,
2018) are employed to develop students’ CT competences. Because of the transversal nature
of computational thinking and the “variety of methods by which CT is taught and contexts in
which students learn CT” (Weintrop et al., 2021b), researchers advocate the development of CT
tests that go beyond self-reporting, and are more general (Tikva and Tambouris, 2021). Such
assessments should be agnostic of the specific content of the study and the programming
environments. The past few years have thus seen a rise in age appropriate unplugged CT
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assessments targeting CT skills2 which

1. can be administered without employing screens (referring to the definition of Unplugged
provided by Bell and Vahrenhold, 2018) and can thus be easily deployed in various
settings and at a large scale,

2. do not require any prior knowledge pertaining to programming or coding (including
that of a specific programming language) and are therefore adapted for use in pre-post
test experimental designs,

3. put a strong emphasis on the reliability and validity of said instruments (Román-
González et al., 2017, 2018, 2019; Zapata-Cáceres et al., 2020; Relkin et al., 2020; Chen
et al., 2017; Wiebe et al., 2019), something which has been identified so far as lacking in
the CT assessment literature (Tang et al., 2020).

There is a lack of existing validated and reliable CT assessments spanning compulsory
education, in particular at the primary school level. Considering the importance of having
unplugged CT assessments which are i) agnostic of programming skills and ii) have undergone
psychometric analyses for validity and reliability, we found ourselves lacking full coverage
from kindergarten to upper secondary school at the time where we began looking into evalu-
ating student learning in the thesis (El-Hamamsy et al., 2022g). As stated by Zapata-Cáceres
et al. (2020); Román-González et al. (2019), this gap is likely due to most efforts to develop
assessments for CT having been focused on secondary school and tertiary education.

Starting from the lower end of the spectrum, the TechCheck-K was recently developed by
Relkin and Bers (2021) to assess CT at the level of kindergarten, considering the requirements
of that age group in terms of cognitive, literacy and motor development.

Two assessments exist for lower primary school: the TechCheck (Relkin et al., 2020) and
the Beginner’s CT test (BCTt, Zapata-Cáceres et al., 2020). The TechCheck (Relkin et al.,
2020) was developed for grades 1-2 and proved reliable through classical test theory and
item response theory and valid in comparison with the original TACTIC-KIBO instrument
(Relkin et al., 2020), thus speaking to the instruments’ convergent validity. The BCTt draws
inspiration from the CT test (CTt, Román-González et al., 2017, 2019), specifically adapting
the original CTt in terms of format and content to take into account students’ limited reading
and understanding skills (Tikva and Tambouris, 2021; Zhang and Nouri, 2019) and ensure
the use of “developmentally appropriate language and tasks to assure that factors such as
literacy and fine motor skills are not limiting” (Relkin et al., 2021). The instrument, which
follows a multiple choice format, was validated with both experts and primary school students

2CT skills here refers to the definition of skills provided by the European Union (2006) as “the ability to apply
knowledge and use know-how to complete tasks and solve problems”. Measuring CT skills thus implies assessing
the outcome of the application of the knowledge of the underlying CT concepts, without looking into the processes
involved. Such assessments therefore do not evaluate the full range of CT competences involved in the resolution
of CT-tasks.
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(ages 5-10) without prior coding experience, but showed a ceiling effect for students aged 7-10,
with the developmental appropriateness in regards to the length of the test (45 minutes) for
lower primary being put into question by Relkin et al. (2021). Indeed, provided the objective
of having developmentally appropriate instruments, which can also be used in a diverse range
of settings, including researchers in pre-post intervention study designs, and practitioners
evaluating the impact of educational reforms (notably digital and computing education),
length of administration also becomes a major factor of adoption.

While certain researchers have looked into developing assessments for upper primary school
(Gane et al., 2021; Parker et al., 2021), they suffer from numerous limitations. The Bebras
challenge (Román-González et al., 2017) for example is an international competition for
students throughout compulsory school. While it is sometimes used to assess CT skills, it has
undergone limited psychometric validation (Hubwieser and Mühling, 2014; Bellettini et al.,
2015). At the same time, the assessment by Gane et al. (2021) requires manual grading and
multiple annotators, limiting the test’s scalability. Finally, the assessment by Parker et al. (2021)
which relies on a combination of block-based and Bebras-style questions, has been piloted
with just 57 4th graders.

Finally, we find the CTt by Román-González et al. (2017, 2018, 2019), a multiple choice test
designed and adapted for secondary school (ages 10-16). The CTt has undergone several
stages of validation (including reliability, criterion validity in relation to other cognitive tests
Román-González et al., 2017, predictive validity Román-González et al., 2018, and convergent
validity Román-González et al., 2019).

There thus appeared to be a gap in validated unplugged assessments for students in upper
primary school (ages 7-9, Román-González et al., 2017) which prompted us to develop our
own CT assessment based on the BCTt to improve it’s reliability for grades 7-9: the competent
CT test (or cCTt).

There is a lack of existing assessments in primary school that can be used for longitudinal
multi-year evaluations of student learning outcomes. One important element to note is that
while the existing instruments increasingly cover the range of primary school education, there
is a lack of continuity or links between them which would permit having multi-year longitudi-
nal assessments. This is despite the interest that researchers and practitioners involved in the
evaluation of CT-related curricular reforms may have for such CT assessments (Tsarava et al.,
2022) (e.g. in the context of analysing the impact and sustainability of CT-related curricular
reforms). Indeed, to the best of our knowledge:

1. No single validated CT assessment currently spans primary school like the CT test (CTt,
Román-González et al., 2017, 2019) does in secondary school for grades 5-10 (ages
10-16). This is not surprising given the significant differences often found even between
two consecutive grades in primary school. As explained in El-Hamamsy et al. (2022f),
“CT skills relate to [students’] numerical, verbal and non-verbal reasoning abilities
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(Tsarava et al., 2022), it is [therefore] likely that the [significant differences often observed
between grades] align with students’ maturation, increase in working memory (which is
required to achieve tasks, Cowan, 2016), and executive functions over time” and their
ability “to deal with more complex computational concepts [...], including those with
more complex perceptual configurations [... over time]. Accounting for this therefore
requires adapting the instruments to improve their validity. This was in particular
the case of the TechCheck (Relkin et al., 2020) (for which the researchers created two
new versions (Relkin and Bers, 2021; Relkin, 2022) to improve the validity for students
throughout K-2), and the CT test which was adapted in terms of content and format
for lower primary school to create the Beginners’ CT test (BCTt, Zapata-Cáceres et al.,
2020) and adapted in content by keeping the easiest items of the original CTt for upper
primary school to create the abbreviated CTt (Tsarava et al., 2022).

2. No group of validated CT assessments provide a means of easily passing from one as-
sessment to another when following students over multiple years, e.g. by providing
equivalency scales allowing to switch between one and the next. This is neither the case
of the TechCheck and its variants in K-2, nor the CT test and its variants.

This therefore makes it complex to establish longitudinal studies of student learning which
are particularly relevant in the context of a curricular reform to i) understand how students’
mastery of the concepts evolves over time and according to what they were taught, and ii) see
what they struggle with in order to refine the pedagogical content proposed to teachers in the
context of the reform and PD program.

Thesis objective #4

To develop and validating a CT-concepts assessment to evaluate student learning
outcomes in relation to the curriculum’s learning objectives (see Chapter 7), and to
investigate at a large scale the impact of teaching CS pedagogical activities on student
learning and perception to understand how the reform contributes to equity goals (see
Chapter 9).
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1.4 Sustainability and scalability, or key paradigms that must be
accounted for when conceiving the reform and its evaluation

This section’s content is adapted from the following articles:

• El-Hamamsy L.*, Monnier, E.-C.*, Avry S., Chevalier M., Bruno B., Dehler Zufferey J., and
Mondada F. (2023). Modelling the Sustainability of a Primary School Digital Education
Curricular Reform, Professional Development Program. Education and Information Tech-
nologies (in press, doi: 10.1007/s10639-023-11653-4, Laila El-Hamamsy’s contribution:
conceptualisation, methodology, formal analysis, investigation, data curation, visualisation,
validation, writing - original draft, writing - review & editing, reuse authorised under the
CC 4.0 licence)

• El-Hamamsy, L.*, Chessel-Lazzarotto, F.*, Bruno, B., Roy, D., Cahlikova, T., Chevalier, Parri-
aux, G., Pellet, J.P., Lanarès, J., Zufferey, J.D. and Mondada, F. (2021). A computer science
and robotics integration model for primary school: evaluation of a large-scale in-service
K-4 teacher-training program. Education and Information Technologies, 26, 2445-2475.
https://doi.org/10.1007/s10639-020-10355-5 (Laila El-Hamamsy’s contribution: conceptual-
isation, methodology, investigation, data curation, formal analysis, writing - original draft
preparation, validation, visualisation, writing - review & editing, reuse authorised under the
CC 4.0 licence)

The objective of curricular reforms is to bring about scalable and sustainable changes in
teacher practices that contribute to improving education (Jamaludin and Hung, 2016, p. 361).
Unfortunately, large-scale curricular reforms do not automatically result in long-term changes
in teacher practices (Tikkanen et al., 2020), even when initial implementations are successful
(Shirrell and Spillane, 2020). In fact, many curricular reforms have failed to reach the classroom
and influence instruction (Coburn, 2003, p.2). This is not surprising since “large-scale school
reforms are highly complex processes, and their success is regulated by multiple factors
(Shirrell and Spillane, 2020) at different levels of the education system, ranging from the
national level to the classroom level” (Tikkanen et al., 2020, p.546). Unfortunately, sustainable
change is considered to be “one of the biggest challenges in education” (Hubers et al., 2020)
as teachers often make “superficial” (Hubers et al., 2020), and “short-lived” changes to their
practice, “reverting back to their "old ways" after funding and support are withdrawn” (Lee
and Louis, 2019, p.85), hence the complexity of sustaining a reform.

1.4.1 Planning for and investigating the sustainability of the reform

As sustainability is a prerequisite for scaling educational endeavours (Coburn, 2003; Howard
et al., 2021b), and the challenge of sustaining changes in teacher practices, it is essential
to understand how to improve the sustainability of curricular reforms. Unfortunately, the
sustainability literature is “scarce” and “scattered” (Hubers, 2020), with “little [being] known
about the dynamics of sustaining change in school reform and how the process of change
unfold[s]” (Li, 2017, p. 279), despite decades of research (Coburn, 2003; Li, 2017). That is why
researchers are calling for “more knowledge about how and why changes were (not) sustained
over time” (Hubers, 2020, p.10) through longitudinal studies and investigations targeting later
phases of reforms that are currently under-researched (Coburn et al., 2012; Li, 2017; Howard
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et al., 2021b). Finally, since sustainability factors are highly context dependent (Gersten et al.,
2000; Harris and Jones, 2018; Kampylis et al., 2013), studies must be conducted in the context
of the reform and the practice intended to be sustained.

At a time when Digital Education (DE, which includes CS and CT in a broader computing
education framework) is part of curricula worldwide (European Education and Culture Exec-
utive Agency and Eurydice, 2019; Bocconi et al., 2022), with increased access to digital tools
in schools, many consider that “little has changed in the classrooms” (Redmond et al., 2021,
p. 2895), with the use of technology remaining superficial (Niederhauser et al., 2018). The
difficulties are further exacerbated by the lack of consensus on the effectiveness of DE related
reforms (Toh, 2016, p. 146), raising numerous questions about the sustainability, impact,
and costs of these initiatives. Unfortunately, “the complexity of interacting factors impacting
scalability3 and sustainability raises numerous challenges relating to technology integration
initiatives and innovation” (Niederhauser et al., 2018). Therefore, the prognosis mirrors that of
sustainability more generally: “considerably more research needs to be done to understand
how successful technological innovations and change processes are sustained and scaled to
new learning contexts” (Howard et al., 2021b, p. 2309).

To the best of our knowledge, most studies on DE-related reforms and PD programs either
do not assess the change in behaviour (here, adoption of curricular content), or do not have
insight into what is done over time and after PD programs have ended (El-Hamamsy et al.,
2022b; Howard et al., 2021b), let alone evaluate the depth of the change in teacher practices
(Coburn, 2003). Howard et al. (2021b) have therefore called for a change in sustainability
research because “although these studies provide valuable new insights [into] school reform
as a journey, we still know little about how this journey unfolds, especially after the withdrawal
of external support and during later phases of reform” (Coburn, 2003; Coburn et al., 2012)
(Li, 2017). Although the literature evokes numerous factors that impact sustainability (El-
Hamamsy* et al., 2023b), to the best of our knowledge, we lack insight into how and to what
extent sustainability factors interact to impact the long-term sustainability of a DE curricular
reform. Considering the extent of the change brought on by DE curricula, particularly in
primary school where teachers must teach all disciplines, it becomes paramount to investigate
these factors.

Thesis objective #5

To model the sustainability of a CS curricular reform and PD program in order to
provide guidelines for the evaluation of sustainability and investigate in the context
of a CS curricular reform whether sustainability has been reached, and if not, what
remaining barriers must still be addressed (see Chapter 10).

3Scalability of educational endeavours here refers to spread as defined by Coburn (2003) in her framework for
rethinking scale. Other dimensions of scale are depth of the change, sustainability and shift in reform ownership.
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1.4.2 Planning for the scalability of the reform

Prior to scaling a reform to en entire region, it is important that the integration should be
piloted with evaluation of the outcomes (Schleicher, 2018, Ch. 5) in order to provide fast
feedback to policy makers and stakeholders to adjust the investments and overall direction.
This helps avoid making decisions 1) without considering the constraints of the field and 2)
without a direct feedback on both the positive and negative aspects of the identified solutions.
Additionally, “experimenting with policy and using pilot projects can help build consensus,
allay fears and overcome resistance by evaluating proposed reforms before they are fully
introduced” (Schleicher, 2018, Ch. 5) which is all the more important in the context of CS in
primary school. Surprisingly and sadly, to the best of our knowledge, this was done by just
seven countries in Europe (Balanskat and Engelhardt, 2015). Moreover, often the concept
of a pilot is misunderstood. We consider a pilot in the scientific sense, as a validation of
a set of optimal hypotheses based on the state of the art. The validation is done through
evidence-based research standards. To be efficient, this validation loop needs to be done
continuously and rapidly, creating a type of scientific interaction between the stakeholders.
Many pilots in education are just attempts to introduce a new elements, but without a strong
validation methodology.

After evaluating the pilot program and adjusting in order to address remaining barriers, de-
ployment should be done progressively to other schools. The deployment should consider
adapting the reform and PD program’s approach based on the lessons learnt from the pilot
all the while continuing to monitor and evaluate “periodically after full implementation [as]
teachers and school leaders are more likely to accept a policy initiative if they know that they
will be able to express their concerns and provide advice on making adjustments” (Schleicher,
2018, Ch. 5). However, in order to deploy a pilot program involving a limited number of
schools and hundreds of teachers, to an entire region involving thousands of teachers, it is
essential to consider how to increase the capacity of those delivering the PD program. In
particular, one should consider how to set up an adequate strategy to go from expert trainers
from universities to having a wider net of trainers capable of disseminating to an entire region.

1.4.2.1 The need for a centrally coordinated curriculum and Professional Development
initiative for all teachers

In the literature two main implementation strategies are reported when it comes to imple-
menting changes in teachers’ practices: top-down centralised strategies and bottom-up
decentralised strategies (Tikkanen et al., 2020). Top-down strategies are planned by policy
makers and administrators and have the advantage of ensuring that external barriers (Ertmer
and Ottenbreit-Leftwich, 2010) are addressed by aligning the decisions being taken, with
the financial support provided, and the dissemination of the intended development work
(Tikkanen et al., 2020; Pietarinen et al., 2017). The main limitation of such an approach is that
educators do not have ownership of the reform. Bottom-up strategies on the other hand are
school-led, and leave schools the autonomy and responsibility of allocating resources and
implementing the solution that is the most adapted to their context (Gouëdard et al., 2020).
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Therefore, they promote educators’ ownership of the reform, teacher agency and motivation,
but are suffer from two main issues that make them ineffective in the context of widespread
reforms. The first is that decentralised strategies may “worsen inequalities among schools
and compromise student performance if resources and education quality are not equalised”
(Gouëdard et al., 2020). The second is that decentralised strategies are rarely sustained and
scaled (Tikkanen et al., 2020; Kawai et al., 2014). Therefore, if the objective is to promote
equity and ensure uniformity across the educational system a centralised approach should be
preferred (Gouëdard et al., 2020; Nieveen and Kuiper, 2012).

Although the literature highlights the benefits of a centralised approach, this does not imply
that there should not be any school-level or teacher-level autonomy, or adaptations to school-
contexts, but rather that the curricular reform should engage in a “whole system approach”
(Fullan and others, 2011) and set the stage for all schools by addressing first-order barriers
for all (Ertmer and Ottenbreit-Leftwich, 2010). These barriers includes financial support, a
centralised curriculum, pedagogical resources, and teacher professional development for all
the teachers that must implement changes in their practice (El-Hamamsy et al., 2021b). Such
an approach ensures some level of standardisation of the reform and helps ensure that there is
a which contributes to the alignment between the reform’s objectives and its implementation
(Penuel et al., 2007; Zehetmeier, 2009; Sullanmaa et al., 2019), all the while avoid two main
issues encountered in decentralised approaches:

• An insufficient number of adequately trained teachers (The Royal Society, 2012, 2017b;
Caeli and Yadav, 2020; Zhang et al., 2020; Bocconi et al., 2022) due to a lack of centrally
coordinated continuous professional development which is “a critical component in
building teacher capacity” (Gouëdard et al., 2020). Indeed, the decentralised approach
has shown to be problematic in Digital Education-related contexts. In their review on the
status of computing related initiatives in Europe Balanskat and Engelhardt (2015) found
that most countries did not offer a centralised PD service and relied on solutions such
as MOOCS and distance learning (Heintz et al., 2016; Webb et al., 2017; Thompson et al.,
2013), or relying on third party organisations (The Royal Society, 2012, 2017a; Heintz
et al., 2016), or on locally organised trainings (Balanskat and Engelhardt, 2015; Roche,
2019), which contributed to the struggles observed with the integration of the new
discipline into teachers’ practices. This is confirmed by the findings of a recent review
where Bocconi et al. (2022) found that the “demand for large-scale teacher training
schemes, both pre-service and in-service” to teach Computational Thinking has not yet
been addressed. Indeed, the European commission’s review of 25 countries identified
that (i) 21 integrate computing in primary school and 22 in secondary school, (ii) but that
there are still 18/21 countries at the primary school level and 21/22 at secondary school
level that lack adequately trained teachers to teach Computing Education (Bocconi et al.,
2022).

• An increase in educators’ workload and stress as teachers and school leaders are respon-
sible for implementing the reform, which may inhibit the success of the reform and
therefore requires additional pro-active strategies of teacher well-being (e.g. by having
teachers support each other in communities of practice, Tikkanen et al., 2020). The
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increase in workload and pressure is even more prominent in the context of Digital Edu-
cation, and particularly at the primary school level, as teachers are expected to teach all
disciplines. Teachers must therefore must find a way to include the additional content,
despite the fact that policy makers do not always adjust the curricular expectations for
other disciplines.

As stated by Hayes (2000), the “mechanism by which much innovation in education con-
tinues to be introduced is in-service teacher-training / development”. Therefore, as stated
by El-Hamamsy et al. (2021b), teacher professional development “should be organised at
the national or state level, and not left up to small organisations or initiatives. They should
be standardised and compulsory for all teachers”. Such an approach is also considered to
make it more likely that teachers’ adopt novel practices that are aligned with the objectives of
the reform (Gouëdard et al., 2020; Allen and Penuel, 2015; Desimone et al., 2002). The most
common approach to achieving this objective is the cascade model employed for in-service
teacher professional development which we present in the following section.

1.4.2.2 The cascade model: a means of rapidly scaling up initiatives

Cascade models (Hayes, 2000; Wedell, 2005) are based on the notion that a reduced set of
experts (referred to as level 1 in the cascade) train other trainers (also referred to as multipli-
ers in certain contexts, level 2). The objective of the trainer PD is that trainers acquire the
knowledge they are expected to deliver to the teachers during the teacher PD program that
they are expected to deploy (Roesken-Winter et al., 2015b). These level-two trainers in turn
train other groups until reaching the lower levels of the cascade (subsequent levels) until
those at the end of the chain are trained (often by their own peers, Ngeze et al., 2018; Wedell,
2005). Such models do not require long periods out of service, and it us[e] existing teaching
staff as co-trainers” (Gilpin, 1997). Cascade models are therefore “considered to be a cost
effective means of introducing educational change to large numbers of teachers” (Wedell,
2005) in a short amount of time (Engelbrecht et al., 2007; Ngeze et al., 2018).Cascade models
are therefore considered useful in cases where (Karalis, 2016) (i) there is a lack of experts to
train all recipients, as in the context of K-12 Digital Education and (ii) there is a high number
of final recipients, as in the context of widespread curricular reforms.

Unfortunately, due to both their structure and their implementation, suffer from multiple
difficulties which increase their risk of failure (Abeysena et al., 2016), and therefore have not
always been successful (Moulakdi and Bouchamma, 2020; Dichaba and Mokhele, 2012).

(1) Cascade models tend to be a one-way transmission of information “to equip teachers
with the competences to implement an educational change” (Gouëdard et al., 2020) with-
out discussions or feedback between higher and lower levels of the cascade (Moulakdi and
Bouchamma, 2020; Hayes, 2000; McDevitt, 1998; Gilpin, 1997), hence the importance of having
active participation of recipients to counter balance the top-down nature of cascade models
(Ngeze et al., 2018).
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(2) Cascade models do not always provide sufficient training (Baron, 2006) or support (Ngeze
et al., 2018) by experts to enable teacher-trainers to effectively deploy the PD program.

(3) Cascade models “rely on teachers and trainers at different levels to change not only their
practices, but also to change their roles while receiving and delivering training” (Abeysena
et al., 2016). Indeed, level-two trainers and below are “both the subjects and agents of change”
(Gilpin, 1997) which requires that they transition to an adult-training role and acquire the
associated expertise (Roesken-Winter et al., 2015b).

(4) Cascade models suffer from dilution of the content as “it trickles down” the cascade
(Hayes, 2000; Wedell, 2005) which may contribute to a decline in the training quality (Bax,
2002; Demarle-Meusel et al., 2020). Indeed, some researchers have even found that “teachers
frequently complained that even the district trainers themselves did not always understand
the curriculum” (Dichaba and Mokhele 2012 citing Ono and Ferreira 2010).

(5) Cascade models suffer from issues of alignment with teachers’ context and needs (Moulakdi
and Bouchamma, 2020; Bett, 2016), notably “when the trainers do not follow protocols and
only provide a portion of the content (Bax, 2002)." (Moulakdi and Bouchamma, 2020). This is
particularly the case when “multipliers do not pass any specific CPD program preparing them
for their role of offering courses for teachers themselves” (Roesken-Winter et al., 2015b).

(6) Cascade models are often conducted with experts from another country who do not have
a full grasp of the local needs and culture (Abeysena et al., 2016), despite the importance of
adapting the cascaded PD to local realities and accounting for the “educational reality into
which [the changes] will be introduced” (Wedell, 2009) Indeed, numerous researchers agree
on the role that contextual factors play (Bax, 2002; Wedell, 2005; Moulakdi and Bouchamma,
2020) and have mentioned the importance of considering the context “in which the training
trainers will take place and the intervention will eventually be applied” (Linda et al., 2019) in
the planning phases.

These challenges combined contribute to misinterpretations on the part of teacher-trainers
(Fiske and Ladd, 2004; Suzuki, 2008), lack of confidence of trainers in lower levels to deliver
the training, issues of legitimacy (Dichaba and Mokhele, 2012; Ono and Ferreira, 2010), and
difficulties planning and managing the training process (Engelbrecht et al., 2007; Wedell, 2005;
Bett, 2016), and may ultimately hinder the success of the deployment. Therefore, coherently
with Karalis (2016)’s recommendation, cascade models should also include continuous moni-
toring for quality assurance (e.g. to ensure that those at the end of the cascade are at the same
level as those who were directly trained by experts). It is therefore essential to consider how to
adapt cascade models for the widespread deployment of Digital Education curricular reforms,
with an evaluation framework to determine to what extent the initiative is successful and
contributes to addressing known limitations from teacher trainers’ and teachers’ perspectives.
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Thesis objective #6

To investigate the efficiency of a CS curricular reform and PD program’s deployment
model in order to determine how best to achieve the spread of the reform to an entire
region (see Chapter 11).
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2 Objective of the thesis: Investigating how
CS curricular reforms can be effectively co-
constructed, sustained and scaled

2.1 Problem Statement and Research Questions

The objective of the thesis is to improve our understanding of the mechanisms at play when
seeking to introduce CS in the curriculum in order to propose an evidence-based means of
effectively introducing CS into the curriculum in a sustained and scalable way. To do so, we
investigate a CS curricular reform that attempts to address these barriers (see Section 2.2).
Our investigation accounts for teacher and student-level outcomes, as they are the end users
of the devised curriculum, as well as the perspective of other stakeholders involved in the
implementation of the reform. The investigation is broken down into four parts in the thesis
through four main research questions.

(RQ1) How can CS-curricular reforms be conceived in order to account for the reality of
the field? (see Part II)

(RQ2) How does the curricular reform framework address known implementation barri-
ers and engage teachers in the discipline? (see Part III)

More specifically: (RQ2.1) How effective is the curricular reform framework to
promote positive teacher perception and adoption of the new discipline?

(RQ2.2) What factors influence teachers’ decision to introduce the content into
their practice?

(RQ3) How does the curricular reform impact student-level outcomes and equity in the
field? (see Part IV)

More specifically: (RQ3.1) How can we reliably measure student learning and
perception?

(RQ3.2) What do these measures indicate regarding the impact of the reform in
terms of perception, learning and equity?

(RQ4) How can the reform be effectively sustained and scaled for widespread deploy-
ment? (see Part V)
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More specifically: (RQ4.1) What factors influence the sustainability of the reform?

(RQ4.2) How can we effectively scale the teacher professional development pro-
gram to an entire administrative region?

To answer these questions we chose to focus on the case of a Swiss cantonal primary school
Computer Science (and more broadly Digital Education) curricular reform and its teacher PD
program that provides a promising context to investigate our research questions by reunited
many conditions that are favourable for a successful CS curricular reform (see Section 2.2).
The decision to focus on the primary school level stems from the difficulty of implementing
CS curricular reforms which is particularly prominent at the primary school level where teach-
ers are generalists and therefore teach all subjects. Most primary school teachers are also
women, which also adds to the difficulty of addressing second-order barriers and ensuring that
stereotypes around the discipline do not hinder their acceptance of the discipline and their
willingness to introduce it into their practice. More specifically, the research was conducted
within a Research Practice Partnership where the objective was to evaluate the curricular
reform and PD program to identify barriers to the sustainable implementation of the reform
(according to Hubers 2020’s definition of sustainability, which includes student-level out-
comes) and provide recommendations to address them. We present and discuss the findings
related to the studies conducted along each of the identified research axes in their respective
parts. These consecutively address the following topics:

1. Co-constructing the curricular reform within a Research Practice Partnership (RQ1, see
Chapter 4)

2. Implementing the pilot program with first outcomes in terms of teacher perception and
adoption (RQ2.1, see Chapter 5)

3. Modelling teachers’ adoption of the CS pedagogical content (RQ2.2, see Chapter 6)

4. Developing student-level evaluations (RQ3.1, see Chapters 7 and 8)

5. Evaluating student-level outcomes (RQ3.2, see Chapter 9)

6. Sustaining the reform (RQ4.1, see Chapter 10)

7. Scaling the reform (RQ4.2, see Chapter 11)
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2.2 Context: the EduNum project, a widespread curricular reform
in the Canton of Vaud in Switzerland

This section’s content is adapted from the following articles:

• El-Hamamsy L.*, Monnier, E.-C.*, Avry S., Chevalier M., Bruno B., Dehler Zufferey
J., and Mondada F. (2023). Modelling the Sustainability of a Primary School Digi-
tal Education Curricular Reform, Professional Development Program. Education
and Information Technologies (in press, doi: 10.1007/s10639-023-11653-4, Laila
El-Hamamsy’s contribution: conceptualisation, methodology, formal analysis, in-
vestigation, data curation, visualisation, validation, writing - original draft, writing -
review & editing, reuse authorised under the CC 4.0 licence)

• El-Hamamsy L., Kovacs H., Bruno B., Chevalier M., Dehler Zufferey J. and Mondada
F. Co-Constructing a Computing Education Teacher Professional Development
with Teachers & Researchers in a Research Practice Partnership (under review,
Laila El-Hamamsy’s contribution: conceptualisation, methodology, formal analysis,
investigation, data curation, visualisation, validation, writing - original draft, writing
- review & editing)

The majority of the research conducted during the thesis was conducted within the EduNum
project, a mandatory Digital Education (DE, which includes CS, ICT and Digital Citizenship)
curricular reform in the the Canton of Vaud in Switzerland (El-Hamamsy et al., 2021b). This
project looks to introduce DE to all K-12 students in the region, i.e., approximately 12’000
teachers and 130’000 students in 93 schools. As such, the project considered sustainability
(RQ4.1) and scalability (RQ4.2) as key issues from the beginning of the curriculum and the
teacher PD design process (see Fig. 2.1) and accounted for facilitators and barriers to sus-
taining changes in teacher practices, and teacher PD-best practices. This context therefore
provides the opportunity to evaluate the outcomes of a region-wide CS curricular reform at a
large scale, and therefore (in)validate the strategies employed by considering the results for
both:

• Teachers with respect to the implementation of the pilot PD program (RQ2.1) and
its deployment at a large scale (RQ4.2), and teachers’ adoption of the content in the
short-term (RQ2.2) and long-term (RQ4.1)

• Students with respect to the development and validation at a large scale of a CT-concepts
test over multiple grades (RQ3.1) and the effect of the program on learning and percep-
tion (RQ3.2).

We describe the curricular reform framework that we investigate with the strategies employed
to promote sustainability and scalability in the following paragraphs, and include the support-
ing theoretical references.

Taking into account what are considered to be pre-requisites for the sustainability of such en-
deavours (Fullan, 2001; Toh, 2016; Roesken-Winter et al., 2015a; Moller and Crick, 2018), the re-
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Figure 2.1: Curricular reform framework that looked to promote sustainability and scalability
of the endeavour (from El-Hamamsy* et al. 2023b and based on El-Hamamsy et al. 2021b).
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form is relevant to the needs of the 21st century, has political support, is fully funded by the De-
partment of Education, and provides the necessary resources for classroom-implementation.
The implementation depends on the collaboration between four partner institutions with the
expertise to implement the DE reform and train teachers (El-Hamamsy et al., 2021b): the de-
partment of education (DEF, formerly DFJC), the university of teacher education (HEP Vaud),
the University of Lausanne (Unil) and EPFL. The reform’s conception and implementation
therefore includes researchers, policy makers, Digital Education and pedagogical experts, the
majority having prior teaching experience. This is done with the mindset that co-constructing
the reform with all key stakeholders, especially teachers, the end users of the devised PD and
curriculum, is key to their success. Moreover, the RPP promotes translational research at all lev-
els (students, teachers, instructional coaches, teacher trainers, school leaders) and all phases
of the reform (piloting, deployment) to provide feedback to practitioners for adaptations, and
promote the reform’s sustainability (Roesken-Winter et al., 2015a).

Given the benefits of research-practice partnerships for sustainability Roesken-Winter et al.
(2015a, p.7), these institutions relied on researchers to promote design-based implementation
research at all levels of the reform (school culture, school leadership, instructional coaches,
trainers, teachers, pedagogical resources, and students), and in all phases of the reform
(piloting, deployment) to provide feedback to practitioners for adaptations, and promote the
reform’s sustainability (Roesken-Winter et al., 2015a). Drawing from Coburn et al. (2021)’s
identified common features among RPPs, the present RPP can be described as follows:

• Aiming for educational transformation: The RPP looks to introduce a new discipline into
the curriculum and training teachers at a large scale to introduce it into their practice

• Drawing on diverse expertise: The reform’s conception and implementation includes
researchers, policy makers, experts in Digital Education and experts in pedagogy, the
majority having prior teaching experience. This is done with the mindset that co-
constructing the reform with all key stakeholders, especially teachers, the end users of
the devised PD and curriculum, is key to their success.

• Conducting research collaboratively to inform local policy and practice that addresses
the problems that practitioners face: the RPP promotes translational research at all levels
of the curricular reform and PD program (students, teachers, instructional coaches,
teacher trainers, school leaders), in piloting and deployment, to provide feedback to
practitioners that are aligned with their needs and provide indications for adaptations.
The main objective insofar has been to promote the reform’s sustainability in teachers’
practices (Roesken-Winter et al., 2015a) to avoid that the changes be short-lived (El-
Hamamsy* et al., 2023b).

• Identifying strategies that can be disseminated more broadly: by conducting research
to ensure the efficiency of the selected strategies and disseminating the developed
resources and findings i) locally with other partner institutions and nationally to other
districts through open source material and an annual report, and ii) internationally
through international peer reviewed articles.
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• Being long-term: The RPP was created in 2018 with the objective of piloting the cur-
ricular reform and PD program at all levels of schooling prior to deployment with an
approximate timeline of 10 years to roll out the reform throughout the entire region.

The existence of the RPP not only facilitated the access to the field to answer our student
and teacher-level RQs, but also provided the opportunity to evaluate the program from the
perspective of other stakeholders involved in its conception (RQ1).

Despite the scale of the project, the reform is regional and has placed significant effort on
having a PD program and pedagogical content that are adapted to the regional and school
culture by providing the PD sessions within the schools, with content that is tested in the
region, and having tailored long-term school-level support in schools with the help of instruc-
tional coaches. With these efforts and the attempt to focus on the school level the objective
was to avoid the “replica trap” (Clarke and Dede, 2009; Coburn, 2003; Lidolf and Pasco, 2020),
i.e., repeating “what worked locally, without taking into account local variations in needs
and environments” (Clarke and Dede, 2009). Furthermore, since “teachers are better able
to sustain change when there are mechanisms in place at multiple levels of the system to
support their efforts” (Coburn, 2003, p.5), and to avoid having teachers “revert to their ‘old’
ways entirely after funding and support are withdrawn” (Hubers, 2020; Hubers et al., 2017),
instructional coaches are trained to support teachers in each school throughout the DE PD and
in the long-term (see El-Hamamsy et al. 2021b and Caneva et al. 2022). The support includes
fostering a community of practice within their school (Zehetmeier, 2009; Yadav et al., 2016a;
Li, 2017), proposing PD sessions to address school-specific needs (Coburn, 2003), providing
technical support (Penuel et al., 2007, p. 921), therefore contributing to adapting the reform to
the school’s culture (Roesken-Winter et al., 2015a).

The corresponding DE PD was designed to follow teacher education best practices as indicated
in El-Hamamsy et al. (2021b), including those found to contribute to sustaining changes in
teacher practices.

Having prolonged PD programs and follow-up support are considered to contribute to the PD
programs’ effectiveness and sustainability (Penuel et al., 2007; Zehetmeier, 2009; Drits-Esser
et al., 2017). The project thus devised a long-term DE PD program spread over two years. For
grades 1-4 teachers, this consisted of 7 daylong PD sessions (approximately 36 hours), and
time with instructional coaches in the schools. The PD sessions provided balanced theoretical
and hands-on practical sessions, a decisive element in PD-settings (Roesken-Winter et al.,
2015a, p.2). The PD sessions were separated by several months so that teachers could reflect,
appropriate, and test the content in their classrooms, which is considered essential to teacher
learning (Roesken-Winter et al., 2015a). Continued support, a key element of effective PD
(Vaughn et al., 1998), is also provided by instructional coaches during the PD and in the
long-term (with an average number of hours per teacher per year ranging from 2.7 to 10.5
depending on the schools, see Caneva et al. 2022). This temporally spread out model, and
access to instructional coaches in schools, was not only beneficial to the teachers but also to

38



2.2 Context: the EduNum project, a widespread curricular reform in the Canton of Vaud in
Switzerland

researchers and the RPP as it enabled and facilitated many of the data collections. For instance,
regular contact with teachers over a prolonged amount of time helped assess their perception
and adoption of the PD program and its content, all the while limiting low response rates
(RQ2, RQ4.1, RQ4.2). Similarly, the instructional coaches provided invaluable support and
feedback to the researchers when organising and administering data collections at the school
and classroom levels (RQ3). Therefore, within the RPP, and when designing the PD program, it
is also important to consider how research may be facilitated by the selected approaches as
was done in the present case.

Curricular alignment, and coherence with the teachers’ context, has also been found to
significantly influence the effectiveness of PD programs and increase the likelihood that
teachers commit to adopting or adapting the innovation (Penuel et al., 2007; Zehetmeier, 2009;
Sullanmaa et al., 2019). In the present case, the curricular alignment of the DE PD content is
ensured by the fact that the curriculum designers collaborated directly with the PD providers,
with many individuals having both roles in the project.

Finally, teachers must feel that teaching the discipline is feasible to promote changes in their
practice (Drits-Esser et al., 2017; Niederhauser et al., 2018). As providing a focus on classroom
practice helps “enhance the chances of successful professional development of primary and
secondary education teachers” (Hubers et al., 2020), the content presented during the DE
PD included ready-to-use hands-on unplugged kinaesthetic activities that were linked to
existing practices. Teachers could actively test these activities during the DE PD, and then
implement them in their classrooms. These opportunities are considered to positively affect
self-efficacy and change in pedagogical beliefs, which facilitates the integration of DE into
teacher practices (Ertmer and Ottenbreit-Leftwich, 2010). Furthermore, given the benefits
of having teachers plan, enact, and revise curricular units (Penuel et al., 2007, p.931), the
teachers were encouraged to adapt the content to their students’ needs and preferences (which
is important for classroom management and teachers’ sense of control over the learning
environment Klingner et al. 2001), exchange with their peers, and provide feedback on PD
adjustments. The resulting curriculum 1 and pedagogical resources 2 are open access and
accessible on the Department of Education’s website.

Within this context, it was therefore possible to investigate the curricular reform framework
and PD program to validate successful elements and highlight remaining barriers in terms of
conception, implementation effectiveness, sustainability and scalability.

1The up-to-date DE curriculum is available at https://www.plandetudes.ch/web/guest/education-numerique
2The 2021-2022 version of the DE pedagogical content is available at https://www.vd.ch/fileadmin/user_

upload/accueil/Communique_presse/decodage.pdf
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3 Methodology

The thesis, as it is embedded within a Research Practice Partnership for a Digital Education
curricular reform project, is aligned with what is called Action Research which we present
in Section 3.1. Furthermore, in this thesis, a majority of the studies (particularly those in
Chapters 7, 8, 9, and 10) focused on analysing surveys and tests and therefore employed
multivariate statistical methods and psychometrics. As these two families of methodologies
may be considered less ubiquitous in the fields of CS Education and Educational Robotics, we
present them in Sections 3.2 and 3.3.

3.1 A Brief Introduction to Action Research

As stated by Somekh (2005), “change is an inevitable and continuous process in social situa-
tions” which is difficult to control, notably in contexts such as Digital Education curricular
reforms that seek “to introduce something new in order to bring about improvement”. In order
to achieve the intended outcomes, it is important to effectively introduce the changes, which
therefore requires have insight into the “implementation of the initiative and using this to
keep it on track as far as possible” (Somekh, 2005). One means of achieving this is through
action research. Action research is a type of research that seeks to address research practice
gaps by having researchers and practitioners collaborate to improve practice and outcomes
within a given context. The objective is that research “become a systematic intervention,
going beyond describing, analysing and theorising social practices to working in partnership
with participants to reconstruct and transform those practices” (Somekh, 2005). Compared
to implementation science which seeks to translate research evidence into practice through
a systematic uptake of evidence-based practices, action research places value on both the
outcomes for knowledge and for practice (Casey et al., 2018; Coghlan and Shani, 2017). Action
research is dependent on “cycles of action and reflection” (Coghlan and Shani, 2017) and
collaborative partnerships (Somekh, 2005) which seek to contribute to knowledge and practice
through iterations “of constructing, planning, taking action and evaluating action” (Casey
et al., 2018). This collaboration relies on having equality between researchers and practitioners
(Somekh, 2005) in order to achieve the best possible outcomes.
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In the context of the thesis, four initiatives sought to contribute to the action research process
and improving both knowledge and practice within the curricular reform:

• Evaluate the action research process undertaken in the project (RQ1). The objective was
to gain a better grasp of how the collaborations between partners, including teachers
and researchers, unfolded and how this may be improved for the remainder of the
project. Although the follow up on said action was not evaluated by researchers, the
studies did contribute to repositioning the values of the group leading the conception of
the curriculum and PD program, and to adapting how the group members interacted.

• Evaluating the implementation, sustainability and scalability of the teacher professional
development program (RQ2, RQ4). To achieve this, researchers collaborated with project
coordinators, and when possible trainers and teachers in the field, to set up evaluation
schemes, in an particular teacher-surveys that were distributed over the course of the
PD sessions. The objective of these surveys was for researchers to validate the curricular
reform framework (RQ2.1, see Section 2.2), and for practitioners to assess the outcomes
of each PD session and obtain recommendations for adaptations of the pedagogical
content (RQ2.2). A more longitudinal view on the data collected through these surveys
also helped identify remaining implementation barriers which are particularly relevant
for the reform’s sustainability (RQ4.1) and scalability (RQ4.2).

• Inquire into student-level outcomes of the initiative (RQ3.2) with the help of practition-
ers in the field in order to determine to what extent the curricular reform was achieving
the intended objectives (van den Akker, 2003).

Consistently with the objectives of action research, all findings were shared with project
collaborators in order to contribute to practice, and published in international peer reviewed
conferences and journals in order to contribute to the state of the art.
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3.2 A Brief Introduction to Multivariate Statistical Methods

3.2.1 Confirmatory Factor Analysis, an approach to confirm the hypothesised
structure of the relationships between variables

This section’s content is adapted from the following articles:

• El-Hamamsy, L., Zapata-Cáceres, M., Barroso, E. M., Mondada, F., Zufferey, J. D., & Bruno,
B. (2022). The competent computational thinking test: Development and validation of an
unplugged computational thinking test for upper primary school. Journal of Educational
Computing Research, 60(7), 1818-1866. https://doi.org/10.1177/07356331221081753 (Laila
El-Hamamsy’s contribution: conceptualisation, methodology, investigation, data curation,
formal analysis, writing - original draft preparation, visualisation, writing - review & editing,
reuse authorised under CC-BY-NC license)

• El-Hamamsy L.*, Monnier, E.-C.*, Avry S., Chevalier M., Bruno B., Dehler Zufferey J., and
Mondada F. (2023). Modelling the Sustainability of a Primary School Digital Education
Curricular Reform, Professional Development Program. Education and Information Tech-
nologies (in press, doi: 10.1007/s10639-023-11653-4, Laila El-Hamamsy’s contribution:
conceptualisation, methodology, formal analysis, investigation, data curation, visualisation,
validation, writing - original draft, writing - review & editing, reuse authorised under the
CC 4.0 licence)

Factor analysis is a technique which groups “observed variables [(e.g., questions in a test or a
survey)] into latent [variables, (e.g., the associated concepts for a test such as what was done
in RQ3.1, or constructs for a survey such as what was done for RQ2.2 and RQ4.1)] based on
commonalities within the data” (Atkinson et al., 2011) and can be used for content validity in
the case of student assessments, or to validate a survey (i.e. validate the measurement model).

Two main approaches exist for factorial analyses (exploratory and confirmatory). Confirma-
tory Factor Analysis (CFA) is used when there is an assumption about the underlying structure
of the data and to “confirm the structural model of an instrument” (de Souza et al., 2019), while
exploratory factor analysis is usually used to explore the dimensionality of the data at hand.
In the context of this thesis, since the objective was to validate hypothesised relationships
between variables, we employed CFA. When conducting CFA one must employ multiple fit
indices as they provide “a more holistic view of goodness of fit, accounting for sample size,
model complexity, and other considerations relevant to the particular study” (Alavi et al., 2020).
Two types of fit indices exist and must be employed in parallel: i) global model fit indices
assess “how far a hypothesised model is from a perfect model” (Xia and Yang, 2019) (such
as the chi-square χ2 statistic, the root mean square error of approximation or RMSEA, and
standardised root mean square residual or SRMR), while ii) local or incremental fit indices
“compare the fit of a hypothesised model with that of a baseline model (i.e., a model with the
worst fit)” (Xia and Yang, 2019) (such as the comparative fit index CFI and the Tucker-Lewis
index TLI). The recommended thresholds for these metrics are provided in Table 3.1.
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Table 3.1: Global and Local Fit Indices for Confirmatory Factor Analysis and Structural Equa-
tion Modelling.

Metric Explanation Recommended
Threshold

The χ2 statistic (Alavi et al.,
2020; Prudon, 2015)

Tests the null hypothesis that the predicted model and
observed data are equal based on the sample and co-
variance matrices (which is a required condition), but
is sensitive to sample size, with larger samples decreas-
ing the p-value

pχ2 > 0.05

The ratio between the χ2 statis-
tic and the degrees of freedom
χ2/d f (Kyriazos, 2018)

Tests the null hypothesis that the predicted model and
observed data are equal but is less sensitive to sample
size

χ2/d f ≤ 5 for accept-
able fit, χ2/d f ≤ 3 for
good fit

The standardised root mean
square residual (SRMR) (Xia
and Yang, 2019; Hu and Bentler,
1999)

The standardised difference between the observed cor-
relation and the model implied correlation matrix

SRMR < 0.08

The Root Mean Square Error of
Approximation (RMSEA) (Xia
and Yang, 2019; Hu and Bentler,
1999; Chen et al., 2008)

An absolute measure of fit which indicates how far the
model is from a perfect model.

RMSE A < 0.08 for ac-
ceptable fit, RMSE A <
0.06 for good fit

The comparative fit index (CFI)
(Xia and Yang, 2019; Byrne,
1994; Schumacker and Lomax,
2004)

An incremental fit index which compares the fit of the
target model to the fit of a baseline model which has
the worst fit using the using the difference between χ2

statistic and the number of degrees of freedom

C F I > 0.9 for accept-
able fit, C F I > 0.9 for
good fit

The Tucker Lewis index (TLI)
(Xia and Yang, 2019; Byrne,
1994; Schumacker and Lomax,
2004)

An incremental fit index which compares the fit of the
target model to the fit of a baseline model which has
the worst fit using the using the ratio between the χ2

statistic and the number of degrees of freedom

T LI > 0.9 for accept-
able fit, T LI > 0.9 for
good fit

3.2.2 Structural Equation Modelling, a combination of factor analysis and regres-
sion analysis to test the complex relationships between variables

This section’s content is adapted from the following articles:

• El-Hamamsy L.*, Monnier, E.-C.*, Avry S., Chevalier M., Bruno B., Dehler Zufferey J., and
Mondada F. (2023). Modelling the Sustainability of a Primary School Digital Education
Curricular Reform, Professional Development Program. Education and Information Tech-
nologies (in press, doi: 10.1007/s10639-023-11653-4, Laila El-Hamamsy’s contribution:
conceptualisation, methodology, formal analysis, investigation, data curation, visualisation,
validation, writing - original draft, writing - review & editing, reuse authorised under the
CC 4.0 licence)

Structural Equation Modelling (SEM) is a multivariate statistical approach that is used to
combine Confirmatory Factor Analyses (CFA) with multiple regression analyses. This helps
establish the complex relationship between variables, as intended in the adoption modelling
(RQ2.2, RQ4.1) and when attempting to model the impact of adoption on learning (RQ3.2),
and can therefore include:

• Latent factors which can help group multiple measured variables into a single coherent
construct which can then be employed in the regressions.

44



3.2 A Brief Introduction to Multivariate Statistical Methods

• Multiple equations which can help test multiple hypotheses at a time in a single model
and reduce the false positive rate.

• Direct and indirect effects which can provide a better understanding of the relationships
between the variables.

The validation of a SEM must be conducted in two stages: validation of the measurement
model (i.e. the survey used with teachers) which specifies the relationship between what is
measured and the latent factors, and validation of the structural model (i.e. the relationships
between all variables, including latent variables). Prior to applying SEM, the measurement
model must be validated through Confirmatory Factor Analysis (CFA) (Hamid et al., 2017)
which, in addition to meeting the criteria in Table 3.1, would benefit from verifying whether the
sample size is adequate, the normality of the data, the internal consistency of the sub-scales,
convergent validity, discriminant validity and the value of the factor loadings (see Table 3.2).
Once the measurement model has been validated, the structural model can be evaluated
through SEM, and evaluated according to the same fit indices as CFA (see Table 3.1).

Table 3.2: Measurement model validation criteria through CFA.

Metric Explanation and References Recommended Thresh-
old

Sample size The sample size needs to be sufficient to estimate all the model’s
parameters. The recommended ratio between observations and
number of parameters to be estimated is generally 10:1 (Ockey and
Choi, 2015), with 5:1 being the point at which estimates may be-
come unstable (Suhr, 2006; Bentler and Chou, 1987). However, re-
searchers consider that such ratios are not necessarily valid (Ockey
and Choi, 2015). Researchers thus increasingly recommend sam-
ple size calculators (Morrison et al., 2017) such as Soper (2022)’s
sample size calculation tool for SEMs which is based on Cohen
(1988); Christopher Westland (2010)

Sample size sufficient
to detect medium ef-
fect sizes

Skew and Kur-
tosis

The individual items’ skew and kurtosis should be within the rec-
ommended ranges for normality (Ockey and Choi, 2015)

abs(skew) < 3,
abs(kur tosi s) < 10

Internal con-
sistency of the
sub-scales

Internal consistency of the latent factors’ sub-scales must be suffi-
ciently high to be a reliable measure of the corresponding latent
factor and can be established through Cronbach’s α and the Com-
posite Reliability (CR) for all sub-scales (Cortina, 1993; Hamid
et al., 2017)

α in [0.7−0.9], C R > 0.7

Convergent Va-
lidity

Extent to which the items are representative of the latent variable
they intend to measure (Lee and Louis, 2019; Fornell and Larcker,
1981), metrics such as the Average Variance Extracted (AVE) can
be used in conjunction with the Composite Reliability (CR)

AV E > 0.5 for good fit,
and AV E > 0.4 if C R >
0.6 for adequate fit

Discriminant
validity

An indication of the extent to which the different latent factors are
unrelated (Hamid et al., 2017) which can be established through
Rönkkö and Cho (2022)’s discriminant validity test

Correlations between
latent factors < 0.9

Fit indices See global and local indices in Table 3.1
CFA factor load-
ings

Factor loadings indicate the extent to which the observed variables
explain the variance of the associated latent variable. For a given
factor loading, the amount of variance explained is equal to the
square of the loading value (e.g. a loading of 0.5 will explain 0.52 =
0.25, i.e., 25% of the variance of the associated latent factor)

Significant loading
with standardised
value above 0.3
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3.3 A Brief Introduction to Psychometrics

This section’s content is adapted from the following articles:

• El-Hamamsy, L., Zapata-Cáceres, M., Barroso, E. M., Mondada, F., Zufferey, J. D., & Bruno,
B. (2022). The competent computational thinking test: Development and validation of an
unplugged computational thinking test for upper primary school. Journal of Educational
Computing Research, 60(7), 1818-1866. https://doi.org/10.1177/07356331221081753 (Laila
El-Hamamsy’s contribution: conceptualisation, methodology, investigation, data curation,
formal analysis, writing - original draft preparation, visualisation, writing - review & editing,
reuse authorised under CC-BY-NC license)

• El-Hamamsy, L., Zapata-Cáceres, M., Marcelino, P., Bruno, B., Dehler Zufferey, J., Martín-
Barroso, E., & Román-González, M. (2022). Comparing the psychometric properties of
two primary school Computational Thinking (CT) assessments for grades 3 and 4: The
Beginners’ CT test (BCTt) and the competent CT test (cCTt). Frontiers in Psychology,
13:1082659. doi:10.3389/fpsyg.2022.1082659 (Laila El-Hamamsy’s contribution: conceptu-
alisation, methodology, data curation, formal analysis, writing - original draft preparation,
visualisation, writing - review & editing, reuse authorised under CC-BY licence)

Psychometric theories are part of a field which seeks to understand the structure of intelligence
and “portrays intelligence as a composite of abilities measured by mental tests” 1. Psychome-
tric theories help evaluate the quality of assessments, as was done in RQ3.1 to validate the
competent CT test, through two main properties: validity and reliability.

Reliability is “the ability to reproduce a result consistently in time and space”. Classical
Test Theory and Item Response Theory are two complementary (O. A. and E. R. I., 2016;
De Champlain, 2010) approaches typically employed to analyse the reliability of scales and
assessments.

Validity on the other hand “refers to the property of an instrument to measure exactly what it
proposes” (Souza et al., 2017) and is typically presented under four forms (Taherdoost, 2016):

• Construct validity, or the “extent to which there is evidence consistent with the assump-
tion of a construct of concern being manifested in subjects’ observed performance of
the instrument” (Raykov and Marcoulides, 2011). Simply put, does our test measure the
skills/abilities it intends to measure? This can be achieved through factor analysis.

• Content validity, or the “degree to which test components represent adequately a perfor-
mance domain or construct of interest” (Raykov and Marcoulides, 2011), i.e. “whether
the particular items in the test adequately represent the domain of possible items one
could construct” (Raykov and Marcoulides, 2011). Simply put, is the test fully rep-
resentative of the content it aims to measure? This can be achieved through expert
evaluation.

• Criterion validity, or how closely the results of the test correspond to the results of a

1See the section of the Encyclopedia Britannica on Psychometric Theories here https://www.britannica.com/
science/human-intelligence-psychology/Psychometric-theories.
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different test. It can be established by comparing the assessment with other validated
instruments (Román-González et al., 2017, 2019).

• Face validity, or the extent to which the content of the test appears to be suitable to its
aims, which is often established through expert evaluations.

Both validity and reliability must be considered to adequately validate an assessment instru-
ment.

3.3.1 Classical Test Theory, a sample-dependent estimation of the reliability of a
test

Classical Test Theory “comprises a set of principles that allow us to determine how successful
our proxy indicators are at estimating the unobservable variables of interest” (DeVellis, 2006)
and focuses on test scores (Hambleton and Jones, 1993). Main metrics include i) item difficulty
(proportion of students responding correctly), ii) reliability2 (to what extent is the variance
observed due to true variations in students’ abilities rather than errors, often computed using
Cronbach’s alpha when considering scale reliability) and iii) discrimination (i.e. to what
extent the question helps distinguish between the top performers and the low performers,
estimated using the Point-biserial correlation). Unfortunately, Classical Test Theory suffers
from several limitations. As its focus is at the test level, the observed scores and true scores
are test-dependent, and sample-dependent (Hambleton and Jones, 1993). In other words,
“different samples with different variances will not yield equivalent data or data that can easily
be compared across samples” (DeVellis, 2006). While Classical Test Theory can be used to
compare groups against one another, this can also put into question the reliability of the test.
Moreover, “a score value on one item should mean the same thing as the same score value
on another item of the same scale” (DeVellis, 2006), which is not necessarily true when we
consider assessments that have questions of increasing difficulty. That is why researchers have
advocated the use of ability scores which are test independent.

3.3.2 Item Response Theory, a sample-independent estimation of the reliability of
a test

According to Hambleton and Jones (1993), i) IRT is sample independent so scores describing
examinee proficiency are not dependent on the test difficulty, ii) test items can be matched
to ability levels, and iii) the test models do not require strict parallel tests to assess reliability.
This is because IRT models the link between a students’ latent ability and their probability
of correctly answering a question. Indeed, by evaluating the tests’ questions with respect to
latent ability:

2Reliability is defined as the proportion of an item’s variance that is shared with the true test score. A test
score can be considered as made up of a true score and an error. The test variance is therefore the sum of the
true variance and the error variance. Reliability represents the ratio between the true variance over the total test
variance. Therefore, the lower the error variance, the higher the reliability.
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• The results are more likely to be sample independent (Xie et al., 2019), and therefore
more likely to generalise beyond a specific sample of learners (Xie et al., 2019), thus
providing consistency between two different populations.

• IRT is more adapted to compare multiple assessments through the latent ability scale (Dai
et al., 2020; Jabrayilov et al., 2016), and thus including cases where different populations
have taken the tests. Comparing two assessments can indeed be done in cases where
the instruments measure the same latent traits (Xie et al., 2019). This can be verified
through Confirmatory Factor Analysis, as done by Kong and Lai (2022b).

IRT models estimate the probability of a person of a given ability (measured in standard
deviations from the mean) answering each question correctly. This is visualised through a
logistic Item Characteristic Curve (ICC) for each question. As Fig. 3.1 (A) shows, an item’s
difficulty (bi ) is the x-value (θ) where the ICC reaches a y = 0.5 probability of answering
correctly, and represents the number of standard deviations from the mean the question
difficulty is. Items to the left of the graph are considered easier while items on the right are
considered harder. According to De Ayala and Little (2022), “typical item and person locations
fall within -3 to +3”, with easy items having scores below -2, average items having scores
between -2 and +2 and hard items having scores above +2.

Several IRT models exist for binary response data, here we focus on one parameter logistic
(1-PL) and 2-PL models which we employed in the thesis. While 1-PL models consider that
only difficulty varies across items, 2-PL models also take into account that some questions can
discriminate more or less well between students of different ability, and thus exhibit varying
ICC slopes. In the example in Fig. 3.1 (B), blue and red items are of equal difficulty bi (y = 0.5
crossing) and relatively similar discrimination ai , while items green and purple are of equal
difficulty and varying discrimination. As the blue item is steeper, it has a higher discrimination
than the red, green and purple items. According to De Ayala and Little (2022), reasonably good
discrimination values range from approximately 0.8 to 2.5. Indeed, questions with steeper ICC
slopes are better suited at discriminating between students at a given ability, while questions
with lower discrimination power have more gentle slopes.

Items that discriminate better (steeper ICC slopes) thus provide more information about the
ability level at which students are likely to start answering correctly, which results in higher
bell shaped Item Information Curves, or IICs. The bell shaped curves in Fig. 3.1 (C) represent
the amount of information Ii provided for each of the test’s items according to the student’s
ability θ. These IICs vary in both maximum value (dependent on the item’s discriminability,
i.e. the ICC slope), and the x-value at which they reach it (the item’s difficulty). Here, the blue
and red curves, as well as the green and purple curves, have the same difficulty (they both
reach their maximum around x=-2 and x=0 respectively), but are of different discriminability:
the blue item discriminates more than the red, the red more than the green and the green
more than the purple (steeper ICC slope, and higher maximum IIC value).

Taking into account the different test items and the amount of information provided by each
question, one can obtain the resulting Test Information Function (TIF) and Standard Error of
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Measurements (SEM). In Fig. 3.1 (D), the TIF (blue) is the sum of the instrument’s IICs from
Fig. 3.1 (B) and (C), while the SEM is the square root of the variance. The TIF shows that the
instrument displays maximum information around -2 and provides more information in the
low-medium ability range than in the high ability range. The SEM (red) is at its lowest where
the test provides the most information (maximum of the TIF) and at its highest where the test
provides the least information (minimum of the TIF).

Please note that prior to applying IRT, it is recommended to verify whether the data meets
the unidimensionality criteria. If the unidimensionality criteria is not met, the higher the
mispecification, then the higher the impact on the estimated parameters, and in particular on
the discrimination parameter (with little impact on the difficulty parameter, Kahraman, 2013;
Rajlic, 2019). The unidimensionality criteria can be verified through Confirmatory Factor
Analysis (CFA) as done by Kong and Lai (2022b) for instance. As test input data is often binary
(with a score of 0 or 1 per question), the CFA analysis should be conducted using an estimator
which is adapted to non normal data and employs diagonally weighted least squared and
robust estimators to estimate the model parameters (Schweizer et al., 2015; Rosseel, 2020).

When analysing the results of IRT, as in the case of Confirmatory Factor Analysis, and other sim-
ilar statistical approaches, multiple fit indices should be considered to establish the goodness
of fit of the model. Model fit indices include the following metrics:

• the chi-square χ2 statistic which should have pχ2 > 0.05. However, the larger the sample,
the larger the chi 2 statistic, and the lower the p-value (Alavi et al., 2020; Prudon, 2015)
the literature suggests employing the ratio between the χ2 statistic and the degrees of
freedom with a cutoff at χ2/d f ≤ 3 (Kyriazos, 2018). At the individual item level for IRT
models, Orlando and Thissen’s signed χ2 statistic (S −χ2) is recommended, with a ratio
of χ2/d f ≤ 5 being acceptable (Wheaton et al., 1977; Kong and Lai, 2022b) and a ratio
below 3 being considered good.

• the root mean square error of approximation or RMSEA which should be < 0.06 for good
fit and < 0.08 for acceptable fit (Xia and Yang, 2019; Hu and Bentler, 1999; Chen et al.,
2008).

• the standardised root mean square residual or SRMR (Xia and Yang, 2019; Hu and
Bentler, 1999) which should be < 0.08.

• the comparative fit index (CFI) and Tucker Lewis index (TLI) with values > 0.95 indicat-
ing a good fit, and acceptable values being > 0.90 (Kong and Lai, 2022b).

Finally, more specifically to IRT, are the following metrics:

• Yen (1984)’s Q3 statistic to measure local independence which requires that none of
the pairs of item residuals have a high correlation to ensure that local independence
is not violated for the given model type. Critical values for the Q3 statistic are often
arbitrary (Christensen et al., 2017) (e.g. 0.2 Kong and Lai, 2022b; Christensen et al., 2017
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Figure 3.1: IRT Theory plots. (A - top left) Item Characteristic Curves for four items of equal
discrimination (slope) and varying difficulty (using a 1-PL model on the cCTt test data). (B -
top right) Item Characteristic Curves (ICC) for four items (blue, red, green, purple) of varying
difficulty and discrimination (using a 2-PL model on cCTt test data). (C - bottom left) Item
Information Curves (IICs) for the items in (B). (D - bottom right) Test Information Function
(TIF, in blue) for the four items from (B) and (C), and the standard error of measurement (SEM,
in red).
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or 0.3 Marais, 2012) but should account for the fact that with small samples and a high
number of items the values of the Q3 statistic are expected to be higher than in cases
with large samples and low number of items (Christensen et al., 2017). Similarly, as the
number of items is high, the critical values are also expected to be higher (Christensen
et al., 2017). The Q3 statistic is computed once the model with the best fit has been
selected.

• the M2 statistics by Maydeu-Olivares and Joe “which have been found to be effective in
evaluating the goodness of fit of IRT models” (Kong and Lai, 2022b).

• the IRT reliability for each ability θ which is “closely related to test information and
standard error, as it concerns the measurement precision and can be calculated with the
equation r = 1−SE M(θ)2)” (Kong and Lai, 2022b) where SEM represents the standard
error of measurement for each ability.

• Wainer and Thissen (2001)’s marginal reliability metric (rxx ) which “denotes the ratio
of the true score variance to the total variance, expressed with respect to the estimated
latent abilities” (Andersson and Xin, 2018).
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4 Co-constructing the curricular reform is
beneficial but comes with considerable chal-
lenges

Co-construction is considered to be an effective means of accounting for the perspective
of multiple actors. In the context of curricular reforms two perspectives appear key but are
often lacking : (i) teachers’ perspectives to account for the reality of the field and improve
teachers’ acceptance of the reform, and (ii) researchers’ perspectives to account for evidence-
based best practices and ensure that the outcomes of the reform are met. Researchers and
teachers are unfortunately rarely involved in CS-related curricular reforms and it is important
to consider how they may interact both among one another and with other stakeholders in a
large scale project with implications at the level of an entire administrative region. Therefore,
in order to establish the benefits and challenges of co-construction and how this may be
effectively achieved within a Research Practice Partnership (RPP, RQ1), we present in this
Chapter the findings of three studies that we conducted which provide progressive insight into
co-constructing a CS curricular reform with teachers, researchers and other key stakeholders.
To that effect, we conducted three studies on co-construction with teachers and researchers
in the context of the EduNum project but focused on different facets and at different scales :

• The benefits and challenges of co-constructing research with teachers through two case
studies conducted in their classrooms (El-Hamamsy et al., 2022c).

• The benefits and challenges of co-constructing a small-scale pilot CS curricular reform
with teachers, researchers and other RPP stakeholders by considering the perspective of
(i) teachers who interacted regularly among one another in a community of practice,
(ii) RPP stakeholders and trainers who supported the teachers throughout the pilot to
conceive the CS lessons, (iii) researchers who interacted regularly with the trainers and
teachers to evaluate the outcomes of the CS lessons with students to provide feedback
to teachers and trainers for adjustment (El-Hamamsy et al., 2023a).

