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Context With the introduction of computer science (CS) into curricula worldwide, teachers’ adoption of CS-pedagogical
content is essential to ensure the long-term success of reform initiatives. Continuing Professional Development (CPD)
programs play a key role in this process. Unfortunately, adoption is seldom evaluated in CS-CPDs, or CPDs in general. The
result is a dearth of studies i) modelling teachers’ adoption of CS-pedagogical content, or ii) investigating factors influencing
the uptake of this new discipline. Both aspects are crucial to design and characterise successful CPD programs.

Objectives We thus propose the Teachers’ Adoption of CS (TACS) model to investigate factors influencing the adoption of
CS-pedagogical content by teachers who are following a mandatory CS-CPD program. More specifically, the model proposes
that contextual factors (e.g. age, gender, and general teaching experience), prior factors (e.g. experience, and CS perception),
and acceptance factors (e.g. interest, and self-efficacy) may impact teachers’ adoption of CS-pedagogical content.

Methods The study included 180 grade 5-6 teachers (students aged 9-11) that were following a mandatory CS-CPD program.
The CS-CPD program involved participation in three day-long sessions distributed over the 2019-2020 academic year. In
between sessions, with the support of instructional coaches in the schools, teachers were encouraged, but not required, to
adopt the CS-pedagogical content. Therefore, during the CPD, and employing surveys based on the TACS model, we evaluated
teachers’ adoption of the proposed content and investigated how the different factors influenced it.

Results At the PD-level, the results indicate that self-efficacy and interest queried during the CS-CPD are indicative of
CS-pedagogical content adoption. To shed more light on the relationship between these metrics, a more in-depth analysis was
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conducted with n=92 teachers whose responses could be matched between sessions. While interest relates to how teachers
adopt CS-pedagogical content overall, both interest and self-efficacy are necessary to ensure the likelihood of a specific
activity being adopted. Finally, individual teacher characteristics appear to impact adoption, with teachers with low ICT
experience requiring onboarding, while middle-aged teachers require convincing to adopt CS-pedagogical content.

Conclusion 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 on the adoption of primary school CS-pedagogical content.

CCS Concepts: « Social and professional topics — Computer science education; K-12 education; Adult education.

Additional Key Words and Phrases: Adoption, pedagogical content, teacher professional development, Computer Science
Education, primary school, formal learning environments

1 INTRODUCTION AND RELATED WORK

Many initiatives worldwide have set their eyes on the integration of Computer Science (CS) into the curriculum.
Many consider that introducing CS for all will help students acquire “21st century skills”[91, p. 119], and thus
become active citizens capable of adapting, creating, communicating, and critically evaluating in today’s Digital
Society [94, 102]. Curricular reform! is essential to achieve this goal. Although many countries have launched CS
curricular reforms [4, 38, 41, 58, 94], a number have encountered obstacles that resulted in limited adoption of
the new content (e.g. in the UK [77, 87, 88], France [73], Spain [39], New Zealand [90], and Japan [64]). According
to Ertmer [30], obstacles to successful CS curricular reforms can be categorised as external or internal barriers.
External barriers include lack of time, resources, and adequate professional development [29, 31]. On the other
hand, internal barriers are personal and fundamental beliefs such as teachers’ pedagogical beliefs, technology
beliefs, and willingness to change [101]. Both types of barriers must be addressed through teacher professional
development programs to ensure successful curricular reform.

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. A first step therefore requires ensuring that CS Continuing Professional Development
(CPD) programs improve teachers’ perception of CS. Indeed, CS is often subject to age and gender related-
stereotypes [14, 25, 50] which can contribute to stereotype threat [82] and lead to what is called “computer
anxiety” [50]. CS-related stereotypes can thus negatively impact teachers’ perception of the training sessions, the
ability to focus when receiving related training, appropriation, and performance [42]. This issue is prominent at
the level of primary education, where most teachers are middle-aged women [83]. A second step thus requires
that CS professional development programs develop teachers’ self-efficacy [5]. Self-efficacy is defined as an
individual’s belief “in the capability to carry out desired courses of action in [service of a] valued goal” [53]. When
teacher self-efficacy is low, it is considered to be a prominent barrier to the integration of any innovation by
teachers. Self-efficacy can however be improved through professional development, even in a short period of time
[3, 7]. However, high self-efficacy does not imply that a teacher will practically introduce the new content into
their practice (referred to as adoption). That is why a third step involves verifying teachers’ intent to adopt the
content presented in professional development programs [44, 70]. Unfortunately, there are numerous limitations
to just 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
will ensue [61, 79]. Several studies have found that there is a non-negligible gap between intention and behaviour
[79]. As successful curricular change requires that teachers not just intend to, but actually teach the new content,

ICurricular reform encompasses the adaptation of study plans, assessments, and investment in sufficient and adequate teacher education and
learning environments
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it is critical to include a fourth step: verifying whether teachers are indeed adopting (i.e., teaching) the content
introduced in CS-CPD programs.