• The benefits and challenges of co-constructing the overall CS curricular reform and
teacher-PD program between project coordinators, trainers, teachers and researchers
within the RPP (El-Hamamsy et al., 2023e).

The findings helped establish the benefits and challenges of co-construction among all stake-
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holders within a Research Practice Partnership (RPP), therefore including researchers and
teachers, to implement a curricular reform and its PD program. Such insight not only helps
address the gap in the RPP literature regarding additional understanding about how they work
(Welsh, 2021), but also provides insight into how co-construction among all stakeholders can
be effectively achieved and improved in the context of a curricular reform. We present the key
findings pertaining to co-construction in the following sections before discussing them in a
concluding section in light of the first research question, i.e. How can CS-curricular reforms be
conceived in order to account for the reality of the field? (RQ1, see Fig. 4.1).

Figure 4.1: Contextualisation of the chapter with respect to the thesis objectives.

4.1 Co-constructing research with teachers: a means of enriching
research and engaging teachers in teaching the discipline

This section’s content is adapted from the following article:

• El-Hamamsy, L., Bruno, B., Kovacs, H., Chevalier, M., Dehler Zufferey, J., & Mon-
dada, F. (2022, February). A case for co-construction with teachers in curricular
reform: Introducing computer science in primary school. In Australasian Comput-
ing Education Conference (pp. 56-65). https://doi.org/10.1145/3511861.3511883
(Laila El-Hamamsy’s contribution: conceptualisation, methodology, investigation,
data curation, formal analysis, writing - original draft preparation, visualisation,
writing - review & editing, reuse authorised by ACM with authorisation obtained
from all co-authors)

In the first study on co-construction (El-Hamamsy et al., 2022c), we sought to investigate
the benefits of co-constructing research with teachers. To achieve this, we adopted a co-
constructive approach to drawing research conclusions with teachers in the field in the context
of classroom investigations. There are many examples in the literature of studies in the field
which do not account for the teachers’ perspective conjointly with student learning outcomes
(Leoste et al., 2021). Limited teacher involvement in CS education research is problematic as:

• Involving all stakeholders in research practice partnerships and curricular reform is a
condition for success (Rorrer et al., 2021; Cahlikova, 2020).

• Teachers have “localised knowledge of their students [...] and can provide unique, on-
the-ground insight into the enactment of specific curriculum materials” (Davis et al.,
2011) and hands-on pedagogical expertise.
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4.1 Co-constructing research with teachers: a means of enriching research and engaging
teachers in teaching the discipline

• Teachers ultimately decide whether or not to introduce a given content into their prac-
tices (i.e. adopt).

That is why teachers’ perspectives should be integrated from the start of such investigations in
a co-constructive process (defined as the joint creation of knowledge and or practice) which
recent studies have shown to be beneficial for lesson unit design (Leoste et al., 2021), and
curricular reforms (Cahlikova, 2020). The integration of teachers’ perspectives is what we
strove to achieve through two cases of co-construction (one researcher-initiated, and one
teacher-initiated) that we conducted at the primary school level. These studies aimed at
introducing CS Unplugged activities into the classroom and understanding their impact on
learning in other disciplines. In the researcher-initiated case study, we approached primary
school teachers to see whether they would be interested to participate in a first study to
evaluate a CS pedagogical activity and its contribution to mathematics. After participating
in the first case study, a grade 4 teacher proposed investigating how a CS Unplugged activity
could be leveraged as a complementary activity to help students practice their spelling. Each
case study therefore involved two teachers and their students.

A mixed methods approach was employed for both case studies (see El-Hamamsy et al. (2022c)
for more details regarding the methodology) to (i) investigate the transversal quality of two
kinaesthetic CSU activities from the primary school CS education curricular reform, (ii) co-
construct the key takeaways and (iii) understand the benefits of the co-constructive process.
The case studies therefore included quantitative student data from four classes to establish
the transversal benefits of the two CSU activities (which we do not present in the thesis but
is available in El-Hamamsy et al. 2022c), and data from three qualitative teacher interviews
to expand on the benefits of the activities and the role of co-construction in said context.
As the focus here is on co-construction, we focus on the teacher data obtained through the
interviews. The interviewer sequentially asked the teachers about their:

1. Objectives and expectations when deciding to participate in the study.

2. Initial perception of the students and student learning after teaching the activities, as
well as on the benefits and bottlenecks of the CS activities. The objective was to gain
an unbiased insight into what the teachers thought of the activities before they were
presented the results of the data analysis.

3. Perception of the student learning analysis following our (the researchers’) presentation
of the results of the pre-post test analyses. The objective was to discuss the implica-
tions of the findings with the teachers, all the while considering to what extent these
aligned with the teachers’ knowledge of their students. We (the researchers) believed the
teachers’ perspective provided meaningful insight and depth to the analysis of student
learning, an opinion that was mirrored by the teachers.

4. Opinion about co-construction and translational research (i.e. the systematic approach
to develop innovation by transforming research results into practical applications).
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In the following subsections, we mainly expand on the findings pertaining to the last two
points from the three teacher interviews to establish the benefits of co-construction between
research and teachers.

4.1.1 Teachers’ perception of the utility of the researchers’ parallel analysis

The teachers appreciated having insight into student learning which was devoid of impressions
and goes beyond a priori, an identified limitation of classroom assessments (Malouff and
Thorsteinsson, 2016).

“Research shows concrete evidence of progress and helps identify what is useful. [...] It helps
validate or not the intuitions. You don’t always know if you’re right or not. It’s good to have
an outside perspective. [...] In the end, the aim is to see how useful and interesting it is
for the students. Research allows us to have an outside view, not just that of the teachers.
It allows us to have another vision of our profession and the activity we do, to question
ourselves and see how to improve it.” (Teacher - Grade 4)

In particular, the teachers believed the quantification of progress and the added visualisations
helped identify what was useful and what wasn’t. While the teachers expressed not having
time to do similar analyses themselves, they were interested in having them more frequently.

“It would be interesting to have these analyses more regularly, but it is a matter of time.”
(Teacher - Grade 3)

“We don’t have time, we don’t do graphs. Seeing them allows us to see the improvements and
progress. I’d be interested in having analyses like this more regularly. It helps understand
what’s happening in general, and to see what really works and what doesn’t.” (Teacher -
Grade 4)

It would therefore appear that researchers and teachers stand to benefit from joint analyses,
notably when considering that i) teachers don’t have time to dedicate to in depth analyses,
often focusing more on preparation of activities and classroom management than the vali-
dation of student learning (Leoste et al., 2019) and ii) researchers would gain a deeper and
broader understanding of student learning, which allows to better design and assess learning
activities.

Co-constructing in an RPP - Study #1 Takeaway #1

Having researchers evaluate student learning and present the results of the class to the
respective teachers gives teachers complementary and objective insight into student
learning, an identified limitation of classroom assessments (Malouff and Thorsteinsson,
2016). Teachers are interested in such analyses and would appreciate having access to
similar analyses more often.
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4.1.2 Teachers’ perception of researchers

The teachers did not have prior experience with research and had preconceptions about
researchers that were in line with many stereotypes such as not knowing the field, not under-
standing students, lack of flexibility etc..., sentiments often echoed by K-12 teachers (Lewison
and Holliday, 1997).

“I had preconceived ideas that didn’t correspond to how things went in our case. For
example, that researchers don’t know the children, or the daily life of a classroom. Or that
researchers are not necessarily interested in the children and do not consider what is going
outside the experiment itself, in the daily life of the class. There is often this image of the
researcher who has not seen a child.” (Teacher - Grade 3)

“I used to have the impression that the researchers had their objectives and that was it. They
just had to write their report.” (Teacher - Grade 4)

The teachers’ perspective changed after participating in the research, notably after grasping
the importance of conducting translational research in the field in the most “natural” settings
for the students and as close as possible to the way teachers normally teach.

“It was interesting to have the research in the field, to have the researcher present to make
the observations, instead of just giving the procedure and leaving us to do it alone. [...] I
understood later that the aim was for the activities to be carried out as usual.” (Teacher -
Grade 3)

While it is true that research has requirements which often involve sticking to a specific
methodology, it is important to consider how translational research is conducted in classrooms,
which has an impact on the quality of co-construction (Smith, 2016). In particular, it is
important to keep in mind that the paradigm of going into classrooms, asking for things
unrelated to teachers’ teaching, and going back out tends to foster such negative sentiments
(Lewison and Holliday, 1997) and thus negatively impacts the prospects of translational
research, such as school-university partnerships (Smith, 2016). Co-construction appears to
help address such biases which are frequent barriers to translational research in education,
as shown by the teachers’ change in perspective about researchers in the present study. That
is why co-construction should be favoured by researchers looking to conduct translational
research.

“Whether it’s you or the other researchers [of the centre involved in the digital education
reform], you are motivating and make people want to do things. We see that you are ready
to modify, to change according to what you see in the field. You left me free to approach the
activities as I wanted, and to be close to the reality of the field. I have a different view of
researchers following these experiences, also by seeing the human side that you have, the
fact that you are understanding, accommodating. [...] I appreciated the informal exchanges.
That’s also why I want to continue, and to invest myself and do what I can.” (Teacher -
Grade 4)
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However, it is not just teachers that have biases about researchers, but researchers as well,
both about teachers (Lewison and Holliday, 1997) and themselves. The literature on university-
school partnerships has often evoked the presence of a power struggle (Lewison and Holliday,
1997), where it is important to consider that teachers have expertise in the classroom that
researchers usually lack, and to value all stakeholders for their expertise. Only then will it be
possible to establish effective dialogues, meaningful interactions and shared understanding
which are “enabling factors that determine successful co-creation” (Ley et al., 2018).

Co-constructing in an RPP - Study #1 Takeaway #2

Involving teachers in a co-constructive approach to research helps alleviate biases
about researchers, and pave the way for future collaborations.

4.1.3 Teachers’ perception of their role in research

The teachers evoked that their role was not very clear at the start of the interactions, and that
participating in the study required being willing to accept having somebody come in and
observe.

“I wasn’t quite sure where things were going at the beginning. The objectives weren’t very
clear. It wasn’t clear who was going to do the activities. I thought it would be the researchers
to avoid biases. I was also trying to stick to the activity guidelines a bit too much. I
understood later that the aim was for the activities to be carried out as usual. But it’s still
destabilising to have someone coming in and observing.” (Teacher - Grade 3)

As co-construction involves collaboration between people from different backgrounds, one
must be able to manage a certain level of uncertainty, and be willing to invest the time to
go beyond their comfort zone (Smith, 2016) to familiarise with one another, understand
the others’ expertise and create a level of shared understanding. Interestingly, the way co-
construction is approached affects the teachers’ perception of their role and expertise in the
process. In the researcher-initiated case study, the teachers felt more like an “aid”, rather than
an invested party that can reflect on the protocol and assessments to be done as the teachers
did in the teacher-initiated case study.

“I had less expectations for the [first case study] than the [the second] because I was not the
one who created the project. I felt a bit more like an aid and was a bit less active.” (Teacher -
Grade 4)

We must therefore consider the implication of these different ways of establishing co-construction
and the relationship. Indeed, previous studies in the context of co-design of lessons have
shown the importance of agency (Kelter et al., 2021) and creating a sense of ownership (Leoste
et al., 2019; Jonker et al., 2019; Kelter et al., 2021), which ultimately contribute to an increased
likeliness of adoption (Leoste et al., 2020) of innovation. In particular, a comparison of three
case studies conducted by Kelter et al. (2021) shows the benefits of co-design which includes a
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good equilibrium between cooperation (i.e. where labour is divided) and collaboration (i.e. a
“[mutual engagement] in a coordinated effort to solve the problem”, Dillenbourg et al., 1995)
throughout the various phases of the project. Thus, to effectively co-construct, an optimum
between collaboration and cooperation must be reached. Therefore, beyond understanding
each others’ profession, strengths and competencies, an awareness of the complementarity
and what each stands to gain from co-construction is likely key, with the co-construction
modality playing a role in the outcome. Future work should therefore investigate the effect
of different co-construction modalities in translational research, notably provided the role
co-construction may play as a trigger for innovation and change of practices in K-12, for both
teachers and researchers.

Co-constructing in an RPP - Study #1 Takeaway #3

Effectively co-constructing requires (i) creating a shared understanding which may be
difficult and take time, and (ii) considering that the way co-construction is conducted
influences teachers’ perception of their role and investment in the process

4.1.4 Teachers’ perspective on translational research and co-construction

From the interviews, co-construction for translational research, in addition to being “reward-
ing” to contribute to, appears as a trigger of “innovation”, “change” and “progress”, inciting the
teachers to do things differently and encouraging them to collaborate on various endeavours.

““Doing research in the classroom pushes one to do more. I enjoyed having another per-
spective, it pushed me to do other things, to innovate, especially considering that it’s easy
to continue to do the same things over and over.” (Teacher - Grade 3)

“You see the value of research when you are involved in it. It’s rewarding to be part of the
evolution of digital education and to be part of the research. Participating in research allows
me to see new things and to approach my teaching differently, for example by doing a small
test at the beginning, a small test at the end” (Teacher - Grade 4)

By introducing new approaches, one teacher even expressed a change in their personal
manner of answering a question and introducing changes to their teaching, for example
understanding the need for small incremental changes, i.e. to "change things little by little
instead of revolutionising everything as I would normally want to do" (Teacher, grade 4), with
validation in order to draw meaningful conclusions. Concrete examples from the case studies
and interviews include leading the teacher driven case study, and suggesting a prior analysis
of pre-tests in the robot game case study to adapt their teaching accordingly. However the
teacher also mentioned it was not always easy to know how to go about doing these changes.
This is coherent with the fact that university is no longer considered a place for "one off
training" with an increasing need for “lifelong learning [which] urges teachers, educators
and academics to reconceptualise and transform education” (Ng and Chan, 2012) through
collaborations and school–university partnerships which are “important for professional
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development and educational reform” (Ng and Chan, 2012). It would therefore appear that
teachers and researchers can draw from each other’s expertise to adjust their strategies within
the context of educational reform.

Co-constructing in an RPP - Study #1 Takeaway #4

Actively participating in research is a driver of change and innovation in teachers’
practices.

4.2 Co-constructing a pilot program with teachers & researchers: a
means of adequately supporting teachers and understanding
the impact at the student level

This section’s content is adapted from the following article:

• El-Hamamsy L., Pellet J.-P., Roberts, M., Kovacs H., Bruno B., Dehler Zufferey J. and
Mondada F. (2023). A Research-Practice Partnership to Introduce Computer Science
in Secondary School: Lessons from a Pilot Program. ACM Trans. Comput. Educ.
(February 2023). https://doi.org/10.1145/3583779 (Laila El-Hamamsy’s contribu-
tion: conceptualisation, methodology, formal analysis, investigation, data curation,
visualisation, validation, writing - original draft, writing - review & editing, reuse
authorised by ACM with authorisation obtained from all co-authors)

In the second study on co-construction (El-Hamamsy et al., 2023a), we sought to broaden the
investigation to the RPP itself and investigate how co-construction is achieved in the RPP (and
therefore including teachers, researchers, trainers and other RPP stakeholders) when looking
to set up the curricular reform and PD program. More specifically, we considered the case of
the grade 9 CS curricular reform pilot program that began in Fall 2020. The objective of the
pilot was to test the first iteration of the CS curriculum for grades 9 with the following partners
from the partner institutions:

• 3 directors (one per school) who volunteered to have their schools participate in the pilot
program. One of these school directors was also the director of the Digital Education
curricular reform project at the level of the department of education.

• 3 instructional coaches (one per school), who were in charge of providing support within
the schools and provided contextual knowledge from the field to adapt the pilot program.
These instructional coaches had participated in a professional development program to
train them to support their colleagues in the introduction of the discipline.

• 3 members of the department of education, one of whom was in charge of coordinating
the grades 9-11 digital education curricular reform.

• 2 members from the university of teacher education with expertise in teacher profes-
sional development and CS. One of them, a professor with a PhD in computer science,
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was training future high school CS teachers and had contributed to the elaboration of
the CS study plan for primary and secondary school. They were also in direct contact
with the four teachers who taught the CS course (see upcoming paragraph).

• 1 member from the technical university, a project coordinator, an ex-teacher with
expertise in learning sciences, and the coordination of a school-wide ICT reform.

• 1 member of the local university.

The pilot also included 4 voluntary pre-service teachers (two women and two men) who were
enrolled in the Master in CS Didactics at the University of Teacher Education (HEP Vaud).
During the pilot program these four teachers taught an ungraded weekly 45-minute CS lesson
for grade 9 students (ages 12-14) to approximately 110 students as part of their mandatory
internship. The lectures took place between the 1st of February and the 2nd of July 2021 (i.e.
15-17 weeks). As part of the ongoing PD support, the four teachers met as a group with a
professor from the University of Teacher education every two weeks (and more if required).
During these sessions they debriefed on their classroom experience, got feedback and answers
to their questions, and created / adjusted upcoming lessons.

As this pilot program was conducted within the RPP, researchers were involved in the project
to evaluate the program’s outcomes. The objective was to provide feedback to the stakeholders
to inform the decision-making process (instrumental use, Sjölund et al., 2022b) by analysing
the data collected during the pilot and proposing evidence-informed recommendations to
the stakeholders (RPP representatives, project coordinator, trainer, teachers) in relation to the
results. The interactions between us (the researchers) and stakeholders were conducted in
multiple phases:

1. The researchers and practitioners acted as co-inquirers of the effectiveness of the pilot
program, meaning that the researchers and practitioners collaborated here on defining
the aims and methods (Sjölund et al., 2022a). More specifically, the pilot program
evaluation was established between the researchers, the professor from the university
of teacher education (HEP Vaud) and the project coordinator from EPFL, before being
submitted for validation by the representatives of the different institutions.

2. The researchers then analysed and synthesised the data for the pilot program evaluation.

3. The researchers then acted as design advisors and the practitioners as design validators
(Sjölund et al., 2022a) for the recommendations for future iterations of the pilot program.
This means that after the initial co-design phase, the researchers provided recommenda-
tions for practice which the practitioners had to validate. More specifically, this entailed
discussing the results and their implications, including recommendations based on
the literature, with the two research co-designers from step (1) and the teachers. The
results and proposed recommendations were then discussed and validated with the
representatives of the different institutions in light of future piloting phases and large
scale deployment.
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While we (the researchers) did not inform the initial curriculum design, the objective was to
have concurrent research to inform the future iterations of the project, and that the discussions
help practitioners inform researchers of the feasibility of the proposed solutions in the field.

In order to provide a complete picture of the issues at stake, we investigated how the PD
program was co-constructed between the different RPP stakeholders, and its impact at the
teacher and student levels. By considering these different perspectives simultaneously we
improve our understanding of the factors affecting the effectiveness of RPP endeavours, and
particularly those pertaining to CS curricular reforms. Indeed, the literature indicates that the
successful implementation and sustainability of CS reforms is dependent on multiple factors
(Potvin et al., 2022; McGill et al., 2021) and the complex interactions between multiple levels
and their stakeholders (students, teachers, classrooms, schools and districts to name the first,
Kampylis et al., 2013; Hubers, 2020; Tan and Hung, 2020). The stakeholders at these different
levels must work together to support the successful implementation and sustainability of
reforms (Kampylis et al., 2013; Hubers, 2020; Tan and Hung, 2020). Such an approach is
possible within Research Practice Partnerships (RPPs) which look to bridge research-practice
gaps and have seen an increase in the field of education in the past two decades (Coburn and
Penuel, 2016), but are considered to be under-researched, in addition to presenting their own
challenges (McGill et al., 2021; Sjölund et al., 2022a). As the purpose of RPPs is to address
the issues that practitioners face in the field (Coburn and Penuel, 2016), the objective of the
study was to advance our knowledge on RPPs and contribute to the literature by showing
how some challenges may arise in different contexts, and more importantly, how they may
be addressed in light of the need to create a sustainable and scalable CS curricular reform.
To the best of our knowledge, most curricular reforms and PD programs focus on evaluating
the teachers’ perspective, with many lacking insight into student-level outcomes despite
being a key outcome metric (Guskey, 2000). Furthermore, few in the context of CS-Education
curricular reforms take advantage of RPPs and even less simultaneously consider how the
experience is impacted by the RPP, and more specifically, the researchers’ role and interaction
with the other stakeholders.

To address these limitations and contribute to the literature on RPPs and CS curricular reforms,
the evaluation employed a mixed methods concurrent triangulation design which included
multiple key-stakeholders (students, teachers, RPP representatives) involved in the endeavour.
The findings thus highlight from the perspective of students, teachers and RPP representatives:
(i) elements that were successful in the pilot program and how these may be scaled up and
sustained, (ii) the challenges which arose at multiple levels that must be addressed, and how
this may be achieved. Based on the findings, recommendations that are anchored in the
literature were co-constructed with the teachers and representatives of partner institutions.
Although we will not detail all of them here, we emphasise the findings related to the RPP and
more particularly to teachers’ and researchers’ roles and interactions in the RPP which draw
mainly from qualitative data from teachers and RPP stakeholders.

To reflect on their experience in the RPP, the four teachers were invited to participate in a 2
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hour focus group, while the professor from the university of teacher education and the project
coordinator from the technical university (who worked on the curriculum and PD design)
participated in individual 1 hour interviews. The focus group and interviews followed a semi-
structured interview guide that was organised in four distinct parts. The opening questions (1)
explored the interviewees’ experience in the pilot program. The second part of the interview
(2) expanded on their experience co-constructing the program with the representatives they
expressed having collaborated with, and how they believed it supported or did not support
their work. The third part of the interview (3) explored the specific benefits of co-constructing
with representatives of the different institutions involved in the curricular reform and the
means of improving co-construction. The final part of the interview (4) looked to co-construct
a synthesis of the main takeaways. The questions corresponding to the different interview
parts are:

1. Can you tell me a bit about your experience in the pilot?

2. Who did you collaborate with? On what? How? Did the collaboration with them support
your work?

3. What were the benefits / facilitators and difficulties / barriers you experienced in the
project?

4. What are the main takeaways from your experience?

In an initial inductive approach to identify the main themes, the interviewer filled in a hidden
synthesis table while the interviewees discussed their experience. The synthesis table recapped
the main themes according to:

• The main people the interviewees interacted with.

• Whether the statements corresponded to benefits and facilitating elements versus diffi-
culties and barriers.

When the interviewees finished providing their takeaways, they were shown the synthesis
table, which they finished completing with the interviewer to ensure that the themes were
complete and provided an adequate representation of their experience with respect to all
the stakeholders. This therefore provided a first thematic classification of the takeaways, in
a transparent approach which helped validate the constructed picture and minimises mis-
interpretations (Merriam and Tisdell, 2015; Patton and Patton, 2002). In a second inductive
phase, two researchers observed the generated items from the synthesis tables and the in-
terview transcripts1 separately to create a map of coded themes (i.e. a thematic map which
provides the themes and associated codes). Inter-rater agreement was established here based
on the two researchers’ agreement on the themes, their classification according to the project

1The following number of words were transcribed for the main interviews 1430 with the coordinator (1h10
minutes), 2180 with the professor (1h26min), 2100 with the four teachers (1h57)
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phase, the stakeholder the themes related to, and the candidate codes, rather than the coded
transcripts themselves (Creswell and Poth, 2018, p.264), due to resources and time available
in the project for coding. The transcripts were then coded in two stages. First a descriptive
coding approach was used to identify each passage’s topic (Saldaña, 2009) drawing from the
themes in the synthesis tables. This was followed by a focused coding approach (Saldaña,
2009) to identify categories in the data corpus for each of the themes and project phase. Once
the corresponding quotes were identified, the conclusions were constructed over the course
of several meetings between the two researchers to address any and all disagreements on the
conclusions that were drawn. We present the main findings drawn from the interviews in the
following subsections.

4.2.1 Stakeholders’ perspective on co-constructing the Computer Science lessons
and study plan

Co-constructing in an RPP - Study #2 Takeaway #1

Co-constructing lessons with teachers helps account for the reality of the field, but is
challenging to scale and sustain, and should include researchers.

4.2.1.1 Teachers’ perspective on the support received during the novel CS-course imple-
mentation

The teachers believed it was important that a course structure be provided at the start of the
program by the professor and project coordinators, but appreciated having the flexibility and
liberty to discuss and adjust it throughout the semester. The teachers were happy to provide
feedback on the content once they had tested it, and share the adjustments they proposed.

“It went well, we appreciated the liberty we had within the provided framework, regular
meetings with [the professor]. The way we gave the lectures was flexible. We were also a
small group which made it easier.” (Teacher A - focus group)

“It was all new so it was good to be able to discuss together and exchange ideas, collaborate.
The feedback helped make adjustments. As it was the first time it was good to be guided.
Working in a team is essential. [The professor] proposed a first plan and we worked off that.
[They] proposed a framework in which we could evolve.” (Teacher B - focus group)

“We discussed and exchanged ahead of time. We built things together on equal footing.
We realised that the curriculum did not correspond to what [the teachers] were hoping for.
So we changed it. We did the planning week by week and adjusted things.” (Professor -
interview)
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“We had pedagogical freedom to create the course taking into account the field. The group
interactions were useful, sharing etc. and [the professors’] planning was an interesting
guide that helped structure the course.” (Teacher D - focus group)

The teachers also appreciated the support of the professor, and that of the other teachers,
which constituted their peer exchange group and which they considered to be an essential
element of the process.

“The availability of [the professor] and the interactions with somebody like [them] is neces-
sary.” (Teacher - focus group)

“I proposed an escape game for the course and [the professor] helped set it up. We col-
laborated and [they] helped from the technical perspective. We then proposed it to the
other teachers, to see if it was feasible or not, since the students need sufficient guidance.”
(Teacher - focus group)

“It was important to discuss our experiences, to put things into perspective, adapt the
content, and not feel alone in front of the class, to help prepare the lectures” (Teacher -
focus group)

The findings are consistent with the literature which, in multiple cases, has raised the impor-
tance of providing teachers with adequate resources (El-Hamamsy et al., 2021b). However, the
teacher interviews indicate that the content should not merely be imposed, and that teachers
should have agency and a sense of ownership (El-Hamamsy et al., 2022c) when it comes to
their teaching. Teachers must also be supported to be able to make such adjustments, which
in this case was mainly provided by the professor. Indeed i) regular interactions with the
professor which resemble the co-design process recommended by Grover (2021) when looking
to integrate CS into formal education, and ii) participating in a pilot program where they
could freely adapt the pedagogical content, helped promote agency and ownership, which are
important elements in successful teacher PD programs (Coburn, 2003; Jonker et al., 2019) and
are considered to be related to subsequent student engagement (Potvin et al., 2022).

Co-constructing in an RPP - Study #2 Takeaway #1.1

The regular support provided by the professor from the university of teacher education
demonstrates that co-constructing lessons with teachers in a community of practice
promotes their agency, sense of ownership and ultimately their acceptance of the
reform.

4.2.1.2 Scalability and sustainability of the support received

The findings indicate that despite the value teachers’ placed on the support obtained, they
remained nonetheless conscious that the interactions and support they had, including the
inputs from research, would be complex to scale up, a point that multiple stakeholders agreed
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upon.

“Ideally the fundamental interactions should be maintained but it’s very privileged. Creating
a type of professional community and giving [the teachers] the means of staying in contact
would help the community thrive and evolve. But you likely need an external emulation.”
(Professor - interview)

“Next year there is a pilot over an entire year with two times as much content to handle, more
teachers, without a common program, how will all of this be scaled up? The collaborations
and working in a team is essential, being able to exchange regularly, and the availability of
[the professor] were very important. You need to have interactions with somebody like [the
professor]. And how will the research be scaled up? Having access to this dual research and
training system enabled us to exchange views on what we experienced, what had happened,
to put things into perspective, and to reinforce our points of view on the pupils and the
content. We were not alone in front of the class, and it helped to prepare the courses. It was
also useful to learn certain things that we didn’t necessarily know.” (Teacher - focus group)

The findings in terms of the teachers’ perspective highlight the importance of establishing
adequate support in their implementation of the curriculum. This appears in two forms:
coaching, which was provided here by regular interactions with the professor, and the emerg-
ing community of practice. Ongoing support and providing teachers with feedback and the
means to reflect on their teaching over a sustained duration constitute some of the require-
ments for PD quality (Darling-Hammond et al., 2017; Friend et al., 2022b). As indicated by
the interviewees, the support obtained, although adequate, can be difficult to scale up when
considering the widespread introduction of CS into teacher practices. Indeed, the findings
highlight the inherent difficulty of providing large scale PD-initiatives that follow teacher PD
best practices and provide adequate teacher-support which contribute to sustained changes
in teachers’ practices (The Royal Society, 2017b), all the while avoiding the issues related to
top-down initiatives that are less likely “to promote local actors’ motivation and ownership of
the reform” (Tikkanen et al., 2020). Indeed, “top-down reforms tend to have a weak impact on
the everyday life of schools because they often fail to enhance ownership over the reform and
build aligned understanding of the reform across different levels of the educational system”
(Tikkanen et al., 2020). By ensuring that teachers have a voice as was done in the case of the
grade 9 pilot, this may help “overcom[e] resistance to innovations and [reduce] uncertainty”
(Dooley, 1999). Furthermore, as sustaining changes in teachers’ practices is one of the biggest
challenges in education (Hubers, 2020), the support must be adapted to the teachers’ needs
and persist beyond the PD program itself. Therefore any solution within a curricular reform
should consider the need for scalable and sustained support “at multiple levels within the
system to support [teachers’] efforts” (Coburn, 2003). This support should therefore exist and
persist within the schools (Eickelmann, 2013) whether through the actions of school leaders
(Niederhauser et al., 2018; Gu et al., 2019; Wu et al., 2019), instructional coaches (Coburn, 2003;
Pieters et al., 2019; Shirrell and Spillane, 2020), or the teacher community itself with teachers
engaging in a community of practice (Coburn et al., 2012; Kampylis et al., 2013; Eickelmann,
2013).
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One means of approaching this problem is by considering the role the professor played in
the grade 9 pilot, which was close to that of an instructional coach. As stated by Liao et al.
(2021), “providing coaching to change teachers’ teaching practices is not a new method in
K-12 schools. However, coaching has not yet been widely implemented and researched in
teacher PD for technology integration.” This is despite the benefits that coaching may have
on the sustained adoption of the discipline (Dooley, 1999) and scalability of the curricular
reform (Coburn, 2003). One key element for successful coaching is raised by Liao et al. (2021):
there should be a “healthy coach-teacher relationship with sufficient communication and
reflection”. And while the teacher interviews indicated that this was achieved in the present
scenario, it is important to reflect on how this may be scaled up to widespread CS-related
curricular reform, a limitation raised by the teachers themselves. One approach employed
in the curricular reform project evaluated in the thesis is to train teachers in schools to be
instructional coaches for their peers (El-Hamamsy et al., 2021b; Caneva et al., 2022). However,
the question of their role within the schools, and their professional development becomes
critical as they must have competencies which extend beyond the mastery of core CS concepts
(Owen, 2014; Caneva et al., 2022). Part of their role can nonetheless include that of managing
a community of practice within their school so that teachers may engage in regular joint
activities and discussions, as well as developing a shared repertoire of resources to improve
their CS-practice (Wenger, 2011). These elements must be considered in the piloting phase
in order to determine what teachers’ needs are at each level of schooling, and according
to whether they are generalist or specialist teachers. Only by doing so will it be possible to
propose solutions that can be adequately scaled and sustained.

Co-constructing in an RPP - Study #2 Takeaway #1.2

The interactions between the professor from the university of teacher education and
the teachers were adapted in the context of the pilot program, but cannot be easily
scaled to larger initiatives. Therefore, when piloting the support to be provided to
teachers (i.e. co-constructing lessons with teachers and maintaining the community of
practice), it is important to consider from the start how the adopted strategies may be
scaled and sustained for the context of a widespread curricular reform.

4.2.1.3 Co-constructing novel CS lessons must include researchers

Although we do not detail the findings at the student level here, the results in El-Hamamsy
et al. (2023a) indicated that students have high expectations of CS courses and require a course
format and content which is engaging to avoid disappointment and disengagement, notably
in contexts where it is optional to take a CS course (for instance by introducing more project
oriented experiences in the course with real world applications to engage all students in the
course). These expectations were i) in terms of topics such as gaming, hacking, and AI, and ii)
with respect to the development of transversal skills such as collaboration, communication
and so forth. The course, which followed a more traditional format, therefore contributed to a
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miss-match between the course which presented foundational CS-concepts in a traditional
approach, and their expectations. Indeed, while their self-efficacy increased, their motivation
decreased throughout the semester due to a miss-match between their expectations and
the course, with less students attending the course close to the end of the semester. The
recommendation was therefore to adapt the course content and format considering the likely
increase in extrinsic regulation once the course is mandatory for all (a point indeed raised by
multiple stakeholders, including the school directors).

To that effect, the recommendations included adapting the course format to be more active,
collaborative and project-oriented could contribute to promoting intrinsic motivation, espe-
cially considering that CS is well suited to such an approach. Indeed, employing project-based
learning with authentic real-world scenarios has been shown to promote student motivation
(Lam et al., 2008; Chiang and Lee, 2016; European Commission et al., 2022), and is more
effective when teachers have the agency to make “instructional decisions and adapt project
based learning to support students’ needs” (Potvin et al., 2022) Projects also make it possible
to align the learning activities with the topics the students expressed interest in (e.g. gaming
and AI, Holenko Dlab and Hoic-Bozic, 2021). Considering that students have varying interests,
a project-based learning approach may therefore help make CS engaging to a wider and more
diverse audience (Lédeczi et al., 2021), including those not initially interested in CS (e.g. by
having projects in relation to other school subjects, which has also been found to motivate
teachers to deepen project based learning practices (Potvin et al., 2022)). Similarly, a recent
study (Holenko Dlab and Hoic-Bozic, 2021) showed that game development in secondary
school which was linked to solving real-world problems promoted student motivation when
learning how to program. Another promising avenue appears to be “CS for social good” which
was shown to improve students’ CS perception and self-efficacy (Bryant et al., 2019).

The fact that the RPP experienced these challenges confirm that there is, as mentioned by
Sentance (2021), a gap between Digital Education research and its application in the field.
While the pilot was embedded within the context of a regional RPP, there are still challenges
that contribute to both i) the research-practice gap between researchers and teachers who
“occupy a dual space as both the recipient of project interventions and a critical voice within the
project” (McGill et al., 2021), and ii) the fact that effective ways of teaching computing are not
reaching schools and teachers. In the present case it would appear that many challenges were
due to us (the researchers in Digital Education) not being directly involved in the curriculum
creation or teacher PD. The present RPP should, therefore, reconsider the role of researchers
in the process. Indeed, researchers’ roles in RPPs can be diverse and vary between proposing
research plans, supporting the development of pedagogical content knowledge, collaborating
with district leaders, providing knowledge and evidence, and “bring[ing] connections to
external supports for implementation and evaluat[ing] and disseminat[ing] findings” (McGill
et al., 2021). As such, in the present case, it is important to reconsider how researchers may
be more directly involved with teachers, and in the development of curriculum, rather than
having a mainly evaluative role. This manifests not only at the level of the construction of
the PD program and study plan, but also at the level of the research itself as we explain in the
following sections.
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Co-constructing in an RPP - Study #2 Takeaway #1.3

Co-constructing lessons with teachers in the RPP often lacks the input from researchers
in the conception phase, which contributes to the challenges experienced with students.
These challenges are representative of the research-practice gap and the fact that
evidence-based Digital Education best practices are not widely implemented in the
curriculum.

4.2.2 Stakeholders’ perspective on co-constructing the pilot’s evaluation scheme

4.2.2.1 Researchers’ interactions with curriculum and PD designers

The interviewees believed the RPP, which includes multi-institution collaboration between
people with expertise in various fields, including researchers, is an important facet of the
regional CS-curricular reform project. Within this framework, research is considered to be
important, despite being generally lacking in education settings.

“Teaching and education needs more input from research. Few schools are focused on
research and innovation, evidence, questioning ourselves, and are critical about practices.
All PDs should have somebody with a background in research and in practice, with an
interest in both.” (Coordinator - interview)

“It was good to communicate and interact with researchers. It was the first time we had
input from the students, it was good to question them multiple times and see how things
evolved.” (Professor - interview)

Nonetheless, the interviewees believed that researchers aren’t always sufficiently aware of the
discrepancies between research findings and the reality of the field. The interactions were thus
considered useful to help us (the researchers) adapt the research questions and methodology
to the field. In particular it would appear that the interviewees’ teaching experience (namely
the project coordinator and professor from the university of teacher education) was key to
understanding the field and helped them mediate between the teachers and researchers. This
would appear to indicate that teachers, or stakeholders with teaching experience, should be
implicated in the RPP to help bridge the research-practice gap.

“There is often a disconnect between research and practice. There is a gap between the
research world and the teaching and education world. Research is ambitious and idealistic,
things appear doable and manageable. But education is not an exact science. Learning is
messy, education is a messy place to work.” (Coordinator - interview)

“Having a background in teaching makes it easier to find a compromise between theory
and the field, and avoid the distance between practitioners and research. You can help
researchers understand the terrain and adjust the research to the field.” (Coordinator -
interview)
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However, the fact that researchers played the role of evaluators in the RPP framework appears
to have contributed to knowledge gaps. In particular, it would have been interesting for
the stakeholders to have knowledge of evidence-based best practices ahead of time (e.g. by
providing high quality instructional materials, Coburn et al., 2021 and being design advisors
in the initial curriculum design phase, Sjölund et al., 2022a).

“We have no time to brush up on the literature. We are lacking a clear view of the state of the
art, a clear meta-review of where we stand, and key papers. Researchers could give more
with respect to the state of the art in the beginning. We need to anchor our beliefs and have
something to guide our vision.” (Coordinator - interview)

But this requires that the different stakeholders have time to do so, and that there be clarity
with respect to each stakeholders’ role in the RPP.

“A well-defined framework is needed to avoid ill-defined roles so that the expectations are
clear for all” (Professor - interview)

“There was no time to focus on the research, I needed to concentrate on creating the content.
I already didn’t have enough time to create the pedagogical resources so it did not feel right
to invest time in research. I would have liked to be implicated in the research more, but I
didn’t have the time.” (Professor - interview)

Co-constructing in an RPP - Study #2 Takeaway #2

Research is valued by the RPP stakeholders but must still be adapted to better align with
the field (e.g. by including teachers more). Researchers should also be more involved
and more active in the conception phase, providing insight into the literature so that
those conceiving the curriculum and PD program are aware of the latest advances in
the state of the art.

4.2.2.2 Researchers’ interactions with teachers

The teachers found it beneficial to get detailed insight into the students’ perception throughout
the semester, and discuss recommendations that they may implement and that may be
considered for future iterations of the program.

While, in the present case, the research results were shared with the teachers, which the
teachers found beneficial, we (the researchers) mainly interacted with the project coordinators
and the professor to set up the research plan. This contributed to a number of the challenges
raised by the teachers within the partnership. In particular, the teachers would have liked
to have more interactions with us (the researchers) to discuss the research beforehand and
suggest improvements. Both teachers and researchers would stand to benefit from this
approach as teachers could provide feedback on the items and suggest improvements, all
the while gaining insight into why the questions were asked and the expectations of the pilot
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program.

“I would have liked to see the research question. The researchers should perhaps show the
research objectives beforehand to better understand why certain questions are asked. ”
(Teacher - focus group)

“[The researchers] need to explain some elements more clearly, such as the why, the how
and their expectations. It’s important that we understand the survey’s content and why
certain questions are asked.” (Teacher - focus group)

While the teachers did not interact with researchers in the research design phase, they actively
provided feedback on the curriculum and research results, which gave them valuable insight
into the students’ perspective upon which they were able to act.

Without advocating that teachers be researchers, future wok should investigate how teachers
may collaborate with researchers on common goals to benefit all parties in an RPP. The
literature, and the findings of the previous study (see Section 1.2.1) support the benefits for
both teachers and researchers :

• Teachers would stand to gain access to usable research, opportunities to develop and
apply new knowledge, professional renewal (McGill et al., 2021), as well as detailed
insight into their students’ perception which could benefit their teaching (Lambirth
and Cabral, 2017), and thus student learning. Teachers participating in action research
studies were for example found to adopt a more systematic approach to integrating
feedback from their students “resulting in pedagogy shifts and gains in motivation,
engagement and attainment” (Lambirth and Cabral, 2017).

• Researchers on the other hand would stand to gain a deeper understanding of school
contexts and practices, resulting in an increase in the reliability of research outcomes
(McGill et al., 2021; El-Hamamsy et al., 2022c).

Overall, our findings support that such interactions would improve i) the quality of action-
and classroom-based research, ii) translational research and the implementation of research
results in teacher practices, ultimately contributing to the challenge of implementing Digital
Education research in classes (Sentance, 2021). For such teacher-researcher interactions to be
successful, and as indicated in the previous study (El-Hamamsy et al., 2022c), it is important to
consider the teacher’s perception of their role in the collaboration as this may have an impact
on the extent to which they feel they can provide feedback on the research design and reflect
on the results of the research. Finally, the present study further highlighted the importance of
an adequate alignment between researchers’ and teachers’ objectives to ensure that teachers
feel invested in the research outcomes and are both willing and able to adapt their teaching
accordingly. Based on these findings it is evident that RPPs should consider and investigate
how to have researchers interact directly with the teachers in the field in a way that benefits
both parties (El-Hamamsy et al., 2022c; McGill and Reinking, 2022).
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Co-constructing in an RPP - Study #2 Takeaway #3

Research outputs are valued by teachers, but teachers consider that there are insuf-
ficient interactions between researchers and teachers. There should be additional
interactions between these stakeholders in order to improve the outcomes of RPPs and
reduce research-practice gaps.

4.3 Co-constructing the reform with teachers & researchers in a RPP:
a means of aligning with the field and promoting evidence-based
decision making

This section’s content is adapted from the following article and its poster:

• El-Hamamsy L., Kovacs H., Bruno B., Chevalier M., Dehler Zufferey J. and Mondada
F. Co-Constructing a Computing Education Teacher Professional Development
with Teachers & Researchers in a Research Practice Partnership (under review,
Laila El-Hamamsy’s contribution: conceptualisation, methodology, formal analysis,
investigation, data curation, visualisation, validation, writing - original draft, writing
- review & editing)

The previous study highlighted the benefits and challenges of co-constructing a small scale
pilot by focusing on the specific case of the grade 9 CS pilot’s outcomes, and thus had a
limited scope (reduced number of stakeholders, one level of schooling) and did not include
researchers as study participants, a perspective that is frequently lacking in studies on co-
construction and RPPs. This third study (El-Hamamsy et al., 2023e) therefore expands the prior
work by adopting an ethnographic approach to understand how co-construction occurs in
the RPP among all key stakeholders (project coordinators, trainers, teachers and researchers)
to conceive and pilot the curricular reform’s PD programs (at all levels of schooling) before
deploying them to the entire administrative region. The analysis therefore considers the per-
spectives of a broader range of actors working on sub-projects at all levels of schooling (grades
1-4, 5-8, 9-11 and 12-14). A sequential exploratory design was adopted. A first qualitative
investigation allowed for an open-ended, inductive and exploratory framework (Creswell and
Poth, 2018) that exposed the participants’ lived experiences in the complex educational reform
project. This is important because the partners’ stances towards the RPP (Farrell et al., 2021b),
i.e., their “self-reported behaviours and perceptions are important elements in examining”
RPPs (Wentworth et al., 2017). A second quantitative investigation then helped validate the
findings.

Given the projects’ scope, we focused on the PD program’s direct stakeholders, which, after a
call made out for online interviews, included:

• 5 project coordinators (hereby referred to as coordinators, CO), all with either (or both)
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experience with teaching and with Digital Education reforms. They coordinate the
development and implementation of the curriculum and PD program for a cycle of
schooling (i.e., either grades 1-4, 5-8, 9-11, or 12-14) with trainers and researchers. Please
note that these coordinators had some level of exposure with research: 2 had first-hand
experience with research, and the others had various experiences exposing them to
interactions with researchers prior to the project.

• 4 PD trainers (hereby referred to as trainers, TR) with prior teaching and/or training
experience. They create the PD content, train teachers in the field, and adapt the PD
content during the piloting phase, prior to large scale deployment.

• 7 teachers (TE) who participated in the PD program for at least one year at the time
of the interviews. Please note that 4 worked together in a community of practice and
preferred to be interviewed together.

• 3 researchers (RE) who evaluate the project to identify implementation and sustainability
barriers, and provide feedback to practitioners for adjustments through research on
each of the PD sessions and other targeted research projects (e.g., with school lead-
ers, instructional coaches, students etc...). More specifically, in the context of the PD
program, researchers analyse survey data acquired during each PD session and then
present the findings to coordinators and trainers. More generally, they contribute, with
the coordinators, to an annual report that is shared with all the partner institutions
that documents the decisions taken, the research’s findings and the ensuing recommen-
dations for the curricular reform project as a whole. They also publish international
peer-reviewed articles based on the findings to share the lessons learned from their
experience with the broader research community.

The interview methodology is heavily based on the one described for the previous study
(see Section 4.2 and El-Hamamsy et al., 2023a) which is why we do not detail it once more
here. However, we do emphasise that the term co-construction was not employed by the
interviewers to avoid biasing the interviewees’ responses.

4.3.1 The benefits of co-constructing the Digital Education curricular reform’s PD
program

The interviewees describe the project as ”exciting and collaborative with everybody doing a
bit of everything” (CO04). The “project’s scale is rewarding, since we see the successes, growth,
and impact” (CO02). Within this context, collaborations and co-construction are regarded
as key elements for the successful implementation of the curricular reform’s PD program as
“everybody has something to give” (RE02), particularly by coordinators. The collaborations
are also considered unique as they include stakeholders with varied experiences, including
“people with teaching backgrounds [which] is directly useful for the project” (CO02).
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“Participating in this project is a great experience with good collaborations. It is very rich, it
is the first time I have experienced something like this. [...]Having people with knowledge
of computer science, training, sociology opens up other perspectives and gives other points
of view.” (CO05)

“We are all on the same level, we have complementary knowledge and experiences. Re-
search knows the literature and data, coordinators know the teachers’ fears and hopes,
coordinators and trainers are the closest to the field.” (RE02)

The “melting pot makes the project richer” (CO02), as the collaborations between these diverse
set of actors contribute to “rich solutions because there are common discussions and analyses”
(CO04). The interactions also benefit the individual partners as “exchanging with other people
always gives another point of view. Everybody learns something” (TR04), some even “everyday
from the interactions with the team” (CO03). However, the project’s scale and the variety of
stakeholders involved also contribute to its complexity. Therefore, to succeed, it is necessary
to uphold a team’s mindset, which depends on building a team with common core values such
as being constructive, a good listener, “available, flexible, empathetic” (CO04), supportive,
adaptable and open-minded.

“The managers’ casting is significant. You have to have team players, which works well here
as [...] everyone is constructive, takes criticism, shares. Everyone is competent, there are no
usurpers. You need to acquire this mindset.” (TR03)

Research is also important to evaluate the project, provide evidence that helps move away
from impressions, and validate decisions. “Research is a safeguard” (CO03) but since “it is not
inherent to have links with research in such projects” (CO05), giving researchers a place in the
project needs to be done from the start.

“Interacting with researchers makes it possible to get past "I like" or "don’t like", and helps
find answers. Research is a safety net. It helps us say that what we do is founded and
validate or not what is done [...] and avoids the assumption that it is impressions that
speak.” (CO03)

“It’s interesting because it’s the first project where there was a study with survey experts. It
allows us to see things differently and question ourselves as trainers. We see what works
and what doesn’t, which allows us to change our attitude. It is good to be aware of what
goes on behind the scenes of research, to understand what is done with it, and then what
we have to do behind the scenes to adjust the content.” (TR03)

“Attention should be placed on the importance of the data. It is helpful to have the data and
evidence. There are differences between rumours and facts. It is our role as researchers to
communicate more the results and to connect them to what teachers do.” (RE02)
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Co-constructing in an RPP - Study #3 Takeaway #1

Co-constructing the curricular reform with diverse actors, including researchers, is
considered beneficial by all for the project’s outcomes as it ensures that the wide range
of competences required to set afoot such a project are present within the team.

4.3.2 The dynamics and challenges involved in co-constructing the curricular
reform’s PD program

An interaction timeline for the planning, implementation, and adaptation of a PD session
emerged from the interviews (see Fig. 4.2). The timeline highlights the absence of key stake-
holders in certain phases, which explains why co-construction may not always take place. Al-
though we do not detail each step of the timeline (which is available in the article, El-Hamamsy
et al., 2023e) we provide a synthesis of the study’s takeaways in the following paragraphs and
in Fig 4.3.

Figure 4.2: The primary actors intervening at a given step are indicated on the left with a big
symbol, while secondary actors (i.e. those who contribute to a lesser degree) are indicated on
the right with a small symbol.

From the coordinators’ perspective (1) collaborating within a “melting pot” (CO05) con-
tributes to the quality of the project but requires reconciling many different visions. (2) The
project’s scale is rewarding but challenging, thus requiring teaching and curricular reform
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Figure 4.3: Visual synthesis of the interview’s takeaways.
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expertise. (3) Research is essential in the project to determine what works, and what does
not work, beyond impressions. It therefore helps validate decisions and identify points of
improvement in the PD program, but comes with limitations that need to be addressed when
defining the role of research in the RPP (e.g., timeliness, inability to adapt to all feedback, lack
of time to interact with researchers, and insufficient input from the literature in the construc-
tion phases of the PD). (4) Generally, time is limited, especially given the complexity of the
project. Nonetheless, the interviews reveal two axes for improvements. First, (5) decisions and
research findings must be properly communicated to avoid teachers feeling like research is
useless, evaluative (a tension that was identified by other researchers in PD contexts, Hickmott
and Prieto-Rodriguez, 2018), and feeling frustrated with giving feedback and feeling that it
is ignored. Second, (6) maintaining relationships with teachers is challenging but essential.
Coordinators must be present, flexible, and empathetic, as the “human side is central to the
project” (CO04).

From the trainers’ perspective (1) innovation is important, but keeping up with the evolu-
tion of digital education practices is challenging. (2) Setting up the PD sessions therefore
requires having diverse, versatile, flexible, and constructive team players who have the team’s
mindset and are willing to share and learn from each other. (3) The interactions with other
stakeholders are important and should be a priority of the RPP, but distance and time limit
them. Nonetheless, (4) the resulting PD program is great and unique since it is practical,
dynamic, in close proximity to the field, and strives for horizontal relationships with teachers,
which we have found in another study to contribute to their acceptance and adoption of the
content (El-Hamamsy et al., 2022c). (5) However, (current) teaching experience is essential
to be perceived as credible and legitimate, to be accepted by teachers, to account for the
reality of the field. But trainers also need adult training expertise, which requires a change
in posture that is not inherent. (6) Finally, fostering and promoting a teacher community,
exchanges & long-term support in schools are essential to the project’s sustainability and must
be developed further.

From the teachers’ perspective (1) coordinators and trainers are, and should be, perceived as
persons of trust by trainers and teachers to be able to fulfil their role in the partnership. Indeed,
they understand the field, accompany teachers, are flexible, and available for questions and
feedback. (2) Relationships with teachers are important and should be established with
all stakeholders to understand each others’ perspectives. (3) Allowing teachers to provide
feedback is important and should be possible at all levels of the reform, which requires setting
up clear communication channels. This is because (4) teachers are in a complex ecosystem
that involves many actors (e.g., school principals, and instructional coaches that provide
long-term support) and organisational constraints (e.g., time, classroom management) that
prevent teachers from fully investing in the reform. Curricular reforms affect a wide range of
components and infrastructures (Penuel, 2019) at “multiple interdependent levels (classroom,
school, district, regional, national, and international levels, Kampylis et al., 2013; Hubers,
2020)” (El-Hamamsy* et al., 2023b). These constraints must therefore be accounted for in
the curricular reform’s PD-creation. Within the RPP it is therefore important (5) that teachers
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connect with researchers early on and until sustainability of the changes in teachers’ practices
is reached (Hubers, 2020), and (6) to communicate findings and follow-up on decisions with
teachers.

From the researchers’ perspective (1) researchers should interact with all stakeholders in
the RPP. In the present case, coordinators are the main point of contact for researchers who
interact little with trainers, and in particular teachers, despite the (2) importance of being
on the ground and interacting with all stakeholders. This is because (3) co-constructing
research requires time to get to know each other, explore the literature, discuss results and
their meaning, provide, and receive feedback. (4) These interactions are (and should be)
horizontal and not vertical or one-way. However, (5) more people are needed to do research
and address all stakeholders’ needs and (6) include more data from students, parents and
qualitative inputs.

From the global perspective collaborations are key in the project, but this requires that (1)
attention be paid to composing the team in order to have varied expertise, the same core values,
and (2) an alignment of objectives to facilitate co-construction. Therefore, while (3) research
is valued, what it means to do research in the project, for who or what, should be defined to
avoid misunderstandings and frustrations. Presently, it appears that there is a utilitarian view
of research which must be close to the practitioners’ needs in order to be perceived as useful.
Generally, successful collaborations require (4) transparency and improved communication
with respect to all stakeholders, and (5) sufficient time for their tasks and to collaborate with
others. Finally, the project should focus on the reform’s sustainability by improving (6) the
short- and long-term in-school support for teachers, fostering communities of practice (within
and between schools), and having school leaders’ support.

Establishing the priorities to take action to improve the co-construction of the PD program
was done based on the elements raised in each perspective. More specifically, multiple
short surveys were administered, one after each of these perspectives, to inquire about the
importance of addressing each of the action points. Fig. 4.4 shows the results of the survey
based on the points raised in the previous paragraphs. The results indicate that the priority
should be placed on the following elements to make it easier for the individual stakeholders to
fulfil their roles, improve the interactions between them, facilitate co-construction in the RPP
and ultimately improve the PD program’s outcomes:

• Communication and improved transparency in terms of findings and decisions for all
stakeholders;

• Improving on the actions with a direct impact on sustainability, namely in terms of
long-term support and establishing communities of practice;

• Reconciling the objectives of collaborators within the project (globally, and in terms of
the research’s objectives);
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• Creating and fostering horizontal relationships with teachers in the field, and being
aware of the ecosystem they are in.

Figure 4.4: Importance according to the participants of addressing the different points that
emerged from the interviews to improve the co-construction of the curricular reform’s PD
program. Please note that for the question of long-term support the extremely important
option was not present due to a data collection error.
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Co-constructing in an RPP - Study #3 Takeaway #2

Co-constructing the curricular reform and the associated PD program comes with
challenges and may be improved, e.g. by improving the communication among all
partners, focusing on the sustainability of the endeavour, aligning the objectives of all
partners, increasing the amount of time dedicated to creating and fostering horizontal
relationships with teachers.
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4.4 Discussion on co-construction within the RPP

This section’s content is adapted from the following article:

• El-Hamamsy L., Kovacs H., Bruno B., Chevalier M., Dehler Zufferey J. and Mondada
F. Co-Constructing a Computing Education Teacher Professional Development
with Teachers & Researchers in a Research Practice Partnership (under review,
Laila El-Hamamsy’s contribution: conceptualisation, methodology, formal analysis,
investigation, data curation, visualisation, validation, writing - original draft, writing
- review & editing)

4.4.1 Benefits and challenges to effectively co-construct within the Research Prac-
tice Partnership

In our project, the participants’ perception of the co-constructive process, its benefits and
challenges converge between groups of participants and are globally positive. We relate the
findings to Henrick et al. (2017)’s assessment framework to provide more insight into the RPP’s
effectiveness. The findings support the RPP’s effectiveness along its dimensions and help
highlight areas that may still be improved, thus providing a framework that can be used for
other researchers and practitioners interested in collaborating within an RPP.

Building trust and cultivating partnership relationships

Our RPP provided a collaborative environment where stakeholders interact regularly through
horizontal, non-hierarchical, relationships that avoid inter-personal power imbalances that
may hinder such partnerships (Risan, 2022). These collaborations with various people of
diverse expertise who share common values, including teachers and researchers, are consid-
ered to have contributed to the quality of the project. There are clear dynamics and roles, an
element which is considered important for effective RPPs (Farrell et al., 2019), and value is
attributed to all the stakeholders’ perspectives. Although partners routinely work together,
coordinators are the main point of contact for most stakeholders, and collaborations between
all stakeholders do not occur at all stages of the pipeline. This shows that there is still room
to improve the co-constructive process between all stakeholders. For instance, researchers
should be more involved in the conception phases of the reform’s PD program, while teachers
and trainers should be more involved in the research pipeline.

Conducting rigorous research to inform action

Research was co-constructed with coordinators to address problems of practice (although
more could be done to include trainers’ and teachers’ needs). This requires i) balancing scope,
methods, and timeliness, and therefore clearly defining research’s role and objectives in the
RPP among all stakeholders from the start to ensure all partners’ needs are met, and ii) having
good (and in this case increased) communication of the decisions taken based on the research
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findings, and the reasons behind not taking into account certain feedback.

Supporting the partner practice organisation in achieving its goals

In the present context, researchers supported coordinators and trainers in using research
outputs to (in)validate the selected approach and take evidence-based decisions to improve
the PD program during the pilot phase, prior to large-scale deployment. However, it would
have been beneficial to have a clear statement of the research’s objectives. This should be
co-constructed and shared among stakeholders to ensure that the research serves the RPP as
a whole, and not just some individual actors. Furthermore, having researchers acting mainly
as evaluators suggests a loss of opportunity for coordinators and trainers to benefit from the
literature when conceiving the PD program and content.

Producing knowledge that informs Educational improvement efforts more broadly

The findings stemming from the RPP’s research were shared with collaborators after each
PD session, with partner institutions and the general public through annual reports, and
with the research community through international peer-reviewed publications. However,
communication of the findings could be improved, particularly with teachers in the field.
Indeed, teachers express lacking insight into the objectives of the research, are unclear about
its utility, and about how their feedback is accounted for in the decision-making process.

Building the partners’ capacity to engage in partnership work

The RPP members engaged in fully funded long-term collaborations to develop the curricular
reform’s PD program with a focus on creating a scalable and sustainable output for digital
education. These interactions with various partners who have diverse expertise “provide
capacity-building opportunities to team members” (Henrick et al., 2017) where the partners
learn from each other. Indeed, the interviewees expressed learning from other partners, with,
for instance, the coordinators expressing becoming more comfortable with research and the
research methodology, which is not necessarily the case for trainers and teachers.

Remaining challenges that must be addressed to improve the RPPs effectiveness

The main challenges raised by the interviewees are consistent with the inhibiting factors for co-
construction found in other studies (van Schaik et al., 2019): insufficient communication, lack
of direct collaboration between some groups of actors contributing to issues in terms of vision
alignment (namely for research) and therefore contributing to a research-practice gap. This
is because collaborations between all stakeholders did not occur at all stages of the pipeline,
despite “RPP members establish[ing] norms of interaction that support collaborative decision
making and equitable participation in all phases of the work” being an indicator of a successful
partnership (Henrick et al., 2017). Indeed, two parallel processes appear. The first is the PD
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program and content creation, involving trainers, coordinators, and teachers. The second
is the research pipeline, involving researchers and coordinators in the planning phase, and
trainers during the results’ presentation and discussion phase to provide feedback from the
field, and finalise the content adaptation. These issues, however, do not stem from resistance
between groups of actors, or an unwillingness to interact, but rather from insufficient time to
interact and co-construct.

4.4.2 Recommendations to improving co-construction and the outcomes of the
Research Practice Partnership

4.4.2.1 Establishing horizontal relationships in the field that avoid interpersonal power
struggles

It was essential for all interviewees that partners be part of horizontal and constructive rela-
tionships. This inclusive environment helped address “relational tensions” and ensured that
“all voices [had] equal value” (Daza et al., 2021), avoiding interpersonal tensions and power
struggles that are recurring challenges in partnerships (Daza et al., 2021; Risan, 2022) (although
institutional power struggles were not addressed in this study Cahlikova, 2020). Indeed, to
co-construct a teacher PD program, special “attention [must be paid] to the needs, perspec-
tives, and interests of all the participants [... to break] down hierarchies and [co-construct]
a community of knowledge that shares authority, responsibility, and agency” (Daza et al.
2021 referencing Taylor et al. 2014). However, establishing relationships with teachers and
achieving effective co-construction appears complex and is facilitated by teaching experience,
and taking the time to create a shared understanding (El-Hamamsy et al., 2022c). The latter
increases the stakeholders’ legitimacy, and builds confidence and trust with teachers (the
target audience), an essential component to effectively collaborate in an RPP (Farrell et al.,
2019), likely because trust makes it faster and more comfortable to interact (Daza et al., 2021;
Taylor et al., 2014). These horizontal relationships facilitate effective dialogues and interac-
tions that help refine and adapt the PD program to teachers’ needs and the reality of the field.
Similarly, when coordinators had experience or were more comfortable with research after
having interacted researchers for a few years, this facilitated the co-construction of research
and made it easier to ensure that all stakeholders’ needs were met. This research therefore
“oppose[s] the idea that academic knowledge is the authoritative source of knowledge about
teaching to teach and learn” (Daza et al., 2021), and raises the question of academic hegemony
where researchers often remain solitary in aspects of planning, analysis, and understanding.
More research is required to understand what co-construction may contribute to researchers
and the research process within an RPP.

4.4.2.2 Co-constructing with researchers in all phases of the process to address the research-
practice gap

There is an understanding among the interviewees that research in the RPP, as related to press-
ing practice issues, is valuable for the project, which is considered to be an essential condition
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for the RPP to succeed (Farrell et al., 2021b). Although the research-practice gap is still present,
the interviews indicate that the gap can be addressed by clearly defining and aligning research’s
role in the RPP, and co-constructing a research agenda with all stakeholders to address the
needs of practice (Meyer et al., 2023), (including trainers and teachers). Indeed, trainers and
coordinators were interested in having more up-to-date information from the literature. As
researchers were mainly evaluators in this RPP, to support practitioners, researchers should
play a more active role in the project’s conception. This aligns with Friend et al. (2022a) who
advocate that “identifying problems faced by teachers can guide professional development
offerings, help researchers develop studies that would result in meaningful improvement to
[education], and suggest policy decisions which would result in better outcomes for students”.
Although the RPP provides a space to engage around research findings (Farrell et al., 2021b),
the space does not include all stakeholders (namely teachers in the field). Researchers must
therefore communicate objectives, methods, findings, and actionable elements more clearly
and transparently to all stakeholders. There is also a lack of communication regarding the deci-
sions taken based on the research findings, which exacerbates the perceived research-practice
gap (Farrell et al., 2021b). Only by improving research co-construction with all stakeholders
will it be possible to effectively address the research-practice gap and address problems that
help advance reform and PD-initiatives in the field.

4.4.2.3 Establishing actions to sustain the RPP, curricular reform and PD program’s out-
puts

The PD program is considered unique and of quality as it is conceived by teachers (coordina-
tors and trainers with teaching experience) for teachers, with an open platform for feedback
and iterative adjustments based on teachers’ lived classroom experiences, thus avoiding
universities’ hegemony over teacher education (Andreasen, 2023). The latter is particularly
important since teachers “are more likely to accept [an] initiative if they [can] express their
concerns and [propose] adjustments” (Schleicher, 2018). However, sustaining changes in
teachers’ practices remains a key concern. Although support is provided within schools with
instructional coaches throughout the PD program and in the long term, the stakeholders
voiced that more is required to ensure that the changes persist. Sustainability also requires
funding and leadership continuity (Daza et al., 2021) and although continuity should be guar-
anteed by the curricular reform, funding might not persist until teachers’ practices have been
sustained (which may take years after the end of the PD, El-Hamamsy* et al., 2023b). This
also requires a shift in mindset regarding the research’s temporality. Research is criticised for
its slow pace (Coburn et al., 2021) and expected to be fast and short term, consistently with
the “tensions [found] between short-term solutions and sustainable cooperation” in several
studies (Daza et al., 2021). To contribute to the RPP actions’ sustainability, the research agenda
needs to be negotiated (Meyer et al., 2023) to establish longitudinal research, which may not
adhere to the pressing issues of interest to practitioners in the field (Welsh, 2021), but will
benefit all parties in the long run.
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4.4.3 Concluding remarks on co-construction in the curricular reform and future
perspectives

In conclusion to RQ1, the findings corroborate that RPPs that are co-constructed with the
active input of all stakeholders might require more collective effort and time (Taylor et al.,
2014; Daza et al., 2021), but help address long-standing criticisms regarding research and
practice expressed on both sides (Coburn et al., 2021), and contribute to improving both.
More specifically, based on the findings of the study, we argue that co-construction, which
stakeholders expressed contributed to their work and the project’s quality (as we further
investigate in the following chapters), relies on i) establishing a horizontal and transparent
partnership with experts of diverse expertise, including researchers and teachers, ii) aligning
the stakeholders’ vision, including where research is concerned to ensure it addresses the
needs of all stakeholders, so that the implementation of the reform is successful and sustained,
and iii) improving communication between stakeholders and increasing their interactions
throughout the PD program implementation process.

There remains however a significant challenge when it comes to including teachers in the field
in the co-constructive process, notably considering the need for teachers to have a sense of
ownership in the reform, a pre-requisite for sustainability and scalability (Coburn, 2003). At
the moment project coordinators and trainers have some level of prior teaching experience,
but just one is still a practising teacher in the region. Other RPP models may therefore consider
how to expand the role of teachers in the field, who are the end users of the devised curriculum
and PD program, in the co-constructive process. One approach could be to have a group of
teachers who teach in the region, and therefore still maintain an active role in classrooms,
participate actively in the co-construction phase, thus acting as representatives for their peers
and ensuring that their reality is accounted for. These teachers could for instance be the
instructional coaches, who to some extent are representatives of their peers in each school. In-
deed, this was partially done in the grades 1-4 pilot, as the instructional coaches pre-tested the
PD program before the teachers. This therefore provided a first level of feedback to the trainers
for adjustments before the teachers experienced the PD and was believed by the collaborators
to have contributed to the success of the piloting phase (see Chapter 5). Unfortunately, such a
model was too costly to scale when the project expanded to include other grades and began
deploying and was subsequently dropped. Furthermore, neither instructional coaches’ nor
teachers’ (as in teachers in the field) input was included at the start of the conception phase.
Therefore it could be interesting to consider how teachers in the field could have a more active
role in the RPP conception phases. We discuss this option for the teacher-trainers, i.e. those
responsible for delivering the PD program sessions in the deployment phase, in Chapter 11.

While the studies show a single snapshot at a specific point in time for a given Digital Educa-
tion curricular reform project, provided that the final study occurred in the curricular reform
context at a time where one pilot program had concluded (grades 1-4), several pilot programs
(grades 5-6, 7-8, 9) and one deployment phase (grades 1-4) were ongoing, we believe that the
resulting framework and recommendations generalise to all phases of the reform. This in-
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cludes the conception, implementation, sustainability and scaling of reform, thus addressing
the major challenges related to effectively introducing computing to all. Furthermore, the
particular challenges pertaining to Digital Education (Ertmer and Ottenbreit-Leftwich, 2010)
make it likely that the findings generalise to other reforms and PD programs. This being said,
future directions could involve a more longitudinal approach to exploring co-construction
and investigate how it benefits both research and practice, and how specific adjustments may
contribute to improving the co-constructive process. For instance, while this study attempted
to reposition all the stakeholders and re-establish the functioning of the RPP, we did not
formally follow up on the changes made in the RPP following the presentation of these results.
Furthermore, institutional and political aspects that are common in such environments were
not included, despite being important factors that should be investigated (Cahlikova, 2020)
as they contribute or facilitate certain first order (external) barriers to technology-related
integration into teachers’ practices (Ertmer and Ottenbreit-Leftwich, 2010). Being a slowly
emerging field, considerably more research, including a more longitudinal approach to ex-
ploring co-construction (Arastoopour Irgens et al., 2023), is required to understand how the
co-constructive process may be improved within an RPP, and how research itself may be
co-constructed with actors in the field.
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5 The teacher Professional Development pro-
gram contributed to a successful implementa-
tion phase

This chapter’s content is adapted from the following articles:

• El-Hamamsy, L.*, Chessel-Lazzarotto, F.*, Bruno, B., Roy, D., Cahlikova, T., Chevalier,
Parriaux, G., Pellet, J.P., Lanarès, J., Zufferey, J.D. and Mondada, F. (2021). A com-
puter science and robotics integration model for primary school: evaluation of a
large-scale in-service K-4 teacher-training program. Education and Information
Technologies, 26, 2445-2475. https://doi.org/10.1007/s10639-020-10355-5 (Laila
El-Hamamsy’s contribution: conceptualisation, methodology, investigation, data cu-
ration, formal analysis, writing - original draft preparation, validation, visualisation,
writing - review & editing, reuse authorised under the CC 4.0 licence)

With insight into the process, benefits and challenges of co-constructing the curricular reform
and associated grade-specific PD programs acquired in Section 4.3, the objective was to
understand to what extent co-constructing the curricular reform and PD programs within
the RPP was effective in achieving positive teacher-level outcomes, particularly in terms of
perception and adoption of the novel CS pedagogical content (RQ2.1, see Fig. 5.1).

Figure 5.1: Contextualisation of the chapter with respect to the thesis objectives.

The CS PD programs (and more broadly the Digital Education PD programs which included
the CS PD, ICT PD and Digital Citizenship PD) were were conceived and piloted followed
the process described in Section 4.3 with the objective of lasting two years for each subset of
grades (see Section 2.2). The grade-specific PD programs were evaluated by researchers, and
in the case of the grades 1-4 cohort, were followed up by researchers over the course of four
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years (i.e. therefore including 2 additional years after the end of the program for the grades 1-4
pilot program, see Section 10). Only by conducting such investigations is it possible for us to
validate the curricular reform and PD program framework (RQ2.1) presented in Section 2.2.

As the main focus of the thesis is at the level of the primary school reform, in this chapter we
mainly present the outcomes of the RPP’s two-year pilot Digital Education primary school
teacher PD program that took place between September 2018 and March 2020 for grades 1-4
(ages 5-9). During the first year, the teachers underwent their CS PD while in the second they
participated in their ICT and Digital Citizenship PD. The CS PD was designed to introduce
teachers to core CS concepts in four training sessions spread over the whole school year, so
that teachers would have time to introduce the content into their practices and reflect on
them. Throughout the CS PD sessions, the teachers were progressively introduced to:

• CS Unplugged activities, to discover the basics of algorithmics;

• Robotics Unplugged activities (i.e., that involve the use of physical robots - the BlueBot
and Thymio II - without screens), to learn about the different components of machines
(sensors, actuators) and their behaviours;

• More advanced CS concepts and visual programming activities;

• Advanced concepts in algorithmics, including information and data structures together
with elements of creative computing (CS and arts).

Over the course of these sessions, 13 student activities that are directly transposable to the
classroom were proposed: 9 Computer Science Unplugged (CSU) activities, 2 Robotics Un-
plugged (RU) activities, 1 Robotics Visual Programming (RVP) activity and 1 (non-robotic)
Visual Programming (VP) activity (see Table 5.1). The CS concepts addressed by the proposed
activities are summarised in Table 5.2. As the table shows, the Educational Robotics learning
activities were designed to include a wider and richer range of concepts and pedagogical
sequences than the CSU counterparts, which explains and compensates for their lower pro-
portion. Moreover, the table shows that the ER activities can cover a big part of the CS concepts
in the curriculum, reinforcing the role that ER can play within CS education.

As the Digital Education PD lasted two years, the researchers had the opportunity to evaluate
the teachers’ perception of the CS PD program and their adoption of the CS pedagogical
content one year after the CS PD, coherently with the first levels of Guskey (2000)’s evaluation
framework1. Nearly 350 grades 1-4 teachers (i.e., all of the teachers employed in 10 pilot
schools) participated in the PD program and the evaluations reported in this chapter (see
El-Hamamsy et al. 2021b and El-Hamamsy et al. 2021a for more details regarding the data
collection2). A parallel is also drawn with the 180 grades 5-6 teachers that participated in the

1Please note that the surveys of the first year of the PD program were conceived by the PD-providers with little
input from researchers in charge of evaluating the project, owing to the fact that they had not yet been hired. This
thesis for instance only began at the end of the first year of the PD program, while the second researcher joined
during the second year of the PD program, and the last three joined in the third year of the pilot program.

2The dataset associated with these studies are available on Zenodo (El-Hamamsy et al., 2021c).
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Table 5.1: Summary of the 13 student activities proposed during the CS PD program.

Activity Activity type Recommended duration of an
in-class session in periods (45

minute units)

CS PD session

The sorting machine CSU 4

1
The robot game CSU 4
The crane game CSU 4
The pixel game CSU 4
Treasure hunt CSU 5

Bluebot RU 6
2Pre Programmed Thymio RU 4

Thymio VPL RVP 2

Daily algorithms CSU 4

3
Salmon sorting CSU 1
Networks CSU 2
Scratch Jr VP 5

Cryptography CSU 1 4

Table 5.2: CS concepts covered by the proposed PD activities in relation to the domains defined
by Schiper (2016). Each domain is decomposed into concepts. Algorithms and Programming
covers Algorithms (A1), Language (A2), Instructions (A3), Programs (A4), Conditions (A5),
Loops (A6) and Debugging (A7). Machines and Networks covers the notion that machines
execute orders (M1), the components of machines and robots (M2), the notion that robots
have sensing-to-action loops (M3) and that machines can be connected into networks (M4)
that need security measures (M5). Information and Data covers the notion of Encoding (I1).

Activity Activity
Type

Algorithms and Programming Machines and Networks Information
and Data

A1 A2 A3 A4 A5 A6 A7 M1 M2 M3 M4 M5 I1

The sorting machine CSU x x x x x
The robot game CSU x x x x x x
The crane game CSU x x x x x x x
The pixel game CSU x x
Treasure hunt CSU x x x

Bluebot RU x x x x x x x x
Pre Programmed
Thymio

RU x x x x x

Thymio VPL RVP x x x x x x x x

Daily algorithms CSU x x x x x x
Salmon sorting CSU x x x x x x
Networks CSU x x
Scratch Jr VP x x x x x x x x

Cryptography CSU x

PD program in the subsequent year (see El-Hamamsy et al. 2022b for more details regarding
the data collection). These evaluations included surveys administered at the end of each
training session to assess the teachers’ perception of the PD program and their adoption of
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the content as:

• it is important that teachers have a positive perception of the PD program and its
content, as a pre-requisite for adoption,

• teachers positively perceiving the PD program and the associated pedagogical content
is not an absolute guarantee that the teachers will change their practices, even if intent
is expressed. This therefore requires evaluating adoption and understanding why a
teacher chooses to adopt a given activity.

Please note that although it would have been interesting to have access to teachers’ mastery
of the concepts and their acquisition of technological and pedagogical content knowledge
(Mishra and Koehler, 2006), this was not authorised in the context of the RPP.

The chapter is structured as follows. First we introduce a metric that we proposed and
employed for some of the adoption analyses (see Section 5.1). Then we present the global
results of the PD program from the grades 1-4 and the grades 5-6 program in terms of teacher
representation of the discipline, perception of the PD program and associated content, and
adoption (see Section 5.2). We then adopt a more Educational Robotics centred analysis to
understand how introducing educational robots as a means of teaching CS benefits the PD
program and also provides an opportunity to easily integrate ER into formal education (see
Section 5.3). Finally, we discuss the findings of these different analyses with respect to the
implications for the global curricular reform framework and for researchers and practitioners
in the educational robotics field (see Section 5.4).

5.1 Proposing a metric of adoption “seriousness” to characterise
adoption

This section’s content is adapted from the following article:

• El-Hamamsy, L., Bruno, B., Avry, S., Chessel-Lazzarotto, F., Zufferey, J. D., & Mon-
dada, F. (2022). The TACS Model: Understanding Primary School Teachers’ Adop-
tion of Computer Science Pedagogical Content. ACM Transactions on Computing
Education. https://doi.org/10.1145/3569587 (Laila El-Hamamsy’s contribution: con-
ceptualisation, methodology, investigation, data curation, formal analysis, writing -
original draft preparation, validation, visualisation, writing - review & editing, reuse
authorised by ACM with authorisation obtained from all co-authors)

After discussing the findings of the second year of the PD program with trainers and project
coordinators, there was a realisation that there was considerable variability in the ways the
teachers adopted the content. Some were spending a lot of time teaching a single activity,
but not teaching many. Others were teaching many activities but not doing the prescribed
duration which would ensure that the students achieve the desired learning outcomes. The
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objective was therefore to quantify the extent to which a teacher adopts the CS content and
have more nuanced insight into how the teachers were teaching the content. As the curricular
reform project had not defined what their objective outcomes were, there were no prescribed
expectations that we could refer to to determine whether a teacher was teaching “enough”
content. Therefore, given the lack of a baseline, the metric also needed to be relative to com-
pare teachers to one another.

The theory of diffusion of innovation (Rogers, 2003) characterises adoption on the temporal
scale. In this case however, the objective was to characterise the extent to which a teacher
adopts the CS content. To that effect, we introduced the adoption “seriousness” metric in El-
Hamamsy et al. (2021a). The term “seriousness” is maintained in the thesis and in subsequent
publications for coherence with the first publication where we introduced it, but is used
in quotations to emphasise the fact that it has no link with the teachers’ relation to their
profession and teaching. Adoption “seriousness” is only intended as an indicator of the
teachers’ involvement in the adoption of CS-content, which we believe may be indicative of
sustainability (Coburn, 2003). The adoption “seriousness” metric breaks adoption into three
components:

• Quantity: number of different activities conducted;

• Completion: number of activities carried out with a sufficient number of periods to
have a meaningful pedagogical sequence, i.e., at least two periods as defined by the
professionals who conceived the CS PD;

• Frequency: average number of periods conducted per week.

As described in (El-Hamamsy et al., 2021a), the three components of adoption are then used
in a relative grading scheme. More specifically, the adopters (by which we refer to teachers
who adopted the proposed PD activities) were graded for each component according to the
following rule. A score of:

• 0 is attributed to non-adopters, i.e., teachers who did not teach any of the CS PD
activities;

• 1 is attributed to the bottom third of adopters;

• 2 is attributed to the intermediate third of adopters;

• 3 to the top third of adopters.

These scores are then combined to construct the global unique adoption “seriousness” metric,
which characterises the extent to which a teacher adopts the CS content. Please note that the
use of the term adoption does not provide any indication regarding the level of appropriation
of the content (Karsenti and Bugmann, 2018), nor regarding the teachers’ pedagogy and the
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way the content is taught. The teachers were free to adapt (or not) the content to their own
context, an element that was not measured in the present study. Furthermore, the term
“serious” is used as an indicator of the teachers’ implication in the adoption of CS-content.
This is in line with the definition of adoption at scale provided by Morel et al. (2019) who
define the adoption of an innovation in educational settings as the “use of an innovation
without explicitly conceptualising the expected use of the innovation”. Indeed, we believe
that adoption “seriousness”, as defined here, may be indicative of the sustainability (Coburn,
2003) of the enacted change in their practice. Please note that the “seriousness” metric was
not employed in all the analyses (having been proposed at a later point in time).

5.2 Evaluating teachers’ perception and adoption of CS pedagogical
content following the professional development program

This section’s content is adapted from the following articles:

• El-Hamamsy, L.*, Chessel-Lazzarotto, F.*, Bruno, B., Roy, D., Cahlikova, T., Chevalier,
Parriaux, G., Pellet, J.P., Lanarès, J., Zufferey, J.D. and Mondada, F. (2021). A com-
puter science and robotics integration model for primary school: evaluation of a
large-scale in-service K-4 teacher-training program. Education and Information
Technologies, 26, 2445-2475. https://doi.org/10.1007/s10639-020-10355-5 (Laila
El-Hamamsy’s contribution: conceptualisation, methodology, investigation, data cu-
ration, formal analysis, writing - original draft preparation, validation, visualisation,
writing - review & editing, reuse authorised under the CC 4.0 licence)

• El-Hamamsy, L., Bruno, B., Chessel-Lazzarotto, F., Chevalier, M., Roy, D., Zufferey,
J. D., & Mondada, F. (2021). The symbiotic relationship between educational
robotics and computer science in formal education. Education and Information
Technologies, 26, 5077-5107 https://doi.org/10.1007/s10639-021-10494-3 (Laila
El-Hamamsy’s contribution: conceptualisation, methodology, investigation, data cu-
ration, formal analysis, writing - original draft preparation, validation, visualisation,
writing - review & editing, reuse authorised under the CC 4.0 licence)

• El-Hamamsy, L., Bruno, B., Avry, S., Chessel-Lazzarotto, F., Zufferey, J. D., & Mon-
dada, F. (2022). The TACS Model: Understanding Primary School Teachers’ Adop-
tion of Computer Science Pedagogical Content. ACM Transactions on Computing
Education. https://doi.org/10.1145/3569587 (Laila El-Hamamsy’s contribution: con-
ceptualisation, methodology, investigation, data curation, formal analysis, writing -
original draft preparation, validation, visualisation, writing - review & editing, reuse
authorised by ACM with authorisation obtained from all co-authors)

5.2.1 Grades 1-4 teachers’ representation of Computer Science

Initial estimations provided by the 10 school directors in the pre PD questionnaire indicated
that 16% of teachers would be reticent, 40% would need convincing and only 44% were already
convinced about the integration of CS in their teaching (see Fig. 5.2). The proportion of
teachers estimated to require convincing is coherent with the proportion of teachers con-
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sidering that CS is complex, abstract or had no idea about the subject (120, approximately
35% in the responses in the open questions provided by the teachers. However, changes in
representation around the discipline are visible already at the end of Session 1. As can be
seen in Fig. 5.2, when explicitly asked to evaluate their reticence, openness and confidence in
three separate questions, 13.5% of teachers responded feeling reticent, 94.5% were open to
CS and 88.5% confident that they could implement it in their classrooms when considering a
binary split between positive and negative responses. In the responses provided to the open
question on the evolution of their representation (263 responses), 58% of teachers stated
that their representation evolved positively and 37% that they believed that the discipline
was accessible compared to their initial representation of CS (253 responses) that they char-
acterised as “nothing” (22%), “fuzzy” (15%), “complex” (11%) and abstract (6%) with only
12% of positive comments. When explicitly asked about potential problems in the overall
project, main concerns revolved around the accessibility of the resources (22%), time (21%)
and classroom management (13%).

Figure 5.2: Comparison of (i) the 10 school directors’ estimation of reticent teachers prior to
the PD program, and (ii) their teachers’ responses after the first PD session with respect to
their reticence (reversed), openness and confidence. Negative results are presented in shades
of red and progressively go towards positives in shades of green.

The results after the first PD session are encouraging but are not sufficient to ensure that
teachers change their practices which is why we investigate in the following sections how their
perceive the PD program 5.2.2, and to what extent they introduce the PD pedagogical content
into their practices 5.2.3.

97



Chapter 5. The teacher Professional Development program contributed to a successful
implementation phase

Implementation of the teacher PD program - Takeaway #1

Grades 1-4 teachers change their representation of Computer Science after participat-
ing in the PD in a way that exceeds the expectation of school leaders, indicating that
the PD program is successful in getting teachers to perceive CS positively.

5.2.2 Grades 1-4 teachers’ perception of the PD program and Computer Science
pedagogical content

Teachers positively evaluate the PD program along multiple dimensions, with average re-
sponses being between agree and totally agree on a 4-point Likert scale (see Fig. 5.3). When
considering the open question on what teachers felt was the most useful part of the training
session in Session 1, responses indicated that they appreciated:

• the concrete and practical aspects of the training sessions (over 200 responses);

• the isomorphism that rendered the activities easily transposable to the classrooms (over
70 responses).

In particular, the CS Unplugged and Robotics Unplugged days (Sessions 1 and 2) were partic-
ularly well received (average 3.7 on the 4 point Likert scale) with significantly higher scores
compared to other days (Sessions 3 and 4) for adapted difficulty, equilibrium and content
(Kruskal Wallis test p < 0.001). Teachers generally appreciated less the content related to visual
programming and the more advanced CS concepts introduced in Session 3 and Session 4.

The positive reception of the training sessions was not only expressed by the teachers, but also
by the school directors. In the final questionnaire administered in June 2019, the directors
reported an average satisfaction of 3.9 (on the 4-Point Likert scale) with the PD program. In the
open questions relating to the main successes of the project, they indicated that they believed
that the quality of the project was due to the supervision, support during the year and the
resources that were rapidly made available to the teachers. At the same time, they put forth
elements that might hinder the effectiveness of the deployment to the entire region including
overloading the teachers. Indeed, in terms of teacher overload, the decision was taken not to
deliver a differentiated PD program within the cycle but rather to provide the same content to
all. The rationale was to promote a common CS culture and cohesion throughout the cycle
so that teachers may engage in a dynamic of the teams which was confirmed in the teachers’
focus group at the end of the CS PD. Specifically, teachers confirmed the impact of the PD
program in establishing a community of exchange and collaboration between colleagues,
whether at the level of practices, workshops or equipment.
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Figure 5.3: Teachers’ perception of the PD sessions and the associated content.

Implementation of the teacher PD program - Takeaway #2

Grades 1-4 teachers’ positively perceive the PD program and associated Computer
Science pedagogical content, an important pre-requisite, but not a guarantee, of ped-
agogical content adoption. These findings contribute to validating the PD program
format and content

5.2.3 Grades 1-4 teachers’ adoption of CS pedagogical content

When it comes to changes in the teachers’ practices, the teachers devoted more than 2300
periods between October 2018 and March 2019 to the activities proposed in the PD program,
in addition to the existing curriculum (see Fig. 5.4). On average, this represented 0.7 peri-
ods per week (with 1 period representing approximately 45 minutes) for the teachers that
conducted the activities by the third training session. This is close to the 1 period per week
of CS that was intended by the PD program in light of the integration of the discipline in
the curriculum in the upcoming years. Over the course of Year 1, the proportion of teachers
having carried out at least one activity increased from 88% in November 2018 (out of 357
responses) to 92% in March 2019 (out of 272 responses) and finally 97% in April 2019 (out
of 199 responses) when considering only the teacher that could implement the activities
in their classrooms (see Fig. 5.4). That is to say, this excluded teachers that either did not
partake in the previous training sessions, were on leave, did not have their own class due to
working part time or sharing the classroom with another teacher. In the comment section
of the questionnaire, of those that did not conduct an activity, only 2, 1 and 0 teachers in
Sessions 2, 3 and 4 respectively expressed explicit rejection of the PD program. This is coherent
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with the results obtained in the focus groups lead in the fourth PD session at the end of the
first during which teachers expressed their opinions on the PD program, which was mapped
out live using post-its as a direct form of participators validation, form where only 9 post its
out of 1200 expressed an ideological rejection of the project, either due to believing that the
priorities lay elsewhere or because they did not believe that CS should be integrated altogether.

The adoption results during the CS PD carry on in the second year of the ICT PD which did
not reprise any CS related content. As Fig. 5.5 shows, teachers in Year 2 conducted a higher
number of periods (2875 between September and March 2020, with an average of 1.0 period
per week), still in spite of not having any officially allocated time for CS in the curriculum.
However, when considering the proportion of teachers having conducted the activities, it
decreases from 92% in March 2019 to 80% in March 2020. We hypothesise that 1) the teachers
who did not adopt in Year 1, did not do so also in Year 2 and 2) as a sign of novelty effect
wearing off, the portion of teachers that had conducted just one activity (15%) by Session 4,
did not do any by Day 7 (see Fig. 5.4). Additionally, the results from the second year of the
grades 1-4 PD reveal that teachers who did not adopt any CS activities in the second year were
not teaching any other digital education-related activities either.

Implementation of the teacher PD program - Takeaway #3

A large proportion of grades 1-4 teachers introduce the CS pedagogical content in
their practice both during the CS PD and in the subsequent year (which aligns with
researchers’ estimation that approximately 10% do not implement changes, Gersten
et al. 2000), indicating that the curricular reform framework and PD program are
successful in changing teachers’ behaviour in the short-term.

5.2.4 Grades 5-6 teachers’ adoption of CS pedagogical content

This section’s content is adapted from the following article:

• El-Hamamsy, L., Bruno, B., Avry, S., Chessel-Lazzarotto, F., Zufferey, J. D., & Mon-
dada, F. (2022). The TACS Model: Understanding Primary School Teachers’ Adop-
tion of Computer Science Pedagogical Content. ACM Transactions on Computing
Education. https://doi.org/10.1145/3569587 (Laila El-Hamamsy’s contribution: con-
ceptualisation, methodology, investigation, data curation, formal analysis, writing -
original draft preparation, validation, visualisation, writing - review & editing, reuse
authorised by ACM with authorisation obtained from all co-authors)

Based on the data we collected from the grades 5-6 pilot program that began in September
2019, we note that adoption rates reached 53% between Sessions 1 and 2, and 50% between
Sessions 2 and 3. These proportions are lower than the adoption rates seen for grades 1 to
4 in the same period of time (El-Hamamsy et al., 2021b). We postulate that this difference
is due to teachers having more curricular requirements to achieve in grades 5-6. Indeed, up
to 55% of non-adopters in session 2, and 40% in session 3, reported lack of time, and having
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Figure 5.4: Adoption rates during the CS PD (Year 1) and in the following year (Year 2). The
number of working weeks considered in the adoption data is indicated below the graph.
Adoption is computed only considering the teachers that could conduct activities in their
classrooms and based on the number of different activities they implemented (0, 1, 2 or more).
The number of teachers considered for the analysis at each session is indicated next to the day.
Note that the Year 2 adoption results only includes the data from teachers that could be traced
between sessions as adoption was asked relatively to the last data collection (whereas in Year 1
it was asked from the beginning of the year). Adoption levels were high at the end of Year 1
(92% in March 2019, 97% in April), while in March 2020 it was 80% (for the 181 teachers that
could be followed). This is in line with the fact that 12% of teachers in March of Year 1 had
conducted only one activity and seems to point towards the novelty effect wearing off.
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Figure 5.5: Number of periods conducted by the grades 1-4 teachers in first and second year of
the PD program. Adopted activities are the ones proposed in the PD, and they are the same
in the two years. The adoption for each year is displayed three ways. The first is considering
whether the activity was plugged or unplugged (i.e. using a screen or not) whilst the second is
based on whether the topic revolved around the robot and understanding how it works or not
(some activities in the CSU category, have robotics as a topic). The third column categorises
activities based on their instructional modality into CS Unplugged (CSU), Robotics Unplugged
(RU), Robotics with Visual Programming (RVP) and Visual Programming (VP) activities. The
overall number of periods increases between Year 1 and Year 2 with a notable leap in the
number of Robotics Unplugged activities, in spite of the logistic difficulties often mentioned
by the teachers during the PD.
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other priorities, as reasons for not teaching any CS activities in their classrooms. On the other
hand, less than 25% report lack of confidence, and less than 10% report lack of enjoyment, as
reasons for non-adoption (see Table 5.3). It is important to mention that approximately 40%
of the teachers report not being able to adopt because they do not have their own classroom
(or share it with another teacher who is teaching CS to their students), work part time, or are
specialised teachers. The findings thus appear aligned with other studies mentioning lack of
time as a barrier to the integration of a new discipline into the curriculum (Chevalier et al.,
2016; Castro et al., 2018; El-Hamamsy et al., 2021b).

Regarding the adopters, teachers were asked when they conducted the CS activities, since
there was no dedicated hour in the schedule, a question that had not been included in the
grades 1-4 CS PD surveys. The responses showed that CS activities are mainly integrated in
maths lectures (44% of adopters), followed by sports (27% of adopters), languages (19% of
adopters), sciences (13%), and finally arts and crafts (13%). Only 6% of the teachers reported
integrating the content outside of the lectures of other disciplines. These results highlight
that the CS content may have links with multiple non-STEM disciplines, which is likely due to
the way they were conceived (El-Hamamsy et al., 2022c). For instance, most of the activities
are collaborative and require that students verbalise and express their reasoning, hence the
links with French. Furthermore, the activities often target Computational Thinking concepts
(e.g. Square), closely related to logic, which is traditionally taught in mathematics lectures. By
providing such links (and finding means of integrated CT in other disciplines), it appears more
likely that teachers integrate and adopt CS content, especially considering that teaching in
primary school is a “zero-sum game, where adding a subject means something else needs to be
removed” (Ottenbreit-Leftwich and Yadav, 2022b). This, however, runs the risk of straying from
the objective of teaching core CS-concepts, and thus feeding into the well-known difficulty of
aligning the intended curriculum (what is proposed by the curricular reform and PD program),
the enacted curriculum (what the teachers implement) and the learnt curriculum (what the
students learn) (Porter and Smithson, 2001; van den Akker, 2003). It would thus seem that
practitioners developing CS pedagogical content for formal education should find a balance
between introducing (Ottenbreit-Leftwich and Yadav, 2022b):

• CS as its own discipline, i.e., having dedicated time in the schedule to teach core CS
concepts, while ensuring that the integration of new content does not come at the
expense of others.

• CS in an integrated way, i.e., transversally. Such an approach uses the CS pedagogical
content as a support to other disciplines. Introducing CS transversally is particularly
relevant at the primary school level, as all disciplines are taught by one or two teachers.

Finally, although 45% of the teachers were accompanied for at least one activity (by other
teachers or instructional coaches), this is not related to lower self-efficacy. The lack of correla-
tion between peer support and self-efficacy may be due to one or a combination of two factors.
Either certain activities require more support in terms of classroom management, which is not
captured by the measured self-efficacy, or the 4-point Likert scale does not provide sufficient
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Table 5.3: Teacher Adoption Demographics. Note that the overall column is a weighted average
with respect to the number of responses obtained in each survey.

Proportion of Between
Session 1 and

Session 2

Between
Session 2 and

Session 3

Overall
(weighted
average)

Teachers having adopted 53% (94/177) 50% (85/170) -

Adopters having been sup-
ported by the instructional
coaches

37% (35/94) 53% (45/85) 45% (80/179)

Adopters having done the CS
content during

Maths 33% (32/96) 55% (47/85) 44% (79/181)

Sports 16% (15/96) 39% (33/85) 27% (48/181)
Languages 14% (13/96) 26% (22/85) 19% (35/181)
Sciences 7% (7/96) 19% (16/85) 13% (23/181)
Arts and Crafts 8% (8/96) 18% (15/85) 13% (23/181)
None 6% (6/96) 6% (5/85) 6% (11/181)

Non-adopters’ citing the fol-
lowing barriers

Lack of time and /
or other priorities

55% (39/71) 40% (32/80) -

Confidence 17% (12/71) 24% (19/80) -
Enjoyment 7% (5/71) 1% (1/80) -
No adoption for an-
other reason

42% (30/71) 35% (28/80) -

granularity. Nonetheless, it would be important to determine whether peer support is only
required in the first year of implementation, or whether it must be integrated into the school
structure in the long term to ensure a successful and sustained adoption of the discipline
(Coburn, 2003) (see Chapter 10).

Implementation of the teacher PD program - Takeaway #4

Grades 5-6 teachers adopt the CS pedagogical content less than their grades 1-4 coun-
terparts and appear to suffer more from temporal constraints. The findings further
indicate that the content would benefit from additional links with other disciplines
in order to increase the proportion of grades 5-6 teachers adopting the pedagogical
content.
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5.3 Introducing Computer Science and Educational Robotics simul-
taneously into curriculum benefits both

This section’s content is adapted from the following article:

• El-Hamamsy, L., Bruno, B., Chessel-Lazzarotto, F., Chevalier, M., Roy, D., Zufferey,
J. D., & Mondada, F. (2021). The symbiotic relationship between educational
robotics and computer science in formal education. Education and Information
Technologies, 26, 5077-5107 https://doi.org/10.1007/s10639-021-10494-3 (Laila
El-Hamamsy’s contribution: conceptualisation, methodology, investigation, data cu-
ration, formal analysis, writing - original draft preparation, validation, visualisation,
writing - review & editing, reuse authorised under the CC 4.0 licence)

In this section, which is based on El-Hamamsy et al. (2021a), we adopt a more Educational
Robotics’ (ER) focused approach to the analysis of the grades 1-4 PD program to understand
the benefits of introducing ER as a tool to teach CS. Establishing the role that ER plays in the
CS curriculum is important because educational robots are employed as a means of teaching
CS but require considerable additional investment to equip all schools. Although tablets for
example also come at a cost, these on the other hand may be used in a broader range of settings
(e.g. for lessons in other disciplines) and are already part of teachers’ existing practices. But
cost is not the only factor that comes into play when deciding whether or not to introduce ER
into formal education, and in this case as a support to teach CS. To that effect, we investigated
to what extent introducing ER as a tool to teach CS was beneficial for:

• The CS curricular reform by diversifying the approaches to teach the content and there-
fore appealing to a larger range of teachers;

• Educational robotics, and more broadly STEM education, by providing an easy entry
point to introduce educational robots-related topics into formal education.

Indeed, a large number of studies have investigated the benefits of conducting ER activi-
ties from helping achieve the desired learning outcomes, to improving students’ motivation
(Daniela and Lytras, 2019; Greca Dufranc et al., 2020) and supporting inclusive education
(Daniela and Lytras, 2019) (w.r.t students with special needs (Kim et al., 2015), different socio-
economic status or culture (Eguchi, 2015), and / or gender (Sullivan and Bers, 2019)). Although
these advantages are perceived by both researchers and teachers (Chevalier et al., 2016; Castro
et al., 2018; Khanlari, 2019; Negrini, 2019, 2020), the struggle to integrate ER into formal ed-
ucation is well documented (Eguchi, 2014; Chevalier et al., 2016; Benitti and Spolaôr, 2017;
Negrini, 2020) with difficulties which once again relate to first order (i.e. external) and second
order (i.e. internal) barriers to technology integration (Ertmer, 2005). From this perspective,
the introduction of ER as an extra-curricular activity in informal learning environments can
be seen as an attempt to circumvent these barriers (Benitti and Spolaôr, 2017; Greca Dufranc
et al., 2020). As for CS, the use of ER in informal contexts may have helped explore the range of
possibilities ER has to offer, but comes at the price of limited outreach. Only through curricular
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reform will it be possible to address the first and second order barriers, and increase ER’s
accessibility to a wider range of teachers and students. Unfortunately, ER-related curricular
reform still seems to be a distant reality in most countries.

Conversely, efforts to integrate Computer Science (CS), to which ER is increasingly associated,
into formal education are numerous (Thompson et al., 2013; Heintz et al., 2016; The Royal
Society, 2017b; The Committee on European Computing Education (CECE), 2017; Webb et al.,
2017) and, albeit not exempt from difficulties (Heintz et al., 2016; Webb et al., 2017; The Royal
Society, 2017b; Roche, 2019), they are often better documented, and dare we say, more suc-
cessful. However, it is unclear how and to what extent Educational Robotics is part of those
endeavours and is adopted by teachers into their practices (Balanskat and Engelhardt, 2015;
Julian Fraillon et al., 2020; European Education and Culture Executive Agency and Eurydice,
2019). As ER plays an integral role in the CS curriculum in the EduNum project, the intent
of the study was two-fold. From a practitioners’ perspective, we evaluate the introduction of
educational robotics into formal education through CS curricular reform, from the lens of
adoption, a facet seldom explored in the literature on ER professional development (Schina
et al., 2020). This will help determine i) whether CS curricular reform is a viable avenue for
roboticists to introduce ER activities into formal education, and ii) the extent to which CS as a
discipline benefits from the additional ER activities through the evaluation of teacher practices.

For the purpose of this analysis, an additional end-of-program survey was electronically
administered, to assess the whole PD program. This survey included an assessment of the
adoption of the proposed CS activities over the course of the second training year, as well as
an in-depth assessment of teachers’ perception of robotics. Drawing inspiration from intrinsic
motivation theory (Ryan and Deci, 2000), the concept of interest (and inversely reticence) with
respect to adopting ER is considered. As acceptance of technology innovation theories (and
in particular Technology Acceptance Models, Davis, 1989) include ease of use and perceived
usefulness as predictors for behavioural intention and subsequently usage (King and He, 2006),
both self-efficacy and utility are employed in the analysis. Utility is considered with respect to
CS, other disciplines, transversal skills and student attitudes, similarly to what was done by
Castro et al. (2018). Finally, as recommendation has been found to be highly correlated with a
customer’s return in the literature on customer satisfaction (Danaher and Haddrell, 1996), this
is used as an indicator which should correlate highly with adoption.

Since this end of program survey was conducted outside of the training sessions, and elicited
much lower response rates, it is considered separately in the analyses. Nonetheless, despite
the low response rate of the end-of-program survey (69 complete responses), the results are
reported for two reasons: 1) to ascertain whether the positive perception of robotics reported
by other studies holds for non-voluntary primary school teachers following the PD; and 2) to
identify possible factors influencing the perception and adoption of robotics content. Lastly,
24% of the respondents of the end of program survey declared to have adopted none of the
proposed activities (i.e., to be non-adopters). This percentage is close to the one extracted
from the much bigger pool of respondents of the survey administered in the last session of
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Year 2 (33%), comforting us in the hypothesis that the respondents to the end of program
survey are not only the highly motivated teachers, but to some extent representative of the
larger group of teachers involved in the study.

5.3.1 Teachers’ perception of Educational Robotics after the mandatory CS PD
program

Fig. 5.6 shows the teachers’ perception of ER at the end of the two year PD program. The
teachers want to conduct ER activities in their classrooms (compound item Interest in ER)
both in the short- (78% of “agree” and “totally agree” responses) and the long-term (62%). They
believe they are capable of doing so (83%, compound item Positive ER self-efficacy, α= 0.81),
although a number of teachers reported that integrating ER into their practices is time con-
suming (76%), difficult (55%), and requiring support in the classroom (49%) (compound item
Negative ER self-efficacy). Despite these preoccupations, the perception of robotics is globally
positive at the end of the two-year PD: only 33% of teachers are reticent towards adopting ER
and just 35% would not recommend ER to their peers.

In addition to being interested and confident in their capacity to introduce robotics into their
practices, the teachers perceived ER as useful to teach CS (93%) and even other disciplines
(74%, compound item ER benefits for other disciplines). This is notably the case for maths
(98%), science (75%) and more surprisingly french (61%), and arts (41%). Furthermore, there
seems to be a consensus around the utility of ER in terms of transversal skills (83%, compound
item ER benefits for transversal skills), notably collaboration (89%) and problem solving (91%).
Similar results were obtained concerning student attitudes (88% of positive responses) with
interest, curiosity, motivation and engagement being perceived as positive outlets by over 90%
of teachers. Finally when asked whether they would recommend robotics as an education tool
to other colleagues, 35% of the respondents said that they would not recommend it, while 50%
would and 15% would even highly recommend ER to their peers.

Implementation of the teacher PD program - Takeaway #5

Teachers attain a positive perception of ER through the mandatory CS PD program and
adopt ER activities highly, thus indicating that ER can be successfully introduced into
formal education through CS curricular reforms.

5.3.2 The influence of prior experience with educational robotics on Grades 1-4
teachers’ perception and adoption of ER activities

We separated teachers according to their prior experience with ER (the pioneers, 17 respon-
dents) from those without (the novices, 55 respondents) and checked for significant differences
between these two groups in terms of adoption, prior and contextual factors, and perception.
The results of this analysis are reported in Table 5.4. Prior experience with ER appears to be
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Figure 5.6: Distribution of the responses on the 4-point Likert scale (1 - Totally Disagree, 4
- Totally Agree) for the items pertaining to perception of ER. Constructs denoted by a * are
negative items, therefore a 4 indicates that a teacher totally agrees with the negative statement.
Cronbach’s alpha for internal consistency is provided for the constructs composed of multiple
questions.

unrelated to experience with ICT, teaching, age, gender or the grades taught, suggesting that
any teacher could be an ER pioneer. Moreover, there seems to be no significant difference
between pioneers and novices concerning their interest, perceived utility (with the exception
of interdisciplinary links) and even the adoption of the ER activities. These findings suggest
that the PD program was successful in getting novices interested in ER and willing to integrate
it in their practice. At the same time, pioneers have significantly higher self-efficacy than
novices, likely due to having already conducted ER activities in their classrooms in the past,
and better perceive the utility of ER for disciplines other than CS.

Finally, in Table 5.5 we analyse whether pioneers and novices differ in the type of activities
they adopt (only CSU activities, only RU activities, neither or both). Fischer’s exact test of
independence fails to reject H0 (p = 0.3161) therefore indicating that the adoption type is
independent from the teachers’ prior experience with Educational Robotics.

Implementation of the teacher PD program - Takeaway #6

Teachers’ perception and adoption of ER activities does not differ between novices and
pioneers, thus validating the effectiveness of the PD program in onboarding novices in
teaching ER pedagogical content.
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Table 5.4: Comparison of adoption, prior and contextual factors, and ER perception according
to prior ER experience responses (Kruskal-Wallis test). Comparisons are conducted between
pioneers (those with prior ER experience) and novices (those without). Non significant p-
values are denoted by “-”, whilst significant values with p < 0.05 are denoted by *, p < 0.01
by ** and p < 0.001 by ***. Significant values are accompanied by the corresponding Kruskal
Wallis H statistic and Cohen’s D for effect size. An effect size around 0.2 is considered small,
around 0.5 medium and 0.8 large.

Prior Experience with ER Novices vs. Pioneers

Number of activities -
Number of RU activities -
Number of CSU activities -

Gender -
Age -
Years of teaching experience -
Years of ICT experience -

Positive ER self-efficacy *, H=4.3, D=-0.61
Negative ER self-efficacy **, H=7.5, D=0.8
Interest in ER -
ER utility for CS -
ER adoption reticence *, H=5.3, D=0.69
ER benefits for other disciplines **, H=10.2, D=-0.92
ER benefits for transversal skills -
ER benefits for student attitudes -
ER recommendation -

Table 5.5: Type of activities adopted by the teachers with respect to their prior experience with
ER (i.e. novices with no prior experience, or pioneers with some level of prior experience).

Neither Only CSU Only RU Both RU and CSU Total

Number of novice
teachers

15 4 4 32 55

Number of pio-
neer teachers

2 3 2 10 17

Total number of
teachers

17 7 6 42 72

5.3.3 A comparison of the adoption of Computer Science and Robotics pedagogical
activities over time

All RU activities were seen in session 2 of the CS PD program, which was perceived as the
most interesting by the teachers (Kruskal Wallis test p < 0.001, H=14 compared to session 1,
H=44 compared to session 3 and H=28 compared to session 4, El-Hamamsy et al., 2021b).
However, the results described below suggest that teachers, while immediately interested by
RU activities, required more time compared to CSU to appropriate the content and conduct
the activities in their classrooms. Fig. 5.7 shows the evolution of the overall number of periods
conducted per grade (grades 1-2 versus 3-4) and activity type (CSU versus RU). In year 1, the
overall number of RU periods is lower than that of the CSU activities for all teachers, with
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Figure 5.7: Number of periods conducted by the teachers per activity type from the beginning
of each school year.

teachers in grades 1-2 adopting nearly half as much as those in 3-4P. In year 2, there is a notable
increase in the overall number of RU periods, for both grades.

As reported in Table 5.1, the designers of the CS PD envisioned pedagogical sequences that
allow students to appropriate the underlying CS concepts. These pedagogical sequences
which for CSU activities involve pedagogical sequences of 3.2 periods on average, while RU
activities were require 5.0 periods on average. The difference arises from the way ER activities
are conceived, aiming to address a wider range of concepts through a single task. To verify
whether and to what extent teachers agreed with the proposed sequences, the distribution of
sequence length per activity type was computed during Year 2. Indeed, CSU activities were
conducted in sequences of 2.9 periods on average, while RU activities took 4.6 periods on
average, suggesting that teachers agreed with the provided pedagogical sequences and, most
importantly, implemented the activities in their classrooms long enough for their students to
appropriate the related CS concepts.

Implementation of the teacher PD program - Takeaway #7

There is a delayed but growing adoption of Robotics Unplugged activities, which indi-
cates that these activities require more appropriation time than their CSU counterparts.

The analysis of the number of periods conducted neglects the number of teachers implement-
ing any of the proposed activities in classrooms (i.e., the number of adopters). Fig. 5.8 shows
the evolution, over the two years of the PD program, of the proportion of adopters, denoting
teachers who did not adopt any of the proposed activities in red, those who only adopted
CSU content in blue, those who only adopted RU content in orange and, finally, teachers who
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Figure 5.8: Evolution of adoption type over the course of the PD program. To allow for
comparison, adoption is sampled in March for both years, since the schools were closed
between March and May 2020 due to COVID-19. Cochran’s Q test of independence for matched
pairs of subjects on the observed counts for the adoption type per year is not significant.

adopted at least one activity of both types in green. In Year 1 over 80% of teachers conducted at
least one CS activity, compared to 65% in Year 2. While a direct comparison between the first
and second year rates cannot be made (notably since the decrease in adoption rates is likely
related to the early interruption of the school year caused by the COVID-19 pandemic), relative
changes can be assessed. As the Fig. shows, in Year 1 there are more CSU adopters (76% of the
total, green + blue area) than RU adopters (64%, green + orange area). Conversely, in Year 2
55% of the teachers adopt RU activities, while only 50% adopt CSU activities. The change is
due to a noticeable, although not significant, shift towards only adopting RU activities (orange
surface increasing from 5% in Year 1 to 17% in Year 2), matched by a decrease in the proportion
of teachers only adopting CSU activities (blue surface decreasing from 17% to 12%). Therefore,
although the proportion of adopters decreased in the second year, probably also in part due to
COVID-19 interrupting the school year, during Year 2 the proportion of teachers adopting RU
activities in their classrooms was greater than the one of teachers adopting CSU activities, in
contrast with the results of Year 1.
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Implementation of the teacher PD program - Takeaway #8

There is an emerging preference towards Robotics Unplugged activities which can be
seen by the increase of number of teachers adopting ER activities, highlighting the
importance of having such activities in the CS curriculum.

While adopting just one type of activity could be indicative of a lack of implication in the
program, it could also be due to certain teachers manifesting a preference, but still covering all
the core CS concepts of the program. Similarly, teachers that adopt both types of activities may
just be dabbling lightly in the curriculum, without actually conducting meaningful pedagogical
sequences. To discriminate between these cases, we analysed the adoption seriousness, which
considers proxies for quantity, completion and frequency (see Section 5.1). Although we do
not detail the results here (see El-Hamamsy et al. 2021a for more details), the adoption analysis
helped determine how seriously teachers adopted the proposed activities and whether this is
correlated with a preference towards one type of activities.

As Fig. 5.9 shows, RU activities are generally adopted to similar extents as the CSU activities,
reinforcing the position of both types of activities in the curriculum. Whilst most teachers
adopt both types of activities, some seem to favour one type over the other (see Fig. 5.8),
with an increasing shift towards robotics activities. The expression of such a preference does
not seem to impact the teacher’s “seriousness” about the CS curriculum as a whole (see
Fig. 5.9). Indeed, there are “serious” teachers that favour one type over the other and “non
serious” teachers that adopt both types of activities lightly. This demonstrates the importance
of including both types of activities, which rely on different instruction modalities to cover
similar concepts, in the curriculum and PD program’s conception.

Implementation of the teacher PD program - Takeaway #9

Favouring one type of activity is not indicative of a lack of investment with respect to
teaching the discipline, indicating that both ER and CSU activities may co-exist and
even complement each other in the curriculum, all the while contributing to engaging
a larger proportiong of teachers in teaching CS.
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Figure 5.9: Distribution of the proportion of teachers adopting “seriously” CSU versus RU
activities in Year 1 (left) and Year 2 (right). In both matrices, a cell represents the proportion of
teachers displaying the corresponding values of CSU and RU “seriousness”. As an example,
in Year 1, 1.3% of the teachers included in the analysis displayed high “seriousness” in RU
activities while not performing any CSU activity (sRU = 3 and sC SU = 0, top-left cell). This
proportion increases to 3.7% in Year 2.

5.4 Discussion on the teacher PD program and future perspectives

This section’s content is adapted from the following articles:

• El-Hamamsy, L.*, Chessel-Lazzarotto, F.*, Bruno, B., Roy, D., Cahlikova, T., Chevalier,
Parriaux, G., Pellet, J.P., Lanarès, J., Zufferey, J.D. and Mondada, F. (2021). A com-
puter science and robotics integration model for primary school: evaluation of a
large-scale in-service K-4 teacher-training program. Education and Information
Technologies, 26, 2445-2475. https://doi.org/10.1007/s10639-020-10355-5 (Laila
El-Hamamsy’s contribution: conceptualisation, methodology, investigation, data cu-
ration, formal analysis, writing - original draft preparation, validation, visualisation,
writing - review & editing, reuse authorised under the CC 4.0 licence)

• El-Hamamsy, L., Bruno, B., Avry, S., Chessel-Lazzarotto, F., Zufferey, J. D., & Mon-
dada, F. (2022). The TACS Model: Understanding Primary School Teachers’ Adop-
tion of Computer Science Pedagogical Content. ACM Transactions on Computing
Education. https://doi.org/10.1145/3569587 (Laila El-Hamamsy’s contribution: con-
ceptualisation, methodology, investigation, data curation, formal analysis, writing -
original draft preparation, validation, visualisation, writing - review & editing, reuse
authorised by ACM with authorisation obtained from all co-authors)

• El-Hamamsy, L., Bruno, B., Chessel-Lazzarotto, F., Chevalier, M., Roy, D., Zufferey,
J. D., & Mondada, F. (2021). The symbiotic relationship between educational
robotics and computer science in formal education. Education and Information
Technologies, 26, 5077-5107 https://doi.org/10.1007/s10639-021-10494-3 (Laila
El-Hamamsy’s contribution: conceptualisation, methodology, investigation, data cu-
ration, formal analysis, writing - original draft preparation, validation, visualisation,
writing - review & editing, reuse authorised under the CC 4.0 licence)
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Chapter 5. The teacher Professional Development program contributed to a successful
implementation phase

In this chapter we evaluated the outcomes pertaining to the PD program that was implemented
based on the curricular reform framework which we formalised in Section 2.2 and investigate
throughout the thesis. Using data from the grades 1-4 PD program with 350 teachers and the
grades 5-6 PD program with 180 teachers, our objective was to validate the curricular reform
framework and associated PD program with respect to their effectiveness in getting teachers
to engage in teaching the discipline and therefore change their practice (RQ2.1). In doing so,
we provide a framework for the successful implementation a CS curricular reform and PD
program that others may employ in their own reform initiatives.

5.4.1 A validation of the curricular reform framework, including the PD program
content and format

Based on the experience related in the three studies (El-Hamamsy et al., 2021b,a, 2022b), and
the existing state of the art, several core elements that are specific to the present CS curric-
ular reform framework appear to have significantly contributed to its effectiveness. These
elements, which we present in the following paragraphs, are novel with respect to the state
of the art, positively impacted teachers’ perception of the PD program, their representation
of the discipline and finally the adoption of CS content into their practice. The findings thus
confirm the success of the pilot implementation phase, and in turn validate the curricular
reform framework.

The first contribution of the primary school CS curricular reform framework is the inclusion
of a wide range of pedagogical activities which employ different instruction modalities (un-
plugged and plugged, with and without educational robots) to cover all core CS-concepts.
Indeed, teachers demonstrated a preference towards certain types of activities, even going
as far as just teaching RU activities in the second year of the program. It would therefore
appear that this diversity contributes to an increase in the proportion of teachers adopting the
proposed activities in their classrooms. Furthermore, the inclusion of educational robotics
(and particularly Robotics Unplugged) activities help bridge the gap between CS unplugged
and visual programming tasks. As such Robotics Unplugged activities give young students the
possibility of discovering a wider range of CS concepts (i.e. those related to robots, sensors,
actuators) all the while employing modalities that are developmentally appropriate. Further-
more, there is a level of concreteness fading (in the sense of going from lived to perceived and
finally conceived) that occurs as soon as the succession from Unplugged, Robotics Unplugged,
Robotics Programming and Visual Programming is implemented.

The second and third contributions of the framework are the PD program’s format which
includes isomorphic and ready to use pedagogical activities, and the ongoing support from
instructional coaches in the schools in the short- and long-term. Indeed, the need for peer
support is evident in the grades 5-6 investigation, with numerous studies having found that
supporting personnel (Coburn, 2003; Pieters et al., 2019; Shirrell and Spillane, 2020) and
communities of practice within schools (Zehetmeier, 2009; Yadav et al., 2016a; Li, 2017) are
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key to sustaining changes in teachers’ practices. Such support however requires adequate
PD for the instructional coaches themselves to prepare them for their role (Caneva et al., 2022).

There remains however one considerable hurdle, the issue of time which is an increasing con-
cern the higher the grades and a prominent first order barrier to changes in teachers’ practices
(Ertmer, 2005) which is frequently referred to as a barrier to introducing new computing-
related curricula (Redmond et al., 2021). It is therefore essential to ensure that teachers have
enough time allocated in their schedule to adopt the content, a key component of effective PD
(Penuel et al., 2007). Should allocation of specific time to teach CS not be possible, PDs should
consider providing content that may more easily be linked to the learning objectives of other
disciplines or transversal competencies (Ottenbreit-Leftwich and Yadav, 2022b).

The results of the studies presented in this chapter, in addition to those present in subsequent
chapters, as well as the recommendations in the literature, contribute to validating the curricu-
lar reform framework as a whole. The curricular reform framework can therefore be employed
by other initiatives seeking to integrate CS and/or robotics into their curricula. Additionally,
one notable element of our studies is that they involved teachers participating in a mandatory
CS PD program, and thus not only voluntary, self-motivated participants as in other contexts.
Our analyses can thus contribute to assessing the validity, at a broad scale, of hypotheses and
findings so far typically confined to smaller-scale initiatives which typically include voluntary
teachers.

We are nonetheless aware:

• Of the limitations of these investigations: (i) Most of the data collected was teacher-
related and did not include the perspective of other directly affected stakeholders such
as school leaders and instructional coaches who play a significant role when it comes
to educational transformation in their schools. (ii) The data was mostly self-reported
data which may therefore include biases due to social desirability3 (Grimm, 2010) which
prevents us from having an objective measure of what is happening in the classrooms.
(iii) The data may also suffer from under-coverage and some level of self-selection bias
as the teachers were free to respond to the survey and stop at any point in time. This
contributed to a progressive drop in response rates over time. (iv) The surveys did not
employ validated instruments to evaluate the PD program, although certain sub-scales
included Cronbach’s alpha measure of internal consistency, and Confirmatory Factor
analyses when the sample size permitted it in subsequent studies (e.g. El-Hamamsy*
et al. 2023b, El-Hamamsy et al. 2023d and El-Hamamsy* et al. 2023a). Finally (v) we
lack an evaluation of all of Guskey (2000)’s PD-evaluation framework’s levels, namely
teachers’ mastery of the concepts (Mishra and Koehler, 2006) in all of the studies con-

3“Social desirability bias refers to the tendency of research subjects to choose responses they believe are more
socially desirable or acceptable rather than choosing responses that are reflective of their true thoughts or feelings”
(Grimm, 2010)
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ducted in the thesis, as well as the content-specific perception data for the grades 1-4 CS
PD (as these surveys were administered by practitioners prior to the start of the thesis,
and were corrected for subsequent PD sessions starting September 2019). Researchers
and practitioners seeking to have a complete evaluation of their PD program should
therefore consider how to measure all the constructs at play (Guskey, 2000), using vali-
dated surveys, all the while finding the adequate compromise between the instruments’
reliability and teachers’ likeliness of finishing the surveys.

• Of the importance of follow up studies to determine to what extent the changes in
teachers’ practices are sustained and if not, why (see Part V, Chapter 10), as well as
investigate student learning (see Part IV), and to what extent the results generalise
well in the deployment phase (see Part V, Chapter 11). Indeed, it is not because the
implementation was successful in terms of teacher perception and adoption, that the
students will achieve the targeted learning objectives, that the teachers will sustain the
changes in their practice, or that the findings will replicate in other contexts (i.e. other
schools in the deployment phase).

5.4.2 Implications for ER and ER PD researchers

Given the place attributed to ER in the CS PD, we believe it is important to emphasise four
takeaways that emerged from the ER-specific analyses that may be of relevance to those
conceiving educational robots, ER-related curricula and PD programs.

1. Teachers require more time to appropriate the RU content (and even more so once
programming is involved), than the CSU counterparts which require little appropriation
time. Therefore the findings:

• Confirm the importance of having training sessions spread out in time and an analysis
which is longitudinal and expands over multiple years.

• Are of great importance for the design and assessment of PD programs centred on, or
including, Educational Robotics.

The findings in terms of ER appropriation time also seems to echo the conclusions of Chevalier
et al. (2016): teachers who had not made use of educational robots before were more likely
to believe that they as a teacher needed computer science skills to use the robot, therefore
delaying the robot’s adoption compared to CSU activities in our case. Moreover, the presence
of age and gender stereotypes surrounding the discipline is a well-documented fact (Clayton
et al., 2009; King et al., 2002) which can lead to “computer anxiety”. It is thus not surprising
to find that the primary school teachers, who are mainly middle-aged women in our case,
take more time to introduce robotics-based activities into their practices, compared to the CS
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Unplugged-type content which is much closer to their practices (El-Hamamsy et al., 2021b),
likely due to stereotype threat rather than being capable or not to do so.

2. The global preference towards unplugged content, robotics based or not, highlights the
importance of designing developmentally appropriate ER tools (Elkin et al., 2018) with
multiple interaction means. Whilst one could question whether unplugged activities are
as efficient as the plugged alternatives in terms of learning outcomes, there is an increasing
number of studies investigating the question. In particular, del Olmo-Muñoz et al. (2020)
showed that “unplugged activities improve computational thinking skills in early Primary
Education” and are beneficial when it comes to motivation and gender issues. Indeed, our
findings confirm with a large number of teachers the emerging hypothesis that the success of
ER activities in formal education relies on moving the focus away from “the robot” to consider
the broader Educational Robotics System (i.e., the tasks, the interface and the robot) (Giang
et al., 2019), to be put in relation with the instruction modality, the learning objectives and the
assessment tools and goals (Giang, 2020).

3. Teachers spend more time teaching ER content, which may be due to their design, which
featured an extensive range of scenarios that the teachers could adapt and build upon.
Future work should investigate why teachers spend more time on the more articulated ER
activities (e.g. is it because they interested teachers more than the inherently shorter and
narrower CSU sequences). Such studies would be of great importance for the design of ER
and CS activities to better align with teachers’ practices and increase the likeliness of adoption
in their classrooms. The exploration of the motivations beyond this fact is of fundamental
importance to understand the role that ER can play in formal education. As an example, a
teacher commented that contrarily to what most expect, the RU activities require less material
preparation than the CSU counterparts, and are easier to transpose from the training sessions
to the classrooms. At the same time, the RU activities are generally considered as more
technical, more complex to handle in a classroom, and requiring more teaching time than the
CSU counterparts. Indeed, the results provide concrete testimony of the extent to which time
can be a prominent barrier to ER adoption, as already brought up by other studies (Kradolfer
et al., 2014; Chevalier et al., 2016; Mondada et al., 2017; Castro et al., 2018; Negrini, 2020).
Having dedicated time in the curriculum seems all the more critical to ensure that teachers
continue to integrate ER in their practices without impacting the rest of the curriculum, a
concern often raised by teachers.

4. The positive trends observed over two years in terms of adoption, and especially adoption
of ER activities, in a context where teachers were not forced to adopt, also indicate that
the results were not driven by novelty. A continuous assessment of teachers’ adoption in
the years after participation in the CS PD program is fundamental to analyse the long-term
impact and success of the program and the proposed activities (as we did in our sustainability
analysis for example, see Chapter 10). Furthermore, we believe this method of classifying
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the activities (CSU, RU, RVP, VP) is better than just categorising as plugged versus unplugged,
or robotics related versus not. This not only provides a guideline for the increments to be
used in the teacher development program, which we believe contributed to the successful
adoption, but also helps grasp the nuances of what the teachers do in their classrooms. This
characterisation by instructional modality provides interesting insights on the time teachers
need to appropriate the content.

To conclude, to successfully introduce ER into teacher practices, the robotics community
in particular must engage in the discussions around curricular reform, and offer new ER
situations that help further student learning. This can be achieved by proposing adequate and
developmentally appropriate tools elaborated based on specific guidelines (Giang et al., 2019),
with the curriculum, learning objectives and assessment methods in mind (Giang, 2020), and
ideally in co-construction with teachers.
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6 Understanding what influences teachers’
adoption of Computer Science pedagogical
content is important to understand how best
to tailor them
In the previous chapter, adoption was mostly considered globally with respect to the propor-
tion of teachers teaching at least one activity, and the number of hours taught. This lacked
insight into which specific activities teachers chose to adopt, why they favoured certain ac-
tivities (even when using the same instructional modality), and who tends to adopt certain
activities over others. These questions are important to understand why teachers decide to
teach a given activity or not, and therefore to understand how best to tailor the pedagogical
activities to promote teachers’ acceptance and adoption of the content (RQ2.2, see Fig. 6.1).

Figure 6.1: Contextualisation of the chapter with respect to the thesis objectives.

Few studies evaluate the adoption of pedagogical content, and the factors that influence adop-
tion, despite their known importance in the evaluation of professional development programs
and curricular reforms (Kirkpatrick, 1975; Guskey, 2000). As such, we lack a comprehensive
model of CS pedagogical content adoption in the context of teacher professional develop-
ment programs and curricular reforms. Such a model would benefit practitioners developing
professional development programs by identifying barriers to adoption and tailoring PDs
accordingly. Although there are models of adoption of technology innovation, these focus
on the usage of a tool, which differs significantly from the adoption of a pedagogical activity.
Indeed, when a teacher chooses to adopt a given activity, this involves the active decision to
conduct said activity instead of another (in particular in cases where no time is allocated to
teach the discipline as in the case of primary school here). Two of the studies conducted in the
context of the in-service teacher PD (El-Hamamsy et al., 2021a, 2022b), and one conducted in
the context of the pre-service teacher PD (presently unpublished), contribute to a first level of
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validation of the TACS model, and thus confirm that it can be employed for future work in this
direction.

6.1 Investigating the factors that influence the adoption of ER peda-
gogical content in grades 1-4

This section’s content is adapted from the following articles:

• El-Hamamsy, L., Bruno, B., Chessel-Lazzarotto, F., Chevalier, M., Roy, D., Zufferey,
J. D., & Mondada, F. (2021). The symbiotic relationship between educational
robotics and computer science in formal education. Education and Information
Technologies, 26, 5077-5107 https://doi.org/10.1007/s10639-021-10494-3 (Laila
El-Hamamsy’s contribution: conceptualisation, methodology, investigation, data cu-
ration, formal analysis, writing - original draft preparation, validation, visualisation,
writing - review & editing, reuse authorised under the CC 4.0 licence)

The first investigation into the factors influencing teachers’ adoption of CS pedagogical content
was conducted for the ER activities in the grades 1-4 pilot program (see Section 5.3) as it was
the first time we had access to teachers’ perception of the PD program’s content (and not just
the PD program as a whole). Therefore, going back to the grades 1-4 teacher PD evaluation
(n=350 teachers) and drawing from the survey conducted at the end of the 2 year PD (n=69
teachers), we:

• Explored the tangled relationship between teachers’ perception of ER, their adoption of
ER pedagogical content and their willingness to recommend ER activities to their peers,
all the more interesting in the context of a mandatory PD program. The recommenda-
tions ranged from would not recommend (NR), to those who would recommend (R) and
those who would highly recommend (HR).

• Investigated factors influencing adoption, specifically looking at teachers’ demograph-
ics.

The connection between perception and adoption, while undoubtedly existing, is not straight-
forward. A teacher with a positive perception of ER might be prevented from adopting by
one or more of the first and second order barriers (Ertmer, 2005), while another one might
be motivated to adopt by factors which have nothing to do with perception (through a form
of controlled, or extrinsic motivation, Ryan and Deci, 2000, 2020), and even despite of a neg-
ative perception of ER. As explained previously, in the literature on consumer satisfaction,
recommendation has been found to correlate highly with whether or not a customer returns a
product (Danaher and Haddrell, 1996). Therefore, we focus on a teacher’s willingness to rec-
ommend ER to others and their prior experience with ER as starting points to understand the
interplay between perception and adoption, and the factors influencing both. Table 6.1 analy-
ses the coherence between teachers’ recommendation and, respectively, their adoption (first
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group of rows), prior experience and contextual factors (second group) and perception-related
constructs (last two groups).

Table 6.1: Comparison of adoption, prior and contextual factors, and perception constructs
according to recommendation of ER activities (Kruskal-Wallis test). Comparisons are con-
ducted between those who would not recommend (NR), those who would recommend (R) and
those who would highly recommend (HR). Non significant p-values are denoted by “-”, whilst
significant values with p < 0.05 are denoted by *, p < 0.01 by ** and p < 0.001 by ***. Significant
values are accompanied by the corresponding Kruskal Wallis H statistic and Cohen’s D for
effect size. An effect size around 0.2 is considered small, around 0.5 medium and 0.8 large.