Although adoption is an aspect known to be crucial in the evaluation of training programs [36, 52], it is
complex to characterise [85] 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 CPDs exists. Indeed, most
CS-CPDs evaluate the evolution of self-efficacy [16, 45, 57]. While certain CS-CPDs also look into acceptance
[45], and intention to adopt [11, 70], there seems to be an agreement that their evaluations would benefit from
knowing what teachers did after the CPD [70]. 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 :

e focusing on the case of a voluntary CPD where teachers chose to sign up [10]
e evaluating adoption on a small subset [33, 47, 48, 68]
e being in a context where adoption was imposed [37, 59, 100]

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 two studies investigated the factors influencing the adoption of CS content
by teachers [27, 73]. Following a mandatory CS curricular reform in France, Roche [73] surveyed 600 teachers on
their acceptance of the discipline and evaluated the factors influencing teachers’ adoption of the discipline. They
found that prior experience had a significant effect on adoption, unlike gender, diploma, and general teaching
experience. The most predictive factors were the conviction that the discipline was important and the perceived
ease of use of the technology. More recently, El-Hamamsy et al. [27] evaluated a mandatory CS-CPD program
that employed Educational Robotics (ER) as a means to teach core CS concepts. Teachers were free to adopt (or
not) the content and their adoption over two years was queried. The findings indicated that teachers adopted
the ER content irrespective of the teachers’ background (age, gender, teaching experience, ICT experience, or
robotics experience). Unfortunately, the teachers’ adoption could not be linked back to their perception of the
content during the CS-CPD.

In this article, we build on the work done in [29], by evaluating a mandatory CS-CPD and:

e including insight into teachers’ perception of the content,
o looking into the links between perception and adoption,
e investigating how perception and adoption are influenced by other factors.

More specifically, we evaluate the adoption of CS-pedagogical content by grade 5-6 teachers following a
mandatory CS-CPD spread out over 3 days in the 2019-2020 academic year. Evaluating adoption at this level is
of interest for two main reasons. Firstly, CS is being introduced at all levels of primary education as part of the
mandatory curriculum; thus, generalist teachers, with little prior CS experience, are expected to teach CS content.
Secondly, grade 5-6 teachers in these schools appear to adopt CS content less than their grade 1-4 counterparts in
the first year of the CPD (approximately 60% versus 97% respectively, see Sections 3 and 4, and [29]). 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 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.

More formally, our research questions are:
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e RQ1 - The PD perspective: What are teachers in grades 5 and 6 adopting and how (i.e., how long, when,
with or without peer-support)? Can we establish PD-level proxies for adoption?

e RQ2 - The Activity Perspective: Can the perception of an activity predict the likelihood that it will be
adopted by a given grade 5-6 teacher?

® RQ3 - The Teacher Perspective: How does adoption differ between teachers in grades 5-6? Is there an
underlying pattern allowing us to characterise different adoption profiles?

The analysis is based on our model of Teacher Adoption of Computer Science (TACS, see Fig. 1), an adaptation
of Technology Acceptance Models (TAMs, [51]) 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 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 relies on an unbiased selection of
grades 5-6 teachers enroled in a mandatory CS-CPD program. Indeed, the CS-CPD program to train grade 5-6
teachers is part of a larger regional pilot program [29] aiming to introduce CS into compulsory education for all
teachers. 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.

2 THE MODEL OF TEACHER ADOPTION OF CS (TACS) PEDAGOGICAL CONTENT

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 pedagogical content in the context of curricular
reforms and CPD, despite its known importance [36, 52]. However, there exists an extensive literature on the
acceptance of innovation and of information systems, that can serve as a basis to model teachers’ adoption of
CS-pedagogical content. Indeed, Straub [85] 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, [22, 23]), have been used in various contexts, including educational settings [85],
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. 1) which expandson the original TAM. Two levels of modifications are proposed to improve the alignment
of the TACS with respect to the context 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 [23]. This is because self-efficacy is considered to be “similar outcome judgement”
[85], all the while being more commonly employed in pedagogical settings [16, 45, 57]. 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 believe that "doing something because it is
inherently interesting or enjoyable" [75], as opposed to "doing something because it leads to a separable outcome"
(i.e., extrinsic motivation, [75]), may have a significant impact 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
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Fig. 1. 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.