Recommendation of ER NR - R NR - HR R - HR
to other teachers NR - R NR - HR R - HR

Adoption Number of activities - *, H=5.8, D=-0.95 -
Number of RU activities - *, H=5.1, D=-0.86 -
Number of CSU activities - - -

Contextual Gender - - -
Factors Age - - -

Grades taught (1-2 versus 3-4) - - -

Prior Years of teaching experience - - -
Factors Years of ICT experience - - -

Years of robotics experience - - -

Perception Interest in ER ***, H=15.6, D=-1.14 ***, H=17.4, D=-2.18 **, H=6.8, D=-0.97
of ER Positive ER self-efficacy **, H=7.7, D=-0.79 ***, H=13.5, D=-1.69 *, H=4.5, D=-0.79

Negative ER self-efficacy ***, H=12.7, D=1.05 ***, H=19.0, D=2.08 *, H=4.1, D=0.8
ER adoption reticence ***, H=13.1, D=1.01 ***, H=15.9, D=2.04 -
ER utility for CS **, H=6.6, D=-0.71 ***, H=14.6, D=-1.37 *, H=5.8, D=-0.73
ER utility for other disciplines - ***, H=15.7, D=-1.88 **, H=9.7, D=-1.28
ER utility for transversal skills **, H=9.7, D=-0.68 ***, H=15.8, D=-1.94 **, H=10.7, D=-1.27
ER utility for student attitudes **, H=9.4, D=-0.8 ***, H=16.0, D=-1.89 **, H=7.9, D=-1.13

Adoption Modelling - Takeaway #1

There is a link between perception, recommendation and adoption of ER activities
as those who recommend ER activities highly are also those who perceive them more
positively and adopt them more, and therefore adopt more CS-related content overall
in their practice.

When considering the number of activities implemented, and RU activities in particular, there
are significant differences (p < 0.05 with large effect size) between those who would not
recommend (NR) and those who recommend highly (HR). Although the difference with those
who would recommend (R) is not significant, the plot of adoption versus recommendation in
Fig. 6.2 appears to confirm the trend. The extent to which a teacher recommended robotics
thus appears to be positively correlated with their adoption of ER, and as such overall adoption
(which includes both the adoption of CS Unplugged activities and ER activities). At the
same time, the Table shows that recommendation is also strongly linked with perception,
with significant differences being reported between all recommendation groups on interest,
self-efficacy, utility and perception of benefit.
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Figure 6.2: Evolution of the number of activities adopted by teachers according to the type
of the activity (CSU on the left, Robotics in the middle, both on the right) and according to
their recommendation of ER to their peers (not recommend - NR; recommend - R; highly
recommend - HR).

Adoption Modelling - Takeaway #2

Recommending ER activities is related to the adoption of ER activities with those who
recommend ER more being more likely to adopt ER activities, therefore providing an
interesting proxy when adoption cannot be measured.

While ER recommendation appears to be significantly correlated with both perception and
adoption, interestingly, ER recommendation seems to be completely unrelated to age, gender,
grades taught, prior teaching experience, prior ICT experience and even prior experience
with Educational Robotics. Surprisingly (and comfortingly) ER adoption was also found to be
uncorrelated with age, gender, teaching experience and even prior experience with ER, proving
that ER can be successfully introduced into formal education without being constrained to
a particular group of people. The grades 1-4 pilot CS PD program therefore appears to have
successfully peaked novice teachers’ interest in robotics, leading them to successfully integrate
robotics into their practices, as much as ER pioneer teachers would by the end of the second
year of the PD program. The results which is based on data from teachers who did not
voluntarily choose to participate in the PD program, support the findings of Chevalier et al.
(2016) who highlighted the importance of engaging in ER activities so teachers may gain
in confidence and therefore break some of the stereotypes around ER, notably in terms of
usability.
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Adoption Modelling - Takeaway #3

Recommending and adopting ER activities are unrelated to teacher demographics at
the end of the two year Digital Education PD program, indicating the effectiveness of
the PD program in on-boarding teachers, irrespective of prior or contextual factors.

Although this study (El-Hamamsy et al., 2021a) began to investigate the factors influencing
teachers’ adoption of ER content, teachers’ adoption could not be linked back to their per-
ception of the content during the CS PD, for two reasons which are mainly due to the fact
that researchers were not involved in the survey design at the time the grades 1-4 PD program
started (please note that the thesis began at the end of the first year of the grades 1-4 pilot
program). The first reason for not being able to link perception and adoption is that the
surveys were fully anonymous in the first year of the PD, which made it impossible to link
responses across days. The second is that the perception of the pedagogical activities was
not systematically evaluated for all of the activities. This is what we sought to address in the
following study.

6.2 Understanding the Factors that Influence Adoption through the
Teachers’ Adoption of Computer Science (TACS) model

This section’s content is adapted from the following articles:

• El-Hamamsy, L., Bruno, B., Avry, S., Chessel-Lazzarotto, F., Zufferey, J. D., & Mon-
dada, F. (2022). The TACS Model: Understanding Primary School Teachers’ Adop-
tion of Computer Science Pedagogical Content. ACM Transactions on Computing
Education. https://doi.org/10.1145/3569587 (Laila El-Hamamsy’s contribution: con-
ceptualisation, methodology, investigation, data curation, formal analysis, writing -
original draft preparation, validation, visualisation, writing - review & editing, reuse
authorised by ACM with authorisation obtained from all co-authors)

In order to expand on the investigation done in the previous section, the objective of the
present study (El-Hamamsy et al., 2022b) was to explore more in depth the factors influencing
a teachers’ decision to adopt a given CS pedagogical activity. Therefore, using data we collected
during the grades 5-6 pilot program that began in September 2019 with 180 teachers (see
Section 5.2.4), we investigated how the perception of the pedagogical content influenced
teachers’ decision to teach it1. These grades 5-6 teachers, although in the pilot schools and
therefore in the same schools as the 350 grades 1-4 teachers from the previous study, adopt CS
content less than their grades 1-4 counterparts in the first year of the PD (approximately 60%
versus 97% respectively, see Chapter 5 and Section 5.2.4). It is thus essential to understand
which factors primarily contribute to teachers’ adoption (or lack thereof) of CS-content in
grades 5-6.

We therefore consider teachers’ perception of the content, to investigate how moderating

1The data associated with this study is available on Zenodo (El-Hamamsy et al., 2022a)
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factors (e.g. prior perception of the discipline and demographics) impact this perception, and
evaluate the impact of perception and moderating factors on the adoption of CS pedagogical
content. As such, the analysis investigates not only whether teachers are adopting, but also
what is adopted and by whom at different scales. The analysis is based on our model of Teacher
Adoption of Computer Science (TACS, see Fig. 6.3), an adaptation of Technology Acceptance
Models (TAMs, King and He, 2006) to the context of CS pedagogical content adoption. The
TACS differs from TAMs by accounting for the specificity of the adoption of pedagogical content
as opposed to the use of a novel tool where users must decide that the benefits outweigh the
costs. Indeed, when a teacher chooses to adopt a given CS activity, this involves the active
decision to conduct said activity instead of another that is also part of the curriculum, with the
choice often being between the CS activity and activities pertaining to other more established
disciplines. Their decision therefore also implies choosing between the pedagogical objectives
they want to teach, and not only the means of achieving a single objective (as would be the case
when choosing to use a given technology). The methodology employed is innovative in the
context of CS curricular adoption, where there is a dearth of studies assessing the adoption of
CS content by teachers. Our study of the pilot grades 5-6 teacher which uses data we acquired
at the end of each PD session, relies on an unbiased selection of teachers (as for most of the
studies in the thesis) who were enrolled in the mandatory CS PD program, and therefore did
not voluntarily choose to participate in the PD program owing to prior interest (although they
could choose to participate in the study). The resulting analysis not only helps understand
whether CS is actually being taught, but also provides insight into why certain teachers are not
adopting, thus allowing to devise remediation actions.

6.2.1 Proposing the Teachers’ Adoption of Computer Science (TACS) pedagogical
content model

To the best of our knowledge, there is no specific model for the adoption of CS-activities.
We believe that this is due to the lack of studies that formally assess the adoption of peda-
gogical content in the context of curricular reforms and PD, despite its known importance
(Kirkpatrick, 1975; Guskey, 2000). However, there exists an extensive literature on the accep-
tance of innovation and the acceptance of information systems, that can serve as a basis
to model teachers’ adoption of CS pedagogical content. Indeed, Straub (2009) concludes
in their review of technology adoption theory that “(a) technology adoption is a complex,
inherently social, developmental process; (b) individuals construct unique (but malleable)
perceptions of technology that influence the adoption process; and (c) successfully facilitating
a technology adoption needs to address cognitive, emotional, and contextual concerns”. We
believe that the same holds true for the adoption of pedagogical content by teachers. That is
why we draw inspiration from the field of technology adoption, which has garnered significant
interest in the past decades. Specifically, Technology Acceptance Models (TAM, (Davis, 1985,
1989)), have been used in various contexts, including educational settings (Straub, 2009), to
investigate the acceptance of technology innovation. Due to the inherent difference between
the usage of technology, and the adoption of pedagogical content, we construct the model of
Teacher Adoption of CS (TACS, see Fig. 6.3) which expands on the original TAM. Two levels of
modifications are proposed to improve the alignment of the TACS with respect to the context
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of CS pedagogical content adoption.

The first level of modifications concerns adaptations to the core TAM metrics, which we refer
to as acceptance factors. In TAMs, acceptance factors are based on two characteristics that
are believed to predict intent to use: perceived ease of use and perceived utility. Instead of
perceived ease of use, we evaluated teachers’ self-efficacy for each activity, as done by Davis
(1989). This is because self-efficacy is considered to be “similar outcome judgement” (Straub,
2009), all the while being more commonly employed in pedagogical settings (Liu et al., 2012;
Cooper et al., 2017; Kalogiannakis and Papadakis, 2017). Another key change to the acceptance
factors was to include interest which was also measured for each activity. Indeed, interest is
aligned with Self-Determination theory, a macro theory of human motivation that considers
interest and enjoyment as valid means of self reporting intrinsic motivation. Indeed, we be-
lieve that "doing something because it is inherently interesting or enjoyable" (Ryan and Deci,
2000), as opposed to "doing something because it leads to a separable outcome" (i.e., extrinsic
motivation, Ryan and Deci, 2000), may have a significant impact on a teacher’s decision to
teach a given activity (which we refer to as adoption). By only considering perceived utility and
self-efficacy, as in TAM models, we can gain insight into whether or not a teacher would be
willing to introduce a given activity. However, we would be lacking key information about the
teacher’s personal preference regarding said activity within the pool of proposed activities that
they must choose from. As teachers must regularly choose between numerous pedagogical
activities, their choice is not solely based on whether the activity is useful, or whether they
believe they can teach it. When proposed activities are part of the curriculum, they are all
conceived by curriculum designers with the intent of being "useful" and reaching predefined
learning outcomes. While low self-efficacy may contribute to a teacher deciding not to adopt,
a teacher believing that they can do it, is not enough to guarantee that they will. We believe
that the teachers’ inherent interest to adopt a particular activity plays a decisive role in this
process.

The second level of adaptations concerns the prior, contextual, and consequent factors pro-
posed by King and He (2006) in their meta-review on TAMs.

Prior factors are, according to King and He (2006), “external precursors, such as situational
involvement, prior usage or experience, and personal computer self-efficacy”. The TACS model
thus includes prior ICT experience, perception of CS and perceived utility of the discipline that
were found to influence adoption of CS-content in other contexts (Roche, 2019).

Contextual factors, according to King and He (2006), are variables that cannot be influenced by
the intervention, or any similar intervention. In this context, the contextual factors considered
are age, gender and teaching experience. Age and gender were included due to the prevalence
of age and gender stereotypes around CS (Dyck and Smither, 1994; King et al., 2002; Clayton
et al., 2009; Ivan and Schiau, 2016). Indeed, stereotype threat theory stipulates that the
mere knowledge that a stereotype exists is sufficient to induce it. As stated by Spencer et al.
(2016) “when members of a stigmatised group find themselves in a situation where negative
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Figure 6.3: The proposed model of Teacher Adoption of CS (TACS) adapted from TAMs. Prior
and contextual factors are general and pertain to the teachers’ background and perception of
CS as a whole. Acceptance and consequent factors are activity specific and measured for each
activity.
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stereotypes provide a possible framework for interpreting their behaviour, the risk of being
judged in light of those stereotypes can elicit a disruptive state that undermines performance
and aspirations in that domain”. The activation of negative stereotypes has an impact by
inducing “(a) a physiological stress response that directly impairs prefrontal processing, (b) a
tendency to actively monitor performance, and (c) efforts to suppress negative thoughts and
emotions in the service of self-regulation. These mechanisms combine to consume executive
resources needed to perform well on cognitive and social tasks” (Schmader et al., 2008). In this
context, for instance, it would be sufficient for an older female individual to be in a CS-related
context to activate the CS age and gender-related stereotypes. These stereotypes would then
negatively affect the teachers’ perception and self-efficacy, in line with the CS-stereotypes.
It is thus important to monitor such variables and their relation to adoption, and propose
corrective actions at the PD level, should they appear to have a significant influence.

Finally, consequent factors, as defined by King and He (2006) concern “attitude, perceptual
usage and actual usage”. In the case of the TACS, the consequent factors are measured through
the three following metrics that look to gain insight into these dimensions. The first is adapt-
ing the usage metrics to the context of the adoption of the CS pedagogical content (which
therefore includes the number of periods conducted per activity over a given amount of time).
The second metric is enjoyment which, as explained previously, is a component of intrinsic
motivation which may have an impact on teachers’ decision to continue or not to adopt in
the future (Ryan and Deci, 2000). Finally, the third consequent factor considered is changes in
perception around the discipline, which we believe may also impact future decisions to adopt
or not CS-related pedagogical content. The resulting model of Teacher Adoption of CS (TACS),
which is used as a framework in our analysis, is presented in Fig. 6.3.

In the following sections we therefore consider data we collected in the grades 5-6 teacher PD
on the basis of the TACS model. The objective of the analysis conducted is investigate not only
whether teachers are adopting, but also what is adopted and by whom at three scales::

• The global PD level to understand what teachers in grades 5-6 are adopting and whether
global proxies for adoption can be established (see Section 6.2.2).

• The activity level to understand whether a given teacher’s evaluation of an activity can
predict whether or not they will adopt it (see Section 6.2.3).

• The teacher level to understand how adoption differs between teachers with the help of
adoption profiles (see Section 6.2.4).

These analyses provide a preliminary validation of the TACS’ underlying foundation which
can later be formally validated with a larger sample using Structural Equation Modelling (see
the first step established in that direction in Section 6.3).
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6.2.2 The Professional Development-level analysis

In the PD-level analysis of the PD data from 180 grades 5-6 teachers, we aggregated the
responses that teachers provided per activity (i.e. we computed the average interest and
self-efficacy scores, as well as the proportion of adopters and total number of periods). The
results show that the CS activities were not equally adopted by teachers. Furthermore, just 50%
of the CS activities having been taught with a pedagogically meaningful duration (i.e., at least
2 periods, median= 2, µ= 2.9±2.5). Table 6.2 highlights the differences between activities,
suggesting that some may be easier to adopt than others. The difference in the number of peri-
ods and the proportion of teachers adopting the content leads to large differences in the total
number of periods conducted per activity (see Table 6.2). In particular, the activities with the
highest average confidence and interest scores are the most adopted in terms of the number of
adopters (Spearman ρ(interest, adopters) = 0.69, p = 0.058; ρ(self-efficacy, adopters) = 0.71,
p = 0.047) and the total number of periods (Spearman ρ(interest, periods) = 0.74, p = 0.037;
ρ(self-efficacy, periods) = 0.86, p = 0.007).

Table 6.2: Number of periods conducted per activity in relation to interest, self-efficacy, and
the number of teachers having adopted.

Session - Ac-
tivity

Average interest
(4-Point Likert)

Average
self-efficacy

(4-Point Likert)

Number of
adopters

Number of
periods

Average number
of periods per

adopter

S1 - Encoding 3.25±0.65 3.19±0.63 39 74 1.9±1.27
S1 - Sorting 3.29±0.59 3.17±0.67 50 99 1.98±1.48
S1 - Square 3.67±0.49 3.46±0.54 73 181 2.48±1.39
S2 - Bebras
Challenge

3.07±0.72 2.93±0.85 23 48 2.09±0.85

S2 - Binary 3.06±0.71 2.59±0.84 19 36 1.89±1.2
S2 - Networks 2.76±0.67 2.73±0.85 12 17 1.42±0.9
S2 - Scratch Jr 3.78±0.43 3.44±0.63 33 121 3.67±2.78
S2 - Square 3.11±0.68 3.31±0.62 66 239 3.62±2.12

Adoption Modelling - Takeaway #4

The average reported self-efficacy and interest are significantly correlated with the
extent to which an activity is adopted by the cohort of teachers, and are therefore
critical factors to ensure that teachers adopt the pedagogical content.

6.2.3 The activity-level analysis

In a second phase, the objective was to investigate the impact of the TACS’s acceptance factors
(self-efficacy, interest), as reported by each teacher for each activity, on the consequent factors
(adoption, enjoyment) for said activity. The aggregate responses for interest, self-efficacy, and
number of periods, and their correlation, is shown in Fig. 6.4. The results show that the likeli-
hood of an activity being adopted by a given teacher increases according to their self-efficacy
and interest responses for said activity. More specifically, teachers in the low self-efficacy and

128



6.2 Understanding the Factors that Influence Adoption through the Teachers’ Adoption of
Computer Science (TACS) model

Figure 6.4: Distribution of the number of teachers (A), adopters (B) and average number of
periods by adopters (C) with respect to the self-efficacy and interest responses. Correlation
between self-efficacy, interest and number of periods done is shown in D. Self-efficacy and
interest were evaluated on a 4 point Likert scale with 2 negative and 2 positive responses.

interest regions tend to adopt less (Fig. 6.4 B, C). Furthermore, the correlation between self-
efficacy and interest with the number of periods conducted by a teacher is positive, albeit low
(Spearman ρ(interest, periods)= 0.139,p = 0.040; Spearman ρ(self-efficacy, periods)= 0.305,
p < 0.001), Fig. 6.4 D), suggesting that teachers can be confident and interested in a given
activity, without adopting it. Self-efficacy and interest thus seem to be necessary but not
sufficient conditions for adoption.

To analyse the relationship between the content evaluation (interest, self-efficacy) and the
outcome variables (number of periods, enjoyment), we apply a two-step procedure. We start
by grouping (i.e., clustering) the individual responses based on the content evaluation (i.e.,
interest and self-efficacy scores). We then observe the evolution of the outcome variables with
respect to these clusters. To cluster the activities’ evaluations based on teachers’ interest and
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self-efficacy responses, we applied hierarchical clustering with ward linkage. The algorithm is
an iterative agglomerative approach that groups observations together in a way that minimises
the in-cluster variance according to a given similarity metric. Concretely, this approach
iteratively checks input pairs and puts them in the same group (or not) based on how similar
they are. Clustering based on self-efficacy and interest responses yields three significantly
different clusters (Kruskal Wallis interest H = 570.1, p < 0.001; self-efficacy H = 601.0, p <
0.001; periods H = 67.13, p < 0.001; enjoyment H = 30.70, p < 0.001). Their distribution can
be seen in Fig. 6.5, and is characterised as follows:

• Cluster 0 (134 data points): Negative self-efficacy, regardless of interest.

• Cluster 1 (330 data points): Positive self-efficacy and low interest.

• Cluster 2 (456 data points): Positive self-efficacy and high interest.

Concerning the outcome variables, the teachers in cluster 2 differ significantly from those in
the other two clusters. Indeed, the teachers in cluster 2 conducted a higher number of periods
than those in cluster 0 (p < 0.001 and H = 36) and cluster 1 (p < 0.001, H = 43). Teachers in
cluster 2 also reported higher enjoyment than those in cluster 0 (p < 0.001 and H = 16) and
cluster 1 (p < 0.001, H = 20). No significant differences were found between cluster 0 and
cluster 1 with respect to these metrics (p > 0.05). The results of this analysis support our prior
observations and suggest that both self-efficacy and interest are essential to ensure a given
activity is adopted.

The results here therefore indicate that self-efficacy and interest are both necessary, but insuf-
ficient, to guarantee adoption.

Adoption Modelling - Takeaway #5

Self-efficacy and interest are both necessary, but insufficient, to guarantee the adoption
of a given pedagogical activity, likely because teachers must choose between multiple
CS activities, and between teaching CS and other disciplines.

6.2.4 The teacher-level analysis

In a final phase, the objective was to shift the focus from the content to the teachers to un-
derstand whether there are identifiable patterns with respect to who is teaching more or less
CS. To that effect, we established teacher profiles based on the three adoption “seriousness”
components (quantity, completeness and frequency, see Section 5.1). The objective was to
provide additional insight into the relationship between the TACS’s prior and contextual fac-
tors and adoption. The intuition was that teachers may not differ solely on whether or not
they are adopting (i.e., teaching an activity or not), but also on the extent to which they adopt.
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Figure 6.5: Hierarchical clustering on self-efficacy and interest responses (top left), with
corresponding number of periods (top right) and reported enjoyment by the adopters (bottom).
Negative responses are denoted by -2 and -1 and positive responses by 1 and 2. Notches in the
boxplots represent the confidence interval around the median.
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Considering adoption “seriousness” as our consequent factor, we will gain insight into how
contextual, prior and acceptance factors are indicative of more or less “serious adoption”. As
described in Section 5.1, a ranking system is used to identify four groups of adopters (non, low,
medium and high-adopters) based on adoption “seriousness”. These groups are established
along the quantity, completion, and frequency components, as well as the aggregated global
“seriousness” metric.

Adoption Modelling - Takeaway #6

Establishing teacher adoption profiles provides further insight into the extent to which
teachers adopt

At the teacher level, teachers’ interest (rather than self-efficacy) is a key factor towards in-
ferring whether a teacher is likely to adopt to a high extent or not. Indeed, starting with
the component-level analysis, the groups of adopters were tested for significant differences
between them. More specifically, Kruskal Wallis’ one-way analysis of variance (ANOVA) was
used to test for differences between groups according to the acceptance, prior, and contextual
factors of the TACS model (see Table 6.3). Considering the acceptance factors, interest appears
to be significant, contrary to self-efficacy. The findings therefore seem to nuance the hypoth-
esis made earlier: whereas both interest and self-efficacy are required for activity-specific
adoption, interest would be more likely to influence overall adoption. Taking into account
prior and contextual factors, differences in adoption do not appear to be related to gender or
prior perceived utility of CS. However, prior ICT experience and, in particular, age, seem to be
related to differences in adoption.

Table 6.3: Kruskal Wallis one-way ANOVA between the different groups of adopters (non-,
low-, medium-, and high-adopters) defined with respect to the components of the adoption
“seriousness” metric. Differences are evaluated between groups of adopters in terms of prior,
contextual and acceptance factors. Benjamani-Hochberg p-value correction was applied for
multiple comparisons to limit the false discovery rate. Significant differences considering a
confidence interval of 0.1 are highlighted in bold.

Quantity Completeness Frequency

Age p = 0.092, H = 9.6 p = 0.048, H = 11.8 p = 0.009, H = 15.9
Gender p = 0.472, H = 2.9 p = 0.821, H = 0.9 p = 0.907, H = 0.6
ICT Experience p = 0.472, H = 3.3 p = 0.519, H = 3.0 p = 0.026, H = 10.7
Teaching Experience p = 0.193, H = 7.0 p = 0.048, H = 11.0 p = 0.024, H = 11.5
Prior CS perception p = 0.472, H = 4.2 p = 0.369, H = 4.8 p = 0.627, H = 2.5
Prior CS utility p = 0.559, H = 2.1 p = 0.634, H = 2.1 p = 0.842, H = 1.3
Average self-efficacy p = 0.472, H = 3.0 p = 0.445, H = 3.9 p = 0.179, H = 6.0
Average interest p = 0.092, H = 9.5 p = 0.069, H = 9.3 p = 0.024, H = 12.2

These findings suggest that professional development programs need to work on teachers’
interest from the beginning to ensure overall PD-adoption. At the same time, to increase
the likelihood of the adoption of a particular activity, trainers must ensure that teachers feel
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confident and supported in the integration of the specific activity in their practice.

Adoption Modelling - Takeaway #6.1

Teacher-interest, and not self-efficacy, is a determining factor for global adoption levels

To investigate the underlying patterns, Fig. 6.6 reports the distribution of the four groups of
adopters for each of the “seriousness” components, according to age, teaching experience, ICT
experience and interest. Dunn’s test of multiple comparisons was used to determine which
pairwise comparisons differed significantly, and the results can be seen directly in Fig. 6.6.

Age (top row in Fig. 6.6) differs significantly for the following groups, thus appearing to indicate
that “seriousness” increases with age:

• Low- and high-adopters for quantity and completeness, with high-adopters being older
on average.

• Non- and medium-adopters in frequency, with medium-adopters being older on aver-
age.

• Low- and medium-adopters on frequency, with medium-adopters being older on aver-
age.

Teaching experience (second row in Fig. 6.6) exhibits similar tendencies as for age, but with
a lower effect. Indeed, teaching experience helps distinguish, albeit to a lesser degree than
age, between i) low- and high-adopters on completeness and ii) between low- and medium-
adopters on frequency, with teachers with higher teaching experience tending to adopt more.

Prior ICT experience (third row in Fig. 6.6) differs for the frequency component between low-
and medium-adopters, with the latter having more ICT experience.

Finally, interest (last row in Fig. 6.6) helps discriminate between the following groups and
shows that higher interest is indicative of a teacher adopting more activities:

• Non-adopters from all types of adopters for the quantity component.

• Non-adopters from low and high-adopters on the completeness component.

• Non-adopters from medium and high-adopters on the frequency component.

Adoption Modelling - Takeaway #6.2

The adoption “seriousness” metric helps distinguish between teachers according to
age, interest, prior ICT experience and teaching experience in grades 5-6.
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Figure 6.6: Distribution of the metrics found to differ significantly across groups of different
adoption “seriousness”, for the three components of adoption “seriousness”. Significant p-
values computed with Dunn’s test for multiple comparisons with Benjamini-Hochberg p-value
correction are provided with Cohen’s D for effect size. An effect size around 0.2 is considered
small, around 0.5 medium and 0.8 large. Note that although certain differences are weakly
significant, they have medium to large effect sizes.
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To continue investigating the relationship between “seriousness” and prior and contextual
factors, the “adoption seriousness” metric is put in relation to relative ICT experience and
age in Fig. 6.7. Since the relationship between these factors and adoption “seriousness”
appears non-linear, a non-linear classification approach was used. A Decision Tree Classifier
was selected to partition the input space (Age and Relative ICT Experience) between high
& medium-adopters (S = 2,3) and low & non-adopters (S = 0,1). Concretely, this approach
attributes input samples (here, teachers) to one class or another (here, the class of high &
medium-adopters vs. the class of low & non-adopters). The algorithm partitions the search
space (in terms of age and ICT experience) based on consecutive binary tests to decide where
to partition between groups. The algorithm then tests whether an individual is above or below
a certain age, or above or below a certain ICT experience to assign them to a given group.
To avoid overfitting, the minimum number of samples required for each region was set to
one-sixth of the size of our dataset (n=15). The approach results in 3 regions (see Fig. 6.7 - A).
To facilitate the interpretation of these regions, we introduce an additional boundary (see Fig.
6.7 - B), which partitions the space into four regions:

• Region 1 (S = 1.1±0.9): Teachers below 47.5 years of age, with low ICT experience, who
appear to be primarily low-adopters.

• Region 2 (S = 1.1±1.1): Teachers between the ages of 37 and 47.5, with high ICT experi-
ence, who appear to be medium-, low- and non-adopters.

• Region 3 (S = 1.7±1.1): Teachers under 37 years of age, with high ICT experience, who
appear to be high, medium-, and low-adopters.

• Region 4 (S = 2.4±0.9): Teachers above 47.5, regardless of ICT experience, who appear
to be mostly high- and medium-adopters.

The contingency table for each region and the level of overall adoption “seriousness” is shown
in Fig. 6.7 - C and used to calculate χ2’s test of independence. The test confirmed that the
regions were not independent with respect to adoption “seriousness” (Pearson test, χ2(9) = 22,
p = 0.008; Log-likelihood, χ2(9) = 23, p = 0.006). Although we cannot predict which teachers
will adopt, and to what extent, the identified clusters exhibit certain trends that we believe can
help identify which teachers are more likely to be low- and high-adopters (see Fig. 6.7). As an
example, teachers in the mid-age range are those with the lowest initial perception of the utility
of the discipline. As these teachers are amongst those who adopt the least on average, we
hypothesise that they are likely the ones who need more persuasion and convincing regarding
the utility of the discipline.

While it is not surprising to find teachers in the lower age groups and with low ICT experience
among non-adopters, it is interesting to see that many non-adopters are in the mid-age range
and have high ICT experience. At the same time, it is encouraging to see many older teachers
among the most serious adopters, particularly considering the age and gender stereotypes
around CS. Indeed, such stereotypes have been found to contribute to stereotype threat, and
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Figure 6.7: Scatter plot of the adoption “seriousness” metric with respect to age and ICT experi-
ence (left) and manual correction (center). Teachers’ distribution over adoption “seriousness”
and the corrected regions (right).

even computer anxiety in these age groups (Laguna and Babcock, 1997; Czaja and Sharit, 1998;
D. Laguna, 2000). However, please note that there seems to be a lack of consensus on that
point (Dyck and Smither, 1994; Bozionelos, 2001), and more recent studies would need to
be performed to understand the situation with today’s demographics. Therefore, it seems
possible that teachers with low ICT experience could benefit from following an ICT PD prior
to a CS PD. On the other hand teachers who do not lack ICT experience likely require more
persuasion at the start of the CS PD, especially considering the role that interest (and likely
intrinsic motivation more broadly) plays in adoption.

Adoption Modelling - Takeaway #6.3

Prior ICT experience and age influence the adoption of CS activities in grades 5-6, with
medium and higher being (1) younger teachers medium to high ICT experience and (2)
older teachers irrespective of their ICT experience.

Finally, considering the relationship between “adoption seriousness” and the distribution of
adopters per activity, a trend seems to emerge: the activities with few adopters are those done
by the most serious teachers (see Fig. 6.8). In particular, the activities adopted by a larger
number of teachers, as well as a more varied range of “seriousness”, are those presented in the
first session of the training sessions. This could be due to multiple reasons:

1. Teachers may have had more time to test the content of the first session, leading to a
higher adoption of these activities.
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2. Teachers may have wanted to test the activities from the first session in the order they
were introduced to them, as they constitute a pedagogical sequence that gradually
introduces students to more and more advanced CS concepts.

3. Teachers may have focused on these activities because they were perceived as easier. As
stated by Sindelar et al. (2006), multiple researchers have found that teachers tended
to focus on “innovations that were smaller in scope and that placed fewer demands on
[them]”. It would seem that teachers are likely to select activities “that [are] most closely
suited to their present teaching practices and that [require] few or no changes in their
teaching routines or that [do] not require extensive plan” (Vaughn et al., 1998).

4. Teachers may have wanted to wait for a colleague to test out an activity, and get their in-
put, before adopting it themselves. As stated by Thomas et al. (2009), “some researchers
have noted that teachers can become interested in an innovation long after it has al-
ready been implemented by other teachers in the same school, once it has shown some
success and they feel supported and confident enough to use it themselves”.

Additional investigations are required in order to understand which of these hypotheses (or
whether a combination) drove teachers’ decisions to adopt a given set of activities.

The other activities were conducted by the teachers on the higher end of the “seriousness”
scale, which is in line with the results of a study by Taylor et al. (2018) showing that “early
adopters adopt technology almost independently of its complexity”. Indeed, the most serious
adopters are likely the innovators and early adopters in our context (Rogers, 2003). The case
of the “Scratch Jr.” activity, which was the only visual programming activity proposed at that
point of the program, is particularly interesting: while this activity is the second highest in
terms of number of periods, it is mainly done by teachers with high “seriousness”. This finding
highlights the importance of investigating teachers’ profiles to better understand adoption,
particularly when we start to introduce activities which involve the use of screens. Indeed,
such activities are often met with more resistance from teachers at the level of primary school
(Negrini, 2020; El-Hamamsy et al., 2021b,a). Therefore, understanding which teachers are
more willing to adopt said activities, and what the barriers are with respect to the teachers’
background, may be of particular use to practitioners.

Adoption Modelling - Takeaway #6.4

Teacher adoption “seriousness” is indicative of the activities they will choose to adopt,
with more “serious” teachers being more engaged in teaching all types of activities, and
less “serious” teachers mainly teaching the first activities seen in their CS PD, which are
also the easier activities.
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Figure 6.8: Number of adopters per activity, with respect to the adoption “seriousness” profile.

6.2.5 Synthesis

The adoption analysis was conducted from three perspectives and employed the proposed
TACS (Teacher Adoption of CS) model. The objective was to evaluate the effect of prior,
contextual, and acceptance factors on teachers’ adoption of CS pedagogical content. In the
PD-level analysis we showed that overall PD-adoption levels could be inferred from self-
efficacy and interest measurements, i.e., the acceptance factors provided at the time of the
CS PD, which could therefore be used as proxies for adoption when adoption itself cannot be
queried. In the activity-level analysis, we found that both interest and self-efficacy appear to
be necessary, but insufficient, to ensure adoption. Therefore, it is important to ensure that
teachers are interested and confident in their capacity to introduce pedagogical content to
increase the likelihood of a successful curricular reform. This finding is further nuanced in
the teacher-level analysis, where we established teacher adoption profiles using the adoption
“seriousness” metric. Teachers who adopt more seriously differ significantly from others in
expressed interest in the content, but not in self-efficacy. Therefore, it would seem that peaking
teachers’ interest from the start of PDs may contribute to successfully onboard teachers in the
program. Teachers’ adoption “seriousness” also differed significantly according to age and
prior experience with ICT, demonstrating the potential need to better tailor PDs to teacher
demographics. Furthermore, an analysis of adoption “seriousness” highlighted the importance
of having a range of entry-level activities so that teachers who are “less serious” can also find
an easy entry to CS pedagogical content.

Three takeaways emerge from the study. First, the analyses confirm the foundation of the TACS
model. Second, the findings establish the key role that interest plays in said model. Finally,
the results support the relationship between the contextual, prior and acceptance factors
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on the adoption of primary school CS pedagogical content. However, the analyses neither
validates the individual links in the model nor guarantees that non-significant elements in our
study should be discarded (notably considering that the outcomes are likely influenced by the
context in which the study was conducted which in this case aligns with the curricular reform
framework that sought to promote sustainability and scalability from the start). Indeed, due to
the relatively small sample size, we could not apply Structural Equation Modelling. Validation
of the model should employ Structural Equation Modelling on a larger sample, and include
other levels of primary school in a longitudinal analysis of adoption.

6.3 Validating the acceptance factors of the TACS model with pre-
service teachers and including activity specific characteristics

This section’s content is adapted from the following articles:

• El-Hamamsy, L., Bruno, B., Avry, S., Chessel-Lazzarotto, F., Zufferey, J. D., & Mon-
dada, F. (2022). The TACS Model: Understanding Primary School Teachers’ Adop-
tion of Computer Science Pedagogical Content. ACM Transactions on Computing
Education. https://doi.org/10.1145/3569587 (Laila El-Hamamsy’s contribution: con-
ceptualisation, methodology, investigation, data curation, formal analysis, writing -
original draft preparation, validation, visualisation, writing - review & editing, reuse
authorised by ACM with authorisation obtained from all co-authors)

• a presently unpublished collaboration with the HEP Vaud led by Morgane Cheva-
lier.

In addition to the adoption modelling, the study on the grades 5-6 pilot program’s outcomes
indicated that that there were significant differences across activities in the way they were
perceived, and thus adopted, by teachers (see El-Hamamsy et al. (2022b)). A recommendation
that emerged was therefore that the analyses could also take into account activity-specific
characteristics. Such characteristics would help gain insight into why certain activities are
more successful than others. Therefore, by understanding the relationship between these
characteristics, acceptance and adoption, practitioners will have access to concrete guidelines
for the creation of CS pedagogical content that is more likely to be adopted by teachers. Such
guidelines are essential, notably considering that self-efficacy and interest are necessary but
not sufficient conditions for adoption.

Therefore, in order to provide a validation of the acceptance factors of the TACS, and un-
derstand how overall interest, self-efficacy, and utility of a given activity are influenced by
specific activity-related factors, we collaborated with professors at the University of Teacher
Education (HEP Vaud) in the context of a second year CS Education module. The objective
was to investigate how the pre-service primary school teachers perceived the CS pedagogical
activities they were introduced to, and understand what factors significantly influenced their
intent to teach said activities in the future (as they do not yet have their own class). To that
effect, 380 respondents who had already participated in a course to acquire core CS-concepts
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were introduced to 9 CS pedagogical activities (humans versus machines, networks, Cesar’s
code, the sorting machine, salmon sorting, magic tricks, the pixel game, Scratch Jr, robotics)
and evaluated them according to questions aligned with the Utility, Usability and Acceptance
framework (Tricot et al., 2003a), where the Acceptance factors are closely related to the TACS’
Acceptance factors. These included the following questions:

• Utility for CS: The activity is useful for my students to understand the concepts involved.

• Utility for Transversal Skills: The activity is useful for my students to develop transversal
skills.

• Utility for Another Discipline: The activity allows students to develop skills in other
subject areas than CS.

• Usability of the material to teach CS: The material in this activity is appropriate for me
to teach the CS concepts involved.

• Usability of the material to learn CS: The material in this activity is appropriate for all
students in my class to learn the CS concepts.

• Usability to motivate the students: My students will be motivated to do this activity.

• Acceptance in terms of interest: I am interested in doing this activity.

• Acceptance in terms of perceived usefulness: I think it is important to teach the CS
concepts involved in this activity.

• Acceptance in terms of self-efficacy: I am able to implement this activity in class.

The evaluation of the activities was generally positive (see Fig. 6.9) indicating that the course
contributed to gaining teachers’ acceptance of these activities. A Confirmatory Factor Analy-
sis (CFA) was then employed with robust diagonally weighted least squares estimator after
verifying its applicability (Kaiser-Meyer-Olkin factor adequacy KMO=0.94>0.6 and Bartlett’s
Test of Sphericity χ2(45) = 2713, p<0.0001). The CFA confirmed the adequacy of the measure-
ment model and the grouping of survey items along the Utility, Usability and Acceptance
dimensions (χ2(24) = 34, p = 0.081 > 0.05, C F I = 0.97, T LI = 0.956, RMSE A = 0.034, RMSEA
ci = [0.000;0.055], SRMR = 0.024). A structural equation model then confirmed the validity
of the structural model shown in Fig. 6.10 (χ2(32) = 52, p = 0.014, χ2/d f < 2, C F I = 0.951,
T LI = 0.931, RMSE A = 0.041, RMSEA ci = [0.019;0.061], SRMR = 0.028) which draws inspira-
tion from the structure of Technology Acceptance Models. The standardised factor loadings,
regression parameters, direct effects and indirect effects are provided in Table 6.4 and indicate
that there is a high percentage of variance explained for the latent factors and the intent
variable (R2 >= 0.536). Furthermore, the model indicates that the direct effect of acceptability
on intent is large (β= 0.732). The indirect effect of usability is also large (β= 0.643), while the
indirect effect of utility is closer to medium (β = 0.365). This indicates that the usability of
a given pedagogical activity has a stronger effect on a teacher’s intent to teach the content.
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6.3 Validating the acceptance factors of the TACS model with pre-service teachers and
including activity specific characteristics

The reason could be similar to our postulate regarding the utility variable in the context of
pedagogical content adoption evoked in the previous study: as the pedagogical content is part
of the proposed curriculum, the teachers should theoretically teach at least some of the CS
activities (even though the discipline is not evaluated, and there is no reprimand should they
choose not to teach anything). The teachers’ decision therefore no longer depends on how
useful it is (which is likely defacto the case in the present context), but rather on how easy it
appears to do so.

Figure 6.9: Evaluation of the CS pedagogical activities by pre-service teachers.

Figure 6.10: Structural Equation Model path diagram which confirms the influence of Utility
and Usability on the Acceptance factor which in turn influences intent.

While this study with pre-service teachers helps expand the model to include activity level-
characteristics, and validate the acceptance portion of the TACS models using structural
equation modelling, more research is required to validate the full TACS model. Indeed, we did
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Table 6.4: Pre-service teachers’ adoption Structural Equation Model Factor Loadings, Regres-
sion Parameters, and Indirect Effects.
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not have access to pre-service teachers’ demographic information and did not have a sufficient
sample size to include additional variables in the model. Furthermore, the modelling stops at
the level of intent and does not include adoption and other consequent factors (as the study
involved pre-service teachers who do not have their own class).
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Adoption Modelling - Takeaway #7

Activity level characteristics in terms of utility and usability are predictive of teachers’
acceptance of the pedagogical content and their intent to adopt them in the future.

6.4 Discussion on adoption modelling and future perspectives

This section’s content is adapted from the following articles:

• El-Hamamsy, L., Bruno, B., Avry, S., Chessel-Lazzarotto, F., Zufferey, J. D., & Mon-
dada, F. (2022). The TACS Model: Understanding Primary School Teachers’ Adop-
tion of Computer Science Pedagogical Content. ACM Transactions on Computing
Education. https://doi.org/10.1145/3569587 (Laila El-Hamamsy’s contribution: con-
ceptualisation, methodology, investigation, data curation, formal analysis, writing -
original draft preparation, validation, visualisation, writing - review & editing, reuse
authorised by ACM with authorisation obtained from all co-authors)

As mentioned in the introduction, few PD programs measure what happens beyond the PD,
and therefore have insight into what their participants truly did after the sessions. Although
this may not be a major concern for voluntary initiatives as participants are not required to
implement the changes, this is problematic in the case of curricular reforms where all teachers
are expected to change their practice. Without insight into what the teachers chose to teach,
and why, it is not possible to understand what facilitates and what hinders their adoption of
a given activity, and therefore how best to tailor it in order to maximise the likelihood that a
teacher will adopt (RQ2.2). As few PD programs measured adoption, it is unsurprising to find
that there is no comprehensive model of teacher pedagogical content adoption. To that effect
we conducted several investigations in the context of the in-service and pre-service teacher
PD on the basis of our TACS model in order to advance the field of adoption modelling. These
investigations constitute a first step towards the validation of the TACS model. Such a model is
relevant for CS PD programs as it can be used as a guide for the development and evaluation
of primary school CS PD programs and pedagogical activities.

Provided the sample sizes of our studies, it was not possible to investigate all the proposed
factors in a single study with Structural Equation Modelling.

Nevertheless, other studies we conducted in the context of the curricular reform, notably the
sustainability modelling (see Chapter 10), confirmed the key role that external factors (namely
time, access to sufficient resources, Ertmer, 1999, 2005, and intra-establishment support
whether through instructional coaches, Wise, 2021; Stoetzel and Shedrow, 2020; Darling-
Hammond et al., 2009, or communities of practice, Wenger, 1999) play on teachers’ perceived
ease of teaching and in turn on their adoption of the content. Although these external barriers
can, and should, be addressed by policy makers, the measures taken may not be sufficient
to promote scalable and sustained adoption (Coburn, 2003). On the one hand, the external
factors should be homogeneous in the context of the curricular reform, and particularly in the

143

https://doi.org/10.1145/3569587


Chapter 6. Understanding what influences teachers’ adoption of Computer Science
pedagogical content is important to understand how best to tailor them

pilot program as i) school leaders were in favour of the reform, ii) the same material resources
were provided per class in all schools, iii) support was provided by instructional coaches in
all schools such that the ratio between the number of hours the instructional coaches had at
their disposal for the task and the number of teachers was the same between schools. On the
other hand, other studies we collaborated on in the context of the reform demonstrate that
there are inequities for instance in terms of access to support (Caneva et al., 2022), and that
the support is not always perceived as sufficient by teachers. External factors must therefore
be accounted for in the analysis of factors influencing adoption at the school level.

Finally, adoption here is only considered as what the teachers chose to teach and for how long.
Adoption may however be characterised by various stages of appropriation, as stipulated for
example by the ASPID model by Karsenti and Bugmann (2018). These stages of appropriation
denote the extent to which teachers changed their practices and were able to align the content
to their needs and to their students’ needs. One could hypothesise that teachers who have
reached the highest stages of appropriation are also those who are more likely to continue
to adopt in the long term. Future work could thus consider how teachers evolve through the
stages of appropriation over time. Identifying adoption without appropriation could also
serve as a signal to practitioners that additional support and PD are required to help teachers
integrate CS into their teaching durably.

The revised TACS model that takes into account the above factors and the findings of the
different studies is shown Fig. 6.11. With the revised TACS model thatand the proposed
validation on a large scale, it will thus be possible to establish the effects of teachers’ adoption
profiles (and eventually appropriation) on student learning. This modelling could consider the
full chain starting from i) the teachers’ background, progressing to ii) their perception of the
CS PD and its content, iii) understanding how these elements influence short-term adoption /
appropriation, and finally iv) student learning, and v) teachers’ decision to continue to adopt
the content, or not, in the long term. Indeed, studies have shown that evidence of student
learning is key to a teacher’s decision to continue to adopt innovations in their lectures (Hovey
and Barker, 2020). We believe that a model that considers this entire pipeline may provide
valuable insight into the introduction of a new discipline by providing insight that can be
leveraged by researchers and practitioners. In the context of the thesis:

• Chapter 9 presents a first attempt to model a portion of this chain by including in a
single hierarchical linear model the influence of teachers’ backgrounds, their perception
of the CS PD, and their adoption of the content on student learning.

• Chapter 10 models the factors influencing teachers’ long term adoption of CS pedagogi-
cal content and highlights the importance of students’ being perceived as benefiting
from CS education for teachers’ decision to adopt in the fourth year of the reform (i.e.
over a year after the end of their PD).

Finally, on a pragmatic level the analyses helped identify multiple recommendations for
practitioners involved in the creation of CS pedagogical content and a teacher PD. While
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Figure 6.11: Revised TACS model which should be validated in a single large scale study, and
replicated in different contexts to validate whether the absence of certain links is contextual
(i.e. related to the curricular reform and PD framework) or not. Please note that the factors
indicated as measured in the studies include those that were studies in this chapter and in the
sustainability analysis (see Chapter 10).
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we do not recap and discuss them all here, the results of our analyses stress the importance
of better tailoring the training sessions to the teachers, by considering the TACS factors to
maximise adoption. In particular, it would appear that teachers must be globally interested in
the pedagogical content proposed, they must feel confident teaching each specific activity as
part of their acceptance of the content. Furthermore, the usability factors appear to have a
more significant impact than utility on acceptance in the context of the curricular reform.
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Part IVImpact of the Curricular Reform on
Student Learning and Perception
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7 Evaluating learning requires a validated as-
sessment of target learning outcomes

Having gained insight into the effectiveness of the curricular reform and PD program at the
teacher level in part III (see Chapters 5 and 6), our third research question seeks to establish
the impact of the reform at the student level (RQ3). Given the known discrepancies between
the intended curriculum, what teachers implement in the classroom and what students learn
(van den Akker, 2003), also referred to as the “implementation gap” (Gouëdard et al., 2020),
it is important to assess the impact of the curricular reform on student learning. In order to
do so, it is important to have an assessment that is valid and reliable for the target age group
(RQ3.1, see Fig. 7.1).

Figure 7.1: Contextualisation of the chapter with respect to the thesis objectives.

As students must learn foundational CS concepts, we were interested in evaluating learning
at a large scale in the pilot schools. Conducting such an evaluation required an assessment
that includes CT-concepts, which according to Brennan and Resnick (2012)’s break down of
CT, refer to the concepts that computer scientists engage with (i.e. sequences, loops, if-else
statements and while statements) which align with the curricular objectives of the reform. In
order to be deployed at a large scale, the instrument also had to be scalable to a large number of
primary school students, and therefore include the least number of observations, open ended
questions, and so forth. That is why we oriented our search towards instruments that were
close to Román-González et al. (2017)’s CT test for secondary school, the cCTt which measure
CT-concepts in a valid and reliable way and seek to be agnostic of programming environments.
Fortunately, a few months prior to our search, Zapata-Cáceres et al. (2020) published their
adaptation of the cCTt for primary school, the Beginners’ CT test (BCTt). This instrument
had adapted the CTt in terms of format and content for primary school. Unfortunately, the
test appeared to exhibit a ceiling effect in grades 4-6, and did not include grade 3 students.
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There began a collaboration with the researchers of the BCTt to create a more adapted version
of the instrument for grades 3-4, which we also validated in grades 5-6 to be able to use it
in a longitudinal assessment of CT in our studies. In this chapter, we therefore describe the
development process and the outcomes of the three validation studies that we conducted in
collaboration with researchers in Spain and Portugal.

7.1 The competent Computational Thinking test (cCTt) is a valid,
reliable and fair assessment for grades 3-6

This section’s content is adapted from the following articles:

• El-Hamamsy, L., Zapata-Cáceres, M., Barroso, E. M., Mondada, F., Zufferey, J.
D., & Bruno, B. (2022). The competent computational thinking test: Develop-
ment and validation of an unplugged computational thinking test for upper
primary school. Journal of Educational Computing Research, 60(7), 1818-1866.
https://doi.org/10.1177/07356331221081753 (Laila El-Hamamsy’s contribution: con-
ceptualisation, methodology, investigation, data curation, formal analysis, writing -
original draft preparation, visualisation, writing - review & editing, reuse authorised
under CC-BY-NC license)

• El-Hamamsy L., Zapata-Cáceres M., Martín-Barroso E., Dehler Zufferey J., Mondada
F., Bruno B., Román-González M (2023). The competent Computational Thinking
test (cCTt): A valid, reliable and gender-fair test for longitudinal CT studies in
grades 3-6. arXiv. https://doi.org/10.48550/arXiv.2305.19526 (under review, Laila
El-Hamamsy’s contribution: conceptualisation, methodology, formal analysis, in-
vestigation, data curation, visualisation, validation, writing - original draft, writing -
review & editing)

In this section, we present the development of the cCTt (see Section 7.1.1), and the methodol-
ogy employed (see Section 7.1.2) for the first level of validation we conducted (El-Hamamsy
et al., 2022g, 2023b; ?)1, before presenting the corresponding results in Sections 7.1.3 to 7.1.9.

7.1.1 cCTt development

We developed the cCTt by adapting the Beginner’s CT test (BCTt) in terms of format and
content to the target age group2. Both the BCTt and the cCTt are unplugged (i.e., paper-based)
multiple choice exams composed of 25 questions of progressive difficulty which employ
questions in two formats (see Fig. 7.2). The majority of questions (21 out of 25) use a 3x3 or a
4x4 grid that a chick must navigate to reach a hen, possibly satisfying side-goals as well such
as picking up a flower or avoiding a cat. The remaining questions are canvas-type questions
where students have to replicate a drawing pattern. In both formats, each question presents
itself with four possible answers from which the students must choose from. As shown in

1The dataset associated with these studies are available on Zenodo (El-Hamamsy et al., 2022h, 2023c)
2Adaptations in terms of format and content have been used by researchers to develop the TechCheck-K from

the TechCheck (Relkin et al., 2021) and to develop the BCT test from the CT test (Zapata-Cáceres et al., 2020).
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Table 7.1, both tests address CT concepts, as defined by Brennan and Resnick (2012), by
successively assessing notions of sequences, simple loops, nested loops, conditionals (if-then
and if-then-else), and while statements, but with varying number of questions per concept.
While designing the cCTt, we made adaptations in terms of content in order render the cCTt
more complex than the BCTt by:

1. mainly employing 4x4 grids,

2. removing questions of low difficulty (i.e. which exhibited notable ceiling effects in
Zapata-Cáceres et al. 2020, in particular questions on 3x3 grids and questions involving
sequences and simple loops),

3. adding more questions related to complex concepts (e.g. while statements),

4. creating a new subset of questions which looks to determine whether students had
assimilated the range of concepts addressed in the test (referred to as “combinations”),

5. altering the disposition of objects (starting point, targets and or obstacles) on the grid,
and/or the selection of responses students could choose from, so that identifying the
correct response requires more reflection on the students’ part.

Adaptations in terms of format primarily concerned the while statements: to convey the notion
of repetition, and to make the statement more clearly distinct from the simple sequences, the
symbols were adapted as shown in Fig. 7.3.

The individual questions of the cCTt are described in Table 7.2 and the full subset of questions
is provided in the appendix of El-Hamamsy et al. (2022g).

Figure 7.2: The two main question formats of the cCTt: grid (left) and canvas (right).
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Table 7.1: Comparison between the BCTt and the cCTt in terms of question concepts and
question types.

BCTt cCTt

Blocks Grid Grid Canvas Total Grid Grid Canvas Total
(3x3) (4x4) (3x3) (4x4)

Sequences 3 1 2 6 1 1 2 4
Simple loops 3 2 0 5 0 4 0 4
Complex loops 0 5 2 7 0 5 2 7
Conditional statements 1 3 0 4 1 3 0 4
While statements 1 2 0 3 1 3 0 4
Combinations 0 0 0 0 0 2 0 2

Total 8 13 4 25 3 18 4 25

Figure 7.3: Example of a format and content adaptation to establish the cCTt questions (Q24
in the BCTt on the left, which became Q21 in the cCTt on the right). In terms of format, in
addition to editions to the colour scheme, the BCTt symbol for while statements was adapted
in the case of the cCTt to include several bars in the shaft of the arrow to symbolise the fact that
multiple movements are possible. In terms of content, the position of the hen was changed, as
well as the possible answers with each answer targeting a specific type of error as presented in
Table 7.2.
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Table 7.2: Description of the cCTt items as they were administered to the students for valida-
tion. Note that this format includes error profiles associated to each response, with similar
distributions of error profiles across options A, B, C and D, as suggested by the experts in the
expert evaluation. Q: question, O: obstacles, P: pickups (i.e. a position in the grid where the
chick must pass, here to pick up a flower).
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Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

7.1.2 cCTt validation methodology

We evaluated the cCTt in terms of reliability and validated in terms of face validity (does
the content of the test appear to be suitable to its aims?), content validity (is the test fully
representative of the content it aims to measure?) and construct validity (does the test measure
the skills/abilities it intends to measure?) (Taherdoost, 2016). In a first phase, 37 experts were
selected from i) the panel of experts having evaluated the BCTt, ii) a group of researchers in
education and computer science working on the question of fostering and/or assessing CT, iii)
and a group of practitioners involved in a digital education reform for primary school. These
experts evaluated the validity of the cCTt through a survey and focus group and provided
recommendations for adjustment which we implemented prior to administering the test at
a large scale (see Section 7.1.3). In a second phase which took place in January 2020, the
test was administered to 1519 student in grades 3 and 4 from 7 pilot schools in the Canton
of Vaud. Classical Test Theory (see brief introduction to this methodology in Section 3.3.1),
Item Response Theory (IRT, see brief introduction to this methodology in Section 3.3.2) and
Confirmatory Factor Analysis (CFA, see brief introduction to this methodology in Section 3.2.1)
were employed to assess the psychometric properties of the instrument. In a third phase the
test was administered to 1209 grades 5-6 students to determine whether the instrument could
be used in multi-year longitudinal analyses of student learning. The number of participants
according to age and gender can be seen in Table 7.3. Please note that i) no student took the
test twice and ii) the students are considered to be comparable as they are from the same
schools.

Table 7.3: Number of Participants According to Age and Gender.

Gender Grade Total
3P 4P 5P 6P

Boys 376 379 289 317 1361
Girls 333 369 296 307 1305

Total 709 748 585 624 2666

7.1.3 cCTt expert evaluation

The expert evaluation with 37 experts of diverse backgrounds which we briefly synthesise here
(see El-Hamamsy et al. 2022g for the full analysis) indicates that the cCTt shows good face,
construct and content validity. Indeed, the experts considered that the test:

• Was of adequate difficulty with an average score of −0.4±1.0%, between “neither easy
nor difficult” and “somewhat difficult” on a scale of -3 to +3 (see Fig. 7.4).

• Adequately measures the targeted concepts, with an average score of 1.2±0.4%, between
“agree” and “totally agree” on a scale of -3 to +3 (see Fig. 7.5).

• The blocks of questions were an adequate representation of CT skills with an average
score of 1.5±0.3%, between “agree” and “totally agree” on a scale of -3 to +3 (see Fig.
7.5).
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Please note that the experts were not aware that the test was accompanied by a protocol
which included examples that was provided to teachers at the time of the test’s administration.
Therefore, the experts believed that the symbolism would be difficult to understand without
prior explanations, notably in the case of the for loops, the if-else statements, while statements
and their combinations. This accounts for the more negative ratings obtained in terms of
illustrations for those blocks of questions, and confirms the importance of providing examples
to the students beforehand to grasp the key mechanics of the test (see Fig. 7.4).

Figure 7.4: Face Validity of the cCTt.

The experts provided additional insight into their perception of the content validity of the
test through the open comments, and in particular in the focus group. The latter, which
was unstructured, was primarily focused on what it entails to assess CT considering the fact
that CT is i) highly multi-dimensional, ii) suffers from a lack of consensus around what CT
encompasses, and ii) can be considered both in disciplinary and non-disciplinary contexts.
For the experts the cCTt, although it assesses adequately computational concepts, it does
not assess CT in all its dimensions. The cCTt, like the CTt and the BCTt before it, mainly
focuses on computational concepts and while it includes certain notions of computational
practices, it disregards computational perspectives. Indeed, the cCTt does not provide insight
into students’ thought processes when engaged in CT-related problem solving tasks (Chevalier
et al., 2020), their transversal competences (both inter-personal and intra-personal), and their
perception “of themselves and their relationships with others and the technological world”
(Lye and Koh, 2014). This is a limitation of most summative assessments (Román-González
et al., 2019) which, despite having excellent adequacy for computational concepts and little
adequacy for computational practices, are considered inadequate for computational perspec-
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Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

Figure 7.5: Construct and content validity of the cCTt.

tives. Indeed, both the literature and the experts highlighted the importance of combining
the cCTt with other tools in a system of assessments to get a comprehensive evaluation of CT
interventions (Grover et al., 2015; Román-González et al., 2019). Multiple assessment methods
help provide complementary information on the acquisition of CT competences. In particular,
computational practices relate to processes and are best assessed through direct observations
as in the case of the study by (Chevalier et al., 2020) who looked into the students’ thought
processes using the Creative Computational Problem Solving model.

Finally, the experts provided suggestions in both the open comments and focus group to
improve the cCTt which we implemented prior to administering to the students:

• Visual adjustments and adjustments to the instructions, notably to understand that
when a condition is not met that the student should proceed to the next instruction in
the sequence (not the end of the program).

• Adjustments because the else statement was never required to solve the task, ensure
exercises with while statements only use each symbol once.

• Ensure that the last position in the sequence is on the hen, and not just that the chick
passes by the hen’s square in the sequence.

• Only provide the examples once for each block to avoid confusing the students because
they believe the rule must be applied every time.

• Keeping in mind that the students’ results may differ based on what they did in the past.

• Adding an "I don’t know" option so students would not feel pressured into selecting a
response. Such an addition also helps distinguish between students who did not have
time to answer the question and those who did not know what the correct answer was.
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• Establishing error profiles in the selection of responses. Concretely, the idea is that
each response should correspond to a type of error, so teachers may also use the test to
identify specific learning difficulties and intervene accordingly. Ideally, a teacher would
like to know where the students are struggling in order to remedy the situation (see
Table 7.2 for the error profile attributed to each response).

Student assessment development and validation Takeaway #1

The expert evaluation with 37 experts indicates that the cCTt has good face, construct
and content validity, although the content validity could be improved by introducing
insight into CT practices and perspectives.

7.1.4 cCTt construct validity analysis through Confirmatory Factor Analysis

A CFA analysis on the grades 3-4 data confirms the underlying structure of the test, and con-
firms that the blocs of questions that align with the CT-concepts in Brennan and Resnick
(2012)’s framework are coherent (χ2(300) = 7106, p = .000, χ2/d f = 2.1 < 3, CFI = .978 > 0.95,
TLI = 0.974 > 0.95, RMSEA 0.27 < 0.05, SRMR = 0.052 < 0.8). Table 7.5 provides, for each ques-
tion in the test, its factor and factor loading. The factor loadings are positive and significant
for all questions, with standardised coefficients ranging from 0.540 for question 17 to 0.867 for
question 2. Table 7.6 shows that there are significant positive correlations between the factors
themselves. As each factor is related to the performance in a given block of the cCTt, these
correlations indicate that students who perform well in one block are likely to perform well in
the others.

Table 7.4: Confirmatory Factor Analysis for the cCTt-25, with latent variables and observed
variables corresponding to the distribution in Table 7.2.

cCTt-25
Initial conditions
(KMO: Kaiser, Meyer, Olkin
sampling adequacy)

Robust model fit indices
(CFI: Comparative Fit Index, TLI: Tucker-Lewis Index,
RMSEA: Root Mean Square Error of Approximation,
SRMR: Standardized Root Mean Square Residual)

KMO Bartlett’s test of sphericity χ2 χ2/d f CFI TLI RMSEA SRMR

All .90 χ2(300) = 7106, χ2(260) = 551, 2.1 .978 .974 .027 .052
p < .001 p < .001

Grade 3 .88 χ2(300) = 3101, χ2(260) = 378, 1.45 .977 .974 .025 .061
p < .001 p < .001

Grade 4 .88 χ2(300) = 3614, χ2(260) = 403, 1.6 .975 .971 .027 .070
p < .001 p < .001
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Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

Table 7.5: cCTt-25 Factor Loadings for CFA on the full dataset.

Latent Factor Question B (factor
loading)

Standard
error of B

Z-scores Beta
(standardised
factor loading)

significance

1 0.699 0.053 13.154 0.699 ***
f1 2 0.867 0.039 22.216 0.867 ***

(sequences) 3 0.596 0.041 14.504 0.596 ***
4 0.694 0.033 20.775 0.694 ***

5 0.738 0.027 27.415 0.738 ***
f2 6 0.778 0.031 24.868 0.778 ***

(simple loops) 7 0.635 0.030 21.125 0.635 ***
8 0.792 0.025 31.521 0.792 ***

9 0.608 0.032 19.013 0.608 ***
10 0.715 0.025 29.122 0.715 ***
11 0.771 0.021 36.155 0.771 ***

f3 12 0.769 0.021 36.626 0.769 ***
(complex loops) 13 0.844 0.019 45.050 0.844 ***

14 0.612 0.027 22.423 0.612 ***
15 0.768 0.022 34.956 0.768 ***

16 0.721 0.030 24.231 0.721 ***
f4 17 0.540 0.047 11.494 0.540 ***

(conditionals) 18 0.688 0.029 23.688 0.688 ***
19 0.652 0.030 21.765 0.652 ***

20 0.626 0.032 19.645 0.626 ***
f5 21 0.765 0.026 29.423 0.765 ***

(while statements) 22 0.576 0.034 16.903 0.576 ***
23 0.540 0.034 15.862 0.540 ***

f6 24 0.547 0.049 11.102 0.547 ***
(combinations) 25 0.836 0.050 16.786 0.836 ***

Table 7.6: cCTt-25 Latent Factor Correlations for CFA on the full dataset.

Factor 1 f1 f1 f1 f1 f1 f2 f2 f2 f2 f3 f3 f3 f4 f4 f5
Factor 2 f2 f3 f4 f5 f6 f3 f4 f5 f6 f4 f5 f6 f5 f6 f6

Correlation .69 .66 .56 .49 .37 .76 .55 .56 .43 .61 .58 .51 .80 .67 .81
Significance *** *** *** *** *** *** *** *** *** *** *** *** *** *** ***

Student assessment development and validation Takeaway #2

The Confirmatory Factor Analysis confirms the test’s underlying structure and that each
block of questions measures an independent latent variable, thus providing evidence of
the cCTt’s construct validity. The blocks therefore measure coherent and independent
concept, and should be representative of the CT-concepts they intend to measure.
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7.1.5 cCTt test score comparison across grades

The distribution of scores obtained per student and grade can be seen in Fig. 7.6 with the
descriptive statistics being provided in Table 7.7. The skew and kurtosis values3 are within
the acceptable range for normal univariate distribution according to (Gravetter et al., 2020)
although the skew to the right increases between grades 3, 4 and 5-6. A one-way ANOVA
reveals significant differences according to students’ grades (F (3) = 95, p < 0.0001). Dunn’s
test for multiple comparisons is shown in Table 7.8 and indicates that there are significant
differences in students’ scores according to grades, with the exception of grades 5-6 where a
plateau appears to have been reached.

Figure 7.6: Distribution of cCTt scores across grades 3-6.

Student assessment development and validation Takeaway #3

We observe a progression in terms of students’ scores as they get older, indicating that
they are able to master progressively more complex concepts. However, a plateau
appears to have been reached in grades 5-6, likely due to a start of a ceiling effect on
the test in these grades.

3Skew (i.e. the asymmetry of a distribution) and kurtosis (i.e. the location of the peak of a distribution) of a
normal distribution are close to 0 (Kim, 2013)
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Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

Table 7.7: Descriptive statistics of the cCTt per grade. Please note that acceptable limits to
prove normal univariate distribution are [−2;+2] for Skew and [−7;+7] for Kurtosis (Gravetter
et al., 2020), with values close to 0 being desirable.

N Mean Std. error of the mean Std. deviation Skew Kurtosis Min Max

3P 711 12.6 0.194 5.18 0.0206 -0.593 0 24
4P 749 15.5 0.181 4.96 -0.354 -0.408 0 25
5P 585 16.8 0.216 5.22 -0.489 -0.548 3 25
6P 624 16.4 0.197 4.93 -0.416 -0.461 1 25

Table 7.8: Dunn’s test for multiple comparisons to determine the difference in cCTt scores
between grades with Benjamini-Hochberg p-value correction (minimum Cohen’s D = 0.128 to
achieve a statistical power of 0.8).

3P 4P 5P

4P ∆= 2.87pts, p = 0.0, D = 0.566
5P ∆= 4.22pts, p = 0.0, D = 0.812 ∆= 1.35pts, p = 0.0, D = 0.266
6P ∆= 3.80pts, p = 0.0, D = 0.751 ∆= 0.93pts, p = 0.0013, D = 0.188 ∆= 0.423pts, p = 0.1345, D = 0.083 (n.s.)

7.1.6 cCTt gender-fairness analysis through Differential Item Functioning

Given the importance of having generalisable instruments that are fair towards all groups of
participants, we employ Differential Item Functioning (DIF) on the data from the 2666 grades
3-6 students to investigate whether the cCTt’s items are biased with respect to gender. The
results in Table 7.9 indicate that no item is gender-biased, with only 3/25 items (Q8, Q14,
Q19) being flagged by one of the three methods as DIF with a negligible effect. As such, we
can conclude that there are no significantly DIF items in the cCTt and that the cCTt can be
considered fair with respect to gender. This indicates that any gender differences identified
for a given sample of students is due to differences between boys’ and girls’ abilities, and not a
byproduct of the assessment itself.
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Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

Student assessment development and validation Takeaway #4

The cCTt is fair as its items are not biased with respect to gender according to Differ-
ential Item Functioning, and can therefore be used to evaluate performance related
gender-biases.

7.1.7 cCTt sample-dependent reliability metrics through Classical Test Theory

Fig. 7.7 reports the Classical Test Theory results (difficulty indices and point-biserial correla-
tions) for all questions according to the students’ grade. Starting with item difficulty indices
(i.e. proportion of correct responses), the students appear to have better performance on all
test items the older they are. Interestingly, for students in grades 5-6 none of the items are
too difficult, although but a larger number which are too easy, whereas students in grades 3-4
have respectively 2 and 3 items that are too difficult and 3 and 2 items that are too hard (see
Fig. 7.7). When considering the point-biserial correlation, items where students have nearly
perfectly also have low point-biserial correlations. Therefore, errors on these items are not
representative of the students’ overall performance on the test, and are more likely due to
oversights on their part. Finally, when considering the reliability provided by Cronbach’s α, the
cCTt exhibits good reliability for each grade (α3P = 0.84, α4P = 0.84, α5P = 0.83, α6P = 0.82).
Additionally, when computing the drop α4 per question, the value is always lower than the
overall reliability of the test for that grade, indicating that removing an item will not improve
the reliability of the instrument.

Taking all of these elements into account, it would appear that the following number of
questions could be revised to improve the validity of the instrument:

• 5 in grade 3: Q1 and Q2 which are too easy, Q17, Q24 and Q25 which are too hard.

• 5 in grade 4: Q1, Q2, and Q6 which are too easy, Q17 and Q24 which are too hard.

• 7 in grade 5: Q1, Q2, Q3, Q4, Q6, Q8, Q9 which are too easy, notably considering that Q1,
Q2 and Q4 have low point-biserial correlations.

• 6 in grade 6: Q1, Q2, Q4, Q6, Q8, Q9 which are too easy, notably considering that Q1, Q2
and Q4 have low point-biserial correlations.

While the two first items of the instrument would be the most important to revise, these could
be considered as a means for the students to familiarise with the test and could simply be
removed from the final score. This is particularly relevant for students in grades 5-6 as the
point-biserial correlation is below the acceptable limit for these grades. Furthermore, given
the mastery that students appear to have on sequences in grades 5-6, and the scores obtained
on more advanced CT-concepts, it may be relevant to introduce more questions on advanced
CT-concepts in their stead.

4The drop α is the reliability of the instrument should an item be removed
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7.1 The competent Computational Thinking test (cCTt) is a valid, reliable and fair
assessment for grades 3-6

Figure 7.7: Classical Test Theory - Item Difficulty Index (left) and Point-biserial correlation
(right). Please note that items with a difficulty index above the 0.85 threshold are considered
too easy while items below the 0.25 threshold are considered too difficult. Similarly, items
with a point-biserial correlation above the 0.2 threshold are considered acceptable while those
above 0.25 are considered good.

Student assessment development and validation Takeaway #5

The Classical Test Theory analysis indicates that the cCTt is valid and reliable for grades
3-6 although its reliability could be improved with grades 5-6 (e.g. removing the first
two questions of the test and introducing more advanced questions).

7.1.8 cCTt sample-agnostic reliability through Item Response Theory (IRT)

As presented in the introduction to IRT analyses (see Section 3.3.2), prior to applying IRT one
must verify whether the test meets the unidimensionality criterion which can be achieved
using CFA. The one dimensional CFA analysis indicates that there is a slight unidimensionality
mis-specification which can be corrected by removing Q25. As such, we employed IRT on Q1
and Q3-25 to be able to compare the IRT models across all four grades (for more details, please
see El-Hamamsy et al. 2023b). As the objective was to compare the IRT models across all four
grades, it was important to employ the same type of parameter logistic model (either 1-PL,
2-PL, 3-PL, or 4-PL, see Section 3.3.2) for all. However, the 3-PL model did not converge to a
stable solution for students in grades 4 and 6, and the 4-PL model did not converge at all for
any of the grades. As the objective is to compare the instruments, and use a single model type
for the analysis, we fit the 1-PL and 2-PL models for each grade. Using ANOVA to compare the
1-PL and 2-PL models indicates that the 2-PL model significantly improves the fit in all cases
(see Table 7.10). Yen’s Q3 statistic (Yen, 1984) to measure local independence indicates that
none of the pairs of item residuals have a high correlation (all values <0.2) for grades 3, 5 and
6, and that just 2 items have a statistic between 0.2 and 0.3 (acceptable) for students in grade 4.
We can thus consider that local independence is not violated.

5Please note that “violations of unidimensionality and local independence are always present in the real
measures” (Rajlic, 2019). Research has found that with violations of unidimensionality, i) there may be an
overestimation of the discrimination parameter, ii) with little impact on the difficulty estimation, and iii) that the
impact on the estimated parameters is smaller the closer we are to the unidimensionality criteria (Kahraman, 2013;
Rajlic, 2019).
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Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

Table 7.10: cCTt (excluding item Q2) IRT Model comparison using ANOVA for each grade.

Grade Model AIC BIC Log Likelihood LRT df p-value

3P 1-PL 18636.07 18750.24 -9293.03
2-PL 18592.46 18811.66 -9248.23 89.61 23 <0.001

4P 1-PL 18081.03 18196.50 -9015.52
2-PL 17969.57 18191.27 -8936.79 157.46 23 <0.001

5P 1-PL 11708.63 11817.92 -5829.31
2-PL 11624.36 11834.20 -5764.18 130.26 23 <0.001

6P 1-PL 12967.41 13078.31 -6458.70
2-PL 12865.30 13078.23 -6384.65 148.11 23 <0.001

To determine whether there are differences in response patterns between grades 3-4 and 5-6
we employ Differential Item Functioning (DIF) for a 2-PL model. The results in Table 7.11
indicate that all the items were flagged at least two out of three times as DIF, with 16/25 being
flagged by all three detection methods as DIF. This would indicate that there are differences in
difficulty or discriminability among the questions depending on the grades the students are
in. As such, we are interested in comparing how the IRT parameters vary across grades.
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Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

To gain better insight into how the properties of the test differ according to grade, we compare
the IRT models for each of the grades in terms of difficulty and discrimination indices. The
grade specific Item Response Theory models parameters are provided in Table 7.12. Fig. 7.8
shows the Item Characteristic Curves (ICCs), Fig. 7.9 the Item Information Curves (IICs) and
Fig. 7.10 the Test Information Functions and Standard Error of Measurements (TIFs). The
average item discrimination for all tests is in the upper-moderate range with the minimum
value in the upper-low range, and the maximum value in the very high range. While the
distribution in item discrimination does not differ significantly according to grade (one-
way ANOVA F (3) = 0.77, p = 0.51), the distribution of item difficulties does (F (3) = 7.52,
p = 0.00015). Indeed, on average, the results would appear to indicate that the cCTt is easier
the older the students are, and can be considered as medium-high for grade 3 students,
medium-low for grade 4 students, and easy for students in grades 5-6. Dunn’s test for multiple
comparisons with Benjamini-Hochberg p-value corrections is used to determine between
which groups these differences are significant, all the while accounting for the minimum
effect size required to meet a statistical power of 0.8. The test indicates that the differences
are significant between grades 3 and 5 (∆= 1.35, p = 0.0007, D = 1.22), and 3 and 6 (∆= 1.33,
p = 0.0007, D = 1.15). This is confirmed by the Test Information Function, which indicates
that the cCTt provides the most information for medium ability students in grades 3, while it
provides more information for medium-low ability students in grades 4-6.
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Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

Figure 7.8: 2-PL IRT Item Characteristic Curves per grade.

A more in depth look into the grade-specific Wright Maps on the 2-PL models (see Fig. 7.11)
indicates that for grades 3-4 the items are aligned with the ability of the majority of the
candidates, while in grades 5-6 the items are aligned with the ability of a smaller proportion of
students, and in particular those who are at the lower end of the logit scale.

Student assessment development and validation Takeaway #6.1

The cCTt exhibits good IRT properties for grades 3-4 where it is able to discriminate well
in the low and medium ability ranges and reasonably well over the rest of the spectrum.

Student assessment development and validation Takeaway #6.2

The cCTt is able to discriminate well in the low ability range for grades 5-6 but does
not have sufficient items to cover the medium and high ability ranges in which a
considerable proportion of the students are located.
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7.1 The competent Computational Thinking test (cCTt) is a valid, reliable and fair
assessment for grades 3-6

Figure 7.9: 2-PL IRT Item Information Curves per grade.

Figure 7.10: 2-PL IRT Test Information Function (left) and Standard Error of Measurement
(right) according to the students’ grade.
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Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

7.1.9 cCTt student proficiency profiles through Item Response theory

Based on the procedure described by PISA (OECD, 2014, 2017), and the corrected item diffi-
culties provided in Table 7.12, we establish grade-specific student proficiency profiles with
anchor items that are located at the middle of each proficiency level as done by Guggemos
et al. (2022). These proficiency profiles with their representative items are described in Table
7.13.
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7.1 The competent Computational Thinking test (cCTt) is a valid, reliable and fair
assessment for grades 3-6

Figure 7.11: Grade-specific Wright Maps with EAP reliabilities of 0.849 for grade 3, 0.842 for
grade 4, 0.798 for grade 5, and 0.78 for grade 6 and therefore sufficiently high for research
purposes.
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7.2 The competent Computational Thinking test (cCTt) exhibits predictive validity

Student assessment development and validation Takeaway #7

The student proficiency profiles constructed using PISA’s methodology help describe
what students in grades 3-6 are able to achieve at each proficiency level. These profiles
can therefore serve as guidelines for the development of interventions and assessments
in these grades (coherently with the principle of constructive alignment).

7.1.10 Conclusions regarding the use of the cCTt in grades 3-6

The proposed cCTt is a valid and reliable instrument which expands the portfolio of validated
CT assessments across compulsory education. Indeed, the results from the psychometric
analysis using Classical Test Theory and Item Response Theory appear to indicate that the
cCTt is valid and reliable for students in grades 3-6. Nonetheless, a ceiling effect starts to
appear in grades 5-6 as the students perform well on the easier CT-concepts pertaining to
sequences and loops. It would therefore be interesting to propose variants for items targeting
sequences and loops to improve the reliability of the instrument for grades 5-6. Furthermore,
Differential Item Functioning provides a gender-fairness validation of the cCTt across grades
3-6. Although they are not included in the manuscript, El-Hamamsy et al. (2023b) includes
normalised cCTt scores across grades using Z-scoring. By providing estimates of students’
percentiles according to their score, it is possible to compare between grades and take a first
step towards establishing equivalency scales.

7.2 The competent Computational Thinking test (cCTt) exhibits pre-
dictive validity

This section’s content is adapted from the following article:

• El-Hamamsy, L., Zapata-Cáceres, M., Barroso, E. M., Mondada, F., Zufferey, J.
D., & Bruno, B. (2022). The competent computational thinking test: Develop-
ment and validation of an unplugged computational thinking test for upper
primary school. Journal of Educational Computing Research, 60(7), 1818-1866.
https://doi.org/10.1177/07356331221081753 (Laila El-Hamamsy’s contribution: con-
ceptualisation, methodology, investigation, data curation, formal analysis, writing -
original draft preparation, visualisation, writing - review & editing, reuse authorised
under CC-BY-NC license)

• Zapata-Cáceres M., Marcelino P., El-Hamamsy L., Martín-Barroso E. A Bebras Com-
putational Thinking (ABC-Thinking) Program for Primary School: Evaluation using
the competent Computational Thinking test (under review, Laila El-Hamamsy’s con-
tribution: formal analysis, visualisation, validation, writing - original draft, writing -
review & editing)

Predictive validity (i.e. does the test predict something that it should predict such as academic
performance and coding achievement as done in Román-González et al. 2018) constitutes
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Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

one step towards establishing a test’s criterion validity. Criterion validity refers to the extent to
which an instrument measures what it intends to measure and needs to be established with
respect to a “gold standard” which can be done through three main approaches. Typically,
researchers make a comparison with other assessment methods (convergent validity, Relkin
et al., 2020, 2021; Román-González et al., 2017). More classically however, criterion validity
is established through i) determining the test’s predictive validity, and ii) determining its
concurrent validity (can the test distinguish between two populations that are distinct, e.g. can
we distinguish between students who partake in CT related activities and those who don’t?).

To establish the predictive validity of the cCTt, we collaborated with researchers in Spain and
Portugal who sought to validate a 12-week Bebras task-based CT development program and
employed the cCTt in a pre-post test experimental design (Zapata-Cáceres et al., 2023). We
used the opportunity to determine to what extent the cCTt could predict a change in stu-
dents’ performance after participating in a program which should develop their CT skills. We
therefore consider the cCTt pre-post test data they collected from the 131 grades 3-4 students
(72 girls, 59 boys, ages 7-9) who participated in the program and had no prior formal CT or
programming experience as an indicator of the predictive validity of the cCTt.

Students scored an average of 15.7±4.4 out of 25 on the pre-test (see Fig. 7.12). These scores
were normally distributed (Shapiro Wilk test, W=0.985, p=0.167; skew=-0.0600; kurtosis=-0.146)
around the mean. Following the intervention, the students scored an average of 18.0±3.6 on
the post-test (see Fig. 7.12). The scores appear to be non-normally distributed and beginning
to exhibit a ceiling effect (Shapiro Wilk test, W=0.979, p=0.0437; skew=-0.225; kurtosis=-0.567).
The increase is significant (one-way ANOVA on the pre- and post-test distributions, F(1)=20.9,
p=1.6e-5) with a medium to large effect size (Cohen’s D=0.565) and appears to indicate that
the students improved their mastery of CT-concepts through the CT Development Program.

Looking at the distribution of scores per block (see Fig. 7.13), the pre-test scores appear to
indicate that students had a good mastery of sequences (B1, 90% of correct responses) and
simple loops (B2, 81% of correct responses). The results also indicated that they could still
progress on more advanced CT-concepts such as complex loops (B3, 68% of correct responses)
conditionals (B4, 52% of correct responses), while statements (B5, 39% of correct responses)
and the combination of statements (B6, 23% of correct responses) prior to the intervention.
The results indicate that the intervention lead to improvements, but this differed according to
the CT-concepts (F(11)=124, p<0.0001). Using Dunn’s test for multiple comparisons helps shed
light on this. Following the intervention, the students had near perfect mastery of sequences
(B1, 96% of correct responses, +6.1%, p=0.0717, D=0.474) and simple loops (B2, 93% of correct
responses on average, +11.5%, p=0.0042, D=0.551). They also improved on their mastery
of complex loops (B3, 83% of correct responses, +14.8%, p=0.0002, D=0.568) and of while
statements, although marginally for the latter (B5, 49 of correct responses, +9.4%, p=0.0511,
D=0.285). Interestingly, they did not improve on conditional statements (B4, +1.5%, p=0.8528,
D=0.055) or more advanced questions using the combination of concepts (B6, +3.3%, p=0.6194,
D=0.095). This is an indication that the students require interventions that specifically target
these more advanced CT-concepts in order to further progress on them.
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7.2 The competent Computational Thinking test (cCTt) exhibits predictive validity

Figure 7.12: Distribution of the cCTt scores obtained for the 131 students that could be followed
between the pre and post tests.

Figure 7.13: Distribution of the proportion of correct responses per block of questions in the
cCTt for the pre and post tests.

Student assessment development and validation Takeaway #8

The findings indicate that the cCTt has some level of predictive validity as it is able
to capture students’ increase in performance after participating in a CT program.
Nonetheless, such types of analyses should be replicated in other contexts where
students are expected to progress in terms of CT concepts and ideally include control
groups.
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Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

7.3 The competent Computational Thinking test should be preferred
over the Beginners’ Computational Thinking test for grades 3-4

This section’s content is adapted from the following article:

• El-Hamamsy, L., Zapata-Cáceres, M., Marcelino, P., Bruno, B., Dehler Zufferey, J.,
Martín-Barroso, E., & Román-González, M. (2022). Comparing the psychometric
properties of two primary school Computational Thinking (CT) assessments for
grades 3 and 4: The Beginners’ CT test (BCTt) and the competent CT test (cCTt).
Frontiers in Psychology, 13:1082659. doi:10.3389/fpsyg.2022.1082659 (Laila El-
Hamamsy’s contribution: conceptualisation, methodology, data curation, formal
analysis, writing - original draft preparation, visualisation, writing - review & edit-
ing, reuse authorised under CC-BY licence)

With the increase in the number of CT instruments in the past few years, it is unsurprising
to find that several overlap in their target age ranges. It is thus important for researchers
and practitioners to not only identify instruments which best assess the learning objectives
of their interventions, but also to understand the limits of validity of these instruments to
make informed decisions for their own studies. Such instruments are unfortunately not often
compared against one another to determine which may be more appropriate for a given age
range. To the best of our knowledge, only the TechCheck and TechCheck-K were compared
to establish whether the TechCheck-K would be an adequate instrument for kindergarten
students (Relkin and Bers, 2021), with the TechCheck being more appropriate for first and
second graders.

In El-Hamamsy et al. (2022f) we were interested in the overlap between the BCTt and the
cCTt for students in grades 3 and 4 as these two instruments overlap in their targets, and are
from the same “family” of CT tests, and thus cover the same concepts. These assessments
therefore cannot be considered complementary within a systems of assessments, and thus
require choosing between them. It is therefore essential to establish their limits of validity for
the considered age group to provide recommendations to help researchers make an informed
decision when selecting CT-assessments in accordance with their study requirements. Indeed,
while the BCTt was initially developed as an instrument looking to cover all of primary school,
the validation procedure appeared to indicate that the BCTt was too easy for students in upper
primary school (Zapata-Cáceres et al., 2020). As the cCTt was derived from the BCTt to adapt
the instrument in terms of format and content to improve its validity for students in grades 3
and 4 (7-9 year old students), the present study therefore investigates how the BCTt and cCTt
complement each other in assessing CT in grades 3 and 4, to propose recommendations for
their use for these grades.

To compare the instruments, we used data collected by researchers and practitioners using
the BCTt and cCTt in a pre-post test experimental design looking to evaluate the impact of a
Computational Thinking intervention conducted in public schools in Portugal. In order to
compare the instruments and avoid biases from the interventions themselves (whose goals
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7.3 The competent Computational Thinking test should be preferred over the Beginners’
Computational Thinking test for grades 3-4

and outcomes are outside the scope of this article), we only consider the results of the pre-tests
administered to 575 students prior to the interventions6. More specifically, we analyse the
results of the BCTt pre-test administered in March 2020 to 374 students in grades 3-4, and
the results of the cCTt pre-test administered in April 2021 to 201 other students in grades 3-4.
All participants were enrolled in the same school districts in Portugal and did not have any
prior experience with the CT-concepts measured with the instruments, as this is not part of
the national curriculum. Please note that while the populations are not identical, they are
considered to be comparable, and a comparison of both instruments is possible through the
lens of IRT which is sample agnostic and complements the results of Classical Test Theory
which may be subject to sample dependency. Comparing the properties of the instruments
on two distinct samples also helps avoid the testing-effect, i.e. having students’ performance
improve on the second instrument because the questions employ the same modalities as the
first instrument, and are therefore familiar and easier due to practice, rather than being due to
a difference between the instruments (Knapp, 2016).

7.3.1 BCTt and cCTt test score distribution comparison

The distribution of scores obtained in the two tests (both out of a maximum of 25 points) is
shown in Fig. 7.14. The Shapiro-Wilk test of normality indicates that the distribution of the
cCTt is normal (p > .05, fails to reject H0) and that the distribution of BCTt is not (p < .0001,
rejects H0). This is due to a ceiling effect, which is apparent for the BCTt (skew = −1.23,
kurtosis = 1.98), but is not present in the case of the cCTt (skew =−0.07, kurtosis =−0.13).

Figure 7.14: Score distribution for the BCTt and cCTt in grades 3-4. The histogram and
boxplots show the ceiling effect of the BCTt while the cCTt exhibits a normal distribution
centred around 15/25 (i.e. 60%).

6The data is available on Zenodo at doi.org/10.5281/zenodo.5885034 (El-Hamamsy et al., 2022i)
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Student assessment development and validation Takeaway #9

The BCTt and cCTt test scores’ distribution indicate that the BCTt suffers from a ceiling
effect in grades 3-4.

7.3.2 BCTt and cCTt sample-dependent Classical Test Theory comparison

Cronbach’s α (Bland and Altman, 1997) measurement of internal consistency of scales was
used as an indicator of the instruments’ reliability. According to the thresholds of Hinton
et al. (2014) (Taherdoost, 2016), both instruments exhibit high reliability (αBC T t = 0.82 > 0.7,
αcC T t = 0.78 > 0.7). Nonetheless, the individual item difficulties (i.e. the proportion of correct
answers) and point-biserial correlations (i.e. the difference between the high scorers and
the low scorers of the sample population) provide useful insights into the developmental
appropriateness of the instruments, by indicating which items could be revised to improve
the validity of the instruments for the target populations.

Fig. 7.15 shows that both instruments present questions that are progressively harder (i.e.
decreasing difficulty index). The BCTt counts 13 questions which are above the maximum
difficulty index threshold (i.e. are too easy) for the target age group, as opposed to 5 for the
cCTt (including the 3 that were too easy in the original cCTt validation). The cCTt also exhibits
two questions which are too hard (the same ones as in the original cCTt validation), which is
not the case of the BCTt. Indeed, as Fig. 7.15 shows, the BCTt covers a smaller range of item
difficulties (BCTt difficulty indices min= 0.97, max= 0.49, range= 0.48; cCTt difficulty indices
min= 0.96, max= 0.18, range= 0.79), lacking items in the lower half of the difficulty index
range.

Figure 7.15: Classical Test Theory - Item Difficulty indices (i.e the proportion of correct
responses) on the left, and Point-biserial correlation on the right. Items with difficulty indices
above the 0.85 threshold are considered too easy while items with difficulty indices below the
0.25 threshold are considered too difficult. Items with a point-biserial correlation above the
0.2 threshold are considered acceptable while those above 0.25 are considered good.

In terms of point-biserial correlation (see Fig. 7.15), questions that could be revised for students
in grades 3-4 are those below the 0.2 threshold. The metric indicates that only one item could
be revised for the BCTt (question 24), while four items of the cCTt could be revised (questions
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2, 17, 22, and 24). Unsurprisingly, most of these questions were among the most difficult ones
for the students.

Accounting for both difficulty indices and point-biserial correlation, the number of questions
that could be revised for students in grades 3 and 4 are higher for the BCTt (n = 14) than the
cCTt (n = 8).

Student assessment development and validation Takeaway #10

The Classical Test Theory results indicate that the BCTt has a higher number of items
that should be revised than the cCTt.

7.3.3 BCTt and cCTt sample agnostic Item Response Theory comparison

In order to apply IRT, we first verified the unidimensionality criterion through CFA. The results
indicated that a 1 factor structure was suitable for both instruments when excluding Q15 and
Q24 from the BCTt, and Q2, Q17, Q22, and Q24 from the cCTt (see Table 7.14 for the fit indices).
We therefore apply IRT on the subset of the questions for which the unidimentionality criterion
is met.

Due to the low sample size which prevent us from finding stable solutions in the case of the
3-PL model and converging in the case of the 4-PL model, we only consider the 1-PL and 2-PL
models in our study (see in Table 7.15). For both the BCTt and the cCTt, the 2-PL model was
selected as an ANOVA indicated that the 2-PL model improved the fit significantly compared to
the 1-PL model in both cases (χ2

BC T t (22) = 62.92, pBC T t < 0.0001, χ2
cC T t (20) = 79.84, pcC T t <

0.0001). Individual item discrimination, difficulties, fit indices, and Yen (1984)’s Q3 statistic for
all pairs of items are provided in El-Hamamsy et al. (2022f) and are considered acceptable.

The results of the IRT analyses are shown in Fig. 7.16, 7.17, 7.18 and 7.19. While the Item
Characteristic curves (Fig. 7.16) appear to indicate that the BCTt questions have higher “dis-
crimination power” than the cCTt questions, this difference is not significant (one-way ANOVA
F (1) = 3.11, p = 0.085, see Fig. 7.20). This means that both tests are as good at discriminat-
ing between students, however where they discriminate best differs7. The Item Information
Curves (Fig. 7.17) show that the BCTt questions provide most information in the low ability
range, while the Item Information is more distributed along the low-medium range for the
cCTt. The resulting Test Information Functions (Fig. 7.18) therefore confirm that the BCTt
is better at discriminating between students with low ability8, while the cCTt is better at
discriminating between low-medium abilities. As such, the IRT findings support that the cCTt
overall fits 3-4 grade individuals and it decently works all along the ability range.

7The “discrimination power” of the instrument relates to how high the discrimination is over all the questions
of the assessment and is provided by slope of the ICCs, maximum values of the IICs. The item discrimination
power is therefore related to where the assessment, and thus the individual questions, discriminate best (which is
provided by the y = 0.5 crossing of the ICCs, or the peak of the IICs)

8As the BCTt provides more information in the low ability range, it more precisely assesses the students’ ability
in this range, therefore making it possible to discriminate better between said students than between those in the
high ability range.

179



Chapter 7. Evaluating learning requires a validated assessment of target learning outcomes

Table 7.14: BCTt and cCTt Confirmatory Factor Analysis Fit Indices for Unidimensionality.
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Figure 7.16: Item Response Theory - Item Characteristic Curves (ICC). The figure shows that
the items have varying difficulties (y = 0.5 crossing) and discrimination (slopes), with BCTt
items showing higher discriminability in the low ability range (x-values in [-3,-0.5], Hambleton
et al., 1991) and cCTt items showing higher discriminability in the low and medium ability
ranges (x-values in [-2,0.5], Hambleton et al., 1991).

Figure 7.17: Item Response Theory Item Information Curves (IIC). Items in both instruments
provide varying amount of information (maximum) at different ability levels. Similarly to the
ICC curves in Fig. 7.8, the information of the BCTt is mainly in the low ability range (maximum
IIC reached for x in [-2,-0.5]), while the information of the cCTt is in the low and medium
ability ranges (maximum IIC reached for x in [-2, 0.5]).
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Figure 7.18: Item Response Theory - Test Information Function (TIF). The TIF being the sum
of each instruments’ Item Information Curves (or IICs shown in 7.9), the results confirm prior
observations. That is to say that the BCTt provides most of its information in the low ability
range while the cCTt provides most information in the low and medium ability ranges.

Figure 7.19: Item Response Theory - Reliability At Different Ability Levels. The figures show
that both instruments have low reliability in the high ability range. The BCTt reliability peak is
shifted towards the lower ability range while the cCTt reliability peak is towards the medium
ability range. Please note that the marginal reliability rxx for the BCTt is rxx (BC T t) = 0.75,
and for the cCTt rxx (cC T t ) = 0.80.
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Table 7.15: IRT model parameter fit indices for 1-PL and 2-PL models with the BCTt and cCTt.

M2 df p RMSEA ci RMSEA 5% ci RMSEA 95% SRMR TLI CFI

BCTt 1-PL 514 253 0.000 0.053 0.046 0.059 0.098 0.929 0.929
(23 items) 2-PL 415 230 0.000 0.046 0.039 0.053 0.068 0.945 0.950

cCTt 1-PL 392 210 0.000 0.067 0.056 0.077 0.102 0.849 0.849
(21 items) 2-PL 294 189 0.000 0.053 0.041 0.065 0.075 0.903 0.913

Figure 7.20: Item Response Theory BCTt - cCTt item discrimination comparison (one-way
ANOVA F (1) = 3.11, p = 0.085).

Student assessment development and validation Takeaway #11

The Item Response Theory analysis indicates that the BCTt discriminates best for low
ability students and the cCTt in the low-medium ability range.

7.3.4 Recommendations for the use of the BCTt and the cCTt

Considering i) the present BCTt-cCTt comparison, ii) the results of the BCTt validation con-
ducted by Zapata-Cáceres et al. (2020) over grades 1-6, and iii) the cCTt validation conducted
by El-Hamamsy et al. (2022g) over grades 3-4 (see Section 7.1), we propose the following
recommendations with respect to these two instruments for grades 3-4:

• The cCTt should be preferred for grades 3-4 as it differentiates better between students
in this age group and ability level, in addition to discriminating moderately well along
the entire ability range. The cCTt is thus better suited to evaluate the efficacy of the
intervention itself, in a pre- post-test design.

• The BCTt could be employed for low-ability students in grades 3-4, depending on the
assessors’ prior knowledge of the context and the students being assessed given the
good discriminability the BCTt offers in grades 3-4 for low ability students.

• The BCTt could be employed as a screening mechanism to identify low-ability students
which could prove useful for practitioners prior to an intervention, e.g. to ensure that
the intervention is well tailored to students’ abilities and that nobody is “left behind”.
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Student assessment development and validation Takeaway #12

The cCTt’s properties in grades 3-4 are better than the parent BCTt’s properties in those
grades and should be preferred by researchers and practitioners looking to evaluate
students’ mastery of CT concepts in these grades.

7.4 Discussion on the development of a Computational Thinking
concepts test and future perspectives

This section’s content is adapted from the following articles:

• El-Hamamsy, L., Zapata-Cáceres, M., Barroso, E. M., Mondada, F., Zufferey, J.
D., & Bruno, B. (2022). The competent computational thinking test: Develop-
ment and validation of an unplugged computational thinking test for upper
primary school. Journal of Educational Computing Research, 60(7), 1818-1866.
https://doi.org/10.1177/07356331221081753 (Laila El-Hamamsy’s contribution: con-
ceptualisation, methodology, investigation, data curation, formal analysis, writing -
original draft preparation, visualisation, writing - review & editing, reuse authorised
under CC-BY-NC license)

• El-Hamamsy, L., Zapata-Cáceres, M., Marcelino, P., Bruno, B., Dehler Zufferey, J.,
Martín-Barroso, E., & Román-González, M. (2022). Comparing the psychometric
properties of two primary school Computational Thinking (CT) assessments for
grades 3 and 4: The Beginners’ CT test (BCTt) and the competent CT test (cCTt).
Frontiers in Psychology, 13:1082659. doi:10.3389/fpsyg.2022.1082659 (Laila El-
Hamamsy’s contribution: conceptualisation, methodology, data curation, formal
analysis, writing - original draft preparation, visualisation, writing - review & edit-
ing, reuse authorised under CC-BY licence)

• El-Hamamsy L., Zapata-Cáceres M., Martín-Barroso E., Dehler Zufferey J., Mondada
F., Bruno B., Román-González M (2023). The competent Computational Thinking
test (cCTt): A valid, reliable and gender-fair test for longitudinal CT studies in
grades 3-6. arXiv. https://doi.org/10.48550/arXiv.2305.19526 (under review, Laila
El-Hamamsy’s contribution: conceptualisation, methodology, formal analysis, in-
vestigation, data curation, visualisation, validation, writing - original draft, writing -
review & editing)

• El-Hamamsy, L., Bruno, B., Audrin, C., Chevalier, M., Avry, S., Dehler Zufferey,
J., & Mondada, F. (2023). How are Primary School Computer Science Curricular
Reforms Contributing to Equity? Impact on Student Learning, Perception of the
Discipline, and Gender Gaps. arXiv, to appear in the International Journal of STEM
Education. https://doi.org/10.48550/arXiv.2306.00820 (accepted on 04/06/2023,
Laila El-Hamamsy’s contribution: conceptualisation, methodology, formal analysis,
investigation, data curation, visualisation, validation, writing - original draft, writing
- review & editing)

In order to evaluate the impact of the primary school curricular reform at the student level
(RQ3) and in particular on student learning, it was essential to have a valid and reliable
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perspectives

assessment for grades 3-6 (RQ3.1) which aligned with the curricular objectives, was easy to
administer (whether by researchers or practitioners), scalable, and agnostic of programming
environments to avoid confounding with programming experience. Although the BCTt had
been developed and assessed the required concepts, there was a start of a ceiling effect for
grades 4-6, and no data on grade 3 students. We therefore created the cCTt, an adaptation of
the BCTt in terms of content and format to better align with these grades.

7.4.1 The cCTt is a valid and reliable assessment of CT-concepts

Using data that we acquired in the Canton of Vaud and in Portugal, we were able to validate the
cCTt with data from thousands of students. Indeed, the four studies conducted on and with
the cCTt indicate that it is a valid, reliable, gender-fair instrument to measure CT-concepts,
and can therefore be used to evaluate student learning outcomes in the curricular reform
project (RQ3.1). We believe the instrument is useful for researchers and practitioners inter-
ested in assessing CT at the primary school level. There are nonetheless several points that
emerged from these studies that we believe should be taken into consideration when looking
to assess CT with the cCTt, and more generally with respect to the development and use of CT
assessments which we expand on in the following subsections.

7.4.2 The validation of CT assessments should include gender-fairness analyses as
we did in the case of the cCTt

We validated the cCTt with respect to gender-fairness, a type of validation which is not yet
ubiquitous in the field and should become common practice. The cCTt is therefore one of the
few CT instruments that can be used to ensure that targeted interventions help address the
gender divide in computing-related fields. Indeed, whether in the case of CS, CT or STEM,
there are gender biases in these fields, and studies identifying significant differences been
found between boys’ and girls’ scores when validating CT assessments (El-Hamamsy et al.,
2022g; Román-González et al., 2017; Kong and Lai, 2022b) and during interventions (Mouza
et al., 2020). Instruments that have not done gender-related Differential Item Functioning
unfortunately cannot be used in gender-related studies as it is not possible for them to de-
termine whether the differences found are due to the instrument being biased, or due to
true differences between boys’ and girls’ abilities. Given that gender gaps are often related
to stereotypes and stereotype threat, these may start as early as 2-3 years old (Bers et al.,
2022), with several studies having found evidence of computer science related gender gaps
starting kindergarten (Sullivan and Umashi Bers, 2016; Master et al., 2021), it is critical to
have validated assessments that have proven their gender-fairness. Only by doing this type of
analysis as we did in the cCTt can we begin to accurately characterise the performance-related
gender divide and to address it.
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7.4.3 There should be detailed psychometric comparisons between CT assess-
ments as we did in the case of the cCTt and BCTt

The detailed psychometric comparison that we conducted between the BCTt and cCTt (see
Section 7.3, and El-Hamamsy et al., 2022f) provides direct insight into the validity of these
instruments in these grades. In particular, the comparison confirmed that the cCTt was better
suited in grades 3-4, thus achieving our objective of designing an assessment that better aligns
with the target age group for our studies. Such an analysis is novel in the field of CT and helps
provide specific recommendations for their use by researchers and practitioners in order to
align with their requirements (see Section 7.3). As in the case of the comparison between
the cCTt and BCTt, other instruments should be compared at overlap and transition years
with comparable groups of students. For the cCTt this means comparing the cCTt with the
CTt (Román-González et al., 2017, 2018, 2019) in grades 5-6. Only by providing such insight can
the end users of these instruments make informed decisions which align with their contexts
and needs. Similarly as in the case of establishing equivalency scales, such an approach can
also be extended to compare other instruments which overlap in these age ranges.

7.4.4 There needs to be a means of comparing scores between different CT assess-
ments

We provided a means of comparing scores across grades with the cCTt as well as provide a
first step towards comparing scores with other instruments through normalised z-scoring
(see El-Hamamsy et al. (2023b)). Therefore, if several researchers use the cCTt, it is possible
to compare their outcomes and evaluate the effectiveness of their interventions for specific
groups of students (for example according to gender), owing to having done DIF on the test’s
items for these groups. Should the community begin to construct equivalency scales with
other instruments, it would then be possible to compare a larger set of studies and provide
more reliable insight for meta-reviews for example. By having equivalency scales between
the cCTt and the BCTt in grades 3-4, and between the cCTt and the CTt in grades 5-6, it
would also be possible to conduct longitudinal assessments of student learning. Indeed, while
the existing instruments (e.g. BCTt, cCTt, CTt) increasingly cover the full range of formal
education, there is a lack of continuity or links between them which would facilitate multi-year
longitudinal assessments. This appears to be a limitation in the field in general as no group of
validated CT assessments provides a means of easily passing from one assessment to another
when following students over multiple years. This is neither the case of the TechCheck and
its variants in K-2, nor the CT test (CTt, Román-González et al., 2017, 2019) and its variants
the Beginners’ CT test (BCTt, Zapata-Cáceres et al., 2020) and the competent CT test (cCTt,
El-Hamamsy et al., 2022g). These families of instruments should therefore consider acquiring
data from comparable groups of students in order to establish equivalency scales which would
help assess student CT development in the long run, in addition to being extended over time
to include other instruments.
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7.4.5 The cCTt should still undergo other levels of validation

We established the cCTt’s reliability and several layers of validity (face, construct, content
in Section 7.1 and predictive in Section 7.2) which indicates that the cCTt can be reliably
used to measure differences between students’ scores in pre-post test experimental designs.
However, the cCTt (as well as the BCTt) may still still undergo further validation by including
(additional) evidence of criterion validity. Indeed, validation is a multi-step process that
requires “collect[ing] multiple sources of evidence to support the proposed interpretation
and use of assessment result[s] [and] multiple methodologies, sources of data, and types
of analysis” (Gane et al., 2021). Establishing the cCTt’s criterion validity can be achieved
through several means. The first is comparing with other existing validated assessments.
For instance, Relkin et al. (2020) compared the TechCheck with the TACTIC-KIBO, while
Li et al. (2021) went one step further and correlated the CTA-CES with reasoning, spatial
abilities, and verbal abilities. The second is establishing the test’s predictive validity, for
example by establishing whether the instrument can predict academic performance and
coding achievement as done by Román-González et al. (2018) (which we began to do in
Section 7.2). The third is determining the instruments’ concurrent validity, that is to say seeing
whether the instrument is able to distinguish between two groups that differ, for instance
novices and experts, or according to students expressed digital proficiency as done by Li et al.
(2021). While the study on the Bebras program (see Section 7.2) provides a first step in this
direction, more research should be done to further provide evidence of criterion validity of the
cCTt.

7.4.6 There is a need for to create targeted and age-specific primary school CT
assessments

Although the cCTt’s properties are good for grades 3-4 students and can reliably be used for
these grades, the cCTt may be further improved for grades 5-6. Although the cCTt can be
used for longitudinal studies for grades 3-6, if researchers are only interested in evaluating
outcomes in grades 5-6 it would be important to adapt the cCTt to improve its properties
for these grades, particularly by adding more complex items. Indeed, we observed start of a
ceiling effect in grades 5-6 (see Section 7.1). Although the BCTt and CTt each attempted to
cover a large portion of formal education, this appears much more complex at the primary
school level where students undergo rapid cognitive development children in the early stages
of education. Therefore, an instrument designed for a specific age range is likely to be too
difficult for those immediately younger and too easy for those immediately older. As CT skills
relate to students’ numerical, verbal and non-verbal reasoning abilities (Tsarava et al., 2022), it
is likely that the findings align with students’ maturation, increase in working memory (which
is required to achieve tasks, Cowan, 2016), and executive functions over time. Therefore, as
students get older, they should be able to deal with more complex computational concepts
(e.g. conditionals and while loops), including those with more complex perceptual configura-
tions (e.g. the 4×4 grids), corroborating the differences observed between both instruments.
Therefore, it is not surprising to see that primary school students progress significantly as they
get older, leading to ceiling effects with instruments that were valid for younger students, and
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therefore requiring multiple instruments to reliably measure students’ abilities across the full
spectrum throughout their formal education. These findings therefore:

• further stress the importance of having targeted grade specific instruments to im-
prove the validity and reliability of proposed assessments. Indeed, as the BCTt val-
idation (Zapata-Cáceres et al., 2020), the BCTt - cCTt comparison (El-Hamamsy et al.,
2022f), and development of the TechCheck and its variants (Relkin et al., 2020; Relkin
and Bers, 2021; Relkin, 2022) showed, it is difficult to have a single assessment which is
valid and reliable for a broad age range in primary school. Future work should there-
fore consider continuing to refine the limits of validity of the instruments. Indeed,
refinement studies are common in educational psychology, with similar work having
already been undertaken for i) the original CTt (aimed at 10-16 year old students) to
improve its validity for 16 year old students and above (Guggemos et al., 2022), and ii)
The TechCheck and its variants to improve the validity for kindergarten students (Relkin
et al., 2020; Relkin and Bers, 2021).

• demonstrate that students, as they get older, have a good mastery of easier CT-concepts
(sequences, loops), but appear to still have a possible margin of progression for more
advanced concepts such as conditional statements, while statements and in particular
their combination. As such, it would appear that grades 5-6 students require targeted
instruction to progress on these more advanced CT-concepts, thus providing insight for
interventions in this age group.

7.4.7 There is a need to create variants of the same tests

Although we did not systematically analyse how CT tests have been used by researchers,
our literature review (see El-Hamamsy et al. 2023b) highlighted that several studies adapted
validated assessments to create ad-hoc variants, for two main reasons. The first is to have
shortened variants of the tests for faster administration which is why we provided shortened
variants of the cCTt based on a CFA analysis to remove items which highly correlated with
one another. The second is to creating isomorphic questions, i.e. questions that would be
equivalent in terms of their psychometric properties (e.g. del Olmo-Muñoz et al. 2020), to
have equivalent but not identical versions of the tests, but without subjecting the assessment
to a rigorous psychometric analysis. It would appear that there is a need for isomorphic
versions of a test for pre-post test experimental designs for instance. However, to the best
of our knowledge, only Parker et al. (2022) began investigating how to create an isomorphic
version of their instrument (the ACES test) and analysed what types of changes to the questions
could truly be considered isomorphic in this context. This is important because “seemingly
superficial changes in an item’s context can cause students to recruit different knowledge and
cognitive processes when solving a problem” (Parker et al., 2022). Namely, they found that
“illustration changes [are] incidental, [while] other changes, such as grid size/orientation and
path shape/direction, may actually be radical and change an item’s difficulty, even though
these spatial characteristics are not central to the programming constructs being assessed”
(Parker et al., 2022). Future work on CT assessments, including the cCTt, could therefore
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account for this growing need in the community and ensure that there are validated variants of
the assessments. This however requires conducting additional research into how to establish
these variants.

7.4.8 The cCTt should be combined with other forms of assessments

The cCTt is an instrument which measures CT-concepts well, but provides no insight into
CT-practices and perspectives as put forward by the experts in El-Hamamsy et al. (2022g) and
numerous researchers (see Section 7.1.3). Although this is not problematic in the context of
the thesis as our main objective was to establish whether students were acquiring the CS con-
cepts targeted by the curriculum, researchers interested in a complete CT evaluation should
consider combined with other forms of assessments in a systems of assessments (Grover et al.,
2015; Román-González et al., 2019; Weintrop et al., 2021a). A systems of assessments would
therefore help accurately measure the full range of competencies at play when considering
computational thinking (Brennan and Resnick, 2012; Piatti et al., 2022). The systems of assess-
ments could therefore include other instruments which assess CT practices such as the test
by Li et al. (2021), employ direct observations of students’ thought processes and strategies
(Chevalier et al., 2020; Lye and Koh, 2014), or learning analytics and educational data mining
techniques (Zapata-Cáceres and Martín-Barroso, 2021; Nasir et al., 2021; Cock et al., 2021).
Having complementary assessments that are valid and reliable for each level of schooling to
accompany the validated CT-concepts assessments, such as the cCTt, would not only help
gain a more accurate and in-depth picture of student learning but also feed into the learning
activity design and intervention process (Chevalier et al., 2022). For completeness, the system
of assessments should also include instruments that measure CT perspectives (e.g. such as
those developed for high school by Yağcı, 2019, and undergraduates by Korkmaz et al., 2017).
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8 Evaluating perception requires a model of the
factors influencing it

As mentioned previously, our third research question seeks to establish the impact of the
reform at the student level (RQ3). This evaluation should not only include learning, but
also their perception of the discipline. As explained in the introduction (see Section 1.1.1.3),
students’ perception of the discipline affects their motivation, self-efficacy, performance and
career decisions and is influenced by stereotypes (i.e. social barriers) which cause under-
representation in the field. Therefore, in order to determine how introducing CS education for
all may contribute to improving perception and reducing gaps between groups of students, we
developed and validated (through Confirmatory Factor Analysis) a CS perception survey for
grades 3-6 (RQ3.1). We briefly present the the rationale behind the survey and its validation
through Confirmatory Factor Analysis in this chapter. Please note that the students’ responses
are presented in Chapter 9 which focuses on the investigation of the reform’s impact and
contribution to equity (RQ3.2).

This chapter’s content is adapted from the following articles:

• El-Hamamsy, L., Bruno, B., Audrin, C., Chevalier, M., Avry, S., Dehler Zufferey,
J., & Mondada, F. (2023). How are Primary School Computer Science Curricular
Reforms Contributing to Equity? Impact on Student Learning, Perception of the
Discipline, and Gender Gaps. arXiv, to appear in the International Journal of STEM
Education. https://doi.org/10.48550/arXiv.2306.00820 (accepted on 04/06/2023,
Laila El-Hamamsy’s contribution: conceptualisation, methodology, formal analysis,
investigation, data curation, visualisation, validation, writing - original draft, writing
- review & editing)

8.1 Proposing a student perception survey regarding CS and the
tools used to teach CS, namely robots and tablets

The perception survey targeted three dimensions:

• Computer Science, including who they perceive as doing CS, called "informatics" in
the region, a scalable alternative to the draw-a-computer-scientist test (Pantic et al.,
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2018; Opps and Yadav, 2022; Mason and Rich, 2020). Students were asked whether they
perceived certain role models (e.g., influencers such as parents and teachers, Wang and
Hejazi Moghadam, 2017), someone else, or nobody, as doing CS. One hypothesis is that
students who have access to CS-education are more likely to perceive their teachers as
role models. As primary school teachers are mainly women, they can be considered
female role models, an element that is key to engaging girls in the field (Cheryan et al.,
2017; Kong et al., 2018). Another hypothesis is that perceiving people "close to them" as
doing CS (i.e., related to the idea that CS is becoming ubiquitous and accessible to all),
will contribute to improved perception of CS overall.

• robots, as robotics is a means of teaching CS (El-Hamamsy et al., 2021a), and CS and
engineering tend to be subject to stronger stereotypes than science and maths among
young students (Master et al., 2017).

• tablets the second type of digital device that is employed to teach CS (as well as ICT) in
the curricular reform.

For each of these dimensions (CS, robotics, tablets), the emphasis is placed on three factors
that are “different but related aspects of motivation” (Master et al., 2017) and can be considered
as predictors of academic achievement in general (Bandura, 1993; Olivier et al., 2019; Howard
et al., 2021a), educational choices, and career decisions (Blotnicky et al., 2018; Wang et al.,
2020; Mason and Rich, 2020), in addition to being the most prominent in surveys evaluating
students’ (at all levels of education) perception of CS, coding or STEM (Mason and Rich, 2020):

• Interest, i.e. "how much the individual likes or is interested in the activity" (Mason and
Rich, 2020), which is a key component of intrinsic motivation in self-determination
theory (Ryan and Deci, 2020) and expectancy-value theory (Eccles and Wigfield, 2020).
Several studies have found that boys tend to be more interested in CS than girls, as in
the case of most STEM-related disciplines (Mason and Rich, 2020), but that interest
increases after access to CS-related experience, in particular for girls, which contributes
to closing the interest gender gap (Master et al., 2017).

• Self-efficacy (Bandura, 1993; Kong et al., 2018), i.e. “a person’s belief that they can
complete a particular task or fulfil a particular role within a specific domain” (Mason
and Rich, 2020). Similarly to interest, self-efficacy has been found to be higher for
boys than girls in STEM-related domains, and to increase with computing experience,
in some cases even contributing to closing the gender gap (Mason and Rich, 2020),
whether related to programming (Gunbatar and Karalar, 2018), or robotics (Master et al.,
2017). Please note that as domain-specific self-efficacy may also be related to general
self-efficacy we also consider a school-related self-efficacy variable in the survey.

• Perceived utility (Wigfield and Eccles, 2000; Eccles and Wigfield, 2020), a component of
expectancy-value theory referring “to how a task fits into an individual’s future plans”
and is considered to “directly [influence] a person’s achievement-related choices, and is
influenced by a person’s experiences, perceptions, goals, and self-schemata” (Mason
and Rich, 2020; Wigfield and Eccles, 2000).
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8.1 Proposing a student perception survey regarding CS and the tools used to teach CS,
namely robots and tablets

Given that our objective was to administer the perception survey to grades 3 to 6 students in
conjunction with the cCTt in order to answer RQ3.2 from the perspective of both perception
and learning (see Chapter 9), the perception survey needed to be short to account for students’
age and attention span (see Table 8.1). Cronbach’s α measurement of internal consistency of
scales is provided for the Likert-type questions employing an analog-visual scale (AVS, see Fig.
8.1). This is complemented by a Confirmatory Factor Analysis to confirm the adequacy of the
complete measurement model.

Table 8.1: Student perception survey items translated from French. Cronbach’s
αC S,Robotcs,Tablet s = 0.67 for the 9 5PT-AVS items is considered to be between acceptable
and good (George and Mallery, 2003), and to have between moderate and high reliability
(Hinton, 2004). Please note that the items pertaining to which robots students use and how
tablets are used are not investigated in the thesis.

Dimension Concept Question Format

Computer Science Interest I like informatics 5PT-AVS
Self-efficacy I am capable of learning informatics 5PT-AVS
Utility We can do a lot of things with informatics 5PT-AVS
Role Models When I think of someone who does informatics I think of

(you can chose multiple answers): The teacher / My mother
/ My father / A sibling or friend / Somebody else / Nobody

Checkboxes

Robotics Interest I like robots 5PT-AVS
Self-efficacy I am capable of using robots 5PT-AVS
Utility We can do a lot of things with robots 5PT-AVS
Usage When I am at school or at home I use or play with the fol-

lowing robots (you can chose multiple answers): Thymio /
Bluebot / Lego Robots (e.g. WeDo, Spike, Prime, Mindstorm)
/ Cubetto / mBot / Ozobot / Other robots

Checkboxes

Tablets Interest I like tablets 5PT-AVS
Self-efficacy I am capable of using tablets 5PT-AVS
Utility We can do a lot of things with tablets 5PT-AVS
Usage When I am at school or at home I use a tablet or com-

puter to (you can chose multiple answers): Take photos
and videos / Call, text, watch videos or listen to music /
Play games / Read / Program (e.g., Scratch) / Draw, create
interactive albums or music / Nothing

Checkboxes

General Self-efficacy I am capable of doing well at school 5PT-AVS

Figure 8.1: Analog Visual Scale (AVS) employed for the student survey’s Likert questions. The
labels in French were established with teachers from the Canton of Vaud and validated in a
pilot run with two classrooms.
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8.2 Validating the survey through Confirmatory Factor Analysis

CFA was conducted on the measurement model with data that we acquired in November
2021 from 2116 grades 3-6 students from the 7 pilot schools where we also gathered the cCTt
validation data. In this model, the Likert type questions (interest, utility, self-efficacy) are
grouped for each dimension (CS, robotics and tablets). The role model questions are also
grouped in their own dimension. The CFA results in Table 8.2 indicate that the measurement
model has an adequate fit after removing the “other” option from the CS role model question.
Table 8.3 provides the standardised factor loadings which are all significant and with absolute
values exceeding 0.3.

Table 8.2: Student Perception Measurement Model fit indices (n=2116, November 2021) estab-
lished using CFA and the Robust Diagonally Weighted Least Squares estimator (WLSMVS).

Model Bartlett’s test of
sphericity

KMO χ2 χ2/df CFI TLI RMSEA SRMR

Original
χ2(105) = 3660,

p <.001
0.70

χ2(84) = 373,
p<0.001

4.44 0.888 0.859
0.040;

0.90ci=[0.036,
0.045]

0.039

Without
who other

χ2(91) = 3421,
p <.001

0.72
χ2(71) = 216,

p<0.001
3.05 0.939 0.922

0.031
0.90ci=[0.026,

0.036]
0.033

Table 8.3: CFA for the Perception Survey Measurement Model (n=2116, November 2021).

Estimate Std. Err. Z p R2 Standardised β

CS CS interest 0.394 0.028 13.853 0.000 0.247 0.497
CS utility 0.363 0.029 12.584 0.000 0.233 0.482

CS self-efficacy 0.468 0.031 15.062 0.000 0.272 0.521
Role Model Role Models - Teacher 0.168 0.011 15.234 0.000 0.119 0.345

Role Models - Mom 0.234 0.009 24.935 0.000 0.257 0.507
Role Models - Dad 0.301 0.009 32.157 0.000 0.363 0.603

Role Models - Student 0.132 0.009 15.393 0.000 0.108 0.329
Role Models - Nobody -0.235 0.011 -22.075 0.000 0.387 -0.622

Tablets Tablets interest 0.312 0.032 9.617 0.000 0.195 0.442
Tablets utility 0.405 0.032 12.646 0.000 0.369 0.608

Tablets self-efficacy 0.323 0.028 11.355 0.000 0.305 0.553
Robots Robots interest 0.566 0.040 14.087 0.000 0.320 0.566

Robots utility 0.472 0.037 12.915 0.000 0.282 0.531
Robots self-efficacy 0.637 0.041 15.503 0.000 0.417 0.646

Student survey development and validation - Takeaway #1

The student CS perception survey is a valid instrument for grades 3-6 and can be
employed to measure students’ perception of CS, robots and tablets (i.e. the tools used
to teach CS).

194



8.3 Discussion on the perception survey and future perspectives

8.3 Discussion on the perception survey and future perspectives

The CFA analysis indicates that the perception survey is a short and valid instrument that can
be employed to measure grades 3-6 students’ perception of the discipline and the tools used to
teach it (as done in Chapter 9 to evaluate the impact of the reform, RQ3.2). However, although
CFA validated our survey, the survey measures interest, utility and self-efficacy concepts
with only one item for each dimension (CS, robotics, tablets). Ideally, for each concept and
dimension, there would be at least 3-4 items (for interest, utility, and self-efficacy) in order
to improve the reliability of the instrument. This owes to our requirement of being able to
administer the CS perception survey to grades 3-6 students before the cCTt (and not after
to avoid having their performance bias their perception), without taking too much in-class
time for both (i.e. the perception survey had to be short and take less than 20 minutes overall
with grade 3 students). Should researchers and practitioners have more administration time,
it would be relevant to include additional items per concept to improve the reliability of the
instrument. Furthermore, given the positively saturated responses obtained (see Chapter 9), it
may be interesting to consider having a scale with more nuanced positive responses for the
students, e.g. by increasing to a 7 point scale or by having a 5 point neutral to positive AVS scale
as some researchers have recommended with young students (Hall et al., 2016). We believe
that these elements should be considered for future work that is interested in employing the
CS perception survey.
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9 How is the curricular reform’s professional
development program impacting learning,
perception and contributing to equity?

This chapter’s content is adapted from the following article:

• El-Hamamsy, L., Bruno, B., Audrin, C., Chevalier, M., Avry, S., Dehler Zufferey,
J., & Mondada, F. (2023). How are Primary School Computer Science Curricular
Reforms Contributing to Equity? Impact on Student Learning, Perception of the
Discipline, and Gender Gaps. arXiv, to appear in the International Journal of STEM
Education. https://doi.org/10.48550/arXiv.2306.00820 (accepted on 04/06/2023,
Laila El-Hamamsy’s contribution: conceptualisation, methodology, formal analysis,
investigation, data curation, visualisation, validation, writing - original draft, writing
- review & editing)

Provided the validated cCTt and the CS perception survey which we presented in Chapters 7
and 8, our objective was to use them to investigate how the CS curricular reform influences
student learning and perception (RQ3.2, see Fig. 9.1). We were not only interested in the
reform’s global impact, but also in determining to what extent the reform contributes to equity.
Equity refers to reducing gaps between groups of students. Often equity is investigated with
respect to ethnicity, socio-economic status and gender, particularly considering the effect of
intersectionality which compounds the effect of belonging to multiple marginalised groups
(Crenshaw, 2017). In the present context, we could not have access to ethnicity and socio-
economic status information. Therefore, ethnicity is studied here with respect to gender (i.e.
the gap between boys’ and girls’ responses), performance (i.e. the gap between high and low
performing students), and self-efficacy (i.e. the gap between those who are confident and
those who are less so) which are determining factors to broaden participation in the field for
all. We address this overarching question in two steps: first investigating whether and how
the reform (including what teachers taught) influences perception and learning (impact), and
then how the results differ according to student populations (equity).

The content of this chapter is thus based on student and teacher data we collected between
January 2021 and June 20221. The data stems from four studies that we conducted (see Table
9.1), the first on student learning, the second on perception of the discipline and performance,

1The data associated with this study is available on Zenodo (El-Hamamsy et al., 2023a)
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Figure 9.1: Contextualisation of the chapter with respect to the thesis objectives.

the third on perception of the discipline, and the fourth on student learning which resulted
from a collaboration with the department of education. These studies involved respectively
1384, 2433 1644, and 8300 grades 3-6 students (ages 7-11). The first three also included their 83,
142 and 95 teachers. While two of the studies only included pilot schools (which we refer to as
CS schools in the rest of the chapter), the two others included schools where the teachers had
not yet been trained to introduce CS into their practices (which we refer to as non CS-schools
in the rest of the chapter). The synthesis of when these studies were conducted, the number of
students and teachers involved, and what was measured is provided in Table 9.1. The data is
analysed through hierarchical linear modelling for student learning, and Structural Equation
Modelling for perception, to establish the link between teaching CS and these key outcome
variables.

Table 9.1: Synthesis of the four studies evaluating the impact of the CS-curricular reform at
the student level.

Study 1 -
Learning

Study 2 -
Perception &
Performance

Study 3 -
Perception

Study 4 -
Performance

Date January & June
2021

November
2021

June 2022 June 2022

Grades 3-4 (ages 7-9) 3-6 (ages 9-11) 3-6 (ages 9-11) 6 (ages 10-11)
Number of CS-schools 7 CS-schools 7 CS-schools 3 CS-schools 10 CS-schools
Number of non CS-schools 2 non CS-schools 61 non CS-schools
Number of teachers 83 142 95 -
Number of students 1384 2433 1644 7957
Student - CT-Concepts x (cCTt) x (cCTt) x
Student - Perception of CS x x
Teacher - Perception of CS x
Teacher - Activities taught x

9.1 The reform appears to promote learning and contribute to eq-
uity in terms of learning

To analyse whether the reform contributed to equity in terms of student learning, we con-
sidered the student learning data acquired from studies 1, 2 and 4. Although the main focus
is placed on the study 1 data acquired from all grade 3-4 students from 7 CS-schools over 6
months to evaluate learning in a pre- post-test design (study 1), we employ the data from the
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data collection 6 months later with grades 3-6 students (study 2) and from the collaboration
with the department of education (study 4) to complement the findings and help draw our
conclusion.

In study 1, the students were all introduced to CS for the first time during the 2018-2019
academic year and therefore had approximately 2 years of prior CS experience. The objective
was therefore to see to what extent these students progressed in terms of CT-concepts that are
aligned with the curricular objectives (sequences, loops, conditionals, and while statements),
all the while considering what the teachers taught between the pre- and post-tests. To that
effect, we employed the competent Computational Thinking test presented in Chapter 7. The
student-learning data was complemented by data on teachers’ perception of CS and the CS
PD acquired in January 2021, and data regarding what teachers taught (which we refer to as
adoption) between January and June 2021 (for more details regarding the methodology see
El-Hamamsy et al. 2023d). While it would have been interesting to have a control group to
be able to infer how learning compared between students who had access to CS courses and
those who did not, we were not authorised the administration of a performance assessment to
students in non-CS-schools due to ethical concerns. Nonetheless, given the variability in what
the teachers taught, 4 grade 3 classes and 6 grade 4 classes from study 1 did not receive any CS
education and thus provide an interesting point of comparison.

The student learning data from study 1 was analysed in three stages and complemented with
data from study 2 and study 4:

• The January and June test data (n = 1319) was analysed using multiple ANOVA with
Benjamini-Hochberg p-value correction to reduce the false discovery rate (study 1a)
and is put in relation with the cCTt student learning data from November 2021 (study 2).

• The dataset that introduces the teachers’ adoption data (n=989), i.e., what the teach-
ers taught between the pre- and post-test, was analysed through hierarchical linear
modelling which nests students in classes and classes in schools (study 1b) and is
put in relation with the data stemming from the collaboration with the department of
education which helps compare students in CS and non CS schools (study 4).

• To determine whether teacher-level variables influence student learning, the third
dataset that includes teacher perception data was analysed through a correlation analy-
sis with averaged class-level student scores (n=67), prior to a hierarchical linear mod-
elling at the student level (n=752, study 1c).

9.1.1 Student learning and the influence of gender and when the test was taken
(study 1a, study 2)

The ANOVA (see Table 9.2) indicates that all independent variables and their interactions
significantly influence the test score and the following trends emerge.

199



Chapter 9. How is the curricular reform’s professional development program impacting
learning, perception and contributing to equity?

Table 9.2: ANOVA of student learning data with Benjamini-Hochberg p-value correction and
minimum effect size.

In
d

ep
en

d
en

t
V

ar
ia

b
le

Su
m

o
f

sq
u

ar
es

D
eg

re
es

o
fF

re
e-

d
o

m

F
N

u
m

b
er

o
fg

ro
u

p
s

R
es

id
u

al
D

e-
gr

ee
s

o
f

Fr
ee

-
d

o
m

p
M

in
C

o
h

en
’s

D

Si
gn

ifi
ca

n
td

if
fe

re
n

ce
(e

ff
ec

ts
iz

e
an

d
D

u
n

n’
s

p
o

st
-h

o
c

te
st

fo
r

in
te

ra
ct

io
n

ef
fe

ct
s)

ti
m

e
33

57
1

13
7.

9
2

26
36

0.
00

00
0.

10
9

Po
st

-t
es

t>
P

re
-t

es
t

∆
=
+2

.2
56

p
ts

,p
<0

.0
00

1,
D

=0
.4

57

G
ra

d
e

40
07

1
16

6.
3

2
26

36
0.

00
00

0.
10

9
G

ra
d

e
4>

3
∆
=

2.
46

8p
ts

,D
=0

.5
02

G
en

d
er

19
9

1
7.

8
2

26
36

0.
00

52
0.

10
9

B
oy

s
>

G
ir

ls
∆
=

0.
55

1p
ts

,p
=0

.0
01

5,
D

=0
.1

09
ti

m
e:

G
ra

d
e

73
96

3
10

8.
0

4
26

34
0.