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 proposed by King and
He [51] in their meta-review on TAMs.

Prior factors are, according to King and He [51], “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 [73].

Contextual factors, according to King and He [51], 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.

ACM Trans. Comput. Educ.
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Age and gender were included due to the prevalence of age and gender stereotypes around CS [14, 25, 42, 50].
Indeed, stereotype threat theory stipulates that the mere knowledge that a stereotype exists is sufficient to
induce it. As stated by Spencer et al. [82] “when members of a stigmatised group find themselves in a situation
where negative 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” [76]. 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 [51] 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 the adoption of the CS-pedagogical content, which differs from
the usage of technology present in most adaptations of TAMs [51]. 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 [75]. 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. 1.

ACM Trans. Comput. Educ.
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3 METHODOLOGY

This section describes the CPD program in which the study took place (see Section 3.1), the participants and data
collection (see Section 3.2) and the evaluation approach employed to better understand adoption of CS-pedagogical
content and the influencing factors in primary school (see Section 3.3).

3.1 Context

To integrate CS into the curriculum, a state-level initiative was put under way in the Canton Vaud in Switzerland
to introduce the new discipline starting early primary school. Based on the CS and Robotics Integration Model
[29], the CS-curricular reform relies on a pilot program prior to large-scale deployment within a research
practice partnership [60]. The objective of the pilot is to evaluate the effectiveness of the hands-on CS-CPD and
corresponding curriculum with all teachers from a subset of schools in the region. As part of a research-practice
partnership, researchers and practitioners work hand in hand to iteratively refine the proposed curriculum and
CPD based on data acquired in the field. One axis of research is that of the adoption of CS content into teacher
practices, with identification of major barriers hindering adoption.

3.1.1 CS-CPD guiding principles. In the present study, we are interested in the case of the CS-CPD for grades 5
and 6 that is based on training principles [29] anchored in i) the practitioners” expertise as curriculum designers
and in adult education, and ii) the literature on professional development [20, 24, 49, 72].

According to these principles, the CPD sessions should be collaborative and promote co-construction. As teachers
are considered to be “both the recipient of project interventions and a critical voice within the project” [60],
“teachers may participate in design work to create classroom materials or take on leadership roles within the
[research practice partnership]”. There are numerous benefits to extending the research practice partnership
to teachers. By giving teachers an active role in the curricular reform, we can promote openness, trust, and
communication between all stakeholders [24], ultimately increasing the likelihood of the reform’s success [28].
Integrating such co-construction in the curricular reform requires flexibility and having a CPD that is both

adapted and adaptable [24].

The CPD is adapted by providing developmentally appropriate content for grades 5-6 which can be seamlessly
integrated in the curriculum. Such an approach contributes to “remov[ing] apprehension [1, 49], help[ing]
teachers feel more confident and promot[ing] teacher acceptance [2, 43, 49]” [29]. Indeed the CPD is designed
to be active and dynamic and close to the pedagogy employed by teachers in their teaching. The sessions thus
include an equilibrium between theoretical and practical hands-on sessions. The theoretical sessions aim to
equip teachers with core CS concepts and develop their Technological Pedagogical and Content Knowledge [54].
The practical sessions on the other hand aim to provide teachers pedagogical content (or activities) that can
be easily transposed to the classroom (including the required material resources so that teachers may directly
implement the activities in their classrooms after each PD session). Most activities are unplugged “kinaesthetic
instructional games that are not transmissive, but allow students to extract and build their own knowledge from
their experiences and projects” [29].

The CPD program is adaptable and promotes open exchanges between practitioners to iteratively refine the
program. In particular, teachers are encouraged to provide feedback throughout the program to continuously
adapt the CPD format and content to their needs. This is related to the importance of ensuring that teachers are
reassured and in confidence with respect to the CPD and themselves. Indeed, teachers need to trust the trainers
who are experts in CS and teacher training and engage in open dialogues. Teachers must also be confident
in themselves and their capacity to introduce the content into their practice [103]. The latter is in large part
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dependent on providing adequate support in the schools.

Ensuring continued support is an element that is considered to be key to the sustainability of curricular reforms
[15]. It is thus essential to accompany and support teachers both during and beyond the implementation of the
curricular reform. In the present context, support is ensured at the individual school level by training selected
teachers to become instructional coaches [20, 21, 84, 99] to support teachers in both the implementation phase
of the reform and in the long term (with full funding from the department of education) [9]. These instruc-
tional coaches are considered critical actors to the successful integration of CS as a new discipline in schools [9, 29].