00
00

0.
12

9
Se

e
Fi

g.
9.

2
ti

m
e:

G
en

d
er

35
65

3
48

.9
4

26
34

0.
00

00
0.

12
9

P
re

-t
es

tB
oy

s
>

G
ir

ls
∆
=

0.
66

4p
ts

,p
=0

.0
07

9,
D

=0
.1

31

Po
st

-t
es

tB
oy

s
∼

G
ir

ls
∆
=

0.
43

8p
ts

,p
=0

.0
74

4,
D

=0
.0

91

G
ra

d
e:

G
en

d
er

42
48

3
58

.9
4

26
34

0.
00

00
0.

12
9

G
ra

d
e

3
B

oy
s
>

G
ir

ls
∆
=

0.
72

5p
ts

,p
=0

.0
04

,D
=0

.1
45

G
ra

d
e

4
B

oy
s
∼

G
ir

ls
∆
=

0.
46

9p
ts

,p
=0

.0
60

4,
D

=0
.0

98

ti
m

e:
G

ra
d

e:
G

en
d

er
76

60
7

48
.1

8
26

30
0.

00
00

0.
14

8
Se

e
F

ig
.9

.2

Grade 4 students perform better than grade 3 students with a medium effect size overall
(grade 4>3 ∆ = 2.468, p<0.0001, D=0.502), in the pre-test (pre-test grade 4 > 3, ∆ = 2.686, p=0.0,
D=0.549)and in the post-test (post-test grade 4 > 3 ∆ = 2.249, p=0.0, D=0.482)
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9.1 The reform appears to promote learning and contribute to equity in terms of learning

Students perform better on the post-test overall (post-test > pre-test, ∆ = +2.256, p<0.0001,
D=0.457) with students in grades 3 and grade 4 improving by a medium effect size (grade 4 post
> pre,∆ = 2.048, p=0.0, D=0.436; grade 3 post > pre,∆ = 2.485, p=0.0, D=0.51). Interestingly, the
grade 3 students’ performance in the post-test (June) was equivalent to the grade 4 students’
performance on the pre-test (January), although only 6 months separated the assessments
(grade 4 pre-test ∼ grade 3 post-test, ∆ = 0.201, p=0.4444, D=0.042).

There a significant effect of gender on performance that appears to be closing over time.

The results indicate that there is a significant main effect of students’ gender on their perfor-
mance. In particular, boys have significantly higher scores than girls overall with a small effect
size (boys > girls, ∆ = 0.551pt s, p=0.0015, D=0.109). Considering the two-way interaction
effects, we observe the following tendencies. Over all students, the gender gap is significant
in the pre-test (January boys > girls, ∆= 0.664pt s, p=0.0079, D=0.131)but decreases and is
no longer significant by the post-test (June boys ∼ girls, ∆ = 0.438pt s, p=0.0744, D=0.091).
Considering the two way interactions, these gender differences are significant in grade 3
(grade 3 boys > girls, ∆= 0.725pt s, p=0.004, D=0.145), but not in grade 4 (grade 4 boys ∼ girls,
∆= 0.469pt s, p=0.0604, D=0.098). The three-way interaction between these variables thus
helps shed some light on the trends observed (see Fig. 9.2) to draw conclusions:

• In grade 3 there is a small marginally significant gap in the pre-test (grade 3 pre-test
boys ∼ girls, ∆= 0.764pt s, p=0.0526, D=0.161)and a small significant gap in post-test
(grade 3 post-test boys > girls, ∆= 0.687pt s, p=0.0422, D=0.139), with the effect sizes
indicating that the gap is getting smaller, but has not yet closed.

• In grade 4 there are small marginally significant differences in the pre-test (grade 4
pre-test boys ∼ girls, ∆= 0.727pt s, p=0.0624, D=0.151) and no significant differences ob-
served in the post-test (grade 4 post-test boys ∼ girls, ∆= 0.211pt s, p=0.5046, D=0.046),
indicating that the gender gap has closed.

To complement these findings we consider the student learning data from study 2 that was
conducted in November 2021 (5 months after the post-test of study 1) in the same schools and
includes students from grades 3-6 (7-11). This is a particularly interesting cohort of students
because students in grades 3 and 4 in study 2 are the first group of students to have had access
to CS education starting first grade. Analysing the student performance data confirms that
students continue to progress in terms of CT-concepts when moving on to grades 5 and 6 (see
Fig. 9.3). Indeed, the differences between grades 3 and 4 are significant (∆ = 2.87pts, p = 0.0,
D = 0.566), as well as those between grades 4 and 5 (∆ = 1.35pts, p = 0.0, D = 0.266), although
there is no significant difference between students in grades 5 and 6 (∆ = 0.423pts, p = 0.1345,
D = 0.083). This is consistent with the fact that students increase in maturity faster when they
are younger. As such, students in grades 3 and 4 differ more significantly in terms of their
cognitive abilities than students in grades 5-6 (Hartshorne and Germine, 2015).

Evaluating the difference between boys’ and girls’ scores per grade indicates that the results
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Figure 9.2: Student performance distribution according to grade, gender and whether in the
pre- or post-test.

are non-significant across grades (see Fig. 9.3). As these students were in their 3rd or 4th
year of CS education, this would appear to corroborate the previous findings: students who
have had early and prolonged access to CS education are less likely to exhibit CS-performance
gender-gaps.

Student learning - Takeaway #1

Students are progressing over time, and there appears to be a closing gender gap.

9.1.2 Student learning and the influence of the (amount of ) CS-education received
(study 1b, study 4)

To understand how teaching the CS pedagogical content from the curriculum may have
influenced student learning, we consider the data from 989 students for whom the pre- and
post- tests, and teacher adoption data (i.e. what the teachers taught) are available (study 1b).
We implemented multiple hierarchical linear models while nesting classes within schools to
account for the different ways of considering student learning and adoption. These models
consistently indicated that there was no direct link of adoption on students’ post-test scores.
For instance the model considering how the delta between the post and pre-tests is influenced
by the students’ grade, gender and the number of CS activities taught yields an effect of the
number of CS activities taught on the progress students made of b=0.122 with df=45, t=0.442,
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Figure 9.3: Student performance distribution according to grade and gender using data from
the second study (n=2226, November 2021). All grade-differences are significant, excepted the
one between grades 5 and 6 while the gender-differences per grade are non-significant.

and p=0.661 (see Table 9.3). Only the pre-test score significantly predicts the progress made in
the post-test, with students performing lower at the pre-test progressing more. While the lack
of a significant influence of CS activities taught on learning may appear surprising, visualising
the trends between teaching and not teaching CS pedagogical content, as well as according to
the number of activities taught, confirms the lack of an evident trend (see Fig. 9.4).

However, provided the fact that students appear to be progressing over time in CS-schools
(study 1a), we consider it relevant to determine with a true control group (i.e. with students
that have not yet had access to any CS education) whether there were significant differences
in terms of performance between CS and non CS-schools. Identifying significant differences
between these groups would therefore provide concrete evidence regarding the impact of
the reform. Therefore, in a collaboration with the Department of Education of the region,
4 questions pertaining to movements on grids which require that students understand se-
quences, loops and if else statements were introduced into a mathematics exam in grade 6
(June 2022, study 4). Students in CS-schools at that point in time would have (theoretically)
had access to at least 3 years of CS education. This is however dependent on their teachers and
the amount of time they chose to dedicate to the new discipline. Conducting a hierarchical
linear model and grouping students according to their mother tongue (a controlling factor
that was recommended by the department of education as it generally leads to differences in
students’ scores), the following results were obtained:

• In maths, the students in CS-schools schools have lower scores (F(1)=10.45, p=0.011,
Delta = 1.07pts out of 71 pts, Cohen’s D=0.101, small effect). Although some might
conclude that this may be due to the introduction of CS into the curriculum, the amount
of time dedicated by teachers to the CS curriculum is highly unlikely to account for such
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Table 9.3: Hierarchical linear model for student learning (dependent variable: Delta between
pre- and post- test scores, n=989) with significant variables in bold. R2 = 0.285, RMSE=2.89,
AIC=5132, BIC=5225, Log-Likelihood=-2547. Abbreviations: NCS=Number of CS activities
taught.

Estimate Std.Error Degrees of Freedom t-value p-value

(Intercept) 7.11 1.04 922 6.86 p<0.0001
Pre-test score -0.379 0.0722 922 -5.25 p<0.0001
Gender (girls) 0.697 1.18 922 0.591 0.555
Grade (4) 1.15 1.55 45 0.741 0.462
NCS 0.122 0.275 45 0.442 0.661

Pre-test score:Gender (girls) -0.0221 0.0906 922 -0.243 0.808
Pre-test score:Grade (4) -0.0383 0.101 922 -0.377 0.706
Gender (girls):Grade (4) -0.880 1.86 922 -0.474 0.636
Pre-test score:NCS -0.00386 0.0198 922 -0.194 0.846
Gender (girls):NCS -0.346 0.311 922 -1.11 0.267
Grade 4:NCS -0.260 0.478 45 -0.544 0.589

Pre-test score:Gender (girls):Grade (4) 0.0308 0.131 922 0.235 0.814
Pre-test score:Gender (girls):NCS 0.0224 0.0255 922 0.876 0.381
Pre-test score:Grade (4):NCS 0.00979 0.0326 922 0.300 0.764
Gender (girls):Grade (4):NCS 0.195 0.562 922 0.347 0.729

Pre-test score:Gender (girls):Grade (4):NCS -0.0129 0.0412 922 -0.313 0.755

a difference. It would be important to control for pre-existing differences between the
schools using past results (to which we do not have access).

• In CS, the students in CS-schools have higher scores (F(1)=20.9, p<0.0001, Delta=0.15pts
out of 4pts, Cohen’s D=0.135, small effect).

Given that students in the CS-schools had initially lower scores in maths, but higher scores in
CS, we compute the following difference for each student: the proportion of correct responses
in maths - proportion of correct responses in CS. We then compare the distribution of this
difference between CS and non CS schools. The findings indicate that all students tend to
score better on the maths questions than on the CS questions. However, the difference is
significantly smaller in the case of the CS-schools (F(1)=50, p<0.0001, Cohen’s D=0.23, medium
effect, see Fig. 9.5). Put together, it would therefore appear that there is a significant positive
impact of access to CS education on CS-related performance, even though we were not able to
establish a direct link between what teachers taught and student learning.

204



9.1 The reform appears to promote learning and contribute to equity in terms of learning

Figure 9.4: Student normalised change distribution according to grade, access to CS-education
(top) and the number of CS-activities taught (bottom left for grade 3, bottom right for grade 4).
A two-way ANOVA between the grade and what was taught does not identify any significant
differences between groups in terms of access to CS education (F(2)=1.05, p=0.35). A one-way
ANOVA per grade did not identify any significant differences according to the number of
activities taught (grade 3 F3(1) = 0.13, p3 = 0.72; grade 4 F4(1) = 0.89, p4 = 0.35).

Student learning - Takeaway #2

Access to CS education positively influences performance in terms of CS concepts
of sequences, loops, if-else statements and while statements (study 4). However, the
hierarchical linear model which considers the effect of the amount of CS education
received (whether in terms of number of activities, amount of time spent teaching CS,
having taught a set of activities or amount of time spent teaching a set of activities) on
student learning between two time points does not indicate a direct link between CS
adoption and student learning (study 1b). This is likely due to missing variables in the
hierarchical linear model pertaining to the teacher and how the activities were taught.
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Figure 9.5: Results of the exam comparing students’ maths and CS scores in both CS and non
CS-schools in the administrative region (n=8300).

9.1.3 Student learning and the influence of teacher demographics, perception and
the CS PD received (study 1c)

Given the link between access to CS education and performance, and the lack of a direct
link between what the teachers taught and student learning, it would appear that there are
additional factors at play when affecting learning. Therefore in a final phase, the teachers’
aggregate i) perception of the PD program, ii) perception of CS, iii) autonomous motivation to
teach CS2 and the iv) demographic data collected at the same time as the pre-test was put in
relation to the results of student learning. First, the students’ results were averaged per class
and correlated with teacher-level variables. As the perception data is on a 7-Point Likert scale
and non-normally distributed, Spearman’s rank correlation was used. All the correlations
with class performance were non-significant (demographics, prior experience, CS perception),
with the exception of the training evaluation (Spearman’s rho=0.33, p=0.007).

As adoption was found to be not significantly related to student learning (study 1b), we
compared two hierarchical linear models at the student level, one with and one without
adoption variables, with both including student-level, teacher perception-level and teacher
demographic-level variables. An analysis of variance between the two models indicates that

2The Autonomous Motivation (AM) score is computed using the Relative Autonomy Index (Grolnick and Ryan,
1989) by combining the sub-scales for intrinsic motivation (IM), identified regulation (IdR), introjected regulation
(InR) and external regulation (ER) and aggregating them as explained by Howard et al. (2020). That is to say:
AM = (2× I M +1× I dR −1× InR −2×ER)/6
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the difference is non-significant (p=0.768) and that the more parsimonious model should
be preferred. This also has the advantage of containing a larger set of complete data (1027
observations versus 752). The resulting hierarchical linear model at the student level (see Table
9.4) confirms the trend observed in the correlation analysis, and indicates that the following
dependent variables predict the delta between the pre and post test scores, with no influence
of teacher demographic variables (including teaching and ICT experience):

• The pre-test score predicts the delta negatively (p<0.0001, β = −0.35), i.e. students
performing lower at the pre-test progressed more.

• The average PD program evaluation score predicts the delta positively (p = 0.0053,
β= 1.02), i.e. students of teachers who positively viewed the CS PD progressed more.

These results therefore confirm the impact of the teacher on student learning, and that there
are additional factors to account for in the modelling to fully understand impact of the reform
on learning.

Table 9.4: Hierarchical linear model for student learning with respect to student-, and teacher-
level variables (dependent variable: Delta between pre- and post- test scores, n=1027 students
in 57 classes in 6 schools). Significant variables are highlighted in bold. R2 = 0.279, AIC=5386,
BIC=5474, RMSE=3.04.

Variables Estimate Std.Error Degrees of
Freedom

t-value p-value

(Intercept) 10.48 2.579 968 4.06 0.0001

Student-level Pre-test score -0.35 0.023 968 -15.54 0.0000
Gender (girl) 0.17 0.198 968 0.84 0.4021
Grade (3) 0.35 0.823 39 0.42 0.6746
Grade (4) 1.15 0.814 39 1.41 0.1663

Teacher-
perception

CS PD program evaluation 1.02 0.344 39 2.96 0.0053
CS utility perception 0.15 0.628 39 0.24 0.8122
CS non-utility perception 0.27 0.600 39 0.45 0.6561
CS autonomous motivation -0.21 0.380 39 -0.54 0.5896

Teacher
demographics

Age -0.14 0.078 39 -1.83 0.0743
Experience with informatics 0.01 0.036 39 0.41 0.6828
Teaching experience 0.11 0.079 39 1.42 0.1640
Digital education teaching ex-
perience

-0.10 0.104 39 -0.94 0.3552

Perceived ICT competence -0.57 0.376 39 -1.53 0.1345
Perceived relative ICT compe-
tence

0.20 0.421 39 0.47 0.6387

Student learning - Takeaway #3

Student learning is positively influenced by teachers’ perception of the CS PD received,
and not by their teachers’ demographics (study 1c).
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9.2 The reform contributes to equity in terms of perception in cer-
tain cases, but increases gaps between groups in others

The pilot study in grade 9 presented in Section 4.2 (El-Hamamsy et al., 2023a) showed that
there were already gender biases in grade 9 in terms of perception of the discipline. The
objective was therefore to extend the study on student learning to include student perception
data and investigate how the curricular reform may be impacting perception and contributing
to equity. The data collection was conducted in November 2021 and involved all students from
grades 3-6 in the 7 CS-schools involved in the first study (see Table 9.5). The students first
responded to the CS perception survey (see Section 8), before being administered the cCTt to
assess their mastery of CT-concepts.

Table 9.5: Number of students participating in the first perception survey and the third test
(study 2, November 2021) and their intersection with the teacher adoption survey.

Subset Gender Grade Total
3 4 5 6

Boys 263 307 314 334 1218
Perception (ncl asses = 142) Girls 265 286 311 328 1190

All 528 593 625 662 2408

Boys 196 230 285 351 1062
Perception & adoption (ncl asses = 114) Girls 201 220 287 346 1054

All 397 450 572 697 2116

Boys 240 282 289 317 1128
Test (ncl asses = 140) Girls 243 252 296 307 1098

All 483 534 585 624 2226

Boys 265 311 317 337 1230
Test or Perception (ncl asses = 142) Girls 272 287 314 330 1203

All 537 598 631 667 2433

Boys 209 262 270 295 1036
Test & Perception (ncl asses = 139) Girls 214 239 281 294 1028

All 423 501 551 589 2064

Boys 166 198 285 267 916
Test & Perception & adoption (ncl asses = 105) Girls 175 182 287 252 896

All 341 380 572 519 1812

Please note that the November CS survey (study 2) was initially intended as a pre test, with a
post test planned for May 2022 in order to put the change in relation with what the students
were taught in between (as in study 1). However, the positively skewed results (which we
present in the following sections) indicated that the students’ perception of the discipline was
possibly impacted by the CS-education received in prior years. It was thus essential to compare
with students who had not yet received any CS-education (study 3). Unlike administering an
assessment of CT-concepts to students who had not received any CS-education, administering
a perception survey to a control group was accepted by the department of education.

The analysis of the November pilot data is conducted in three stages:

208



9.2 The reform contributes to equity in terms of perception in certain cases, but increases
gaps between groups in others

Figure 9.6: Study 2 Structural Equation Model for the Perception Survey.

1. A descriptive analysis.

2. Structural Equation Modelling (SEM) to assess the impact of student demographic
variables (gender, grade, general school-related self-efficacy), class-level variables (with
respect to CS-, robotics- and ICT-related education received since the start of the year)
on students’ perception of the discipline (see Fig. 9.6).

3. Introducing student performance variables into the previous SEM to see how students’
perception of the discipline may influence their performance (see Fig. 9.7).

9.2.1 Students’ perception of CS and the tools used to teach it in CS-schools

Employing the CS-perception survey presented in Chapter 8 in CS-schools, we found that
students’ perception of CS, robots and tablets is highly positive and nearly saturates (M =
1.55±0.84 on the -2 to +2 scale, see Fig 9.8). An ANOVA however indicates that there are small
significant gender differences. As Fig. 9.9 shows, boys:

• Are more interested in CS (p<0.0001, Cohen’s D=0.253).

• Are more interested in tablets (p=0.006, Cohen’s D=0.117).
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Figure 9.7: Study 2 Structural Equation Model for the link between Perception and Performance.
Please note that this model includes all paths from the model in Fig. 9.6 but has been simplified
for visualisation purposes.

• Have higher tablet self-efficacy (p=0.0042, Cohen’s D=0.124).

• Perceive robots more favourably on all criteria (p<0.0001, Cohen’s D=[0.197, 0.363]).

Gender biases are also found in terms of who is perceived by the students as doing CS (χ2(5) =
15.7, p = 0.008, see Fig. 9.10). In particular, boys consider that their father does CS more often
than girls (χ2(1) = 10, p = 0.0017), while girls perceive that their teacher does CS more often
than boys (χ2(1) = 16, p = 0.0001).

Student perception - Takeaway #1

Students in CS schools positively perceive CS and the tools used to teach it but there
are small but significant gender gaps, with boys perceiving the discipline and the tools
used to teach it more positively already starting grades 3-6.

To gain better insight into how the student-factors interact (demographic variables, perception
of CS, tablets and robots, CS role models), and are influenced by what teachers taught, we
employed SEM (n=2116, November 2021). Bartlett’s test of sphericity (χ(190) = 7300, p <.001)
and KMO’s measure of sampling adequacy (KMO=0.72) confirm that SEM may be applied
on the data. Employing SEM with Robust Diagonally Weighted Least Squares estimator
(WLSMVS) on the model in Fig 9.6 (where adoption influences the latent factors) meets the
fit requirements (χ2(113) = 260, p<0.001; χ2/d f = 2.30; CFI=0.941; TLI=0.908; RMSEA=0.025,
0.90ci=[0.021, 0.029]; SRMR=0.026). Fig. 9.11 shows the significant paths and factors in the
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Figure 9.8: Students’ perception in schools that had been teaching CS for three years (Novem-
ber 2021, n=2433).

Figure 9.9: Delta between Boys’ and Girls’ perception on the 5 point Analog Visual Scale (scores
between -2 and +2) in schools that had been teaching CS for three years (November 2021,
n=2433).

model (see El-Hamamsy et al. 2023d for the full SEM Table) indicates that:

• Perceiving an influencer or somebody close (e.g., teacher - β = 0.17, p < 0.001; par-
ent - β f ather = 0.3,βmother = 0.23, p < 0.001; or peer - β = 0.13, < 0.001) as doing CS,
positively contributes to the perception of role models, while perceiving nobody has a
negative influence β=−0.024, p < 0.001). The role model latent factor then impacts the
perception of CS (β= 0.3, p = 0.016) and of the discipline overall, i.e. the second order
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Figure 9.10: Students’ perception of who does Computer Science in schools that had been
teaching CS for three years (November 2021, n=2433).

latent factor in the SEM, β= 0.15, p = 0.003).

• Higher school-related self-efficacy positively correlates with the perception of the disci-
pline on all the Likert scale CS, robot and tablet related criteria, with the exception of
interest in tablets.

• Girls tend to have a more negative perception of the discipline with respect to robots
overall, tablets and CS interest, and tablets self-efficacy. They also perceive the father
less often (β = −0.06, p = 0.005) and the teacher more often as doing CS (β = 0.06,
p = 0.003).

• Older students are more likely to consider CS (β = 0.09, p < 0.001), tablets (β = 0.03,
p = 0.020) and robots (β= 0.07, p = 0.000) useful; while being less interested in tablets
(β=−0.04, p = 0.014). They are also less likely to perceive their teacher (β=−0.04, p <
0.001), mother (β=−0.06, p < 0.001), and nobody as doing CS (β=−0.03, p < 0.001).

• The amount of CS education received since the start of the year does not significantly
influence student perception on any dimensions (p > 0.05).

The lack of influence between teachers’ adoption of CS pedagogical content and perception
appears conjointly with a lack of influence between perception and performance. Indeed, the
SEM that includes students’ scores (n=1583, see Fig 9.7) to see how performance is influenced
by perception and demographics indicates that there is no significant link (see Table 9.6). The
only variables that significantly influence the score are the grade (older students have higher
scores) and their general self-efficacy (students that are more confident in their capacity to
succeed in school have higher scores).
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Figure 9.11: SEM perception structural model (n=2116, November 2021) path diagram with
standardised variables for the measurement model that meets the requirements for adequate
fit displaying only significant links in the model. Please note that all standardised factor
loadings are above 0.3.
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Table 9.6: SEM Perception and Background to Performance Structural Model (n=1583,
November 2021). Unstandardised Regression Parameters (χ2(124) = 221.462, p < 0.001,
chi 2/d f = 1.79, CFI=0.951, TLI=0.923, RMSEA=0.022, ci=[0.017, 0.027], SRMR=0.026). Please
note that on the smaller sample CS utility did not correlate highly with interest and self-efficacy
and had to be removed from the model. For the full table see the appendix in El-Hamamsy
et al. (2023d).

Model
Estimate Std. Err. Z p R2

Percentage (/100) 0.136

CS perception −0.29 1.31 −0.22 0.824 0.707
Tablets perception −0.04 0.99 −0.04 0.969 0.372
Robots perception 0.96 1.11 0.86 0.387 0.411

General self-efficacy 1.54 0.69 2.22 .027
Gender (0=boys, 1=girls) −1.57 1.06 −1.47 0.141

Grade 7.53 0.53 14.19 .000
Number of CS education periods SI 0.09 0.13 0.70 0.483

Number of ICT education periods −0.02 0.08 −0.20 0.842
Number of Robotics education periods −0.29 0.42 −0.68 0.496

Student perception - Takeaway #2

Students’ perception in CS schools is influenced by multiple student factors:

• Boys perceive the discipline more favourably than girls.

• The discipline is perceived more positively when students consider that an adult
figure close to does CS.

• The discipline is perceived more negatively when students consider that nobody
does CS.

• Those who have higher school-related self-efficacy tend to perceive CS and the
tools to teach it more positively.

Students’ perception is however unrelated to (i) students’ performance in terms of CS
concepts and (ii) teachers’ adoption of CS pedagogical content.

9.2.2 Comparing the results of the CS schools to schools where teachers were not
yet trained to teach Computer Science

To extend study 2, the perception survey (see Table 8.1) was administered to all students in
grades 3-6 (n = 1644) from 3 schools with access to CS education (which we refer to as CS-
schools, n ∼= 831) and 2 similar schools without access to CS education (which we refer to as
non CS-schools, n ∼= 813), with all 5 being selected to be representative of the demographics
of the region (see Table 9.7). The objective was to compare the students’ perception of the
discipline between the two conditions (CS-schools and non CS-schools) as students in CS-
schools had been in contact with the discipline for multiple years and perception was positively
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saturated in study 2.

Table 9.7: Number of participants in the second student perception survey (study 3, May
2021).

CS education Gender Grade Total
3 4 5 6

False Boys 84 91 116 122 413
Girls 83 98 121 98 400
Total 167 189 237 220 813

True Boys 102 91 96 135 424
Girls 93 99 92 123 407
Total 195 190 188 258 831

Total Boys 186 182 212 257 837
Girls 176 197 213 221 807
Total 362 379 425 478 1644

The comparison between both groups is established using Structural Equation Modelling by
constraining the models to have equal factor loadings, and allowing the regression parameters
to vary between the two groups (gender, grade, general self-efficacy). By comparing the
intercepts of the two SEMs, it is possible to establish the effect of having received several years
of CS-education on perception. By comparing the regression parameters, it is possible to
establish whether there are interaction effects between the student variables (e.g., gender) and
access to CS-education, and thus determine if gender-related gaps are indeed closing with the
introduction of the novel curriculum.

The intercepts for both groups indicate that students’ responses positively saturate for both
groups for nearly all CS, robotic and tablet perception items are shown in Fig. 9.12. Nonethe-
less, students in CS-schools appear more interested generally, and evaluate the robotics
generally more favourably. However, CS and tablet utility and self-efficacy are lower for stu-
dents in CS-schools. Students in CS-schools perceive the teacher more often as doing CS,
which is coherent with the fact that their teachers over the past few years have been teaching
CS pedagogical content. On the other hand, students in CS-schools perceive their mothers
and other students less often as doing CS, possibly indicating that the students have a better
awareness of what it means to "do" CS (Pantic et al., 2018), and that it is not only related to
using a computer or tablet.
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Figure 9.12: Comparison of the SEM intercepts between schools that had access to CS-
education and schools that did not.

Student perception - Takeaway #3

Students’ perception in non-CS schools is also very positive and nearly saturates. How-
ever, comparing both groups using SEM indicates that there are significant differences
between the intercepts of these models (and therefore differences between students’
baseline perception of CS and the tools to teach it before accounting for the influence
of the independent variables - gender, school-related self-efficacy, grade). It appears
that access to CS-education:

• Raises students’ interest in CS and the tools to teach it.

• Generally improves students’ perception of robotics.

• Decreases students’ perceived utility and self-efficacy in terms of CS and tablets.
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The significant impact of general self-efficacy and gender on student perception are shown in
Fig. 9.13, and 9.14.

Fig. 9.13 shows that general school-related self-efficacy positively influences CS self-efficacy
(bC S = 0.16, pC S = 0.001, bno−C S = 0.2, pno−C S < 0.001) and robotics self-efficacy (bC S =
0.11, pC S = 0.033, bno−C S = 0.14, pno−C S = 0.016) of all students. This reveals that students
who consider themselves less capable of doing well in schools also think that they are less
able to do CS and robotics, although the influence is less pronounced when students have
received CS-education. Access to CS education may thus contribute to a wider range of
students considering that they are capable of doing CS and robotics. On the other hand, for
tablets, while there is no significant influence of school-related self-efficacy in non CS-schools
(pno−C S = 0.054), it is present in CS-schools (bC S = 0.08 ,pC S = 0.016) which may indicate
that students realise the range of possibilities (beyond merely passive activities) and that
this may require more competencies to be able to make use of. Nonetheless, general self-
efficacy does not influence interest or perceived utility in CS-schools (pC S > 0.05), contrary
to non CS-schools for CS interest (bno−C S = 0.1, pno−C S = 0.036), CS utility (bno−C S = 0.14,
pno−C S = 0.001), and Robotics’ utility (bno−C S = 0.11, pno−C S = 0.044). It would thus appear
that access to CS-education helps reduce these biases.

Figure 9.13: Comparison of the SEM regression coefficients for general self-efficacy between
schools that had access to CS-education and schools that did not. Please note that only
significant regressors are shown.

Where gender is concerned (see Fig. 9.14), all gender gaps that are identified as significant
confirm the stereotypes that boys perceive the discipline more favourably than girls. Some
gender gaps are only present in CS-schools (CS & tablet interest and self-efficacy, robots utility)
suggesting that access to CS-education increases these gaps which, interestingly, are initially
the smaller or non-significant gaps in non-CS schools. There are nonetheless some gaps that
are smaller in CS-schools, all the while remaining present in both types of schools: robotics
interest and self-efficacy, as well as perceiving the teacher as doing CS in CS-schools, which
interestingly are the initially larger gaps in non-CS schools. Only the CS-interest gap is present
in both schools and stronger in CS-schools.
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Figure 9.14: Comparison of the SEM regression coefficients for gender between schools
that had access to CS-education and schools that did not. Please note that only significant
regressors are shown.

Student perception - Takeaway #4

Students’ perception of the discipline is impacted by access to CS education but there
is an interaction effect between access to CS education and gender. This interaction
effect indicates that access to CS education impacts students differently according to
their gender. Indeed, in certain gender gaps decrease in CS-schools (namely in terms
of robotics where the gender gaps are initially higher) while others appear / increase
in CS-schools (namely in terms of CS and tablets where the gender gaps are initially
smaller).

9.3 Discussion on the impact of the curricular reform on equity and
future perspectives

The four studies we conducted in pilot and non pilot schools in the region contribute to un-
derstanding whether and how the large-scale mandatory primary school CS curricular reform
and accompanying PD program has an impact, and contributes to achieving equity goals, in
terms of student learning and perception (RQ3.2). As indicated in the introduction, achieving
equity goals requires addressing structural (i.e. access related) and social (i.e. stereotype
related) barriers that lead to under-representation in the field by influencing performance and
perception early on. To the best of our knowledge such investigations are rare in the context
of curricular reforms and PD programs (including those that are not explicitly related to a
reform). We provide a visual synthesis of the findings of studies 1-4 in Fig. 9.15 based on the
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learning and perception analyses and discuss the findings further in the following subsections.

The studies, in addition to providing a first insight into how the reform has an impact and
contributes to equity, also help draw recommendations for future studies which may be of
relevance to others evaluating PD programs and curricular reforms.

9.3.1 Impact of the curricular reform on student learning, and learning-related
performance- and gender-equity

9.3.1.1 Student learning impact

The findings of studies 1 and 2 indicate that the students progress in terms of CT-concepts
over time and are progressing with respect to the CS curricular objectives. In particular, we
observe that grade 3 students achieved a year’s worth of CT-development in the 6 months that
separated the pre- and post-tests (positive impact). Indeed, the grade 3 students’ post test
scores were equivalent to the grade 4 students’ pre-test scores. When considering the factors
that influence learning we found that there is:

• No direct link between learning and the amount of CS education received between the
two interventions (studies 1b and 1c, undetermined impact).

• A significant difference between students in grade 6 who have had access to CS education
and those who have not (study 4, positive impact), which confirms that the reform
contributes to students acquiring the CS concepts prescribed in the curriculum as a
result of having had access to (some level of) CS education.

• A positive influence of the teachers’ perception of the PD program (study 1c, positive
impact), which may be due to the Pygmalion (or Rosenthal) effect according to which a
teachers’ expectations may act “as a self-fulfilling prophecy” (Rosenthal, 2010). That is
to say that a teacher with high expectations regarding the discipline (and therefore who
perceives the PD program more positively) is more likely to observe positive student
level outcomes. Therefore, while teachers’ perception likely acts as a mediating variable
for teachers’ assimilation of the underlying CS-concepts, their appropriation of the
pedagogical content, and how it is taught, the finding also indicates the need to find
means of motivating teachers to introduce CS into their practices (El-Hamamsy et al.,
2022b) and to ensure that they see the utility of doing so (El-Hamamsy* et al., 2023b).

The lack of a direct link between what the teachers taught (i.e. adoption) and learning could be
due to two main factors and their interaction: (i) the adequacy of the content with respect to
the targeted concepts (as there was no formal validation of the pedagogical content), and (ii)
the teachers’ appropriation of the CS pedagogical content (as there are known descrepancies
between intended, enacted and attained curricula, van den Akker, 2003). We have synthesised
the corresponding hypotheses in Table 9.8 depending on whether either or both of these
factors are indeed at play in the present context. As a reminder: the teachers were trained to
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introduce the specific CS pedagogical activities which were designed by experts in CS and
pedagogy from multiple institutions. Therefore, considering conjointly these elements, and
the link between student learning and the teachers’ perception of the PD program, it appears
likely that the second hypothesis is true. More specifically: the lack of direct link with adoption
could be partially or entirely due to teacher-level factors (their mastery of the concepts, and
how they are teaching the pedagogical activities), although we may not presently rule out the
other hypotheses.

To better understand the impact of teaching CS on learning, it would be important to expand
investigations and include:

• Teacher assessments, e.g. evaluating teachers’ mastery of the primary school learning
objectives for these grades using the cCTt in a first step.

• Classroom observations to gain insight into teachers’ implementation fidelity, i.e. “the
degree to which an intervention or programme is delivered as intended” (Carroll et al.,
2007), and therefore to what extent we limit the gap between the intended, enacted and
attained curriculum (van den Akker, 2003).

• Comparisons of student learning with students in non CS-schools using a reliable
assessment such as the cCTt.

Such an approach would not only make it possible to assess each of the pedagogical activities
individually, but would also give the opportunity to provide guidelines regarding how best to
teach the pedagogical content to promote learning. Doing so however requires getting past
certain barriers, whether in terms of teacher reticence towards classroom observation and
evaluation (Hickmott and Prieto-Rodriguez, 2018), or in terms of acceptability of the studies
(e.g. in this case access to a control group for large scale performance assessments) from
the bodies that decide whether or not the study may take place (i.e. in this case ethical com-
mittees, policy makers and school leaders who must all approve, in addition to the teachers
themselves). However, it is only by gaining such insight that it will be possible to adapt the CS
curricular reform so that it is successfully implemented and sustained in teachers’ practices.
This could include adapting the CS pedagogical content, PD program, or even considering
a different strategy to introduce CS into formal K-12 education. The latter could involve
having specialised teachers, or introducing CS transversally to support other disciplines thus
contributing to "build computational litteracies in all students" (Peel et al., 2022), all the while
accounting for time struggles (Ottenbreit-Leftwich and Yadav, 2022a) which according to
Fofang et al. (2020) would provide pedagogical and equity benefits (but may also run the
risk of decreasing the impact of the curricular reform, Suessenbach et al., 2022). A complete
assessment of CS and CT curricula in terms of student learning would therefore also benefit
greatly from expanding to other dimensions of CT (e.g. CT-processes, Brennan and Resnick,
2012), and evaluating the impact that CS pedagogical content may have on learning in other
disciplines (Ottenbreit-Leftwich and Yadav, 2022a; El-Hamamsy et al., 2022c), transversal and
21st century skills (Barr et al., 2011; Gretter and Yadav, 2016; Nouri et al., 2020; El-Hamamsy
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et al., 2022c).

More generally, the recommendations here are also applicable in the case of equity and
perception, and align with the need for a complete assessment of the curricular reform’s
impact at the teacher and student levels which should:

• Include all the levels of Guskey (2000)’s evaluation framework in order to be able to
understand the impact of all the parameters on student outcomes.

• Include large samples to be able to statistically validate a structural model which in-
cludes a large number of variables. This therefore requires (i) on-boarding all teachers
and schools in the process, and (ii) resolving issues of tracing the responses from a given
individual from the PD to the student assessments in a pseudonymous and reliable
way over time, in order to abide by ethical constraints and teachers’ desire to remain
anonymous in the process to avoid retribution.

• Pursue the evaluation over time to understand how the teacher and student levels evolve
over time, also considering the fact that the large scale deployment will progressively
include other schools in the fold. These analyses would not only help identify barriers to
student learning, and strategies to address them, but also provide interesting points of
comparison and a means of ensuring that all phases of spread of the curricular reform
to an entire administrative region are successful. This however requires having a set
of assessments that (i) align with the curricular objectives, (ii) reliably span primary
and secondary school education, and (iii) provide a means of transitioning between
them. Although we began setting the foundation for this with the cCTt and the com-
parison with the BCTt, the proposal of student proficiency profiles, and the first steps
towards establishing equivalency scales, future work must provide an explicit means
of transitioning between instruments in order to conduct the required longitudinal
studies.
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Figure 9.15: Visual Synthesis of the findings and how these relate to impact and equity. Each
factor considered is indicated in a rectangle in bold. For the student learning results that are
based on hierarchical linear models, the identified effect of said factor on the outcome variable
is indicated in plain text in the same rectangle. For the student perception results that are
based on structural equation modelling, the impact of general school-related self-efficacy and
gender on a given factor are indicated in the factor’s rectangle in plain text. In both cases, the
impact of the measured effect (or lack thereof) on equity is colour coded (blue for a positive
impact, red for a negative impact, purple for a mixed impact and black for an absence of
impact). Please note that we only indicate significant links / effects (i.e. p > 0.05) which does
not reflect on the strength of the effect detected (for that please refer to the results section and
see the effect sizes and regression coefficients).
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Table 9.8: Hypotheses related to the absence of direct links between CS-education and student
learning.
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9.3.1.2 Student learning equity

The findings of study 1 indicate that students performing lower at the pre-test progress more
in the 6 months before the post-test. This indicates that the performance gap is closing and
contributing to performance-equity and is consistent with Vygotsky and Cole (1978)’s concept
of the Zone of Proximal Development (ZPD). The ZPD is determined by the learning activity
and its relation to what students are capable of doing along and with a specific instruction.
Therefore it would appear that the content is adapted to all students because:

• Students with low scores on the pre-test progress more, indicating that the pedagogical
content is within their ZPD.

• Students with high scores on the pre-test may already master the concepts and therefore
not progress more with the instruction provided.

Provided the additional lack of influence of teacher-demographics (including ICT experience,
teaching experience and age which have been found to impact student achievement in various
contexts, Croninger et al., 2007; Kini and Podolsky, 2016; Ladd and Sorensen, 2017; Burroughs
et al., 2019)), their perceived utility of CS and their autonomous motivation to teach CS, on
student learning, this would appear to indicate that the PD-program contributes to fostering
student learning, and learning equity more generally. The PD program therefore contributes
to all students are able to receive access to “quality” CS education teachers, irrespective of
their demographics. This indicates that the curricular reform framework and PD program
effectively on-board both novices and pioneers to teach the discipline. However, provided that
the perception of the PD program influences student learning, further contributing to equity
in terms of access depends on identifying the factors that influence teachers’ perception of
the PD program and adopting strategies to address them during the teacher PD.

The findings of study 1 also indicate that a marginally significant gender gap exists in grades
3-4 (likely due to stereotypes and social barriers), and that it appears to be closing over time
(positive for gender-equity). This is corroborated by the data from study 2 (from the following
academic year) where students who have had more access to CS education do not exhibit
gender gaps. These findings therefore confirm the importance of providing CS experience to
students to address performance-related gender gaps, and therefore introducing the discipline
as early as possible for all. As the study did not include grade 1-2 students, it would appear
relevant to follow up on the cohort of students over multiple years (and from the start of their
schooling) to see how these differences appear and evolve over time. Should these gaps persist
in other schools as the reform is rolled out in the region, it is important to monitor:

• Whether the teachers in the other (non-pilot) schools are adopting to similar extents as
the pilot schools over time.

• The evolution of learning related CS-gaps, notably considering that these may be influ-
enced by students’ perception of the discipline due to the existence of stereotypes and
stereotype threat.
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The findings would therefore appear to corroborate that the CS-curricular reform contributes
to achieving learning equity goals. This would align with the findings of a recent independent
study conducted in Germany to evaluate the impact of the introduction of "informatics" into
the curriculum throughout the country. In a longitudinal study, Suessenbach et al. (2022) found
that i) lower secondary schools students’ ICT competence increased with access to informatics
education, ii) the gap between students with low and high socio-economic backgrounds
decreased, iii) gender gaps were closing with girls catching up with boys’ performance, and
iv) the impact was stronger in the case of informatics as its own discipline rather than having
informatics transversally integrated into other subjects.

9.3.1.3 Limitations of the studies on student learning (studies 1, 4)

Study 1 lacks a true control group with students that never had access to CS education. Indeed,
the students in study 1 were not compared to students who had not done any CS education
between the pre- and post-tests, or since the start of their schooling. The fact that students
with lower pre-test scores progress more may also be due to the existence of a “ceiling effect”
for already higher performing students (either cognitively, with respect to what the cCTt
measures, or what is attainable with the pedagogical content taught). In terms of teacher and
class data, while the teachers were asked what they taught and for how long, this does not
indicate their mastery of the content, the implementation fidelity (i.e. to what extent they put
emphasis on the CS concepts in these activities) or whether they taught other activities that
were not part of the PD program that may be linked to CS education or grid based concepts
which are also part of the maths curriculum. Finally, the assessment:

• Focuses on CT-concepts, although there are other elements of CT that may be positively
affected by access to CS education which are not measured (in addition to other dimen-
sions of the CS curricular reform including those pertaining to machines and networks,
data and information and the impact of CS on society).

• Is used in both the pre- and post-test due to the fact that (i) at the time of the studies
there existed no valid and reliable assessment of CT-concepts in primary school for
these grades; (ii) no validated assessment proposes isomorphic variants which have
been proven to have the exact same difficulty and can therefore be reliably employed in
the comparison of pre-post test design. To the best of our knowledge this remains true
today with to the best of our knowledge only Parker et al. (2022) began investigating how
to create an isomorphic version of their instrument (the ACES test) and analysed what
types of changes to the questions could truly be considered isomorphic in this context.
This is important because “seemingly superficial changes in an item’s context can cause
students to recruit different knowledge and cognitive processes when solving a problem”
(Parker et al., 2022).

For study 4, the main limitation is that the evaluation only consisted of 4 questions which
limits the validity and reliability of the findings. Nonetheless, considered conjointly, the results
of both studies appear to support the fact that access to CS education has a positive impact on
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learning in terms of CS concepts.

9.3.2 Impact of the curricular reform on student perception and perception-
related self-efficacy- and gender-equity

9.3.2.1 Student perception impact

Students’ perception of the discipline and the tools employed to teach it is globally positive in
primary school, whether in CS schools or not (studies 2, 3), as the perception results gathered
are positively saturated. Nonetheless, students’ overall perception of the discipline is influ-
enced by access to CS education. Indeed, access to CS education contributes to increased
interest in CS and the associated tools, with a more positive perception of robotics overall
(positive impact). Perceived utility and self-efficacy towards CS and tablets is however lower
(negative impact). The latter may be indicative of a better understanding of what CS is, and
the extent of the applications that are possible with tablets, contributing to more realistic
expectations (Pantic et al., 2018), an element which we already identified as causing issues
with grade 9 students in the pilot CS program (El-Hamamsy et al., 2023a). As the results
remain globally positive, these results appear promising for both CS and robotics as interest,
self-efficacy and perceived utility are key motivational factors that influence academic perfor-
mance and career choices. Future studies should therefore i) continue to monitor how these
factors evolve and how they relate to students’ decision or not to pursue studies in these fields
(which in the present educational system, begins at the end of 8th grade) and ii) investigate
using qualitative methodologies why certain trends are observed. Only by understanding
why these trends appear, will it be possible to adjust the curricular reform framework and PD
program accordingly.

9.3.2.2 Student perception equity with respect to gender

The study in the CS-schools (study 2) indicates that gender gaps are already present in grades
3-6 with boys having a more positive perception of the discipline than girls on nearly all
criteria, coherently with Master et al. (2021)’s and Sullivan and Umashi Bers (2016)’s findings,
and despite access to CS-education starting from grade 1. Robotics in particular appears
to be subject to the largest gender gaps (study 2, 3). Nonetheless, the perception of CS-role
models, and in particular influencers (Wang and Hejazi Moghadam, 2017) such as teachers
and parents being perceived as doing CS has a positive influence on the perception of the
discipline, but is subject to gender biases (study 2). As access to CS-education contributes to
more students perceiving their teachers as doing CS (study 3), it is important that teachers
in these grades endorse their role as role models and actively teach the discipline in their
classrooms. Furthermore, as these teachers are mainly women in primary school, and as girls
were more likely to perceive their teachers as role models, the introduction of CS for all in
schools may contribute to addressing social perceptions and counter the creation of early
gender gaps evoked by Wang and Hejazi Moghadam (2017).
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The structural model selection further indicates that the influence of gender on perception
varies with access to CS education (impact on gender-equity). While for interest and self-
efficacy the gender gap start to close for Robotics in CS-schools (i.e. where the gaps are the
most prominent, positive for gender-equity), the gaps are increasing for CS and Tablets (i.e.
where the gaps either did not exist or were small, negative for gender equity) although they
remain smaller than those pertaining to robotics. Different trends along these dimensions
indicate that the CS pedagogical activities might need to be adjusted to “provid[e] students with
early experiences that signal equally to both girls and boys that they belong and can succeed”
(Cheryan et al., 2017) (e.g., by adopting more collaborative settings, Sullivan and Umashi Bers,
2016, or introducing social aspects). The findings further indicate that introducing robotics as
a means of teaching CS may also contribute to broadening participation in STEM by reducing
robotics-related gender biases. This complements our prior study in the grades 1-4 pilot
program that found that employing robots to teach CS benefited both CS and robotics at the
teacher- and PD level (El-Hamamsy et al., 2021a). As such, using robotics to teach CS benefits
both the PD-, teacher-, and student levels. Robotics and STEM more broadly could therefore
take advantage of ongoing CS-curricular reforms worldwide to broaden participation and
engage more students in these fields.

9.3.2.3 Student perception equity with respect school-related self-efficacy

The influence of general self-efficacy varies between CS and non CS schools (study 3). On
the one hand, in CS-schools, there is a positive influence of general self-efficacy on Tablet
related self-efficacy, which is not the case for non CS-schools. Once again, this may be due
to students having a better awareness of what it means to “do” CS and being able to do more
creative activities with Tablets (Pantic et al., 2018). Indeed, the tablet is a ubiquitous tool in
the region which students easily have access to. Their traditional usage of this tool differs
significantly from the type of activities that are proposed in the curricular reform which seek to
be active and creative. The learning objectives of these tasks therefore push students to adjust
their “imagination” around this tool (Flichy, 2001). Concretely, we believe that the students
are forced to reconsider the affordances and the potential of this tool, thus reevaluating their
own competencies beyond the more traditional use involving playing games, texting, taking
photos and watching videos.

On the other hand, CS perception (interest, self-efficacy and utility), and robots perception
(self-efficacy, and utility) are positively influenced by general self-efficacy in both CS and
non-CS schools, but to a lesser degree when students have received CS education. Contrary
to tablets, CS and robotics are novel, with students having little to no access in schools (or at
home) where the CS education curricular reform has not yet occurred. Therefore, we believe
that the positive influence of general self-efficacy on domain-specific self-efficacy is consistent
with Bandura (1986)’s socio-cognitive theory on auto-evaluation: people’s belief in their effi-
cacy to do a task is developed through vicarious experience, i.e. by comparing themselves to
others. However, it is also built through mastery experiences: by experiencing CS and robotics
related activities, the students are more influenced by their own CS- and robotics-specific
experiences, and less by their overall assessment of their capacity to succeed in school. There-
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fore, given the influence of self-efficacy on students’ choices and career decisions in the long
term, such experiences may ultimately contribute to broadening participation in the field to a
wider range of students, and namely to not only those who believe they are good in school.

9.3.2.4 Student perception equity with respect the link between performance and percep-
tion

There is no evident link between student performance and perception of the discipline (study
2, positive for equity), such as those found in other studies in middle school (Rachmatullah
et al., 2022; Hinckle et al., 2020). However, student performance is related to students’ general
self-efficacy, with students who consider that they are better at school performing better
on the test. This would suggest that there may be a link between students’ performance on
CT-concepts and other disciplines, irrespective of how students perceive the discipline. This
may be indicative that perception is not yet biased by performance and inversely. Nonetheless,
given the role that perception (and stereotypes) has been found to play on academic and career
decisions in the literature, it is important to continue to monitor how students’ perception
evolves over time and establish at which point this may influence their sense of belonging and
career decisions.

The trends observed confirm not only the importance of introducing the discipline in for-
mal education for all, but also the complex interactions that this introduction may have
on students’ perception. Indeed, the latter may not necessarily contribute to closing all
perception-related gaps but may also exacerbate others. Therefore it would be important to:

• Conduct the comparison study (i.e. study 3) with a larger sample of both students in CS
and non CS schools to be able to detect smaller effect sizes.

• Complement the results of the study with qualitative data to gain better insight into how
students perceive the discipline, how this differs, and why, between students with and
without access to CS-education.

9.3.2.5 Limitations of the pilot study on perception

As for the other studies, there are several limitations to studies 2 and 3.

For study 2 the students were at least in their third year of CS education by the time the study
was conducted, their perception was positively saturated and there was no control group. It
would have been interesting to have access to a pre-test prior to their first CS lecture and to
compare the evolution of perception over time. Where the link between perception and what
the teachers taught is concerned, as for study 1, some of the findings may be biased by the fact
that teachers may be teaching CS content that was not included in the PD program and are
not accounted for in the analyses.

228



9.3 Discussion on the impact of the curricular reform on equity and future perspectives

For study 3, the sample is relatively small to do a comparison between groups (even when
constraining parameters to be equal). As such, the minimum effect size that can be detected
is bigger than in the case of study 2. This analysis would therefore benefit from a replication at
a larger scale. As mentioned for study 2, there is also no view on how the perception evolves
over time within these groups, and at the point where students gain access to CS education the
first time. Therefore, it would be interesting to have access to a sample of students just before
they began having access to CS instruction and then follow up over time, and compare with a
group that has no access to CS instruction. This type of analysis has temporal constraints and
must be planned for at the start of the reforms and prior to deployment to all schools if the
objective is to be able to compare for an extended period of time.

9.3.3 Conclusion: a generally positive but complex impact of the Computer Sci-
ence curricular reform on equity

Answering the overarching question “how does the curricular reform impact student-level
outcomes and equity in the field?” (RQ3.2) is therefore not as straightforward as it seems:
introducing CS for all in the curriculum and being taught CS has a positive impact and affects
equity by:

• Promoting student learning and contributing to performance-equity by reducing (i)
differences between initially high and low performing students, (ii) the performance
gender gap, and (iii) the impact of teacher demographics on student learning.

• Contributing to perception gender-equity by reducing the largest gender-related per-
ception gaps (namely those pertaining to robotics).

On the other hand, the curricular reform does not automatically lead to improvements on
all fronts. The impact is neither direct, as shown by the student learning results which lack a
direct link between what was taught and learning; nor straightforward, as shown by the fact
that there is an interaction effect between gender and access to CS education, with initially
smaller (or not initially present) gender gaps increasing.

Generally, the findings of the study support that all CS curricular reforms and PD programs
should investigate the impact of their implementation at the student level, all the while consid-
ering that the complex dynamics that may be involved in CS-education. Such investigations
also require considerably more insight into teacher-level factors and more extensive and in
depth investigation by means of qualitative methods. Additionally, despite the globally posi-
tive outlook emerging from these studies, the teachers did not necessarily have any first hand
insight into these elements, particularly since the studies were conducted in the later phases
of the pilot program. This means that the teachers, as they were not trained to evaluate their
students, in addition to CS not being a graded subject, had no evidence that their students
were progressing as a result of the instruction received. This is an element that we will show is
problematic for the sustainability of the reform in the following chapter.
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10 Sustainability of the curricular reform de-
pends on certain key factors that must be
addressed

This section’s content is adapted from the following article:

• El-Hamamsy L.*, Monnier, E.-C.*, Avry S., Chevalier M., Bruno B., Dehler Zufferey
J., and Mondada F. (2023). Modelling the Sustainability of a Primary School Digi-
tal Education Curricular Reform, Professional Development Program. Education
and Information Technologies (in press, doi: 10.1007/s10639-023-11653-4, Laila
El-Hamamsy’s contribution: conceptualisation, methodology, formal analysis, in-
vestigation, data curation, visualisation, validation, writing - original draft, writing -
review & editing, reuse authorised under the CC 4.0 licence)

In the previous chapters, we showed that the implementation phase of the pilot CS curricular
reform that we analysed throughout the thesis was generally successful in on-boarding teach-
ers to teach the discipline (RQ2, see Chapters 5 and 6), and achieving positive student-level
outcomes (RQ3, see Chapter 9). However, there is a considerable difference between teachers
adopting when they are still in contact with PD providers, and teachers adopting once the PD
has ended. Even though support is provided through instructional coaches in the schools,
there is still a risk that the changes not be sustained in teachers’ practices, notably since
sustaining such changes is one of the biggest challenges in education (Hubers, 2020). Our
objective was therefore to investigate ‘if, under what circumstances, and how [the reform]
has been successfully sustained” (Howard et al., 2021b) (RQ4.1, see Fig. 10.1), where sustain-
ability refers to teachers continuing to satisfactorily implement the reform over time, without
requiring overt efforts on their part (see Section 10.1). Contrary to other studies in the thesis,
the present chapter, and the following which is on the scalability of the reform, focus on the
global Digital Education (DE) curricular reform (which therefore includes CS, ICT and Digital
Citizenship), rather than zooming in on the CS portion of the reform. As Digital Education
(which is also frequently referred to as Computing Education in the literature) includes CS, the
findings drawn from these studies also apply to the specific context of CS curricular reforms.

In this sustainability study we analysed data we acquired from 287 of the primary school
teachers (grades 1-4) in the fourth year of their Digital Education (DE) curricular reform,
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Figure 10.1: Contextualisation of the chapter with respect to the thesis objectives.

which is more than a year after having finished their mandatory two-year DE Professional
Development (PD) program1. Our objective is to contribute to the literature on sustainability
of DE curricular reforms through two main contributions. The first is a statistical model of the
factors influencing the sustainability of the implementation of the novel DE curriculum by
primary school teachers, an element which is presently lacking in the “scarce” and “scattered”
sustainability literature, and which we establish through Structural Equation Modelling. The
second is an evaluation of the sustainability of a DE curricular reform and DE PD program
that considered sustainability from the start of the endeavour, thus providing insight into
the effectiveness of the curricular reform framework and the barriers that may still influence
sustainability at this stage of the reform. The analysis is timely as i) it typically takes two years
for teachers to master a new practice (Gersten et al., 2000), ii) time is needed to establish
communities of practice, see other teachers implement the content, and perceive the benefits
(Klingner et al., 2001), and iii) sustainability should be evaluated after the end of PD programs
(Coburn, 2003).

10.1 Operationalising Hubers’ definition of sustainability for Digital
Education curricular reforms

In order to evaluate the sustainability of the reform it is essential to have an operational
definition to determine whether or not sustainability has been reached. To that effect we
turn to Hubers (2020, p.1) who recently defined sustainable changes in education as “1)
substantial changes made that affect the core of educators’ everyday practice; 2) a longitudinal
process that begins when educators contemplate making changes and ends when satisfactory
achievement on the other characteristics is reached and overt learning efforts are stopped; 3)
a process of individual and organisational learning as well as changes in behaviours; resulting
in 4) significant positive effects on student outcomes”. In the present study, as the objective is
to assess whether teachers are teaching the new DE pedagogical content after having followed
a DE PD to acquire the required Technological Pedagogical Content Knowledge (see 2.2),
we operationalise Hubers’ (2020) definition for the DE reform context and consider that
sustainability refers to:

1. The introduction of the novel DE curriculum into teachers’ practice, implying teaching
(i.e., adopting) pedagogical content which is used to teach core DE concepts.

1The data associated with this study is available on Zenodo (El-Hamamsy et al., 2022d)
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2. The adoption of DE pedagogical content which should start with the DE PD program,
with sustainability being reached when teachers satisfactorily integrate the content into
their practice over the long term, without requiring significant efforts on their part (in
comparison to other existing content). This change should occur and persist in multiple
schools to demonstrate the sustainability of the endeavour (Pieters et al., 2019).

3. The collaboration between teachers and other stakeholders at the school level (e.g.,
school leaders and instructional coaches) to support the implementation and sustain-
ability of the change.

4. The endeavour resulting in significant positive effects on student outcomes.

10.2 Proposing a Model of Sustainable Adoption of Digital Education
(SADE)

10.2.1 Indicators of sustainability of changes in teacher practices

To model the relationship between the factors that influence the sustainability of the DE
curricular reform, we draw on the factors identified as having an impact on sustainable change
in teacher practices from the literature. These are put in relation with recommendations
regarding the assessment of professional development programs and, in particular, Guskey’s
(2000) model which is specific to the context of education. As the target of the study is to assess
the long-term sustainability of introducing DE pedagogical content into teachers’ practices,
we consider the following indicators from the teachers’ perspective which draw from Avry
et al.’s (2022) operationalisation of Guskey’s (2000) framework.

As no model of teacher pedagogical content adoption has been validated at scale (El-Hamamsy
et al., 2022b), we employ Avry et al.’s (2022) operationalisation of Guskey’s (2000) evaluation
and consider the following indicators which we present according to the five levels of Guskey’s
(2000) framework.

Guskey’s (2000) first level focuses on teachers’ immediate reactions to the PD. While our prior
study indicated that the PD-participants were satisfied with the PD format and content (El-
Hamamsy et al., 2021b), the teachers’ perception of the training sessions could not be included
in the model, as teachers’ responses could not be linked back to previous data collections.

Guskey’s (2000) second level targets teacher-learning as teachers’ mastery of the underlying DE
concepts is an important prerequisite to being able to teach them (Trouche, 2005; Mishra and
Koehler, 2006; Zehetmeier, 2009; Repenning et al., 2019). As the authorisation to directly assess
teachers’ mastery of the concepts was not provided, we considered the following indicators
from the teachers’ perspective:

• Perceived understanding of the content seen in the training sessions.
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• The extent to which the pedagogical content was adequate and compatible with their
prior practices (Niederhauser et al., 2018) (i.e., perceived content validity, Holton III
et al., 2000), as teachers are more likely to adopt practices that are close to their existing
routines (Vaughn et al., 1998).

• Self-efficacy (Bandura, 1977) to teach the pedagogical content seen in the PD, an indi-
cator of the adoption of pedagogical content (King and He, 2006; El-Hamamsy et al.,
2022b).

Guskey’s (2000) third level focuses on organisational support, that is to say whether the
external facilitating conditions supported the change in the teachers’ practice which are
a “require[ment] for professional development efforts to be successful (Johnson, 2006)”.
Widespread curricular reform is multilevel and requires considering not only the teacher- and
classroom levels, but also the school- and district levels which must work together to support
the change in teacher practices (Kampylis et al., 2013; Hubers, 2020; Tan and Hung, 2020).
In fact, only by affecting these different scales and promoting collective capability can one
sustain and scale such changes (Tan and Hung, 2020). Thus, we consider multiple indicators.

At the curricular and PD levels, it is essential to provide access to sufficient:pedagogical and
material resources (Coburn, 2003; Niederhauser et al., 2018; Redmond et al., 2021) and time
(Vaughn et al., 1998; Penuel et al., 2007; Karsenti and Bugmann, 2018; Redmond et al., 2021).

Without access to these resources, even the most motivated teachers will have difficulty
integrating the new content into their practices. However, support must also be provided
within the schools from:

• School leaders, as they have been found to significantly impact the implementation of
reforms in their schools (Toh, 2016; Li, 2017; Niederhauser et al., 2018; Gu et al., 2019;
Wu et al., 2019; Howard et al., 2021b), either through the school culture (Sindelar et al.,
2006; Wu et al., 2019) or by inciting collaborations between teachers (Ramberg, 2014).

• Instructional coaches to provide instructional support and help teachers engage in
a supportive professional community (Coburn, 2003; Pieters et al., 2019; Shirrell and
Spillane, 2020; Caneva et al., 2022).

• The teacher community (Li, 2017), as teachers can support one another in a community
of practice (Coburn et al., 2012; Kampylis et al., 2013; Eickelmann, 2013) either pedagog-
ically or from a technical perspective (Gu et al., 2019), to promote the spread of novel
practices in schools (Klingner et al., 2001; Penuel et al., 2007).

Guskey’s (2000) fourth level is related to the participants’ use of new knowledge and skills
which in the present case involves teaching (which we refer to as adopting) the pedagogical
content prescribed by the new curriculum. The metric considered thus includes whether the
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teachers adopted each of the activities they were introduced to during the PD program (i.e.,
adoption quantity, El-Hamamsy et al., 2021a, 2022b).

Finally, Guskey’s (2000) fifth level pertains to student learning outcomes. “To be successful,
innovations need to have a clear purpose, the new practices/ expected change and the use
of digital technologies need to be valued by practitioners and specifically relate to learning”
(Howard et al., 2021b). Numerous researchers have indeed stated the importance of providing
teachers with evidence of the benefits of introducing the change into their practice (Klingner
et al., 2001; Tikkanen et al., 2020; Vaughn et al., 1998; Jamaludin and Hung, 2016; Li, 2017). Al-
though we did not directly assess student learning for the grades 1-4 students when modelling
the sustainability of the reform2, we used teachers’ perception of the benefits of teaching DE
pedagogical content as a proxy. The selected indicators selected targeted the i) perceived
utility (King and He, 2006; Venkatesh et al., 2003) of teaching DE and teaching with Digital
Tools, and ii) teachers’ perception of costs associated with teaching the discipline (Wigfield
and Cambria, 2010).

For the specific questions asked per concept, please refer to the methodology section of
El-Hamamsy* et al. (2023b).

10.2.2 The model of Sustainability of the Adoption of Digital Education (SADE)

Drawing inspiration from Technology Acceptance Models (King and He, 2006) from the lit-
erature on technology innovation, and the Teachers’ Adoption of Computer Science (TACS)
model (El-Hamamsy et al., 2022b) which adapted TAM models to the context of the adoption
of specific pedagogical content, we propose the following model of Sustainable Adoption
of Digital Education (SADE) to evaluate the sustainability of a DE curricular reform (see Fig.
10.2). This model groups Guskey’s (2000) indicators under three factors: perceived ease of use,
perceived usefulness (vs. costs), and support. These factors appear in either or both models
and are considered predictors of whether or not a user will adopt a new innovation, in addition
to being aligned with the sustainability literature.

The first is perceived usefulness (red elements in Fig. 10.2) which groups the indicators related
to the utility and costs of integrating the discipline into their practices. The second is perceived
ease of use (blue elements in Fig. 10.2) which comprises the teachers’ understanding of
the content, the adequacy of the pedagogical content with respect to their teaching, their
appropriation of the content, their self-efficacy, and whether or not they exchange ideas with
their colleagues. The third is support (i.e., external factors in the TACS model, green elements
in Fig. 10.2) which consists of access to sufficient material resources, time, technological &
pedagogical support, and support from colleagues & school leaders. The last is the actual
use of resources (purple elements in Fig. 10.2) that we refer to as adoption, which comprises
the number of different pedagogical activities that the teachers taught over the course of a

2We could not link the teacher responses in the findings from Chapter 9 as the responses in this chapter were
fully anonymous.
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year without any contact with the DE PD program providers (i.e., without any official training
sessions).

Figure 10.2: A Sustainable Adoption of Digital Education (SADE) model with corresponding
indicators. Latent factors are indicated by the rounded boxes and measured variables by
rectangles.
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10.3 Validating the model of Sustainable Adoption of Digital Educa-
tion pedagogical content

10.3.1 Validating the measurement model through Confirmatory Factor Analysis

We first verified the applicability of SEM by validating the measurement model through CFA
and checked, the following criteria:

• The sample size is adequate according to Soper (2022)’s sample size calculation tool:
with a desired statistical power of 0.8, 3 latent variables, 14 observed variables, and a
probability level α= 0.05 the minimum effect that can be detected is approximately 0.21.
We are thus above the threshold required to conclude for medium effect sizes.

• The measurement model is reliable as the skew, kurtosis, Cronbach’s α and Composite
Reliability are all within their desired ranges, supporting the reliability of the measure-
ment model (see El-Hamamsy* et al. 2023b for more details).

• The robust fit indices are acceptable (χ2(62) = 128, p < 0.001, χ2/d f < 2, C F I = 0.922,
T LI = 0.902, RMSE A = 0.063, RMSE A 90%ci = [0.047;0.079], SRMR = 0.054).

• The indicators are reliable as the standardised factor loadings exceed 0.3 and are signifi-
cant (p < 0.001) for all indicators.

Based on these criteria we conclude that the measurement model is valid and reliable, and
may therefore be employed for structural equation modelling.

10.3.2 Validating the structural equation model

As the dependent variable (number of activities adopted) follows a non-normal distribution
(Shapiro-Wilk W = 0.9579, p < 0.0001; Anderson-Darling A = 9.456, p < 0.0001), the Structural
Equation Model is estimated using a robust diagonally weighted least squares estimator to
be robust to missing values and outliers (Lai and Zhang, 2017). The overall fit is acceptable
(χ2(75) = 144, p < 0.001; χ2/d f < 2; C F I = 0.921; T LI = 0.904; RMSE A = 0.059; RMSEA
90%ci = [0.044;0.073]; SRMR = 0.054).

The path model is presented in Fig. 10.3. All the indicators are significantly and positively
correlated with their respective latent variables (p < .0001) with high levels of correlation
(β> 0.558), with the exception of perceiving teaching DE to be costly which negatively impacts
the perceived usefulness vs. cost latent factor (β = −0.32, p = 0.001). The paths between
latent variables are also significant and highly correlated (β< 0.67, p < 0.0001). Finally, the
effect of the intent latent variable on Adoption quantity is significant (p < 0.0001) and in the
low-medium range (0.285).

The results thus support the foundation of the second-order SADE model, from which we
extract four key findings.
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Figure 10.3: Second Order SADE Model Path Diagram.
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Sustainability Modelling - Takeaway #1

The second order SADE model which considers that perceived ease of use, utility and
support influence adoption is valid and can be employed to model the sustainability of
changes in teachers’ practices.

1. Perceived ease of use (understanding and appropriating the content) and perceived
usefulness vs. costs (benefits of teaching DE) impact adoption quantity through a mediating
intent variable with a standardised total effect of β = 0.275 each on adoption quantity
. Contrary to the model proposed, this mediation effect would indicate the importance of
considering an intrinsic motivation component, which may be affected by the way the content
is perceived in terms of ease of use and utility, as in TAM models (King and He, 2006). However,
both ease of use and utility appear to be quite intertwined at this stage of the program, as
indicated by the CFA and the high correlation between these two latent factors.

Sustainability Modelling - Takeaway #2

The second order SADE model should be adapted to include an intrinsic motivation
component as in TAM models, and in the TACS model (see Chapter 6) in order to
improve the model’s fit and the proportion of variance explained in terms of adoption
quantity.

2. Perceived ease of use is moderated by external factors, namely providing teachers with
the means and support required to introduce the discipline into their practice (total stan-
dardised effect of supportβ= 0.183 on adoption quantity). Although teachers have had three
years to introduce the new curriculum into their practice, the need for external support and
its impact on adoption remains high. Whether this has decreased with respect to the start of
the program or has stabilised remains an open question. However, the implication is clear:
support in the schools, whether from colleagues or school leaders, or from a pedagogical or
technical standpoint, must continue over time and not decrease after the PD program ends.
Their need should be re-evaluated once sustainability has been reached to determine to what
extent these are needed beyond the point where teachers’ practices have stabilised. Until then,
support should persist and be sufficient to ensure that the teachers’ needs are met.

Sustainability Modelling - Takeaway #2

Access to sufficient support continues to positively impact teachers’ adoption of the
discipline in the long term and should be accounted in curricular reform efforts both
in the short- and long-term.

3. All the indicators have significant paths, implying that all these factors must be con-
sidered both at the start of Digital Education curricular reforms, and sustained until a
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stabilisation of adoption has been reached. Interestingly, the results also indicate that the
benefits outweigh the costs in teachers’ decisions to adopt the discipline at this stage of the
program (in the fourth year, i.e., more than a year after no longer being in contact with the
two-year DE PD program). With teachers expressing certain doubts about the benefits of
teaching the discipline for them and for their students, it would thus appear essential to gain
further insight into the students’ perspective, not only to have a complete evaluation of the
PD program, but also to give teachers direct insight into the learning benefits of teaching the
discipline.

Sustainability Modelling - Takeaway #3

All sustainability factors should be accounted for in curricular reform frameworks from
the conception phase of curricular reforms.

4. Utility of the measurement and structural model

To promote positive and sustained changes in teachers’ practices, it is essential to provide
the required support in schools (standardised effect β= 0.183), ensure that teachers are able
to easily integrate DE into their practices (standardised effect β= 0.275), and that teachers
perceive the utility of the reform (standardised effect β= 0.275), not only in the first phases of
the reform, but also in the long term. To that effect, both the measurement model and the
structural model can support researchers and practitioners involved in DE curricular reforms
by providing guidelines on how the reform should be implemented, what support is needed,
and how it may be evaluated to achieve sustainable changes in teachers’ practices (as done
in the present case and detailed in the following section). The evaluation, however, requires
that curricular reforms and professional development programs i) consider more extensive
evaluation frameworks that go beyond simply measuring satisfaction or intention and move
towards higher levels of Guskey’s (2000) evaluation framework such as the ones provided in
the present study, ii) conduct evaluations that persist over time until sustainability is reached,
and as such go beyond the implementation phases which most endeavours tend to stop at.
Indeed, given the complex dynamics in the field, and the constantly changing demands placed
on teachers, if one of these conditions is not met before sustainability is reached, the reform
runs the risk of failing in the long term.

Sustainability Modelling - Takeaway #4

The SADE model can serve as a guide to plan and monitor the sustainability of curricular
reforms and PD programs.

5. Additional factors must be considered to gain a more in-depth understanding of teachers’
decisions to adopt DE pedagogical content and the extent to which they do so given the
explained variance for adoption (R2 = 0.081).
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Sustainability Modelling - Takeaway #5

The SADE model should be expanded to include other factors in order to increase the
proportion of variance explained in teachers’ adoption of the pedagogical content.

10.4 Using the SADE model to identify remaining sustainability-
related barriers in the grades 1-4 pilot program

The Digital Education curricular reform actively sought to promote sustainability by address-
ing certain known barriers from the start. This is considered to have contributed to a successful
implementation in the first two years of the reform (El-Hamamsy et al., 2021b, see Chapter 5).
Nonetheless, as a successful implementation does not automatically imply that the changes
will be sustained in teachers’ practices (Tikkanen et al., 2020; Shirrell and Spillane, 2020), the
findings of the current study help shed light on the sustainability of the curricular reform
framework. The analysis conducted in El-Hamamsy* et al. (2023b), for which we provide the
highlights here (see Fig. 10.4), not only helps emphasise how the curricular reform framework
contributed to sustainability, but also helps identify elements which still pose a threat to the
long term sustainability of the reform. The latter must be addressed by both researchers and
practitioners in the field in order to ensure an effective introduction of DE into the formal
curriculum.

10.4.1 Adoption of Digital Education pedagogical content over time

Considering the number of DE activities teachers taught over the 4 years of the DE curricular
reform (see Fig. 10.5), the adoption rate (i.e., proportion of teachers adopting at least one
activity) increases, reaching 87% in the fourth year of the curriculum. These results are
promising considering that approximately 10% of the teachers do not implement the changes
(Gersten et al., 2000), indicating that it is unlikely that more teachers would teach DE. However,
it is also important to consider the amount taught by the teachers. On average, teachers teach
3 DE activities per year, and this appears to be steadily increasing. The difference between the
years is significant (Kruskal Wallis3 H = 25.7, p < 0.0001), with Dunn’s post-hoc test indicating
that the difference is significant between adoption in years 1-3 and adoption in year 4 (see
Table 10.1). Although teachers’ practices have not yet stabilised, the results appear promising
in terms of sustainability. There are, however, other indicators that must be accounted for,
which we explore in the following subsections.

However, the cohort of teachers should continue to be monitored in the coming years to
ensure that there continues to be an increase in the number of pedagogical activities taught to
ensure that all students receive the prescribed amount of DE.

3While Kruskal Wallis is not originally intended for repeated measurements, this test was employed because:
(i) Friedman’s test could not be used due to having incomplete data and being unable to assign the adoption to
specific individuals, (ii) Wilcoxon’s signed rank test can only compare two groups, (iii) ANOVA requires that the
residuals be be distributed normally which is not the case here.
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Figure 10.4: Sustainability analysis synthesis.

Sustainability of the curricular reform framework - Takeaway #1

There is a progressive increase of adoption (in terms of proportion of teachers and
quantity of activities taught) of Digital Education over the four year period, which is
positive, but is also indicative of the fact that teachers’ practices have not yet stabilised,
and that sustainability has not yet been reached.
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Figure 10.5: Evolution of the quantity of Digital Education pedagogical activities adopted
over the four year period. The first and second years correspond to the start of the curricular
reform and the duration of the DE PD program. The teachers were no longer in contact with
PD providers in the third year.

Table 10.1: Yearly adoption rates and significant differences between the number of activities
adopted each year established using Dunn’s post-hoc test with Benjamini-Hochberg p-value
correction for multiple comparisons.

Adoption
rate

Year 1 Year 2 Year 3 Year 4

Year 1 (n=306) 82% p=0.33509, D=0.16 p=0.31481, D=0.18 p=1e-05, D=0.49
Year 2 (n=284) 82% p=0.33509, D=0.16 p=0.86827, D=0.03 p=0.00077, D=0.31
Year 3 (n=287) 80% p=0.31481, D=0.18 p=0.86827, D=0.03 p=0.00094, D=0.27
Year 4 (n=284) 87% p=1e-05, D=0.49 p=0.00077, D=0.31 p=0.00094, D=0.27

10.4.2 Perceived ease of use of teaching Digital Education

When considering only strictly positive responses (i.e., ≥ 1 on the 7-Point Likert scale, see
Fig. 10.6), 89% of teachers consider that they have understood the underlying DE concepts,
with 74% on average considering that the pedagogical content is adequate with respect to
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their practice. However, these proportions are lower when it comes to self-efficacy, since 63%
teachers consider being able to teach the content. Furthermore, only 54% exchange ideas and
resources with their colleagues despite the benefits of communities of practice evoked in the
literature and the positive impact that exchanging with colleagues has on perceived ease of use
of teaching DE. Furthermore, just 44% consider that they are able to adapt and appropriate
the content to their educational objectives (second stage of instrumentation, Trouche, 2005).
The self-efficacy responses appear to be consistent with the proportion of teachers who have
adopted 2 or more activities in the third year (68%). This could be indicative of the fact that
teachers need to have tested the content to feel confident in their capacity to teach it (Ertmer
and Ottenbreit-Leftwich, 2010).

Figure 10.6: Responses for the SADE models’ Ease of Use dimension (November 2021, n=287).

However, despite the ease of use reported to teach the discipline, and access to sufficient
support (see Section 10.4.3), 76% of teacher consider it costly to teach DE. A majority would
thus prefer to delegate and have a specialised teacher or instructional coach come and teach the
content in their place (80% in agreement). Therefore, the results suggest that teachers lack the
autonomy or motivation to teach the content themselves. However, this may depend on the
type of pedagogical activity and the degree to which it is close to teachers’ existing practices
(and thus its acceptability Tricot et al., 2003b). In particular, unplugged-type activities that are
kinaesthetic and close to the pedagogy employed in primary school appear to be favoured by
teachers (see Fig. 10.7).

Sustainability of the curricular reform framework - Takeaway #2

Teachers consider that they are capable of teaching Digital Education, but that the
implementation of the curriculum still requires too much effort, another indication
that sustainability has not been reached.

10.4.3 Access to support to teach Digital Education

Teachers consider that they have the support they need from the school leadership and their
colleagues (77%), the technological and pedagogical support (67%) and access to resources
(67%) to teach the discipline, which is consistent with the proportion of teachers who have
adopted two or more activities in the third year (68%). However, one main issue appears:
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Figure 10.7: Teachers’ perception of the adequacy of the content with respect to their practice
according to the activity type (November 2021, n=287).

teachers disagree with having the time they need to integrate the discipline into their practice
(just 30% consider that they have sufficient time). A more in-depth investigation conducted in
the follow-up survey revealed that teachers believe they have received enough training time
(69%) but require more appropriation time (45−50%), and time to exchange with colleagues
(51− 53%), with the main barrier being a lack of time to prepare the lectures (60%) and
integrate the content into their lesson time (68%). Unfortunately, this lack of time with respect
to lesson time appears despite the DE content being part of the mandatory curriculum. In
addition to time, when asking the teachers what they would need to continue to integrate
the discipline into their practice in the long term, the most prominent need was to delegate
and have instructional coaches teach the activities in their classroom for them (80%). This is
surprising considering that most teachers believe they had enough training time (69%), and
are confident that they can teach the content (63%).

The lack of reported in-class time to teach DE is not surprising as there is no hour dedicated
to teaching DE in the primary school schedule. Teachers are therefore expected to introduce
the content transversally, a strategy that is adopted by many countries (European Education
and Culture Executive Agency and Eurydice, 2019), although the findings indicate that such a
strategy may not promote the sustainability of DE curricular reforms, in addition to a recent
study finding that an integrated approach is less likely to promote student learning (Suessen-
bach et al., 2022). Unfortunately, despite the considerable resources invested in such reforms,
the lack of class time represents a significant political barrier (Johnson, 2006) that needs to be
addressed.

Sustainability of the curricular reform framework - Takeaway #3

Teachers consider that they have sufficient access to resources and support, but lack
time in the class’ schedule to teach Digital Education pedagogical content.

247



Chapter 10. Sustainability of the curricular reform depends on certain key factors that
must be addressed

10.4.4 Perceived usefulness of teaching Digital Education

Despite teachers considering it useful to teach DE (68%), they do not appear to be convinced
that they or their students are benefiting from the reform (45% responding positively). Only
35% believe that their students are learning as a result of teaching DE, with 14% responding
negatively, and the majority (51%) neither agreeing or disagreeing. As sustainability has not
yet been reached, this finding may hinder the long-term sustainability of the reform. This
is unsurprising considering that there is no evidence for teachers that the reform leads to
positive student outcomes. This is despite multiple studies having shown the importance of
teachers seeing that their students are benefiting so that they value the innovation and sustain
the change in their practice (Klingner et al., 2001; Howard et al., 2021b). However, teachers
were not trained to evaluate their students’ competencies in the present context. This appears
conjointly with a more global issue: the difficulty assessing competencies in these fields and, in
particular, Digital Literacy (related to ICT) and Computational Thinking (related to Computer
Science), and thus identifying the utility of teaching the associated pedagogical content. Both
Digital Literacy and Computational Thinking suffer from a lack of consensus on what should
be assessed and how, with only a limited number of valid and reliable instruments (Roesken-
Winter et al., 2015a; Godaert et al., 2022; Jamaludin and Hung, 2016). It is not surprising to find
that teachers generally struggle to assess their students in these domains even when they are
provided the instruments to do so (e.g. as done by Chevalier* et al. 2022). Therefore, we believe
that i) the difficulty of assessing these competencies, in addition to ii) the lack of training to
learn to assess these competencies, and / or iii) access to assessment guidelines, contributes
to the teachers lacking evidence of student learning, and ultimately to them being unsure
that the students are progressing. PD programs should thus both look to equip teachers with
means of assessing their students (e.g. with instruments such as the cCTt (El-Hamamsy et al.,
2022g)) and provide evidence of the benefits of the specific activities at the student level. For
instance, El-Hamamsy et al. (2022c) found that giving teachers feedback on student learning
(through figures, descriptive, and inferential statistics) after conducting a CS activity in their
classroom helped teachers perceive certain benefits of these activities. However, one should
not forget that the impact of DE extends beyond test scores and learning gains (Gu et al., 2019,
p. 1119) and that other factors should be accounted for (e.g. developing transversal skills,
improving perception, reducing gender biases, and improving disciplinary learning).

Sustainability of the curricular reform framework - Takeaway #4

Teachers consider it useful to teach Digital Education, but are uncertain that their
students are benefiting from the reform, which poses a considerable risk to the sustain-
ability of the reform.

10.5 Discussion on the Sustainability of the Digital Education Cur-
ricular Reform and future perspectives

In order to establish the factors that influence the sustainability of a curricular reform, we
conducted a literature review on sustainability to establish the tenets of the Sustainable
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Adoption of Digital Education (SADE) model. In order to validate this model we considered
the cohort of pilot grades 1-4 teachers who were our target population for most of the studies
in this thesis. Indeed, these teachers participated in PD sessions that abide by the curricular
reform framework that sought to address sustainability barriers from the start, and therefore
provide an interesting context to evaluate the pre-requisites to achieve sustainability. Our
first analyses with this cohort showed that the implementation phase of the reform with the
2 year pilot PD program was successful (El-Hamamsy et al., 2021b), and contributed to a
progressive increase of adoption over time. However, as a successful implementation does not
automatically imply that the changes will be sustained in teachers’ practices (Tikkanen et al.,
2020; Shirrell and Spillane, 2020), and as sustainable change is “one of the biggest challenges in
education” (Hubers, 2020) it was important to acquire sustainabilty data (based on the SADE
model) in the fourth year of pilot grades 1-4 curricular reform. The findings of the current
study not only help validate the SADE model, but also shed light on the sustainability of the
curricular reform framework.

10.5.1 Utility of the Sustainable Adoption of Digital Education model

Using the data we collected from the grades 1-4 teachers from the pilot program we validated
the SADE model which provides three main contributions:

• The validated SADE model highlights the complexity of DE pedagogical content adop-
tion which requires that a complete ecosystem (such as the one in the proposed curricu-
lar reform framework) be implemented and sustained in schools in order to ensure the
sustainability of the changes in teachers’ practices.

• The validated SADE model establishes a set of pre-requisites required to sustain such
an endeavour in the fourth year of the reform (i.e. ease of use, adequate support and
perceived utility), therefore indicating how to conceive and implement sustainable
Digital Education curricular reforms.

• The validated SADE model can be used to support researchers and practitioners involved
in DE curricular reforms by providing a measurement model which may indicate where
additional efforts are required to achieve sustainable changes in teachers’ practices. The
evaluation, however, requires that curricular reforms and professional development
programs i) consider complete evaluation frameworks that go beyond simply measuring
satisfaction or intention and move towards higher levels of Guskey’s (2000) evaluation
framework such as the ones provided in the present article, ii) conduct evaluations
that persist over time until sustainability is reached, and as such go beyond the imple-
mentation phases which most endeavours tend to stop at. Indeed, given the complex
dynamics in the field, and the constantly changing demands placed on teachers, if one
of these conditions is not met before sustainability is reached, the reform runs the risk
of failing in the long term.

To further validate the model itself, it thus appears relevant to replicate the study over time
(e.g. with the same cohort to see how teachers’ needs evolve until sustainability is reached),
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with larger samples (e.g. in the region as the PD is rolled out to other schools), and in other
contexts (e.g. other educational systems or countries to determine the generalisability of
the findings). The measurement model may also be expanded to include a larger number of
items per concept to improve its reliability, all the while remaining attentive to the fact that
the longer the survey, the less likely respondents are to finish answering. The SADE model
may also be expanded to include a greater number of factors that are known to influence
sustainability of the reform, namely:

• Additional elements from the first two levels of Guskey’s (2000) model to gain insight
into the teachers’ knowledge (Hubers, 2020) (e.g. Technological Pedagogical and Con-
tent Knowledge Mishra and Koehler, 2006). Awareness of what teachers have mastery
of, and not just their perception of understanding the concepts (as evaluated in the
present study), will also help limit the “gap between intended curricula and actually
implemented curricula” (Thomas et al., 2009).

• Additional elements pertaining to adoption (Guskey 2000’s fourth level) such as the
depth of the change in teachers’ practices (Coburn, 2003) and / or content appropriation
(Karsenti and Bugmann, 2018; Klingner et al., 2001). This is important because “as a
teacher becomes more familiar with the affordances of a particular digital technology,
how they integrate the tool will become more specialised and suited to their own teach-
ing and students” (Niederhauser et al., 2018; Drits-Esser et al., 2017). Thus, increased
depth is likely to translate into improved student impact, that would feed back into the
teachers’ perception of the utility and acceptability (Tricot et al., 2003b) of the reform,
and increase the likelihood that the reform is sustained (Tikkanen et al., 2020; Vaughn
et al., 1998; Klingner et al., 2001; Li, 2017; Jamaludin and Hung, 2016).

• Insight into teachers’ sense of ownership of the reform (Coburn, 2003), as it is unknown
to what extent teachers feel they have ownership of the reform which is imposed by pol-
icy makers. Unfortunately, depth and shift in reform ownership are mostly qualitatively
evaluated, and to the best of our knowledge, no measurement models exist for these
concepts yet (Tan and Hung, 2020).

• Additional insight into the student perspective (Guskey 2000’s fifth level) by linking
teachers’ perception of DE curricular reforms with concrete student learning outcomes
(Guskey, 2000; Zehetmeier, 2009) (as was done in Chapter 9 but at a large scale including
all teachers, their students and teachers’ full evaluation of the PD program and peda-
gogical content). PD programs seldom evaluate student outcomes, despite their known
impact on the sustainability of the change in teacher practices. This is unfortunate, since
“research outputs and dissemination need to be aimed at practitioners (McKenney and
Schunn 2018) and able to show a strong connection to learning, to support sustainability
and scalability” (Howard et al., 2021b). Furthermore, in the context of DE specifically,
there are currently numerous difficulties in assessing CT and digital literacy, both for
teachers (Roesken-Winter et al., 2015a) and students, in large part due to the lack of
unified definitions of validated assessments (Godaert et al., 2022; Jamaludin and Hung,
2016).
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While each of these factors could be the subject of its own study, only by investigating all of
these dimensions within the same context will we gain insight into the likelihood of achieving
a widespread and sustained curricular reform. Finally, when evaluating the sustainability of
educational reforms, one should not forget that teachers are just one of the many stakeholders
who play a key role in the endeavour. In fact, the change incurred by a widespread educational
reform involves multiple interdependent levels (classroom, school, district, regional, national,
and international levels, Kampylis et al., 2013; Hubers, 2020) that should have a common
strategic basis and work collectively (Kampylis et al., 2013; Tan and Hung, 2020). The inter-
play between these different stakeholders should thus be considered when evaluating the
sustainability of the reforms (e.g. instructional coaches, school leaders, curriculum designers,
trainers, students).

10.5.2 Sustainability of the curricular reform framework

The analysis conducted with the help of the SADE model, i.e. investigating teachers’ adoption
more than a year after the DE PD ended, further supports the validity of the DE curricular
reform framework considered in the thesis. The curricular reform framework appears efficient
from the perspective of sustainability as the reform:

• Is relevant and aligned with the needs of the 21st century.

• Has political backing and full financial support to provide all teachers in the region with
the necessary PD, as well as adequate pedagogical, and material resources.

• Is led by a multi-institution collaboration between experts and key stakeholders in the
region.

• Considers school-level specificities by training instructional coaches to provide long-
term support to teachers and address school-specific needs (e.g. community of practice,
school-specific PD) with the support of school leaders, factors which are positively
perceived by teachers.

• Trains all teachers to introduce the discipline with a DE PD program that is aligned with
the curricular objectives and follows teacher PD best practices.

• Relies on a research-practice partnership to evaluate the outcomes of the curricular
reform and PD program to propose recommendations to practitioners for iterative
adjustments to ensure the sustainability and scalability of the reform.

However, based on the criteria required to consider that sustainability has been achieved
(see Section 10.1), the findings indicate a continuing positive trend, but also that teacher
practices have not yet stabilised. Indeed, there is an increase of adoption over the years, with
nearly 90% of teachers adopting at least one DE activity in the fourth year of the reform (and
therefore reaching the expected saturation as one would expect that approximately 10% of
teachers will not implement changes, Gersten et al., 2000). However, the cohort of teachers
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should continue to be monitored in the coming years to ensure that there continues to be
an increase in the number of pedagogical activities taught to ensure that all students receive
the prescribed amount of DE. Indeed, teachers consider that the implementation of the DE
curriculum still requires effort (76% consider it costly) and that they are not yet able to adapt
the resources to their pedagogical objectives (less than 44% consider that they can). A majority
would thus prefer to delegate and have a specialised teacher or instructional coach come and
teach the content in their place (80% in agreement). This is despite the prolonged training
and teachers expressing that i) they are capable of teaching the content (self-efficacy, 63% in
agreement), ii) have sufficient access to pedagogical and material resources required to teach
DE (67% in agreement), and iii) feel supported in their school (77% in agreement). Therefore,
the results would suggest that teachers lack the autonomy or motivation to teach the content
themselves. However, this may depend on the type of pedagogical activity and the degree to
which it is close to teachers’ existing practices (and thus its acceptability Tricot et al., 2003b). In
particular, unplugged-type activities that are kinaesthetic and close to the pedagogy employed
in primary school appear to be favoured by teachers. It would thus appear important to vary
the types of artefacts employed in DE curricular reforms and, in particular, to provide easy
entryways to the discipline. This can be achieved by proposing pedagogical activities that
employ artefacts that teachers already have a mastery of, i.e., for which they have already
achieved the first stage of instrumentation (Trouche, 2005). Doing so could encourage a larger
number of teachers to start teaching DE through activities that are closer to their practice.
However, there are two possible outcomes if teachers continue to teach DE content with direct
implications on the PD program and pedagogical content conception:

1. Teachers continue to adopt activities that do not require altering classroom norms or
routines as found in several studies (Vaughn et al., 1998; Coburn, 2003; Sindelar et al.,
2006), the proposed DE pedagogical content should provide the means of covering
all the curricular objectives without requiring digital artefacts in primary school (e.g.
through unplugged activities).

2. Teachers progressively adopt other types of activities (which employ other artefacts)
as they become more familiar with DE concepts which requires that teachers have
time during the PD to learn how to use the instruments (first stage of instrumentation,
Trouche, 2005), before learning how to teach with them (second stage of instrumenta-
tion, Trouche, 2005).

In both cases, it is essential to monitor the types of activities that teachers adopt over time
and to ensure that students are reaching the DE learning objectives. Given the findings, it may
also be relevant to reconsider whether a mandatory DE PD for all generalist primary school
teachers would benefit from being replaced by a specialised PD for a subset of teachers who
would teach DE to all students. This would ensure sufficient DE instruction for all students,
until a new generation of teachers who have had DE in their formal education begin teaching
DE themselves. Unfortunately, such an approach would not resolve the lack of in-class-time to
teach DE expressed by teachers. Indeed, in the present context, there is no hour dedicated
to teaching DE in the primary school schedule. Teachers are therefore expected to introduce
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the content transversally, a strategy that is adopted by many countries (European Education
and Culture Executive Agency and Eurydice, 2019), although the findings indicate that such a
strategy may not promote the sustainability of DE curricular reforms, in addition to a recent
study finding that an integrated approach is less likely to promote student learning (Suessen-
bach et al., 2022). Unfortunately, despite the considerable resources invested in such reforms,
the lack of class time represents a significant political barrier (Johnson, 2006) that needs to be
addressed.

Finally, teachers are uncertain that their students are benefiting from the reform as currently
there is no evidence for teachers that the reform leads to positive student outcomes. This is
the demonstrated importance of teachers seeing that their students are benefiting so that they
value the innovation and sustain the change in their practice (Klingner et al., 2001; Howard
et al., 2021b). This last point is problematic, especially when considering that even large
scale assessments such as those conducted in Chapter 9 identify significant, but small and
medium differences. Therefore, even if trained to recognise student learning w.r.t CS and CT
(which is not the case here), teachers may not be able to identify the benefits of teaching the
discipline as they may be too small for them to detect within a short time span. This appears
conjointly with a more global issue: the difficulty of assessing competencies in these fields
and, in particular, Digital Literacy (related to ICT) and Computational Thinking (related to
Computer Science), and thus identifying the utility of teaching the associated pedagogical
content. Both Digital Literacy and Computational Thinking suffer from a lack of consensus
on what should be assessed and how, with only a limited number of valid and reliable instru-
ments (Roesken-Winter et al., 2015a; Godaert et al., 2022; Jamaludin and Hung, 2016). It is not
surprising to find that teachers generally struggle to assess their students in these domains
even when they are provided the instruments to do so (e.g. as done by Chevalier* et al. 2022).
Therefore, we believe that i) the difficulty of assessing these competencies, in addition to ii)
the lack of training to learn to assess these competencies, and / or iii) access to assessment
guidelines, contributes to the teachers lacking evidence of student learning, and ultimately to
them being unsure that the students are progressing. PD programs should thus both look to
equip teachers with means of assessing their students and provide evidence of the benefits
of the specific activities at the student level. For instance, El-Hamamsy et al. (2022c) found
that giving teachers feedback on student learning (through figures, descriptive, and inferential
statistics) after conducting a CS activity in their classroom helped teachers perceive certain
benefits of these activities. However, one should not forget that the impact of DE extends
beyond test scores and learning gains (Gu et al., 2019, p. 1119) and that other factors should
be accounted for (e.g. developing transversal skills, improving perception, reducing gender
biases, and improving disciplinary learning).

To conclude, it is important to have access to measurement models that focus on sustainability
(such as the one provided by the SADE model) to be aware of these elements as this means
that considerable support is still required in the schools and that the accompaniment of these
teachers, and more generally the sustainability of the endeavour, must be considered and
monitored in the long term and until teachers’ practices have stabilised. More generally, what
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the study demonstrates is the benefit of conducting such an analysis with the SADE model in
order to identify remaining sustainability barriers in the curricular reform framework. The
curricular reform framework can therefore be further refined in order to provide guidelines for
the successful implementation and sustainability of future endeavours.

10.5.3 Context specificity in sustainability studies

As in all sustainability studies, such results should be considered context-specific (Gersten
et al., 2000; Harris and Jones, 2018; Kampylis et al., 2013; Niederhauser et al., 2018). This means
the results should be interpreted:

• Within the context of a DE curricular reform that sought to promote sustainability from
the start. However, in this case the reform was initiated by policy makers: one must
also consider that such an approach “may inspire adoption by teachers or, as Larke
demonstrates, they may inspire avoidance” (Gu et al., 2019, p.1119).

• With a single cohort (which limits the size of the model that can be tested, and the
minimum effect size that can be detected) and at a specific point in time, i.e., in the
fourth year of the reform, which is to say more than a year after the two-year DE PD
had ended, with the COVID-19 pandemic in between likely having impacted teachers’
priorities and perception of DE.

• Within a specific educational system and culture, since “there is substantial diversity
between school education systems (Snyder, 2012), [which] can create obstacles when
trying to understand progress made in one country and potentially replicate it in another
(Hubwieser, 2013)” (Moller and Crick, 2018, p.429).

Finally, with respect to the sustainability of the reform itself, as sustainability does not appear
to have been reached, such investigations should persist over time to identify whether and
to what extent teachers needs evolve over time. The investigations should also consider that
adoption is complex and may be modelled by more extensive metrics that account not only for
whether a teacher adopted or not, but the extent to which they did it by considering indicators
of quantity, completion, and frequency (El-Hamamsy et al., 2022b), and shift to having a
classroom-level, rather than a teacher-level adoption metric (as generally two teachers share
a classroom in the region). With this information, first-order barriers (i.e. time here) should
be addressed by policy makers and sustained over time, while second-order barriers (i.e.
perception of the utility of the reform, and identifying the benefits at the student level here)
should be addressed by the PD program.
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11 Scalability of the curricular reform can be
achieved through an adapted cascade model

This section’s content is adapted from the following article:

• El-Hamamsy L.*, Monnier, E.-C.*, Avry S., Chessel-Lazzarotto F., Liégeois G., Bruno
B., Dehler Zufferey J., and Mondada F. An Adapted Cascade Model to Scale Primary
School Digital Education Curricular Reforms and Teacher Professional Develop-
ment Programs (under review, Laila El-Hamamsy’s contribution: conceptualisation,
methodology, formal analysis, investigation, data curation, visualisation, validation,
writing - original draft, writing - review & editing)

Having established the effectiveness of the curricular reform at the teacher- and student levels,
as well as the extent to which the reform is sustainable, our final study on the primary school
curricular reform in the Canton of Vaud focused on the scalability of the reform (El-Hamamsy*
et al., 2023a). Our objective was to propose and validate a deployment framework to effectively
scale the reform (intended here in terms of spread), the last major hurdle that we study in
relation to introducing CS education for all students in the region (RQ4.2, see Fig. 11.1).
Indeed, Coburn (2003) conceptualises widespread reform into four dimensions: the reform
should demonstrate consequential changes in teachers’ practices (depth) that are sustained
over time (sustainability, Hubers, 2020) before being spread at a large-scale (spread), and
ultimately internalised by teachers to no longer be perceived as an external reform (shift in
reform ownership). In our context, the piloting phase helped validate the PD program and
associated resources, support, and infrastructure using data from teachers from 10 schools.
This validation was conducted in multiple stages by considering the implementation phase
(El-Hamamsy et al., 2021b; Caneva et al., 2022), the outcomes 2 years after the PD program
had ended to gain insight into its sustainability (El-Hamamsy* et al., 2023b), and the impact
at the student level (El-Hamamsy et al., 2023d). The next step was therefore to consider the
spread of the reform to the entire administrative region. The study therefore centred around
the overarching research questions “How can we scale up an effective pilot program to an
entire administrative region all the while achieving similar outcomes?” (RQ4.2, see Fig. 11.1)
and sought to close the loop on the reform for grades 1-4 and establish the validity of the
adapted cascade model (see Section 11.1) proposed by the RPP project coordinators with
whom we collaborated.
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Figure 11.1: Contextualisation of the chapter with respect to the thesis objectives.

We conducted the investigation in two parts using a concurrent triangulation design (see
El-Hamamsy* et al. 2023a for the detailed methodology) which includes:

• Qualitative data from 14 teacher-trainers which stems from 4 focus groups and reflexive
journals.

• Quantitative data from approximately 700 in-service teachers who participated in the
first (out of three) deployment phases which we contrasted with the quantitative data
from the 350 teachers who participated in the pilot’s PD program who participated in
the majority of the studies presented in the thesis1.

11.1 The adapted cascade model for large scale deployment that
seeks to address known limitations of traditional deployment
approaches

A cascaded deployment framework is particularly relevant for Digital Education. However,
as there are few experts and “a very small segment of the available population could serve
as trainers or facilitators” (Glennan et al., 2000), these experts cannot reasonably train all
teachers in a given administrative region within a short time frame, all the while abiding with
teacher PD best practices. The reform and deployment framework must therefore be exten-
sively monitored given the breadth and depth of topics to cover, the various implementation
problems that may arise, and the need to rapidly provide effective solutions (Glennan et al.,
2000). The reform will be slow and requires breaking up the reform in phases and spreading a
given teacher PD out over time so teachers have time to assimilate the content. To that effect,
the deployment’s teacher PD is spread over 6 day-long sessions within a 2 year time frame. To
train all grade 1-4 teachers in the region, the deployment is planned in three phases (each to
train the teachers in approximately 1/3 of the remaining schools), the first to starting March
2021, the second September 2022 and the third September 2023. To achieve this objective, it
was essential to set afoot an adapted cascade model which attempts to address the challenges
and limitations of traditional cascade models. We describe the model’s tenets in the following
sections and provide (i) a visual synthesis of the roles and timelines in Fig. 11.2 and Fig. 11.3,
and (ii) a synthesis of the main characteristics and the limitations they sought to address in
Table 11.1.

1The data associated with this study is available on Zenodo (El-Hamamsy et al., 2023b)
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Figure 11.2: Participants’ roles in the adapted cascade model compared to the pilot program,
figure adapted from Monnier et al. (2023).
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Figure 11.3: Curricular reform timeline including the pilot program’s and the detailed deploy-
ment’s timelines which includes the trainer- and teacher-PDs and data collections.
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Table 11.1: Characteristics of the adapted cascade model for large scale deployment.

Dimensions Importance of the dimensions for effective deploy-
ment

Adapted cascade model character-
istics

Addressing the following limita-
tions of cascade models

Expert
trainers

Expert trainers often from another country which
was found to hinder the effectiveness of cascade
models in many contexts (Bett, 2016; Abeysena
et al., 2016)

Ex-teachers from the region who
conceived and piloted the curric-
ular reform and pilot teacher-PD
program

Adapting the teacher-PD to the lo-
cal needs and culture

Cascade models suffer from content dilution
(Hayes, 2000; Wedell, 2005) which have been found
to be directly linked with lower training quality
(Bax, 2002; Demarle-Meusel et al., 2020; Dichaba
and Mokhele, 2012; Fiske and Ladd, 2004)

Directly train all the teacher-
trainers who will deploy the
teacher-PD (limited cascade
model depth)

Limiting content dilution and de-
cline in training quality; promoting
teacher-trainer self-efficacy

Teacher-trainers often struggle with the logistics in-
volved in deploying the PD-program (Engelbrecht
et al., 2007; Wedell, 2005; Bett, 2016)

Handle the logistics of the deploy-
ment

Reducing difficulties planning and
managing the teacher-PD

Teacher-
trainers

Teachers are more willing to accept the PD-
program and pedagogical content when the train-
ers are teachers in the region who understand the
regional context and have tested the content them-
selves (El-Hamamsy et al., 2021b)

Current teachers from the region Adapting the teacher-PD to the lo-
cal needs and culture; promoting
legitimacy and credibility

ibid. Teachers from the level of school-
ing (ideally)

Aligning with teachers’ contexts
and needs

Teacher-trainer motivation and retention has been
found to be one important limitation of cascade
models (Mormina and Pinder, 2018; Burr et al.,
2006; Orfaly et al., 2005)

Motivated towards Digital Educa-
tion and adult training

Promoting motivation and teacher-
trainer retention

Teacher-
trainer PD

Teacher-trainers need to be supported to transi-
tion to their new role which includes acquiring
the required adult-training and content-specific
skills (Gilpin, 1997; Abeysena et al., 2016; Roesken-
Winter et al., 2015b)

Prolonged initial trainer-PD pro-
vided by the experts to acquire the
required competences in terms of
Digital Education and adult train-
ing

Providing sufficient training to ac-
quire the new competences and
adapt to their new role; promot-
ing self-efficacy, legitimacy; limit-
ing content dilution

ibid. Continuing trainer-PD and sup-
port by experts throughout the de-
ployment

Providing sufficient support; pro-
moting self-efficacy, legitimacy;
limiting content dilution

Teacher-
PD

Cascade models often suffer from a misalignment
between the PD program and teachers’ context and
needs which is why it is important to adapt the PD
to local realities (Wedell, 2009; Bett, 2016; Moulakdi
and Bouchamma, 2020)

Deploying the teacher-PD with
pairs of teacher-trainers and hav-
ing these go to the same schools to
establish relationships with teach-
ers in the field and ensuring that at
least one in each pair is from the
cycle

Aligning with teachers’ contexts
and needs; aligning with PD best
practices; providing sufficient sup-
port among each other and to
teachers; promoting self-efficacy

ibid. Having teacher-trainers collabo-
rate with instructional coaches in
the schools

Aligning with teachers’ contexts
and needs; providing sufficient
support to teacher-trainers

Insufficient support provided to teachers to help
them implement the novel curriculum in the long
term contributes to cascade models being ineffec-
tive (Robinson, 2002)

Having instructional coaches in
schools to support teachers in the
implementation of the novel disci-
pline in the short and long term

Aligning with PD best practices;
providing sufficient support teach-
ers

Monitoring Continuous monitoring of cascade model outputs
should be implemented to ensure the quality and
effectiveness of the resulting deployment PD pro-
gram (Karalis, 2016)

Having action research as a core
component to monitor the out-
comes of the deployment

Aligning with PD best practices;
validating the effectiveness of the
intervention

ibid. Providing feedback to teacher-
trainers and experts to adapt the
teacher-trainer PD and the teacher-
PD program

Aligning with PD best practices;
aligning with teachers’ contexts
and needs

ibid. Ensuring that teacher-trainers in-
teract with researchers so that
they understand the objectives,
methodologies and engage in the
process

Aligning with PD best practices;
aligning with teachers’ contexts
and needs
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11.1.1 Envisioned structure of the adapted cascade model

The deployment framework sought to limit the depth of the cascade and have experts in direct
contact with all teacher-trainers who would deploy the PD program in the region. Indeed,
rather than having collaborators or colleagues at the end of the cascade train their colleagues
(Moulakdi and Bouchamma, 2020; Dichaba and Mokhele, 2012), the PD program’s deployment
is carried out by teacher-trainers who were directly trained by experts, similarly to Turner et al.
(2017)’s approach.

11.1.2 Expert-trainer characteristics

The experts in our model are project coordinators with whom we (the researchers) collaborated
over the course of the piloting and deployment in the RPP framework. These experts are from
the field (ex-teachers) with prior experience in Digital Education and in Digital Education
reforms. In the context of the curricular reform, these experts conceived and piloted the
PD program in the region with 10 pilot schools prior to preparing the deployment phase
where the PD program is no longer provided by the experts but by the teacher-trainers in the
adapted cascade model. These experts are therefore well aware of the context in the region and
barriers related to the PD program and its implementation, and can prepare teacher-trainers
accordingly. Compared to other cascade models, these experts:

• Are in charge of organising the deployment calendar, budget and access to Digital
Education resources in the schools.

• Remain in the field with the teacher-trainers throughout the deployment in order to
support and accompany them, and make adjustments to the overall teacher PD and
deployment framework.

11.1.3 Teacher-trainer recruitment

Researchers have proposed several prerequisites for trainers in cascade models, including
prior understanding of the training content; having participated in PD on the topics they will
be teaching, having attended training activities given by the experts; and being able to deliver
the PD with adequate time management (Moulakdi and Bouchamma, 2020; Ngeze et al., 2018;
Mormina and Pinder, 2018; Snowden et al., 2022). However, we consider that most of these
characteristics can be addressed in the teacher-trainers’ PD (see Section 11.1.4). Therefore,
the experts recruited teacher-trainers among the teachers in the region based on the following
characteristics:

• Teachers that choose to participate in the program because of their interest in Digital
Education and interest to train their colleagues. The teacher-trainer role thus aligned
with teacher-trainers’ professional goals, with the objective of improving retention
(Mormina and Pinder, 2018; Burr et al., 2006; Orfaly et al., 2005).

260



11.1 The adapted cascade model for large scale deployment that seeks to address known
limitations of traditional deployment approaches

• Teachers who maintain a teaching position in the classroom as their primary activity
and reserve at least one day a week for the new teacher-trainer position. This ensures
that they are able to test out the content in their classrooms, “collect examples for further
discussion in the course (Borko 2004; Timperley et al. 2007; Lipowsky and Rzejak 2012)”
(Roesken-Winter et al., 2015b) and increase their credibility and legitimacy (Bax, 2002;
Moulakdi and Bouchamma, 2020). Indeed, one underlying hypothesis is that having
teacher-trainers would help teachers that are participating in the PD program identify
with the teacher-trainers and increasing teachers’ acceptability of the PD program.

• Teachers that teach in the region, and ideally from the level of schooling that is targeted
to ensure that they understand the reality of the field and the context in which they will
disseminate the PD program.

• Teachers that complement each other in terms of gender, age, prior experience (e.g.
adult-training, digital education, art, science, inclusion), and expertise at the given level
of schooling in order to complement and support one another both (i) in the field in the
teacher-trainer pairs (see Section 11.1.5) and (ii) as a team.

11.1.4 Teacher-trainers’ Professional Development

The teacher-trainers’ PD is led by the experts who piloted the reform and teacher PD program
with the 10 pilot schools. The teacher-trainer PD was directly embedded within the deploy-
ment’s time frame, with teacher-trainers remaining in contact with the experts until the end of
the deployment to the region. We therefore consider the teacher-trainers’ PD in two parts:

• An initial trainer PD (see teacher-trainer initial PD in Fig. 11.2) to ensure they acquired
(i) adult training expertise to transition to their new role (Gilpin, 1997), and (ii) Digital
Education-related competences, prior to the first out of three deployment phases for
the grades 1-4 teacher PD sessions (and therefore no longer by the expert trainers as in
the piloting phase).

• The continued trainer PD (see teacher-trainer continuing PD, support during teacher PD
and debriefing on teacher PD in Fig. 11.2) that occurred in parallel with the deployment
of the teacher PD program.

A corollary objective of this trainer PD framework was to ensure that the teacher-trainers were
confident in their capacity to train their colleagues (Orfaly et al., 2005).

The initial trainer PD was a long term active-trainer PD that sought to be experiential and
reflective rather than purely transmissive as recommended by Hayes (2000). The initial trainer
PD therefore lasted approximately 6 months and included at least one weekly day-long session,
amounting to a total of 26.5 days (23 in-person, 7 half-days on zoom) of pre-deployment
training. During this initial trainer PD, the teacher-trainers engaged in multiple instruction
formats, as recommended by Roesken-Winter et al. (2015b), to:
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• Acquire the Digital Education competences (including those related to computer science
concepts, information and communication technologies, and digital citizenship) they
required through theoretical sessions, hands-on sessions where the teacher-trainers
experienced first hand the isomorphic pedagogical activities, etc...

• Prepare for their role as adult trainers through adult-training workshops and observa-
tions of pilot PD sessions provided by the experts in grades 5-8. This is because the
grades 5-8 pilot PD sessions were still underway (which was not the case for the grades
1-4 pilot PD sessions), while the first phase of the grades 1-4 deployment began.

• Understand the indicators for success, and the factors that may influence the outcomes,
through an introduction to the teacher PD program’s evaluation scheme (Avry et al.,
2022).

• Reflect on their experience (Roesken-Winter et al., 2015b) through reflexive journals
which help (i) foster self-reflection, (ii) document the teacher-trainers’ experience, and
(iii) provide feedback to the expert trainers who make adjustments with the help of
researchers.

• Create a cohesive team (with strong interpersonal connections) and community of
practice (with members that interact regularly and support each other in their new
roles) through team building sessions organised under the form of games, visits, and
informal exchanges.

After the initial trainer PD, the teacher-trainers continued to be mentored, accompanied
and supported by the experts while disseminating the teacher PD sessions to 700 in-service
teachers from 17 schools in the first deployment phase. This approach aligns with recommen-
dations in the literature (Wedell, 2005; Moulakdi and Bouchamma, 2020) and ensures that
the teacher PD is deployed in the best conditions possible, while attempting to limit content
dilution. To that effect, the accompaniment alternated:

• 2-4 day-long preparation sessions with the experts for each teacher PD session which
must be deployed to the 700 teachers in the first deployment phase (see teacher-trainer
continuing PD in Fig. 11.2). These preparation sessions included giving teacher-trainers
access to the pedagogical and training resources they would need (Mormina and Pinder,
2018), pre-testing the PD program’s theoretical and practical sessions, and adjusting
them based on teacher-trainer’s feedback. Indeed, the teacher PD was open to some
level of reinterpretation, as recommended by Hayes (2000), and contributes to providing
teacher-trainers some level of ownership of the program (Mormina and Pinder, 2018;
Snowden et al., 2022).

• 7-9 day-long teacher PD sessions during which the teacher-trainers supported one
another, both within the pairs and more generally as a group whenever any issue would
arise, in addition to having access to the support of the experts (see teacher PD sessions
in Fig. 11.2). Furthermore, at the end of each day of teacher PD, researchers gave the
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teacher-trainers the teacher-survey results for their session to help them reflect on the
day’s experience and adjust for upcoming iterations.

• 1/2 day of reflexive debriefing (see debriefing on teacher PD in Fig. 11.2) so teacher-
trainers could discuss their individual experiences together and with the experts, given
the noted importance of debriefing for teacher-trainers (Roesken-Winter et al., 2015b;
Ngeze et al., 2018). The researchers would then present the global results based on the
PD program evaluation framework (Avry et al., 2022) which grouped the data for all days
and pairs of teacher-trainers’.

11.1.5 Deploying the teacher PD

The teacher PD deployment relies on several characteristics to achieve an effective widespread
and sustainable curricular reform, including training and support teachers in their environ-
ment and therefore within the schools, which we describe below.

The experts who conceived and delivered the pilot PD program, took up the role of the planners
in the deployment initiative. Indeed, they were the best suited to anticipate requirements and
issues and therefore handled all the global PD-level logistics in order to avoid teacher-trainers
struggling with these elements as observed in other contexts (Orfaly et al., 2005; Wedell, 2005).
The experts therefore ensured that the necessary Digital Education-specific material and
infrastructure has been delivered and set up prior to the PD session, thus mitigating the risk of
teachers being unable to apply what was seen in the training in their own classrooms, an issue
raised by Bett (2016).

The experts and teacher-trainers then created the pairs of teacher-trainers who would dissem-
inate the PD program together, coherently with best practices (Cohen and DeLois, 2002). The
objective was to have balanced pairs who complemented each other (see Section 11.1.3) and
ensure that delivering 7h of pedagogical content to groups of 15-27 teachers was conducted in
good conditions. The pairs of teacher-trainers, once assigned a school and a date, only had to
coordinate with the instructional coaches in the schools to ensure that the school was ready
for their arrival.

As explained previously, the instructional coaches play a key role in the curricular reform
framework. They support teachers in the short and long-term to teach the discipline, and
interact with teacher-trainers during the deployment. These interactions aim to facilitate
the organisation of the school’s PD, and ensure the adaptation of the teacher PD to the
school’s context and needs. Such an approach contributes to “both relevant and contextually
appropriate training for trainees, and teaching contexts that will support their post-training
implementation attempts” as recommended by Wedell (2005). Furthermore, although cascade
models are usually transmissive (Gouëdard et al., 2020; Kennedy, 2005), these instructional
coaches contribute to having a continuous PD model that both transmits knowledge and
seeks to empower teachers to take ownership and play an active role in the reform. To achieve
this, the instructional coaches were all trained by the same experts who interact with the
teacher-trainers, and can therefore be viewed as a parallel second level in the cascade model,

263



Chapter 11. Scalability of the curricular reform can be achieved through an adapted
cascade model

an element which facilitates the implementation and coherence of the reform.

11.2 Efficiency of the deployment framework from the teacher-trainers’
perspectives

In this section, we provide a synthesis of the teacher-trainers’ perception of the adapted
cascade model and in particular in relation to the recruitment criteria (see Section 11.2.1), the
trainers’ PD (see Section 11.2.2), the support provided by key stakeholders in the schools (see
Section 11.2.3) and finally the teacher PD program (see Section 11.2.4). For the full analysis,
please refer to El-Hamamsy* et al. (2023a). Please note that we employed pseudonyms to
prevent the teacher-trainers’ being identified in the quotes.

11.2.1 Teacher-trainer recruitment criteria

(A) Motivation to be teacher-trainers.Teacher-trainers report that they “continue to discover
things every day” (Daniel), something which they enjoy and which contributes to their mo-
tivation to be Digital Education teacher-trainers. Being a teacher-trainer is considered to
be a next step in their careers which gives them the possibility to maintain their primary
activity as teachers in the field. Several “are even increasing their working load” (Charlotte)
as teacher-trainers by also participating in the second phase of deployment for grades 1-4
(8/14) which began in parallel with the first. Nonetheless, they are “happy to be in the field
and wouldn’t like to just be a teacher-trainer” (Charlotte).

“I’ve got 30 years of teaching behind me and it’s just great to be able to do something other
than talking to children and doing something that’s motivating. It’s really interesting, you
talk to your peers, you’re equal, it’s really great. ” (FG4 - Emma)

The adapted cascade model therefore appears to promote teacher-trainers’ motivation, but
there are issues of recognition. These issues include the fact that (i) they do not have an
official title within the department of education, and are therefore just perceived as teachers
by school leaders, and (ii) the teacher-trainer salary is the same as a “regular” teacher’s salary
and therefore lower than the salary of other trainers (e.g. expert trainers) in the region.

Scalability - Takeaway #1

The teacher-trainers are motivated by Digital Education and training their peers but
there are issues of recognition.

(B) Being teachers and therefore in proximity with the PD program participants.

The fact that the PD sessions are provided by trainers who are active teachers is considered
key to getting teachers’ acceptance. When presenting themselves “as teachers like them, it
makes a big difference” (Michael). The teacher-trainers are “on equal footing with the teachers”
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(Lucas). By “doing the same thing every day as teachers, [teacher-trainers] are more legitimate
than someone who doesn’t set foot in the classroom” (Lucie). The teachers “really felt like
[the teacher-trainers] were teachers like them and it helped a lot” (Camilla). The teachers and
trainers also did not resort to heavy formalities which “remove many barriers” (Sofia) and
“ma[de] it much easier” (Jennifer).

Several PD-characteristics also appear to contribute to the proximity between the teachers
and teacher-trainers. For instance, delivering the PD sessions in the schools, “the fact that we
go there, we go to them,” (Jennifer), and that many of the workshops are done in small groups
helped teachers and teacher-trainers “get to know each other better” (Sofia) and “make a real
connection with everyone” (Charlotte) which “is a privilege” (Unknown).“The teachers have
more confidence in [the teacher-trainers]” (Sofia), and appreciated that the teacher-trainers
were “benevolent” (William), and “there for them which reassured them a lot” (Sofia). The
result is less teacher-reticence towards Digital Education and teachers asking “but are we
going to see you next time?” (Sarah).

Scalability - Takeaway #2

The findings indicate that recruiting trainers in the adapted cascade model who are
teachers that are in proximity with participants (i.e. the teacher-trainers), contributes to
the teacher-trainers’ legitimacy and self-efficacy, thus addressing one major limitation
of most cascade models.

(C) Having current teaching experience and being able to reflect on their own experience, a
difference from most expert trainers The teacher-trainers consider that it’s “a richness that
[they] are teachers” (Emma), “that [they] do the same job as [teachers] every day” (Charlotte), a
considerable difference from most expert trainers. Being a teacher means that teacher-trainers
“can more legitimately give a PD than somebody who has not set food in the classroom, and
talk about how to implement things in practice” (Charlotte). This experience contributes to
the teacher PD “being better received and heard in practice” (James) by the teachers. Indeed,
teachers have an inherent negative bias towards experts who come in and “have not been in the
class for 15 years” (James). teacher-trainers are able to “talk about their experience” (Emma),
“illustrate with anecdotes, say yesterday afternoon I did this with the grade 2 students, I know
what you’re talking about” (James). “It’s not like those from the university of teacher education
saying there’s this and that and things are fine. Teachers at that point are often doubtful that it’s
working with their particular students” (Sarah). When teacher-trainers “introduce themselves
and [teachers] see that [they] are in classes, [...] just that [and] poof, [the teachers] are present,
they’re with [the teacher-trainers]. They say to themselves, there is something concrete that is
going to happen” (Emma).

The teacher-trainers being able to reflect on their experience “with students, are really concrete
elements that help a lot” (Isabella). It contributes to teacher-trainers “being credible and
teachers feeling they are close to [them] because [they] are in the same terrain” (Lucas). The
teacher-trainers “know their problems, have the same objectives, have had the same meetings”
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(Charlotte).

One relevant element is also to “have already gone through the training, to talk about things
[they] have already tested out in the field” (Charlotte), to be legitimate and credible when
delivering the PD. It is important that teacher-trainers “share [their] failures in the classroom
as well” (Sarah).

“I’ve been part of a pilot school for two years, I’m an instructional coach. It’s an advantage,
it really gives legitimacy to share my experience and say: in my establishment it’s done like
that. ” (FG2 - Isabella)

Indeed, in cases where the PD session included elements “that [they] had not experienced
in the classroom. [The teacher-trainers] felt that [they] were only bringing theory and that
[they were] not very credible” (Charlotte).This aligns with the reflection made by several
teacher-trainers who asked themselves “how can I train teachers to use certain tools if I have
never done them before myself?” (Camilla) for the pedagogical activities that they themselves
had not yet tested out. The teacher-trainers consider that they need to “come with [their]
own experience” (Camilla) because “it’s easier to explain things when [they] have lived them”
(Jennifer).

Scalability - Takeaway #3

The findings indicate that it is important that the teacher-trainers have current teaching
experience and maintain their primary activity as teachers. Being current teachers
helps the teacher-trainers test the content in their own classrooms, and share their
personal experiences with teachers. These elements contribute to the teacher-trainers’
legitimacy and self-efficacy and improving teachers’ acceptance of the PD program.

11.2.2 Perception of the teacher-trainers’ PD

The teacher-trainers consider that they were well trained by the two experts who interacted
with them weekly and “had a training that was quite advanced and help them go in depth on
many points” (Daniel). The experts are globally perceived as “very at ease and benevolent,
which is essential. They both mastered their respective fields very well and formed a very
complementary pair” (William). The experts were also from the field and promoted an open
and “frank” environment (Sarah). They “listened to the teacher-trainer’s requests” (William),
“provided good feedback” (Emma), “trusted [the teacher-trainers] and were very transparent”
(Sarah), which helped prepare the teacher-trainers for their new role.

The teacher-trainers nonetheless mentioned at multiple occasions that they had a consid-
erable amount of elements that they needed to master. “There are things at the level of the
training that go very quick and that [they] need to appropriate, which takes time” (Daniel).
Although they were “initially worried about being able to master all the content and be credible
[...] in a short lapse of time, and being "experts" compared to the teachers [they] were going
to train” (Sofia), the teacher-trainers felt that they “had the time to appropriate the PD. It
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was necessary and reassuring” (Sofia). They “felt extremely lucky to have a year to prepare,
without which [they] would have felt ill at-ease because [they] would not have mastered the
content” (Lucie). They generally consider that thanks to the weekly sessions they had over
approximately 6 months with the experts before the first teacher PD session “[they] were
extremely well prepared” (Lucas) to deliver the PD sessions. They were therefore “serene
when going into the PD sessions” (Michael). They did however worry about certain cases
(e.g. robotics) “where [the trainers] are not much ahead of the teachers” (Jennifer), and do
not know much more than the teachers. In these cases, the teacher-trainers would like to
have additional time dedicated to them in their own PD. Nonetheless, they consider that as
time progresses, they are more efficient and “will work more quickly and appropriate [the new
content] more quickly” (Olivia).

As they become more comfortable in their posture as adult trainers, the teacher-trainers are
also less in “recital-mode” and better able to adapt their PD to the group and their needs. This
is facilitated by the fact that throughout their initial PD they acquired a complete view of the
PD program which means that they are better able to judge where and how they can adjust
the PD.

“Even if we were beginners and it was the first time in training, we still had a global vision of
what we had to do. This allowed us to regulate, add and remove. We know that if we remove
something, it’s not serious because we know the globality of the training, of what we have
to bring teachers. I really have the impression of mastering the tool, of coming there with
credibility in relation to the people by saying: I know where I’m going, I know why I’m here
and I know that I have to take you there in two and a half years, and I know that I can.” (FG2
- Camilla)

Scalability - Takeaway #4

The teacher-trainers consider that their prolonged PD program, where they were
trained and supported by expert-trainers throughout the process, was of quality, was
adjusted according to their feedback, and ultimately helped them acquire the large
amount of knowledge and skills they needed to deliver the PD.

Nonetheless, the experts are still perceived as being more efficient in delivering the PD program
than the teacher-trainers, and more knowledgeable about Digital Education, notably because
they conceived and already piloted the content and PD program.

“They have a better overview as they have designed the training so they know from A to Z
how far it goes. They are probably better at creating links. What takes us a long time to
do, should be easier and more efficient for them. In addition, they have been giving the
training for a long time.” (FG4 - Camilla)
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“That’s when you see that the people who designed the PD program are hyper-experts, who
speak quickly, who know exactly what they want to say. Whereas we have to take the time
to get to grips with it all. We also adapt our flow to the understanding of the people in front
of us.” (FG4 - Olivia)

The teacher-trainers also consider that they would have liked “more PD on how to be an adult
trainer [...] because [they] are in front of children all day, not adults, and don’t speak the same
way to both. [They] think that [they] are still not trained enough and would have liked to be
trained more in this area” (Charlotte).

Scalability - Takeaway #5

The teacher-trainers consider that they are less efficient than the experts and would
have liked more adult-training PD.

11.2.3 Relationships and support within the curricular reform framework

(A) Creating a team of teacher-trainers.

Being placed in pairs to train-teachers is viewed positively by the teacher-trainers. Although it
was not the case in the pilot program, the pairs were fixed for the deployment phase following
feedback obtained through the reflexive journals during the first weeks of their trainer PD.
This gave the teacher-trainers the “time to get to know each other” (Sofia), to know “how to
work and build something together in the long term” (Camilla), and become an invaluable
support throughout the process. Being in pairs that know each other well not only helps “with
all the things you need to manage at the same time, but also to relay one another when needed”
(William). They “know the strengths of [their] partner, the weaknesses, and how to bounce
back” (Emma). Over time they “are better able to coordinate” (Sofia). The teacher-trainers
therefore consider that “there is a great deal of added value in having the same pairings. If you
were to rotate, you would lose a lot of training quality” (James) and it would “require doing the
work over again multiple times” (Emma).

The teacher-trainers also support each other as a whole team. For instance, while on the
days where they are delivering the PD sessions, they ask each other questions in the instant
messaging group “and have an answer in under ten minutes that [they] can show to teachers”
(Sarah), they are “super reactive [... and] know that there is always somebody who will be able
to give an answer. It’s very precious” (Camilla).

Scalability - Takeaway #6

It is important to recruit teacher-trainers with complementary backgrounds, and fos-
ter a community of practice in order to have teacher-trainers support one another
throughout the process, whether in pairs or as a whole group. Such support is viewed
as invaluable by the teacher-trainers.
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(B) Relationships between teacher-trainers and other key stakeholders in the schools’
ecosystems

In addition to the links among each other, it is also important to have a positive relationship
with teachers and to maintain these overtime. These relationships with teachers are beneficial
and quite “innovative” (Charlotte) in this PD program as the teacher-trainers are practising
teachers in the region (see Section 11.2.1).

The other key stakeholders in this ecosystem are the instructional coaches who are “like
janitors in colleges or cooks in camps. If you don’t have them in your pocket, you can’t do
anything you want” (Emma). “Creating links with the instructional coaches is great because
when [the teacher-trainers] go back, [they] already have something that is established with
the people in the school” (Sarah). The teacher-trainers “rely on the instructional coaches
[...] it’s very important that they are in schools. It’s essential to have them, that they are
identified in the schools. They carry the [Digital Education] project on their shoulders when
we leave” (Camilla). Having these instructional coaches “is a chance [...], without them what
[the teacher-trainers] are doing would be useless because the teachers would not really adopt”
(Daniel). Indeed, the instructional coaches play a critical role in the way the teacher PD
content is applied between sessions.

“The instructional coach doesn’t make it work for each individual (that depends more on
teachers’ personal motivation) but more on the level of the whole school so that everyone
is involved and tries to do something. The coach makes sure that all the students will have
done some Digital Education at some point, but you know that there will be students who
will have done more than others. ” (FG4 - Charlotte)

However, these instructional coaches also need to be prepared and trained, to understand
their role, and contribute to the specifics of the organisation of the session in the schools (e.g.
rooms, access to the wifi, material, infrastructure), in addition to supporting teachers in their
implementation of the discipline. Although it is generally the case in the project as all the
instructional coaches are trained by the experts prior or in parallel to the deployment, there
are cases where the “instructional coach is new and doesn’t know anything” (Lucas), which
complicates things. Ideally there would even be protocols in place in all schools to facilitate
the “organisation of the day to book the rooms, get the tables, material, beamer...” (Lucie)
and avoid the disparities observed between schools. Nonetheless, “it does not change much,
although it more pleasant to go where the instructional coach is nice, organises things a bit
ahead of time. But it doesn’t change much for the course we give” (Lucas).

Scalability - Takeaway #7

The teacher-trainers create important links with teachers and instructional coaches
in schools. Such links facilitate the delivery of the PD program and contribute to the
uptake of the pedagogical content in each school.
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11.2.4 Teacher-trainers’ perception of the teachers’ PD program

(A) Sense of ownership regarding the teacher PD program

The teacher-trainers generally perceive the PD program as being “of high quality” (Michael),
“logical and well done [...] which is reassuring” (Emma). The content is “down to earth and not
just theory that you don’t understand. Teachers come to the training with less preconceived
notions about the PD program” (Lucie). However, the teacher-trainers “provide PD sessions
that were designed by other trainers” (Daniel), and feel like “spokespersons” (Sofia). They
appreciate “the space given to speak during the training, and being able to review the teacher-
trainer PD” (Isabella) and feel that experts “adapt the form but not the content of the PD
sessions” (Daniel), e.g. the global outline of the PD program and the selection of PD-activities
that were piloted prior to their recruitment. The result is that they feel “they can’t [always]
afford to eliminate [a given] part” (Daniel), which although positive to avoid content dilution,
shows that teacher-trainers feel they lack ownership and control over the global decisions
related to the teacher PD program’s content.