Abiding by the suss-mentioned training principles is essential as CS is being progressively introduced into the
curriculum for all students in K-12 in the Canton of Vaud (approximately 90’000 students). This means that the
CS-CPD is mandatory for all teachers in the administrative region, regardless of their prior interest or experience
in the field. The present initiative thus differs significantly from voluntary CPD programs and runs the risk of
encountering greater resistance by teachers.

3.1.2  CS-CPD Format and content. The grade 5-6 CS-CPD was designed to progressively introduce teachers to
core CS concepts and CS-learning activities. The teachers were provided the pedagogical resources and materials
required to integrate the student activities (see Table 1) in their classrooms. To give teachers time to appropriate
and test the activities in their classrooms, the CS-CPD pilot was organised into 4 day-long sessions spread over
the 2019-2020 academic year. Fach session addressed more advanced CS concepts and included a balance between
theory and practical hands-on learning activities. Unfortunately, the fourth session of the CS-CPD was cancelled
due to COVID-19. This article thus focuses on the evaluation of the content of the first two sessions of the
CS-CPD and their adoption by the second and third sessions. The content of these first two sessions was mainly
focused on CS unplugged-type (CSU) activities [6] with the addition of one plugged visual programming activity
(Scratch Jr [34]). The content provided during the first two CS-CPD sessions for which we evaluate adoption
are provided in Table 12. Please note that while the CPD was mandatory, the adoption of the content was fully
voluntary: teachers could adopt all, some, or none of the proposed activities.

3.2 Participants and Data Collection

As mentioned previously, the regional digital education curricular reform is headed by the Department of
Education and intends to introduce CS to all K-12 students. As such, all grade 5-6 teachers (students aged 9-11)
from 11 pilot schools were required to participate in the mandatory CS-CPD in the 2019-2020 school year.
Approximately 180 in-service teachers from grades 5 and 6 from 11 schools participated in the pilot CS-CPD.
At the end of each training session, the teachers electronically responded to a survey, with overall consistently
high response rates (see Table 2). Pseudonymisation was employed to link the responses from session to session,
however, few teachers consistently provided the IDs over the three sessions (92 teachers, i.e., 14 men and 78
women). As such, the analysis at the PD-level (RQ1), which does not require linking responses between sessions,
is conducted on the full set of responses. However, the analyses at the activity level (RQ2) and teacher level
(RQ3), which are longitudinal, rely on the smaller set of consistently tracked respondents. Although there is a
risk of self-selection bias, the age and gender distributions are the same in the full and smaller subsets (for age:
Hrull = 37.8 = 10.7, figupser = 38.0 + 11.3; for gender: piryy = 85.0%, fsubser = 84.8%). Finally, the analysis does
not distinguish between teachers who decided not to adopt, and those who reported not being able to adopt.

2The content from the third CS-CPD session is not presented as we did not evaluate the adoption of these activities (due to the fourth
session being cancelled). These are thus not relevant to the present study. Nonetheless the up-to-date Digital Education curriculum can be
accessed at https://www.plandetudes.ch/web/guest/education-numerique, the 2021-2022 version the pedagogical content can be accessed at
https://www.vd.ch/fileadmin/user_upload/accueil/Communique_presse/decodage.pdf
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Table 1. CS-CPD content.

Session Module Type Description Student
interactions

1 CSconcepts  Theoretical  Theoretical introduction to the notions of algorithms & pro- -

lecture grams, machines & networks, information & data
Square CT & Hands-on Computational thinking activity focusing on the discovery of ~ Classroom
algorithms 1 learning algorithms (instructions, programs, languages) through an em-  level activity
activity bodied activity using 27 felt tiles which vary on three criteria:
shape (3), colour (3), number of cut-outs (1, 2 or 3)
Sorting Hands-on Presentation of different sorting algorithms (without any rules, ~ Groups of 4
algorithms learning bubble sort, insertion, and selection), and application to sort
activity data and understand the differences between the algorithms
Encoding 1 Hands-on Introduction to the notion of pixels, resolution and information Groups of
learning compression using black and white grids. This is followed by 2-3
activity an introduction to encryption using Caesar’s code
Didactics Theoretical ~ Links between the CS concepts, pedagogical resources and -
lecture learning objectives for grades 5-6

2 Square CT & Hands-on Introduction to boolean logic (AND versus OR), conditional ~ Classroom

algorithms 2 learning statements, and the different means of representing algorithms level activity
activity (using flowcharts)
Scratch Jr Hands-on Introduction to Scratch visual programming language witha  Groups of 2
learning focus on the concepts of loops, conditionals and events
activity
Encoding 2 Hands-on Introduction to binary systems and how you can encode num-  Individual
learning bers and letters in binary
activity
Networks Hands-on Classroom activity to set up a communication protocol and  Classroom
learning understand the concepts of sender, recipient, data, address, level activity
activity router, encryption and security
Bebras Hands-on Solving CS and CT problems using resources from the Bebras ~ Groups of 2
Challenge learning challenge [19]
activity