“Our feedback on the PD is not always taken into account no. Since we are given the
keynotes, we are told that the PD session will be this this this and this. We understand that
we have to say what we were told to say, that we had to provide this common culture in the
region.” (FG4 - Charlotte)

“I don’t allow myself to eliminate completely certain parts of the training because if they’re
there, it’s because they were designed to be there, but I do add a little bit of my own personal
touch” (FG4 - Daniel)

The teacher-trainers nonetheless recognise that the specifics of a given PD session are adapted
to their feedback as they deploy program.

“They adapted quite a bit to our feedback and how it went. I think that they adapted their
content a lot according to the interactions we had.” (FG4 - Lucie)

“Every time we came with remarks, they were taken into account. [The experts] put in a lot
of effort. So we are heard and for a lot of other things too, we were able to redo things, we
were able to adjust them. There is a real collaboration and it is precious.” (FG4 - Camilla)

Scalability - Takeaway #8

The teacher PD is viewed postiviely but was already conceived prior to recruiting
teacher-trainers, which contributes to the teacher-trainers feeling they lack ownership
on the structure and content of the PD program. They however feel they are able to
make adaptations to the PD session format, and do make adaptations to the as we show
in paragraph C below.
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(B) Delivery of the teacher PD The teacher-trainers report that they generally ran into few
issues when delivering the PD. For instance, there were not many difficulties due to hetero-
geneous groups. Even “teachers who knew a lot did not show it off” (James). Sometimes,
teachers who were already familiar with the tools and competencies even “helped out their
colleagues, explained things” (Camilla). “Apart from technical elements, there’s not much else
that went wrong” (Lucie). Indeed, the main issues they encountered were related to elements
of the school infrastructure (e.g. connecting with the beamer, wifi, ...), with conditions which
varied greatly across schools.

Scalability - Takeaway #9

The teacher-trainers consider that the teacher PD sessions generally go well, with the
exception of some technical difficulties which are out of the hands of the experts and
teacher-trainers.

(C) Teacher-trainers’ adaptations of the PD sessions. Teacher-trainers make adjustments
under two forms.

The first type of adaptations are for a specific PD session. As teacher-trainers repeat the
PD session with different groups of teachers, they become more at ease with the content,
adapt “the keynotes”, “speech and examples to the group” (Sarah), and “the timing” (Lucie)
for instance when “it’s too long and see that the teachers are bored” (William). The teacher-
trainers consider that they “are clearly improving” (Camilla), notably when they adapt based
on “the teachers’ feedback at the end of a day” (Charlotte). The result is that the last cohort
of teachers experiencing a given PD session receive better quality training. Nonetheless, it is
important to be aware that too many consecutive repetitions of same PD session can be taxing
for the teacher-trainers.

“As the days progress, I add information, I create links. In fact, the better I master the
material, the better I can create links with things that have already been seen, with things
that will come.” (FG4 - Camilla)

“We also know which questions systematically come back. And then we can also say: we
know that this is also something that could be difficult and answer the question before it
pops up. ” (FG4 - Sofia)

“I think that indeed, at least for our pair, we evolved between the first and the last session.
As we progressed, we told teachers the surveys were important and read the comments of
the surveys to adjust each time a little bit more. ” (FG4 - Olivia)

There is however a more considerable risk of content dilution when the trainers make adap-
tations to counterbalance the fact that the PD is on “a timing that is quite strict” (Isabella).
Indeed, the trainers mention “having considerable delays which is difficult and means that
[they] had to cut things” (Isabella) in order to adapt. The bigger issue however is when teacher-
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trainers forgo a (portion of a) workshop, such as “reducing the theory to spend more time
on the practice” (Michael), or not using one of the tools the teachers were supposed to be
introduced to “to put the accent on [another workshop] so that they practice it rather than
just listen passively” (Sofia).

The second type of adaptations are for a group of teachers being followed up by the same pair
of teacher-trainers, because they “start to know them and are able to insist where [teachers]
need to so that [teachers] adhere to the program” (Emma). “The teachers also progress as the
days go by, there is an increase in power” (Lucie).

“I would even say that for a same group we evolve from one time to another because we
know them. And then, we know what will go well and what will not. And then, depending on
the instructional coach who is present, we know we have to pay more attention to this thing
or that thing depending on the context. Depending on these factors we don’t approach the
day in the same way. ” (FG4 - Sofia)

Generally the results indicate that the teacher-trainers are attuned to the teachers’ needs
and adapt what they teach accordingly. This is possible because teacher-trainers “have some
flexibility [in the way they organise the sessions], which is good” (Sofia) which helps them
“adapt their discourse to the group, give different examples” (Sarah). Teacher-trainers are
able to “bring [their] personal touch for each group according to their needs and reactions ”
(Daniel).

They do however consider that the PD program can be intense, and that it’s better if the PD is
spread out over time to facilitate teachers’ appropriation of the content.

Scalability - Takeaway #10

The teacher-trainers make adaptations to improve a given PD session, but run the
risk of diluting the content, particularly when teacher-trainers choose to forgo certain
portions of the PD program due to temporal constraints.

(D) Teacher-trainers’ assessment of teachers’ perception of the PD program

Despite the challenges, the teacher-trainers report that the teachers are generally satisfied
with the PD program and complain little (coherently with the results of the teacher surveys in
section 11.3). Even “those who complain are still motivated” (Camilla). The teacher-trainers
“were pleasantly surprised because they were prepared for 5% of grumblers [...] and in the end,
[they] hardly saw them” (Michael). Typical reluctances however remain towards introducing
activities that employ screens with young students, particularly after COVID where “students
already used screens for too long” (Camilla). Nonetheless it appears that participating in the
workshop contributes to attenuating these reactions over time as “it didn’t really come out
afterwards” (Camilla). Additionally, two extremes of teachers appear to pose a considerable
challenge:
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• Young teachers who “feel like they know everything” (Michael) and are “sure of knowing
everything” (Sofia), partly because “at the university of teacher education they already
have Digital Education modules and have undergone part of the training already” (Lu-
cie).

• “Teachers who are a year away from retirement, [who] didn’t want to get involved, that it
never interested them and that they were never going to do it anyway” (Michael).

Finally, one more general issue that arises is the adaptability of the PD program to specialised
teachers (sports, arts and crafts etc...) who are unclear on what the utility of the PD program is
for them, despite the fact that “in craft, sewing and sports classes, you can really find use cases”
(Jennifer). Indeed, one marker of the project is that it is “important to provide a common
culture” (Daniel) to all teachers, but this requires “giving [these specialised teachers] more
activities that are ready to use in their contexts” (Charlotte).

Scalability - Takeaway #11

The teacher-trainers consider that teacher’s PD is generally well received by the main
body of teachers, although there are certain groups of teachers who are more challeng-
ing to deal with (younger teachers who just finished their pre-service teacher PD and
/ or consider themselves to be well versed in Digital Education, older teachers who
are closer to retirement and / or consider themselves to be less well versed in Digital
Education, and specialised teachers who do not teach all subjects and therefore do not
see the links between what they teach and the content presented in the PD program).

11.3 Efficiency of the deployment framework in terms of teacher
perception and adoption

11.3.1 Teachers’ perception of the PD program and pedagogical content

The teachers in the deployment phase positively perceive the teacher PD program according
to the global evaluation metrics (see Fig. 11.4), with no significant differences according to
grade (F (1) <= 1.671, p > 0.19). Indeed, over all sessions, the PD program evaluation criteria
garnered an average between totally agree and agree on the 7-Point Likert scale. Furthermore,
for all evaluation criteria, over 79% responded positively with at most 5% of negative responses.
These results are significantly better with at least a medium effect size for all 5 categories in
the deployment phase with the adapted cascade model compared to the pilot program where
the teachers were trained by experts (see Table 11.2).

Scalability - Takeaway #12

The grades 1-4 teachers in the first deployment phase evaluate the PD program highly
positively, and even more positively than the teachers in the piloting phase who were
trained by experts.
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Figure 11.4: Deployment teacher PD program evaluation with responses aggregated over the 5
sessions.

Table 11.2: Comparison of the evaluation of the teacher PD program between the piloting
phase and the deployment phase using Kruskal Wallis’ non parametric one way ANOVA on
the data that was converted to a 4 Point Likert scale (between 1 - completely disagree, and 4 -
completely agree).

Pilot M+/-SD Deployment M+/-SD Statistic p Cohen’s D Comparison
(4-Point Likert) (4-Point Likert)

Interest 3.16+/-1.01 3.42+/-0.59 38.8 0.0 -0.31 Deployment > Pilot
Adapted diffi-
culty

3.12+/-1.00 3.46+/-0.60 130.4 0.0 -0.42 Deployment > Pilot

Content appre-
ciation

3.14+/-1.01 3.59+/-0.51 234.0 0.0 -0.56 Deployment > Pilot

Teacher-
trainer ap-
preciation

3.18+/-0.82 3.75+/-0.44 611.5 0.0 -0.86 Deployment > Pilot

Exchanges with
participants ap-
preciation

1.54+/-1.22 3.65+/-0.47 901.2 0.0 -2.29 Deployment > Pilot

The teacher-trainers are particularly highly rated with less than 2% of negative responses over
all sessions. Coherently with the teacher-trainers’ opinions expressed during the focus groups,
the teachers prefer having teacher-trainers rather than experts to a large extent (see Fig. 11.5).
Indeed, 87% viewing the teacher-trainer model as an advantage because the teacher-trainers
have links to practice, and 72% because they understand their reality. Just 2% report that its an
inconvenience that the teacher-trainers have less adult-training experience, and 2% that they
have less Digital education competences that expert trainers.

Scalability - Takeaway #13

The teacher-data indicates that the teachers in the first deployment phase are very
satisfied with the teacher-trainer model and prefer to be trained by teacher-trainers
(rather than experts) because they have links with practice and understand their reality.
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Figure 11.5: Deployment teachers’ perception of the teacher-trainer deployment modality.

11.3.2 Teachers’ adoption of pedagogical content into their practice

The teachers are globally autonomously motivated to teach the pedagogical content seen
in the PD sessions, with over 85% being on the positive end of the spectrum (see Fig. 11.6).
The result is that 75% of teachers adopt at least one Digital Education pedagogical activity
in the second year of the program (see Fig. 11.7). χ2’s test of independence further indicates
that there are no significant differences between adoption patterns between the pilot and
deployment phases (χ2(16) = 17.5, p = 0.3566). Teachers in the deployment phase therefore
adopt to similar extents as those in the pilot program, further demonstrating the efficacy of
the deployment framework.

Scalability - Takeaway #14

The teachers in the first deployment phase are autonomously motivated to teach the
Digital Education pedagogical content and teach the discipline to similar extents as
what was observed in the pilot program.

Finally, although we did not inquire into how the instructional coaches and the community
of practice within each school contributed to engaging teachers to teach the discipline, we
note that at the end of the second year, 50% solicited help from the instructional coach, 46%
worked with colleagues ahead of time, and 41% co-taught the activity (see Fig. 11.8). These
findings confirm the importance of having the support of instructional coaches, as well as a
community of practice in the schools, to ensure that a larger proportion of teachers introduce
the discipline in their practice.

Scalability - Takeaway #15

The teachers in the first deployment phase rely on the instructional coaches to help
them implement the discipline, confirming their key role in the curricular refrom
framework.
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Figure 11.6: Deployment teachers’ autonomous motivation to teach the Digital Education
pedagogical content computed using the Relative Autonomy Index (Grolnick and Ryan, 1989)
which combined the Autonomous motivation sub-scales into one dimension according to
AM = (2× I M +1× I dR −1× InR −2×ER)/6 where AM is the overall autonomous motivation,
IM the intrinsic motivation items, IdR the identified regulation items, InR the introjected
regulation items and ER the external regulation items.

Figure 11.7: Number of Digital Education pedagogical activities adopted by the teachers in the
deployment phase in the first and second year (i.e. adoption quantity). Please note that the
year 1 adoption rates correspond to what the teachers taught between the first and second PD
session, while the year 2 adoption rates correspond to what the teachers taught between the
second and fourth teacher PD sessions.

11.4 Discussion on the scalability of the reform and future perspec-
tives

The results of the scalability study we conducted (El-Hamamsy* et al., 2023a) demonstrate the
effectiveness of the adapted cascade model and contribute to closing the loop on the primary
school curricular reform framework. The key to the deployment framework resides in having
teacher-trainers who have a prolonged trainer PD and the support of the experts throughout
the deployment process. These teacher-trainers are therefore motivated, consider themselves
to be legitimate as they tested the content themselves, and are in proximity with the field.
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Figure 11.8: Adoption modality employed by the teachers to teach the Digital Education
pedagogical content at the end of the second year of deployment.

The teacher-trainers also establish meaningful relationships with teachers and instructional
coaches, and adapt their PD sessions to the teachers needs. The result is highly positive teacher
outcomes as teachers rate the PD program more positively than in the pilot and prefer having
teacher-trainers than expert trainers. The teachers are autonomously motivated to teach the
discipline, and adopt to similar extents as in the pilot. These findings combined validate the
deployment framework and contribute to providing additional recommendations which may
further improve the outcomes such as: ensuring that the trainers have more adult-trainer
PD, official recognition in their new roles (e.g. salary augmentations, reduced working times,
official recognition with a title...), and that they have ownership of the reform and there is
sufficient implementation fidelity to further assess the quality of the deployed PD program.
Indeed, one limit of the present curricular reform framework is that the teacher PD resources
were already piloted and validated with experts which guarantees the coherence with the full
reform. However, this process did not include the teacher-trainers who ultimately deploy
the teacher PD at a large-scale, as they were not yet recruited at the time. Other deployment
frameworks may therefore consider recruiting teacher-trainers in earlier phases of the reform
and including them as co-conceptors of the program so they may acquire a sense of owner-
ship, in addition to improving the co-constructive process by including active teachers in the
conception team (El-Hamamsy et al., 2023e).

In sum, we demonstrated that the deployment framework is effective to introduce Digital
Education in the region and addresses many known limitations of cascade models, all the
while achieving results that are similar, if not better, than in the pilot program in certain
regards. Nevertheless, other factors are decisive for the success of such endeavours, including
contextual elements such as the curricular reform framework (see Section 2.2) implemented in
the region which helped set the stage for the deployment (El-Hamamsy et al., 2021b). Indeed,
the curricular reform is considered relevant to our society’s needs (e.g. by aligning with the
need to have a digitally literate society and by placing an emphasis on the societal impact of
Digital Education by teaching digital citizenship). Furthermore, the curricular reform frame-
work provided the adequate political, financial, and institutional backing (which includes
support from the department of education, two major universities in the region, as well as
the university of teacher education, in addition to the support of school leaders) required to
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set afoot, pilot and deploy an endeavour of this magnitude, all the while aligning the initial
and continuing teacher PD. Other endeavours seeking to employ the deployment framework
should therefore consider this conjointly with the lessons learnt from the global curricular
reform framework (El-Hamamsy et al., 2021b) in order to increase the likelihood of their
endeavour succeeding.

Finally, the present study opens up avenues for future investigations into the effectiveness of
the deployment framework.

From the perspective of the teacher-trainers’ experience in the adapted cascade model, we
verified through their perception that they had access to sufficient support, planning, were
motivated and confident in their capacity to train their peers. Although the investigation
provides a first validation of the deployment framework, it is important to consider objective
measures when it comes to content dilution, one major limitation of cascade models. It would
therefore be important to gain insight into how teacher-trainers deliver the PD program and
to what extent there is implementation fidelity, i.e. “the degree to which an intervention or
programme is delivered as intended” (Carroll et al., 2007). Only then will we be able to better
align what is intended by the curriculum with what the students learn in classrooms (van den
Akker, 2003). To that effect, a study is presently under way to establish how the teacher-trainers
are delivering the PD program to understand not only whether the PD program sessions are
delivered as intended, but also why they are making adaptations (Century and Cassata, 2016)
and their consequence in terms of PD-quality and content dilution in the cascade.

From the perspective of the comparison between the deployment and pilot outcomes, there
are factors that may contribute to changing teachers perspective on Digital Education and the
PD program which are independent of the deployment’s modalities. For instance, the pilot
program took place pre-COVID while the deployment is post-COVID. Such an element may
have influenced teachers’ readiness to adopt Digital Education. From this perspective, it would
therefore be interesting to conduct a similar analysis with other levels of schooling where the
piloting phase began after the pandemic. Another factor which may play a considerable role
in the teachers’ improved perception of the PD program is the iterative refinement that is
conducted by the experts both during the piloting and the subsequent deployment phases
which contributes to improving the quality of the PD sessions and associated resources for
following cohorts of teachers. Nonetheless, such an element represents a strength of the
overall curricular reform framework.

With respect to the overall evaluation framework, we mostly focused on spread and establish-
ing the efficacy in terms of the limitations of cascade models and teachers’ perception of the
PD program and adoption. However, we did not consider other elements pertaining to the
spread of “reform norms, beliefs, and principles within schools and districts” (Coburn, 2003).
In particular it would be important to gain insight into the long term shift in reform ownership
and depth of changes in teachers’ practices.

Finally, it is important to consider the influence of the context in which the reform was set
on the success of the implemented deployment framework. For instance, such a deployment
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framework is efficient in a federal country where there is a regional department of education
which therefore limits the number of schools that are targeted. One must therefore consider
how such a model be employed in a country where there is a centralised department of
education, and therefore a larger number of schools to reach, all the while abiding by the
tenet of having a shallow cascade model. Additionally, the deployment framework relies on
expert-trainers and teacher-trainers from the region in order to improve teachers’ acceptance
of the PD program. In the case of a centralised government, this raises the question of at what
point would teachers be considered from “the region”, and therefore as an insider. In order to
address these questions and further validate the deployment model, it would be interesting
to consider partnering with researchers in other countries in order to characterise the main
factors that contribute to the success of the model in different contexts, as well as consider
how the main tenets may be adapted to local specificities.
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12 Synthesis and broader outlook on effectively
co-constructing a sustainable and scalable
curricular reform

As presented in this thesis, integrating CS into formal education is no easy feat. In Chapter
1 we presented the main challenges pertaining to such curricular reforms. In Chapter 2 we
introduce four research questions that address a subset of these challenges based on the
methodology in Chapter 3. The objective was to understand how a CS curricular reform could
be effectively co-constructed (RQ1), implemented (RQ2, RQ3), sustained (RQ4), and scaled
(RQ4). The investigations, which we present in Chapters 4 to 11, were conducted in the context
of a Swiss primary school Digital Education curricular reform that employs a Research Practice
Partnership to integrate CS as one of its core pillars. We formalised the curricular reform
framework employed by the reform initiative in Section 2.2 and organised the investigations
into four overarching research questions (see Fig. 12.1) which we will progressively answer
from Sections 12.1 to 12.2.

The investigations conducted in the thesis are unprecedented as they cover all phases of the
reform from conception to widespread deployment, considering the perspective of multiple
key stakeholders: project coordinators, trainers, teachers, students and researchers. As a result,
the main contribution of the thesis lies in the validation of a framework for the sustainable and
scalable implementation of the CS curricular reform through studies conducted in a context
which actively looked to address these challenges. Although many of the recommendations
resulting from the thesis align with the state of the art, having orchestrated the whole in a
single context not only helps further refine how to introduce CS into formal education, but
also contributes to (i) opening further avenues for research and (ii) providing recommenda-
tions for stakeholders involved in CS curricular reforms at different levels. However, as with
all research, the question of the generalisability of the findings is an important one. Most
research, particularly in education, is context-specific. However, the research was done on a
CS curricular reform, which is a new discipline for which teachers do not already possess the
content knowledge that they are supposed to teach (first level of instrumentation, Trouche,
2005) as they did not receive any CS education during their own schooling. CS curricular
reforms therefore present their own challenges, in addition to the reticence teachers have
where technology innovation is concerned. The lessons learned in the present context can
therefore be of use to other reforms initiatives. In the following sections we expose the key
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Figure 12.1: Visual synthesis of the research questions addressed in the thesis (RQ1 in blue,
RQ2 in purple shades, RQ3 in red, RQ4 in green) and their relationship within the overall
curricular reform and PD program evaluation framework. The frameworks, models and tools
resulting from the research conducted in each RQ are indicated below each box.
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takeaways of the thesis in line with the research questions in the hope that the lessons learnt
may serve as guidelines for researchers, practitioners and educators involved in CS curricular
reforms. We will also discuss the research questions briefly along the lines of two frameworks
that we consider to be relevant in the context of educational change:

• Coburn’s (2003) conceptualisation of scale which considers four main pillars: sense of
ownership, depth of change, sustainability and spread (the latter which we referred to
as scalability in the context of the thesis).

• Hubers’ (2020) conceptualisation of sustainability which considers that affecting and
sustaining changes in teachers’ practices is one of the biggest challenges in education,
where sustainable changes in education refer to “1) substantial changes made that affect
the core of educators’ everyday practice; 2) a longitudinal process that begins when
educators contemplate making changes and ends when satisfactory achievement on
the other characteristics is reached and overt learning efforts are stopped; 3) a process
of individual and organisational learning as well as changes in behaviours; resulting in
4) significant positive effects on student outcomes”.

Through Coburn’s (2003) and Hubers’ (2020) frameworks emerge the key themes explored in
the thesis: the implementation of a scalable curricular reform and teacher PD program that
promotes teachers’ acceptance of the discipline and sustains changes in their practices in a
way that positively affects student learning. Alongside the validation the curricular reform
framework for the effective, sustainable and scalable introduction of CS into formal education,
we also highlight avenues for future investigations provided of the work of Coburn (2003) and
Hubers (2020) so that other initiatives may consider how to integrate them into their own
processes.

12.1 How can CS-curricular reforms be conceived in order to ac-
count for the reality of the field? (RQ1)

12.1.1 Co-constructing the curricular reform within a Research Practice Partner-
ship (RQ1)

As mentioned in Chapter 1, there is no one-size-fits all solution, with researchers having
argued that any curricular reform and PD program must be adapted to the local culture in
order to avoid the replica trap. Key stakeholders involved in curricular reforms therefore
include teachers who are rarely implicated in the decision-making process. Insufficient
implication of key actors is particularly prominent in top-down initiatives which are already
more likely to lead to increased resistance in the field. In Part II of the thesis (chapter 4) we
therefore successively explored the benefits of including researchers’ and teachers’ voices in co-
constructive processes pertaining to i) research (El-Hamamsy et al., 2022c), ii) the development
of a small scale pre-pilot program (El-Hamamsy et al., 2023a), and finally iii) the development
of the curricular reform’s PD program with a diverse range of stakeholders (El-Hamamsy
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et al., 2023e). In these three studies there was no doubt regarding the importance of having
researchers and teachers included in the process with the establishment of horizontal, and
non-hierarchical, inter-personal relationships. While researchers are in charge of evaluating
the curricular reform and teacher PD program, project coordinators coordinate the conception
and implementation of the novel curricula and PD programs, trainers conceive the pedagogical
content and deliver the PD program to teachers in the field. Within this framework we showed
that the role of teachers and researchers is key as:

• Researchers contributed to evidence-based decision making by (i) giving project coor-
dinators and trainers evidence (based on regular teacher feedback) of what works and
what does not, (ii) drawing recommendations for adjustments that may contribute to
addressing remaining barriers.

• Teachers, and in particular trainers and project coordinators with teaching backgrounds,
ensured the alignment of both the PD program and the research conducted with the
field. For researchers, the benefit is to ensure that research is actually applied in the
field, and that the findings generalise beyond ideal and controlled environments.

It remains difficult however to fully address the fact that practitioners consider that there is a
research practice gap. Interestingly, this perceived gap is not due to explicit reticence on the
part of the actors, who attribute value to the input of translational research, but rather to two
significant issues that emerge from our studies: temporality and communication.

• In terms of temporality, due to political timelines, there was an issue of pace which
made it difficult to integrate researchers as co-conceptors of the content rather than just
evaluators. Having researchers as co-conceptors would have ensured that the reform
avoided known pitfalls and aligned with computing education best practices from the
start. Indeed, research generally tends to operate at a slower pace and typically comes
in after decisions are taken. However, in RPPs, as the objective is to take evidence-
based decisions it is important to establish RPP timelines ahead of time and to account
for both the research and decision timeline so that decisions are not taken too early
and may account for research outputs. Furthermore, a tension existed in the present
context due to the fact that it was not necessarily clear for all stakeholders for whom or
what the research should be useful (the project, the coordinators, the trainers), notably
when the research did not have immediate outcomes that were actionable for the
practitioners. The lack of quick actionable elements is particularly prominent in the
case of longitudinal studies which only demonstrate their relevance several years in.

• Communication issues, while mainly due to lack of time for partners to interact, con-
tribute to frustrations at two levels. The first is at the research level as there is an insuffi-
ciently communication regarding the objectives of the studies, the reasons behind the
selected methodology, and the outcomes to all actors. The second is at the coordination
level as project coordinators did not sufficiently communicate the decisions taken based
on teachers’ and researchers’ feedback, which contributes to frustrations for teachers,
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who feel like they invest time in giving feedback that is ignored without understanding
why. The RPP should therefore strive for increased transparency and communication
among all partners to ensure that there are no misunderstandings and misalignments.

While the problem of temporality is intrinsic to RPPs, the issues of communication may be
specific to the context but are common and must be accounted for. Nevertheless, despite
the challenges of temporality and communication, a global takeaway is that it is beneficial to
co-construct the Digital Education curricular reform with key stakeholders, including but not
limited to project coordinators, trainers, as well as researchers and teachers in the field. Such
an approach provides the means for all to voice their opinions in all phases of the reform. An
inclusive partnership therefore relies on horizontal relationships between the various partners
who should have a sense of ownership regarding the outcomes of the reform to avoid creating
silos. In particular, “ownership of the reform must shift so that it is no longer an "external"
reform with authority for the reform held by districts, schools and teachers who have the ca-
pacity to sustain, spread, and deepen reform principles themselves” (Coburn, 2003). However,
ensuring that all involved parties have ownership of the reform is complex to achieve, and
is a limitation of the present curricular reform framework. Lack of ownership is particularly
true for teachers in the field who, due to their large number, are not true co-constructors
of the present curricular reform initiative which, for all intents and purposes, is top-down.
While including teachers, and particularly teachers from the region, in the conception team
(as coordinators and trainers) contributes to a sense that the reform is conceived by teachers
for teachers, and therefore by people who understand their reality, teachers in the field are
still obliged to implement the reform and there is presently no evidence, also due to a lack of
investigation, that the ownership has shifted to them.

To conclude on RQ1, to effectively conceive a curricular reform and PD program co-construction
is a promising and effective means of accounting for the reality of the field and can be es-
tablished through RPPs. We demonstrated how this co-construction can occur and how it
may be improved by identifying key pitfalls that may arise. Therefore, in the philosophy of
Research Practice Partnerships, only by implementing an educational transformation in a way
that all stakeholders have a say, and accounting for all of their needs when co-constructing the
solution, will it be possible to reach the most adapted outcomes for the given context. Only by
fostering such an inclusive partnership will it be possible to achieve the objective of having
an effective, sustainable and scalable reform. For now though, at the scale of a widespread
curricular reform, having a true partnership where all stakeholders are equal partners who
have ownership of the reform, all the while considering their various roles in the project,
remains a considerable challenge.
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Thesis contributions with respect to RQ1

A detailed investigation into how co-construction occurred within the Research Prac-
tice Partnership among project coordinators, trainers, researchers and teachers, with
insight into the pitfalls that may arise. The analyses contributed to understanding how
co-construction can be effectively achieved to co-construct a CS curricular reform and
PD program, i.e. by:

• Having a horizontal and transparent partnerships where partners have an equal
say and collaborate throughout the process, which therefore requires ensuring
that there is vision alignment and adequate among all partners.

• Having research collaborate with practitioners in the field to contribute to achiev-
ing both practitioners’ and researchers’ goals.

• Placing an emphasis on the endeavour’s sustainability.

12.2 How does the curricular reform framework address known im-
plementation barriers and engage teachers in the discipline?
(RQ2)

12.2.1 Promoting teacher perception and adoption as a result of the curricular
reform framework and its PD program (RQ2.1)

As presented in Chapter 1, Ertmer (2005) considers two main types of teacher-level barriers:
first-order (external) and second-order (internal) which we argue must be addressed by cur-
ricular reforms and PD programs. First-order barriers include the lack of political backing
and institutional support, insufficient financial resources and infrastructure, a well-defined
curriculum, corresponding resources and assessment methods, and insufficient teacher pro-
fessional development. Without addressing first-order barriers, even motivated teachers may
struggle to integrate CS education into their practice. Second-order barriers on the other hand
are related to the attitudes, beliefs and values of teachers themselves. Second-order barriers
can therefore affect teachers’ willingness to integrate Computer Science education into their
teaching practice. Teacher professional development is widely recognised as a key element
in overcoming second-order barriers by ensuring that teachers understand what CS is, its
utility, and have the necessary knowledge and skills, and therefore the self-efficacy, to teach
CS education effectively.

The curricular reform framework presented in Chapter 2 therefore sought to address first- and
second-order barriers by:

• Being part of a regionally-backed and fully-funded project that involves the collaboration
between four key institutions with expertise in education, teacher training, and research,
and includes researchers, policy makers, digital education and pedagogical experts, with
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a majority having prior teaching experience.

• Being relevant to the needs of the 21st century all the while adapting the approach
to the local context to avoid the "replica trap" and focusing on the school level, with
instructional coaches that are trained to support teachers (e.g. through specific PD
sessions, technical support etc. . . ) and foster a community of practice within their
school.

• Providing a PD program for all teachers which follows best practices:

(1) Proposing a PD program with multiple sessions that are separated by several months
to allow teachers the time to reflect, apply what they learnt and provide feedback in
subsequent sessions.

(2) Having balanced theoretical and hands-on practical sessions with pedagogical con-
tent that is aligned with the curriculum as conceived by both the curriculum designers
and the PD providers.

(3) Proposing isomorphic activities during the PD sessions that can be directly trans-
posed to the classroom and providing complete access to the material and pedagogical
resources required to do so. The proposed activities employ a diverse range of instruc-
tion modalities which for primary school includes hands-on unplugged kinaesthetic
activities that are close to existing practices.

(4) Encouraging open communication, and increased trust between teachers and train-
ers.

(5) Ensuring continued support through the instructional coaches during the PD and in
the long-term.

• Promoting translational research at all levels and in all phases of the reform to provide
feedback to practitioners in a first piloting phase to ensure that main implementation
and sustainability barriers are addressed prior to large scale deployment.

We therefore sought to validate the curricular reform framework in Chapter 5 by analysing
the two-year pilot program for primary school (grades 1-4, El-Hamamsy et al., 2021b,a).
The findings indicate that teachers changed their representation regarding CS and positively
perceived both the PD program and the CS pedagogical content. As a result, approximately 90%
of teachers in the first- and 80% of teachers in the second year adopted CS pedagogical content.
Furthermore, the inclusion of ER-specific activities as a means of teaching CS indicates that
integrating ER in CS education can benefit:

• CS, by introducing an instruction modality that teachers are interested in engaging in,
notably in the unplugged format (which we referred to as Robotics Unplugged), therefore
increasing the subset of activities that teachers may choose from, and appealing to a
wider range of teachers and covering a more diverse range of topics.

• ER, by 1) providing an easy entry way into formal education all the while onboarding
novice teachers in the process (and ultimately reducing ER-related gender gaps at the
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student level as shown in Chapter 9), and 2) demonstrating that ER may benefit from
having robots that are designed to incorporate several instruction modalities, ranging
from the simplest (unplugged) to more complex, in a single system.

To conclude on RQ2.1, our investigation reveals that the curricular reform framework is effec-
tive in contributing to a large proportion of teachers adopting the discipline, but that there is
still margin for improvement. Indeed, teachers may still adopt a larger number of activities
in order to ensure that the curricular objectives are met. More broadly, the findings confirm
that any curricular reform framework needs to be accompanied by an adequate PD program
for all teachers in the region. It is essential to have evaluators in the loop to ensure that all
known barriers to changes in teachers’ practices, including those specific to Digital Education
(CS; ICT; DC) are addressed, all the while considering regional specificities and that there
is no one-size-fits-all solution. One element that appears to be key in the curricular reform
framework is having access to the isomorphic activities to engage teachers in the first levels of
adoption. Only by (i) experiencing the activities themselves (as the students would), (ii) testing
the activities in their own classrooms, and (iii) being provided the pedagogical resources,
infrastructure and accompaniment, is it possible to address the second-order barriers and
the first step when it comes to affecting and sustaining changes in their practices. Despite the
fact that these recommendations align with common sense, their effective implementation do
not appear to be the norm, mainly because such endeavours are not always conducted within
RPPs and in collaboration with researchers.

Thesis contributions with respect to RQ2.1

A validation of the curricular reform framework which seeks to address identified first-
and second-order barriers by evaluating teachers’ perception and adoption of the CS
pedagogical content. Some of the key elements of the framework are :

• A centralised teacher PD program which follows evidence-based best practices
to avoid the issues of a lack of adequately trained teachers to teach the discipline.

• The selected curricular reform and PD program modalities (e.g. a prolonged
PD program, isomorphic activities covering a range of instruction modalities,
direct access to the required pedagogical and material resources, and support in
schools to help teachers test the activities in between sessions).

• The inclusion of researchers in the reform initiative to ensure that teacher PD
best practices are implemented in the field, that they contribute to addressing
known barriers to teachers’ uptake of the discipline, and propose evidence-based
recommendations.
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12.2.2 Investigating the factors that influence a teacher’s decision to adopt a given
CS pedagogical activity (RQ2.2)

In a second phase into the investigation of the effectiveness of the CS curricular reform PD
program’s implementation, Chapter 6 sought to dive deeper into the factors affecting teachers’
decision to adopt a particular pedagogical content. Such understanding makes it possible
to provide design guidelines for CS-related pedagogical activities. Although the studies were
mainly exploratory due to methodological constraints involved with survey administration in
the field (and in particular with respect to their length), they set the foundation for our model
of Teachers’ Adoption of Computer Science (TACS) pedagogical content.

The main study along this line was conducted using data we acquired during the grades
5-6 PD program (El-Hamamsy et al., 2022b). Our analyses demonstrated that both reported
self-efficacy and interest per activity were necessary but insufficient to ensure that the content
was adopted. A teacher-specific analysis then revealed that individual teachers were more
likely to adopt if they were globally interested in the content, rather than confident in their
capacity to teach it. Furthermore, teachers who adopted little tended to focus on the the same
subset of activities proposed in the program (namely the first and easier ones), while teachers
who adopted more tended to cover the full spectrum. The teachers who adopted the most,
interestingly, were the older teachers (irrespective of ICT experience) and the younger cohort
of teachers with some level of ICT experience. On the other hand those who adopted the least
were the middle aged teachers, including those with high level of ICT experience.

Having identified differences in the way teachers perceived the individual activities in the
previous study, our next study investigated more activity-specific factors. The objective was to
understand how activity-specific factors related to teachers’ acceptance factors (i.e. teachers’
perceived self-efficacy, interest and utility with respect to teaching the content, and their
intent to do so) in order to understand how best to tailor CS pedagogical content and promote
adoption. A structural equation model therefore provided insight into how Utility and Usabil-
ity factors influenced teachers’ acceptance of the content. The model indicated that teachers
both needed to perceive the utility of the activity globally (with respect to CS, transversal skills
and other disciplines), and consider it usable to achieve these objectives, in order to accept
them and intend to teach them. However, usability appears to play a more prominent role
in the intent to adopt a given pedagogical activity. The importance of usability is likely due
to the fact that teachers are required to choose between multiple activities which should all
contribute to the desired learning outcomes. As such, it is unsurprising that their decision
is driven by how easy it may be to implement an activity in their classroom, rather than how
useful they perceive it, particularly in the first adoption phases.

To conclude on RQ2.2, merely perceiving the content positively is insufficient to guarantee that
adoption will ensue. We therefore require a model of adoption and of the factors influencing
teachers’ decision to adopt a given pedagogical activity. Our studies contributed to this objec-
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tive by identifying factors that are predictive of teachers’ decisions to adopt CS pedagogical
content. More specifically, based on these findings, and the findings of our sustainability anal-
ysis in Chapter 10, we proposed a revised TACS model which includes activity characteristics
and activity acceptance factors, prior and contextual teacher factors, and access to support
as predictors of teachers’ adoption of a given pedagogical activity. The revised TACS model
should be validated through Structural Equation modelling in a large scale study, and ideally
with data from various contexts. Such a validation would contribute to establishing how well
the model generalises, and in turn be used by researchers and practitioners involved in CS PD
programs.

Thesis contributions with respect to RQ2.2

The revised TACS model which provides insight into the factors that influence teachers’
acceptance and adoption of a given CS pedagogical activity. The model includes the
following predictors of teachers’ adoption of a given pedagogical activity, and may be
employed by researchers and practitioners involved in CS reforms:

• Activity related characteristics and acceptance factors which provide design
guidelines for CS-related pedagogical activities.

• Prior and contextual teacher factors which are indicative of elements that must
be adapted at the PD program level.

• Access to the required external and in-school support which provides insight into
adaptations that are required at the curricular reform level.

More broadly with respect to RQ2, we argue that PD programs should strive to evaluate
adoption as we did to ensure that teachers are introducing the pedagogical content into
their practice. However, the analyses conducted in Chapters 5 and 6 do not account for how
teachers are introducing the content. The latter can depend on appropriation, and the depth
of the changes in teachers’ practices, both elements which provide insight into “the nature and
quality of implementation of reforms” the (Coburn, 2003), but are complex to evaluate using
self-reported metrics. While our analyses provide insight into adoption, they do not indicate
the depth of the changes in teachers’ practices. As the literature indicates that teachers tend
to make superficial changes to their practice, it is important to understand to what extent the
teachers have truly incorporated the teaching of CS pedagogical content, and underlying CS
concepts, into their practices. By understanding the depth of the change in teachers’ practices,
and not merely knowing what teachers are choosing to teach as done in this thesis, we may
better establish to what extent the reform was successfully implemented and contributes to
improve teaching and positively affect student learning.
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12.3 How does the curricular reform impact student-level outcomes
and equity in the field? (RQ3)

In Chapter 1 we evoked that one objective of CS curricular reforms should be to address
structural and social barriers in order to broaden participation and promote equity in the
field. To ensure whether or not that is truly the case, it is important to investigate student-
level outcomes after the reform, and corresponding PD programs have been implemented.
Unfortunately, such evaluations are rare as following up on what teachers have done after PD
programs is already sufficiently complex, without adding the challenge of evaluating what is
happening at the student level. Nonetheless, we argued that student-level outcomes should
include both insight into learning (are students reaching the desired learning outcomes?) and
perception (is students’ view of the discipline evolving in order to reduce stereotypes, gaps
between groups of students, and broaden participation in the field?). In order to evaluate
student-level outcomes (RQ3.2), a significant hurdle first had to be addressed: the lack of
validated assessments that measure whether students have achieved the desired learning
outcomes (RQ3.1).

12.3.1 Validating an assessment for the evaluation of student-learning outcomes
(RQ3.1)

As the curriculum defines objectives in terms of sequences, loops, conditional statements and
while statements, we developed and validated a CT-concepts assessment that targets these
concepts in a way that attempts to be agnostic from programming languages: the competent
CT test (cCTt, see Chapter 7). The cCTt instrument is part of the family of assessments that
derive from Román-González et al. (2017)’s CT test and is a direct adaptation of the Beginners’
CT test by Zapata-Cáceres et al. (2020) to improve its reliability for grades 3-4. Through 3 main
studies (El-Hamamsy et al., 2022g, 2023b, 2022f), we established that 25-item cCTt is valid,
reliable and gender-fair for students in grades 3-6, although the cCTt may still be adapted
to improve the psychometric properties for grades 5-6. We believe that the cCTt may be of
use to researchers and practitioners looking to assess CT-concepts in grades 3-6. However,
as mentioned in Chapter 7, the cCTt should i) be combined with other forms of assessments
in order to have a more complete view on CT (namely CT practices and perspectives), and ii)
undergo more levels of validation.

To conclude on RQ3.1., and building on our experience and the studies conducted on the cCTt,
we argue that:

• There is a need to have targeted, age-specific CT assessments in primary school which
is why we adapted the BCTt to create the cCTt (El-Hamamsy et al., 2022g) and which is
why the cCTt should be further adapted to grades 5-6 (El-Hamamsy et al., 2023b).

• The validation of CT assessments should include gender fairness analyses as we did
(El-Hamamsy et al., 2023b) in order to determine whether gender differences observed
in studies are truly due to differences between genders, or simply due to biases in the
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assessments.

• There should be means of comparing scores between assessments as we sought to
establish with the normalised z-scores in order to facilitate comparisons (El-Hamamsy
et al., 2023b). Such comparisons can be between studies to compare the effectiveness of
interventions, or over time with the same groups of students for longitudinal studies.

• There should be shorter variants of tests for faster administration, as we sought to
achieve with the proposed cCTt-17 and cCTt-15 established through Confirmatory
Factor Analysis in El-Hamamsy et al. (2022g).

Finally, the literature reviews conducted demonstrate the need to create variants of the same
tests to meet researchers’ needs, which should not only include shorter versions for faster
administration, but also equivalent versions to avoid retention between pre- and post- tests.

Thesis contributions with respect to RQ3.1

Development of a valid and reliable gender-fair CT-concepts’ assessment for grades
3-4, which may be further refined for grades 5-6, with recommendations for other
researchers involved in the design of CT assessments.

12.3.2 Establishing the impact of the CS curricular reform on equity (RQ3.2)

Having validated the cCTt, we then proceeded with the evaluation of student-level outcomes
through 4 major data collections (see Chapter 9 and El-Hamamsy et al. 2023d) in the region.
Over the course of the four data collections, we attempted to gather evidence of the effec-
tiveness of the reform in terms of learning and perception with as many comparisons as
possible with schools where students had not yet had access to CS education. We structure
the presentation of the main findings with respect to learning and then perception, with a
focus on impact and then equity for each in the following paragraphs.

In terms of impact on student learning, the findings point towards the fact that students
progress in terms of CT concepts over time. In particular, grade 3 students showed a year’s
worth of progress in the 6 months between pre- and post-tests (by reaching the level the grade 4
students had in the pre-test). Similarly, a significant difference is observed between students in
schools with access and without access to CS education on a state-wide exam. However, deeper
investigation into the factors influencing learning identified no direct link between what or
the amount of what was taught on learning. There was however a positive influence of the
teachers’ perception of the PD program on student learning. This is likely due to an influence
of teachers’ perception of the PD program, on the way they teach the content, and ultimately
on student learning. Possible differences in the way the content is taught could therefore
either be due to differences in terms of mastery of the concepts, or related to differences in
terms of appropriation, depth of change or implementation fidelity. Such elements should
therefore be included in any future investigation pertaining to outcomes of PD programs. In
terms of student learning equity, the findings suggest that the implementation of the reform
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contributes to achieving learning equity goals through three means. The first is reducing the
performance gap as students who had lower scores on the pre-test showed more improvement
over 6 months. The second is reducing the effect of teacher-level variables on student learning
as teacher demographics (including teaching and prior CS-related experience), perception of
CS, and motivation to teach CS did not have a significant impact on student learning. Finally,
there appears to be a progressive reduction in student-learning gender gaps over time, suggest-
ing that early access to CS education is important to address gender-related performance gaps.

In terms of impact on perception, both students in schools with and without access to CS
education had a positive perception of CS and the tools used to teach it (tablets, robots).
Interestingly, (i) student’s perception of CS and its tools is positively influenced when they
consider that their teachers and parents do CS, and (ii) teachers are more often perceived as
doing CS in schools with access to CS education. However, comparing the outcomes between
schools with and without access to CS education indicates that access influences the way the
discipline is perceived both positively and negatively. The impact is positive in terms interest
in CS, tablets and robots, with robotics being generally perceived more positively overall. The
impact on the other hand is negative for the perceived utility and self-efficacy with respect
to CS and tablets. Similarly, in terms of perception related equity, the findings indicate both
positive and negative trends. Gender gaps in particular exist for both students in schools with
and without access to CS education, with boys viewing CS and its tools (and in particular
robotics) more favourably than girls. On the one hand, access to CS education contributes to
increasing initially smaller gaps (mainly for CS and tablets) on the other hand access to CS edu-
cation contributes to decreasing, but not eliminating, initially larger gaps (mainly for robotics).
Nonetheless, the fact that the gender gaps are still present indicates that the CS pedagogical
activities may still need to be adapted to signal to both boys and girls equally, as stated by
Cheryan et al. (2017), in order to contribute to reducing all gender gaps. Nonetheless, the
decrease of robotics-related gender gaps support that robotics, and more broadly STEM edu-
cation, may benefit from an introduction into formal education through CS curricular reforms.

To conclude on RQ3.2, the findings provide a snapshot at a given point in time that indicates
that the reform appears to have a positive impact and contribute to equity on many fronts
which is promising for the project’s sustainability (Hubers, 2020). The effect however is neither
direct, nor guaranteed on all fronts. The evolution of learning and perception should therefore
be monitored over time to understand how a reform contributes to academic performance,
perception, and other metrics that have been found to affect students’ career decisions. Doing
so will help understand where additional efforts are required (e.g. by adapting PD programs,
pedagogical content, or by planning additional interventions to further reduce gender gaps)
to ultimately contribute to broadening participation in the field for all students. Doing so,
however, requires:

• A change in the way such assessments are perceived by practitioners, which for instance
in the context of the present curricular reform involves having easier access to control
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groups and data regarding teachers’ mastery of the concepts seen in the PD program.

• An objective means of assessing how the subject was taught (depth, appropriation),
which presently appears to be the missing link between adoption and student learning
in our models.

Therefore, we continue to support our argument that the evaluation of the outcomes of a
curricular reform and PD program must include an evaluation of student-level outcomes
which includes both perception and learning (and ideally learning on a broad spectrum which
includes CT concepts, practices, perspectives, transversal skills, and disciplinary learning,
many of which lack validated and scalable assessments). Such an evaluation requires expand-
ing the analysis to not only understand what is affected and how, but also why to understand
how to intervene accordingly.

Thesis contributions with respect to RQ3.2

Investigating how the reform contributes to equity in terms of learning and perception,
and demonstrating that the following elements are important to achieve equity and
broadening participation in the field:

• Introducing CS for all students starting the first years of formal education.

• Preparing the teachers to teach CS, removing the influence of teacher demo-
graphic and teacher motivational factors on student learning.

• Having activities that signal to girls and boys equally and that are in students’
Zone of Proximal Development in order to help all achieve the desired learning
objectives.

12.4 How can the reform be effectively sustained and scaled for
widespread deployment? (RQ4)

Although it appears so far that the implementation phase of the CS curricular reform project
was generally successful, a successful implementation phase is insufficient to guarantee that
the reform is sustainable (i.e. that the changes will persist over time) and scalable (i.e. that
the reform will adequately spread to all teachers in the region). Both being key to curricular
reform initiatives, we argued in Chapter 1 that both sustainability and scalability must be
considered from the start in the conception phase, and evaluated after the piloting phase to
ensure that the reform persists over time in all schools. This is what we strove to achieve in
Chapters 10 and 11 in order to complete the validation of the curricular reform framework.
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12.4.1 Investigating the sustainability of the curricular reform initiative (RQ4.1)

The sustainability analysis in Chapter 10 established a model to evaluate the sustainability of
a Digital Education reform (SADE) and the factors influencing it. The model indicates that
the sustainability of the reform depends on ensuring that teachers perceive the utility of the
reform, consider it easy to implement and are adequately supported in doing so. However,
based on Hubers et al. (2020)’s definition of sustainable changes, it appears that sustainability
in our case has not yet been reached in the fourth year of the reform as teachers’ practices
have not stabilised in the pilot schools. Although there is a progressive increase in the amount
of teachers introducing the concepts and the amount of time spent teaching CS in classrooms,
there is still a way to go before attaining the sustainability of the curricular reform. On the one
hand, the analysis in the context of the primary school reform indicates that teachers globally
consider that they have adequate support and feel that they are able to introduce the content
into their practice. On the other hand, the findings indicate that several barriers remain and
contribute to the risk that the reform not be sustained in the long term:

1. Teachers are not convinced that their students are learning as a result of introducing the
reform into their practices (in relation to the perceived utility vs. cost dimension in the SADE
model), a direct result of the fact that the discipline is not evaluated and that teachers were not
trained to evaluate student learning on CS. Training teachers to recognise student learning
is likely a key tenet both to perceive the utility of what is taught, and to adapt their teaching
according to evidence-based guidelines. Training teachers to recognise student learning,
however, requires understanding what types of assessment frameworks the teachers need and
how to introduce it to them during their PD. Although the cCTt can be employed by teachers to
recognise their students’ mastery of the underlying concepts, there are several limitations: the
administration time would be too high to regularly administer the test, there would be learning
effects in between administrations if done in too short intervals, the effect sizes observed
between those with and without access to CS education are small to medium which means that
there is a risk that teachers are unable to identify the progress in their classroom themselves,
even with access to such assessments. As a first step towards helping teachers identify learning
in CS-related contexts, we therefore investigated the introduction of a CT-practices assessment
to 232 in service and 102 pre-service teachers during their CS PD (Chevalier* et al., 2022).
These teachers were therefore introduced to the Creative Computational Problem Solving
model, a means of evaluating CT practices which provides insight into how to design and
intervene in a Computing learning activity (set in an educational robotics activity). The
findings of the study indicated that the PD session promoted teachers’ sense of utility, usability
and acceptability of the evaluation framework, in particular where planning an activity and
pedagogical intervention are concerned. However one session is not sufficient to ensure that
teachers are able to (i) recognise the impact of certain interventions on students’ cognitive
processes, (ii) use the framework to evaluate student learning and (iii) adapt their teaching
accordingly. Being trained to evaluate CT should therefore account for the fact that teachers
require time to appropriate and test CT-assessment tools. This introduction should therefore
be done throughout their PD and with sufficient time between sessions so teachers may be
able to put the assessments into practice.
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2. Teachers do not have dedicated in-class time to teach the discipline (in relation to the
support dimension in the SADE model), a prominent first-order barrier that must be resolved
by policy makers so that the reform be sustained. Although alternatives exist, such as in-
troducing CS as a support for other disciplines, but doing so requires demonstrating how
the CS pedagogical content may contribute to learning in other disciplines. This is what we
began investigating in three studies, one for educational robotics in geometry (Brender* et al.,
2021) and two for CS unplugged activities, one to foster maths related competencies and one
for spelling (El-Hamamsy et al., 2022c). Nonetheless, a considerable risk when introducing
a discipline transversally is that the underlying CS concepts end up not being taught, and
indirectly contribute to not achieving the learning objectives set out by the new curriculum.

3. Teachers still find it effortful to teach the content (in relation to the perceived ease of use
dimension in the SADE model), preferring to have instructional coaches teach the discipline
in their place. One option would therefore be to consider a model where, instead of having
generalist teachers teach the discipline, specialised teachers could come into schools and
teach the discipline to all students. Such an approach would have the benefit of facilitating
the implementation and deployment of the training program, and increase the likelihood that
all students have access to quality CS education, until a new generation of teachers who have
had access to CS education themselves complete pre-service PD and are able and willing to
teach the discipline themselves without it being overtly costly compared to others. Having
specialised teachers, however, (i) goes against the culture in the region where all primary
school teachers have the same qualifications and teach all disciplines and (ii) prevents all
teachers from gaining access to CS and tools which may be of use in other disciplines. Given
the importance of adapting the reform to the local culture (as we saw in the discussions
on co-constructing, sustaining and scaling reforms in Chapters 4, 10, 11), it would not be
a suitable solution for the present curricular reform. Another risk which is more general is
that having a subset of teachers in primary school teach the discipline will lead to students
perceiving their teachers less as CS role models (El-Hamamsy et al., 2023d), and possibly
thinking that the discipline is for a limited subset of people. An approach with specialised
teachers would therefore run the risk of going against the objective of reducing stereotypes
around the discipline and broadening participation to all.

A consequence of these last two points (lack of time and effort) is that primary school teachers
tend to adopt pedagogical activities that are close to their existing practices (i.e. mainly
unplugged activities) which raises two points of reflection:

• It is important to account for how teachers adopt CS education pedagogical content
and to have multiple instruction modalities with pedagogical activities that help cover
all the curricular objectives to ensure that students benefit irrespective of teachers’
preferences.

• It is complex to introduce programming activities, and even more to so introduce
ER-based programming activities into teachers’ practices. Indeed, we found that ER
activities took additional time (see Section 5.3) and were considered the least adapted
with respect to teachers’ existing practices when programming was involved (see Section
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10.4.2). To address this issue we explored and investigated the benefits of introducing a
Handwriting-based Programming Language (HPL) as a means of programming educa-
tional robots (El-Hamamsy et al., 2022e; Brender* et al., 2023). Over the course of two
studies we demonstrated the potential of the HPL in the context of formal education.
Indeed, the HPL is positively perceived by pre-service teachers (n=49) irrespective of
their background or prior experience, and express being interested in employing the
HPL in their practice (and even more than a tangible programming language). Further-
more, a quasi-experimental study with grades 5-6 students (n=143) demonstrated (i)
that students perceive the HPL positively, and as positively as those who used and evalu-
ated their experience with the Scratch programming languages and (ii) that students
progressed in terms of CT-concepts as much with the HPL as those who participated in
the classroom-based activities with the Scratch programming language.

The findings of the studies seeking to address sustainability barriers are promising as they
indicate that there is a means of addressing some of the remaining barriers to sustainability
without necessarily resorting to changes at the policy level. The studies do however raise
a much larger question regarding how to feed these findings back into ongoing or already
finalised curricular reform initiatives. Indeed, CS-curricular reforms are presently underway
and being deployed in many countries. A considerable challenge for all CS curricular reforms
is to continue to adapt the CS-related pedagogical content and teacher PD in the long term
to align with the advances in the state of the art. This brings us back to one of the issues
raised by Ertmer and Ottenbreit-Leftwich (2010) in the context of technology, but which re-
mains valid in the context of CS and more broadly Digital Education: “in general, teachers
are hesitant to adopt curricular and / or instructional innovations (Ponticell, 2003). This is
especially true of technology innovations because unlike curricular changes (e.g., everyday
math), which occur only periodically, technology tools and resources are constantly changing
(Straub, 2009).” Provided the challenges brought on by the wide-spread implementation of
the reform, it is important to consider how the system will be able to continue to adapt over
time (e.g. pedagogical resources, curricula, teacher professional development) to align with
the advances in CS education, technology and their impact on society, particularly since this
challenge is often specific to Digital Education.

To conclude on RQ4.1, we showed that to promote sustainability of a reform the curricular
reforms must ensure that teachers are able to introduce the discipline into their practices, and
that they sustain these changes, by:

• Ensuring that teachers have the capacity and self-efficacy to do so after the teacher PD
(in accordance with the curricular reform framework).

• Having access to adequate and sufficient in-school support which promotes adoption
(in accordance with the curricular reform framework).

• Having a dedicated hour in the grid to teach CS (an adjustment to the curricular reform
framework).
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• Ensuring that teachers have evidence of student learning (an adjustment to the PD
program).

• Considering CS as an evaluated discipline (an adjustment to the curricular reform
framework).

Thesis contributions with respect to RQ4.1

A model of the sustainable adoption of Digital Education pedagogical content which:

• Helps understand which factors continue to influence teachers’ decision to adopt
the discipline in the long term (perceived ease of use, perceived utility vs. costs,
access to sufficient support).

• Confirms the importance of considering the factors that influence teachers’
decisions from the start of reform initiatives.

• Can be employed to identify barriers to the sustainability of reform initiatives.

In the present case the model helped identify the following barriers for which we began
investigating solutions:

• Lack of time which we attempted to address by understanding how CS con-
tributes to learning in other disciplines.

• Lack of evidence of student learning for which we introduced teachers during
their PD to an assessment framework and investigated their perceived utility,
usability and acceptability of the framework.

• Requiring too much effort which results in teachers mainly resorting to teaching
activities that are close to their existing practices which we attempted to address
by proposing the Handwriting programming language.

12.4.2 Validating the scalability of the curricular reform initiative (RQ4.2)

Having established that the reform has not yet reached sustainability, identified the remaining
challenges to achieve sustainability, and begun to investigate strategies to address these
barriers, the final objective in this thesis was to investigate the scalability of the reform (RQ4.2).
To close the loop on the primary school reform we sought to determine how and to what extent
the reform could be effectively spread to the entire administrative region. Therefore, in Chapter
11 we investigated an adapted cascade model in collaboration with the project coordinators in
the RPP who proposed and implemented it. The adapted cascade model proposed is anchored
in recommendations from the literature and has the following characteristics which differ
from other cascade models in order to address known limitations:

• Having expert trainers who are ex-teachers from the field, who conceived and piloted
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the PD program (and are therefore the most credible), train the teacher-trainers and
handle the logistics of the deployment.

• Limiting the depth of the cascade model by having the expert trainers be in direct
contact with all teacher-trainers who will deploy the PD program in the region.

• Recruiting teacher-trainers from the region, and ideally the level of schooling targeted,
based on their motivation towards Digital Education and adult training, and ensuring
that they maintain a teaching position in order to remain linked with the field and
be able to test the content that they will disseminate in the PD program in their own
classrooms.

• Having the experts provide a prolonged initial PD to the teacher-trainers to help them
acquire the required competences in terms of Digital Education and adult training, all
the while remaining aware of the additional costs and time required to do so.

• Having the experts provide a continuing PD to the teacher-trainers throughout the
deployment to help them prepare for each PD session, support them while they are
delivering the PD session, debrief on their experience and adjust the PD program
accordingly.

• Deploying the PD program to teachers with pairs of teacher-trainers who go to the same
schools in order to establish relationships with teachers in the field.

• Employing instructional coaches in the schools where the PD program will be delivered
to support and collaborate with teachers in the implementation of the discipline and
help teacher-trainers organise and adapt the school-level teacher PD to the teachers’
needs (and more generally having links between all project partners, i.e. school leaders,
instructional coaches, teacher-trainers).

• Having action research as a core component to monitor the outcomes of the deployment,
and provide feedback to teacher-trainers and experts to adapt the teacher-trainer PD
and the teacher PD program.

• Ensuring that teacher-trainers interact with researchers so that they understand the
objectives, methodologies and engage in the process.

The objective was therefore to establish the effectiveness of this adapted cascade model for the
large scale deployment of the primary school curricular reform and propose recommendations
for improvements and open up avenues for future investigations. The investigation included
data from teacher-trainers who gave the deployment teachers’ PD, data from the deployment
teachers and data from the pilot teachers to establish the effectiveness in comparison to the pi-
lot program that was provided by the experts three years earlier. The findings indicate that the
deployment model effectively addresses most limitations of cascade model from the teacher-
trainers’ perspective (adequate trainer PD and support, motivation, self-efficacy, legitimacy),
and achieves positive teacher-outcomes (high perception, motivation and adoption) which are
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equivalent, and even better in certain regards, than those of the pilot teacher PD program pro-
vided by experts. Although teacher-level outcomes are positive, we do nonetheless lack insight
into the teacher-trainers’ implementation fidelity and the presence or absence of content dilu-
tion which should be investigated conjointly with teachers’ mastery of the concepts in order
to understand the impact of the changes related to having the teacher-trainers (and not the ex-
pert trainers) deliver the teacher PD. We therefore recommend, in addition to adapted cascade
model’s tenets presented above, that the teacher-trainers have more adult-trainer PD, official
recognition in their new roles, and that effort be put into ensuring that they have ownership of
the reform, one of the key elements of scalable reforms (Coburn, 2003), all the while mitigating
the effect of content dilution. Ensuring that teacher-trainers have ownership of the reform
would further improve the outcomes from their perspective and teacher-trainer retention.
One approach we proposed in El-Hamamsy* et al. (2023a) is to include teacher-trainers (who
are active teachers in the region) in the piloting phase of the curricular reform, and approach
which would additionally contribute to improving the alignment of the PD program with the
field and teachers’ reality. Researchers and practitioners seeking to implement and deploy a
large scale Digital Education curricular reform using the deployment model should however
consider it conjointly with the curricular reform framework investigated throughout this thesis.

To conclude on RQ4.2, to promote the scalability of a reform, we demonstrated the effective-
ness of the adapted cascade model and proposed avenues for future investigations that may
further validate and improve it. We consider that the adapted cascade model is a promising
means of spreading a Digital Education curricular reform to a large number of teachers, par-
ticularly considering that there are few experts nowadays.

Thesis contributions with respect to RQ4.2

A validation of the deployment framework which employs our adapted cascade model
for the effective spread of the curricular reform’s PD program with teacher-trainers.
Indeed, this deployment framework achieves results that are at least similar to those
obtained with expert trainers in the pilot phase.

More broadly with respect to RQ4, validating a pilot program’s outcomes should not be the
end of the monitoring related to curricular reforms. Evaluations at teacher and student levels
must persist over time and beyond the piloting phase. These evaluations should continue
while deploying at a large scale to continue to monitor and address barriers that arise over
time. More generally though, given the ever-changing societal contexts, it is highly likely that
teachers’ stance on technology, their needs, and the necessity of providing a complete Digital
Education will continue to evolve. We have observed such abrupt changes twice through-
out the thesis. The first event is the onset of COVID-19 which pushed students into remote
learning environments and required that both students and teachers master digital tools.
The second event is the emergence of ChatGPT which has prompted considerable debate
regarding how education will adapt to the increasing number of readily available disruptive
tools. It is therefore paramount to investigate how such changes affect society at large and
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education stakeholders in particular, in the hope that there will be a growing understanding,
and acceptance, that the rapid changes involved with technology require continuous adapta-
tions over time (e.g. through the emergence of new tools, topics, and instruction modalities
such as the Handwriting Programming Language). A collective understanding and acceptance
would undoubtedly play a role in fostering the effective, sustained and widespread implemen-
tation of CS-related curricular reforms. Indeed, a CS curricular reform is only the start of a
long journey which requires a considerable amount of flexibility and adaptability from all
stakeholders.

12.5 Concluding statements regarding the effective implementation
of a sustainable and scalable CS curricular reform

This thesis investigated the effectiveness of a CS curricular reform from conception to large
scale deployment. Our objective was to understand the underlying tenets and remaining
barriers to achieving the sustainable and scalable adoption of CS pedagogical content in
teachers’ practices with a positive impact on student learning and perception. On the one hand
the investigations involved conceptors of the curricular reform (project coordinators, trainers),
teachers and students and demonstrated how to co-construct an effective, sustainable and
scalable primary school CS curricular reform. On the other hand these investigations led
to the development and validation of frameworks and tools that help identify and address
the barriers to the effective implementation of a CS curricular reform. Therefore, the thesis
contributes to providing insight at different levels with:

• A framework for the sustainable and scalable implementation of the Computer Science
curricular reform in the curriculum by conducting investigations into major challenges
related to introducing CS into formal education at the primary school level and providing
recommendations to improve their outcomes.

• A model of short-term CS pedagogical content adoption (the TACS model) and mod-
elling the sustainable adoption of Digital Education pedagogical content (the SADE
model) which may be employed by those conceiving CS pedagogical content and CS
PD programs and curricular reforms to improve the likelihood of teacher adopting the
discipline in the short- and long-term.

• A validated CT-concepts’ assessment that is gender-fair and may be employed by those
seeking to evaluate student learning and gender gaps in terms of foundational CS
concepts in primary school (namely sequences, loops, if-else statements and while
statements).

• A new programming modality with the handwriting-based programming language that
improves primary school teachers’ acceptance of programming activities, including
those involving educational robots which are perceived as the least aligned with existing
practices.
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• Several validated surveys and published data sets accompanying the major studies
including in the thesis.

To the best of our knowledge no other efforts have organically investigated the perspectives
of such a wide array of stakeholders from conception to deployment. This approach helped
triangulate information between key stakeholders and gain a better understanding of the inter-
play between the different layers of the educational ecosystem. There are however additional
facets which should be accounted for when considering the implementation and evaluation
of widespread CS curricular reforms. Indeed, in addition to being highly interdisciplinary,
widespread reforms such as these involve stakeholders at numerous levels, and the investiga-
tions should include the additional perspectives of parents (at the classroom- / societal level),
instructional coaches and school leaders (at the school level), and institutional partners and
policy makers (at the district level).

Continuing to grow our understanding of all the factors that influence the outcomes of a
reform initiative, and of how best to tailor it to meet all stakeholders’ needs, will contribute to
the effective implementation, sustainability and scalability of reforms that have positive and
long-lasting student outcomes.
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