Indeed, several teachers mentioned notadopting CS content for various reasons (e.g. sharing their classroom with
another teacher, or only teaching a few hours a week). Excluding teachers based on the explanations provided for
non-adoption runs the risk of introducing biases in the definition of someone who cannot adopt. By incorporating
teachers who reportedly could not adopt in the analyses, the number of non-adopters is possibly higher than it
should be. As a result, the computed adoption rates are a lower bound estimate of the true adoption rates.

Table 2. Number of teachers participating in the data collection by training session

. . Number of Responses Number of Teachers Consistently
Training Sessions . 1.
Providing IDs
(PD-level Analysis) (Activity & Teacher Analyses)
Session 1 (Sept. 2019) 165 92
Session 2 (Nov. 2019) 177 92
Session 3 (Feb. 2020) 170 92

ACM Trans. Comput. Educ.
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3.3  Metrics

A quantitative approach was employed to evaluate adoption in the context of the pilot CS-CPD along the factors
described in the TACS (see Table 3). The list of all the survey items and details regarding their rationale and
sampling methodology are provided in Table 4. Contextual and prior factors were measured at the beginning of
the CPD and are constant per individual. Acceptance and consequent factors were measured during the CPD at
the level of each activity. Indeed, at the end of each training session, teachers rated their perception of the content
in terms of interest and self-efficacy. Utility was not included in the present analysis as it is de-facto imposed by
the fact that the proposed content will become part of the standard curriculum. Similarly, since the objective was
to assess adoption, the decision was taken to directly query the latter rather than the intermediate intent variable.
As teachers are not required to adopt the content, adoption was queried during the CPD incrementally from the
second training session. Teachers were thus asked to provide information regarding the up-to-date adoption of
the content seen in the previous sessions, including:

e When the CS-activities were taught, to understand whether the discipline could be introduced transversally.
This relates to the question of time, a frequent barrier to the adoption of innovation. Indeed, multiple
researchers and practitioners argue that CS content can and should be introduced transversally [32, 58, 95]
as teachers cannot easily make time for it in the curriculum. This is particularly the case in primary school
as teachers are generalists and teach all subjects to their class.

e How much time teachers devoted to teaching the CS-activities in their classrooms (number of periods - i.e.,
time spent in units of 45 minutes). While the theory of diffusion of innovation [74] looks at adoption from
a temporal perspective, here the temporality is provided by the CPD and the time between sessions. The
study here requires considering the extent to which teachers integrate the content into their practice.

o Whether the teachers were accompanied by instructional coaches that were trained to support them in the
program. These instructional coaches are considered critical for the successful integration of CS as a new
discipline in schools [9, 29].

o Whether the teachers taught the content with the entire class or half of the class. This pertains to difficulties
orchestrating such kinaesthetic and collaborative activities in classrooms [78].

o Teachers’ enjoyment while adopting the content [75], which as indicated in Section 2 may be indicative of
future sustained adoption [15].

Provided the diversity of content presented in the CPD, the variability in the adoption of said content, our
analysis looks to expands beyond binary adoption metrics. To that effect, more elaborate adoption metrics are
employed, in particular, for the teacher perspective’s analysis (RQ3).

ACM Trans. Comput. Educ.
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Table 4. Synthesis indicating when each factor of the TACS was measured with respect to the training sessions.

Session 1 Session 2 Session 3
Prior factors Prior perception of CS and
its perceived utility
Contextual factors Age, gender, teaching
experience and ICT
experience
Acceptance factors Perception of session 1 Perception of session 2 Perception of session 3
content content content
Consequent factors Adoption of session 1 Adoption of session 1 and
content session 2 content

Specifically, we use the adoption “seriousness” metric,’ first presented by El-Hamamsy et al. [27]. The adoption
“seriousness” metric breaks adoption into three components:

e quantity : number of different activities conducted

o 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-CPD

o frequency: average number of periods conducted per week

As described in [27], 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:

e 0 is attributed to non-adopters, i.e., teachers who did not teach any of the CS-CPD activities
e 1 is attributed to the bottom third of adopters

e 2 is attributed to the intermediate third of adopters

e 3 to the top third of adopters

These scores are then combined to construct the global unique adoption “seriousness” metric, which charac-
terises 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 [46], nor regarding the 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. [62]
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 [15] of the enacted change in their practice. The term “serious”, as
the term adoption, does not reflect on the teachers’ pedagogy, or on their appropriation of the content.

Starting with the component-level analysis, the groups of adopters are tested for significant differences with
respect to acceptance, prior, and contextual factors. As contextual, prior and acceptance factors do not satisfy the
normality criterion (Shapiro-Wilk test p < 0.05), Kruskal Wallis’ one-way analysis of variance is then employed
to compare the distributions between groups of adoption “seriousness”. If a significant difference is found for a

5The theory of diffusion of innovation [74] to characterise adoption on the temporal scale. In this case, the objective was to characterise the
extent to which a teacher adopts the CS content. To denote this scale, a previous publication introduced the notion of adoption “seriousness”
[27]. The term is used in quotations to emphasise the fact that it has no link with the teachers’ relation to their profession and teaching.
“Seriousness” is intended as an indicator of the teachers’ involvement in the adoption of CS-content, which we believe may be indicative of
sustainability [15].

ACM Trans. Comput. Educ.
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given factor, Dunn’s test for multiple comparisons is employed to determine between which specific groups the
difference is significant. In all cases, Benjamini-Hochberg’s p-value correction for multiple comparisons is applied.

4 RESULTS
4.1 RQ1 - The PD perspective: Understanding what is adopted and how

Table 5 provides a synthesis of the adoption demographics. 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 [29]. 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 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). 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 [10, 12, 29].

Regarding the adopters, teachers were asked when they conducted the CS activities, since there was no dedicated
hour in the schedule. 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 [28]. 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 “zero-sum game, where adding a subject means something else needs to be removed” [65]. 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) [69, 92]. It
would thus seem that practitioners developing CS-pedagogical content for formal education should find a balance
between introducing [65]:

e CSasits 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.

e CSin 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.

The CS activities are not equally adopted by teachers, with 50% of the CS activities having been taught with
a pedagogically meaningful duration (i.e., at least 2 periods, median= 2, y = 2.9 + 2.5). Table 6 highlights the
differences between activities, suggesting that some may be easier to adopt than others. The difference in the
number of periods and the proportion of teachers adopting the content leads to large differences in the total
number of periods conducted per activity (see Table 6). In particular, the activities with the highest average
confidence and interest scores are the most adopted in terms of the number of adopters (Spearman p(interest,
adopters) = 0.69, p = 0.058; p(self-efficacy, adopters) = 0.71, p = 0.047) and the total number of periods (Spearman
p(interest, periods) = 0.74, p = 0.037; p(self-efficacy, periods) = 0.86, p = 0.007). Although 45% of the teachers
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Table 5. 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 ~ Maths 33% (32/96) 55% (47/85) 44% (79/181)
CS content during
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 Lack of time and / or 55% (39/71) 40% (32/80) -

following barriers

other priorities
Confidence
Enjoyment

No adoption for an-
other reason

17% (12/71)
7% (5/71)
42% (30/71)

24% (19/80)
1% (1/80)
35% (28/80)

were accompanied at least in one activity (by other teachers or instructional coaches), this is not related to lower
self-efficacy. The lack of correlation 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 cap-
tured by the measured self-efficacy, or the 4-point Likert scale does not provide sufficient 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 [15].

Table 6. Number of periods conducted per activity in relation to interest, self-efficacy, and the number of teachers having

adopted.

Session - Activ- Average interest Average self-efficacy Number of Number of  Average number of
ity (4-Point Likert) (4-Point Likert) adopters periods 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 3.07 £0.72 2.93+0.85 23 48 2.09 £0.85
Challenge

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
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The analysis conducted within RQ1 highlights the importance of two factors that can impact the successful
and sustained introduction of CS into the curriculum for all. First, it is essential to ensure that teachers have
enough time allocated in their schedule to adopt the content, an essential component of effective PD [66] which
is frequently referred to as a barrier to introducing new computing-related curricula [71]. Second, CPDs should
consider providing content that may more easily be linked to the learning objectives of other disciplines or
transversal competencies [65]. Indeed, lack of time was the main reason for non-adoption, and only 6% of the
adopters were able to teach the CS content without taking time from other disciplines. Moreover, the need for
peer support (45% of adopters) requires accurate time management for the supporting personnel (i.e. instructional
coaches) as well [9]. Supporting personnel [15, 67, 80] and communities of practice within schools [56, 101, 104]
have indeed been found to be key to sustaining changes in teachers’ practices. Finally, the analysis of Table 6
reveals that the extent to which an activity is adopted by the cohort of teachers can be related to the teachers’
overall interest and self-efficacy responses reported during the training sessions for said activity. This finding
strengthens the link between the acceptance and consequent factors in the TACS model. This finding also suggests
that, at least for CS Unplugged activities, CS-CPDs that cannot directly query adoption could use these metrics
as reliable proxies. Such proxies could be particularly beneficial for those conceiving CPD programs, as they
indicate which activities still require refinement to ensure adoption by teachers.

4.2 RQ2 - The Activity Perspective: predicting the likelihood that a teacher adopts a specific activity

In RQ1 we investigated the aggregate interest and self-efficacy responses and their relationship with the overall
adoption level of all teachers in the PD-program. Within RQ2 we look to build upon the previous findings and
look at the individual self-efficacy and interest responses reported per teacher per activity. The objective is 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 aggregation of the responses
for interest, self-efficacy, and number of periods, and their correlation, are shown in Fig. 2. The results show
that the likelihood of an activity being adopted increases with the self-efficacy and interest responses of a given
activity and teacher. More specifically, teachers in the low self-efficacy and interest regions tend to adopt less (Fig.
2 B, C). Furthermore, the correlation between self-efficacy and interest with the number of periods conducted
by a teacher is positive, albeit low (Spearman p(interest, periods)= 0.139,p = 0.040; Spearman p(self-efficacy,
periods)= 0.305, p < 0.001), Fig. 2 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 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. 3, and is characterised as follows:

o Cluster 0 (134 data points): Negative self-efficacy, regardless of interest.
o Cluster 1 (330 data points): Positive self-efficacy and low interest.
o Cluster 2 (456 data points): Positive self-efficacy and high interest.
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A. Teacher B. Number of
responses adopters

Strongly 0 1

Strongly 1 2 90 29
agree agree
60
3 Agree 1 28 200 O  Agree 0 3
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] |
E Disagree 2 29 65 10 - 100 g Disagree 0 3 8 0 -20
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disagree disagree
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Fig. 2. 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.

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.

To answer RQ2 the analysis considers the responses of individual teachers to see how self-efficacy and interest

metrics (TACS’s acceptance factors) influenced the likelihood of adopting a given activity (TACS’s consequent
factor). The results provide additional nuance to RQ1 by showing that self-efficacy and interest are both necessary,

ACM Trans. Comput. Educ.



The TACS Model: Understanding Primary School Teachers” Adoption of Computer Science Pedagogical Content « 17

A. Distribution of the clusters

B. Distribution of periods per cluster
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Fig. 3. Hierarchical clustering on self-efficacy and interest responses (left), with corresponding number of periods (centre)
and reported enjoyment by the adopters (right). 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.

but insufficient, to guarantee adoption.

4.3 RQ3 - The Teacher Perspective: Understanding different profiles of adoption seriousness

While interest and self-efficacy influence adoption, individual factors play a role in determining which activities
a teacher adopts (or not), and how. The objective of RQ3 is thus to shed some light on the factors causing the
differences in the manner and extent to which teachers adopt.

4.3.1 Patterns of non-adoption. A first step in this direction is to try and characterise teachers who do not adopt
any of the proposed activities. To this end, two approaches were considered:

o The top-down approach: looking at the reasons provided by the teachers for non-adoption, checking
whether consistent trends emerge.

o The bottom-up approach: identifying reticent teachers at the start of the CPD on the basis of their perception
of the discipline and observing whether self-reported reticence is indicative of future non-adoption.

Considering reasons reported by teachers for non-adoption (top-down approach), while time and other priori-
ties were the most prominent, they seem to be too time dependent to be reliably indicative of non-adoption at a
PD-level. To illustrate, approximately one-third of the teachers who provided either of these motivations in the
second training session continued to carry out activities before the third. Following the bottom-up approach,
we identified 15 reticent teachers at the beginning of the CPD program (i.e., teachers who reported having a
negative perception of CS prior to the beginning of the program). Among these, 7 could be tracked to Session 2
and only 5 up to Session 3. Indeed, 4 of them adopted at least one activity between Session 1 and Session 2, but
none adopted activities between Session 2 and Session 3. While the sample is too small to draw any meaningful
conclusion, we can hypothesise that these initially reticent teachers constitute a portion of those who test the
content briefly and do not adopt later.
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The two approaches highlight the diversity in the pool of non-adopters, and consequently the complexity
when it comes to identifying the reasons behind non-adoption. As we explore in the following, adopters are also
a very heterogeneous group.

4.3.2 Characterising adoption seriousness. To try and grasp the nuances within the group of adopters, we
constructed a more elaborate teacher profile using the adoption “seriousness” metric (see Section 3.3) and its
individual components. The intuition was that teachers may not differ solely on whether or not they are adopting
(i.e., teaching an activity or not), and when, but also on the extent to which they adopt. 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 3.3, 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.

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 7). Considering the acceptance factors, interest appears to be significant, contrary to self-efficacy. The
findings therefore seem to nuance the hypothesis 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 7. 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=0092,H=96 p=0.048 H=11.8 p=0.009, H=159
Gender p=0472,H=29 p=082,H=09  p=0907,H=0.6
ICT Experience p=0472,H=3.3 p=0.519,H=3.0 p=0.026, H=10.7

Teaching Experience p=0.193, H=7.0 p=10.048, H=11.0 p=10.024, H=11.5
Prior CS perception p=0472,H=4.2 p=0.369, H=438 p=0.627, H=2.5

Prior CS utility p=0559,H=21 p=00634,H=2.1 p=0842,H=13
Average self-efficacy p=0472,H=3.0 p=0.445H =39 p=0.179, H = 6.0
Average interest p=0.092,H=95 p=0.069 H=9.3 p=0.024, H=12.2

To investigate the underlying patterns, Fig. 4 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. 4.

Age (top row in Fig. 4) differs significantly for the following groups, thus appearing to indicate that “seriousness”
increases with age :
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e Low- and high-adopters for quantity and completeness, with high-adopters being older on average.
e Non- and medium-adopters in frequency, with medium-adopters being older on average
e Low- and medium-adopters on frequency, with medium-adopters being older on average

Teaching experience (second row in Fig. 4) 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. 4) differs for the frequency component between low- and medium-adopters,
with the latter having more ICT experience.

Finally, interest (last row in Fig. 4) helps discriminate between the following groups and shows that higher
interest is indicative of a teacher adopting more activities:

e non-adopters from all types of adopters for the quantity component.
e non-adopters from low and high-adopters on the completeness component
e non-adopters from medium and high-adopters on the frequency component

The overall “adoption seriousness” metric is the compound of the relative grading based on the three components
of Quantity, Completeness and Frequency as described in Section 3.3. 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. 5. 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. 5 - A). To facilitate the interpretation of these regions, we introduce an additional
boundary (see Fig. 5 - B), which partitions the space into four regions:

e 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:

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

e 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.

e 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. 5 - C
and used to calculate y*’s test of independence. The test confirmed that the regions were not independent with
respect to adoption “seriousness” (Pearson test, y2(9) = 22, p = 0.008; Log-likelihood, y2(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. 5).
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.
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Fig. 4. 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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Fig. 5. Scatter plot of the adoption “seriousness” metric with respect to age and ICT experience (left) and manual correction
(center). Teachers’ distribution over adoption “seriousness” and the corrected regions (right).

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). 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.

(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. [81], 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” [93].

(4) Teachers may have wanted to wait for a colleague to test out an activity, and get their input, before adopting
it themselves. As stated by Thomas et al. [89], “some researchers have noted that teachers can become
interested in an innovation long after it has already 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”.
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Fig. 6. Number of adopters per activity, with respect to the adoption “seriousness” profile.

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. [86] 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 [74]. The case of the “Scratch Jr” activity, the only visual programming activity proposed, 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 [27, 29, 63].
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.

4.3.3  Synthesis. In RQ3, the objective was to gain insight into factors that can help predict adoption patterns.
While the analyses of non-adopters were inconclusive, the adoption “seriousness” approach [27] helped establish
teacher profiles based on 3 components (quantity, completeness and frequency). These teacher profiles provided
insight into the relationship between the TACS’s prior and contextual factors with adoption. The “seriousness”
approach; in line with the previous analyses, confirmed that teachers’ interest (rather than self-efficacy) is a
key factor towards inferring whether a teacher is likely to adopt seriously or not. 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 confident and supported in integration of the specific activity in their practice.
Concerning contextual factors, gender, unlike age and teaching experience, was found to have no impact on
adoption. Similarly, prior perception of CS was found to have no impact on adoption, unlike prior ICT experience.
The absence of gender differences and an effect of prior perception of the discipline on adoption in a CS-CPD may
appear surprising and in contrast to prior findings [44]. We believe that this result is indicative of the success of
the program which followed well established guidelines [29] to on-board teachers. Characterising non-adopters
and low-adopters versus medium and high-adopters on age and prior ICT experience helped identify four regions,
which differed significantly in terms of their overall adoption seriousness. Two of these groups represented 80% of

ACM Trans. Comput. Educ.



The TACS Model: Understanding Primary School Teachers” Adoption of Computer Science Pedagogical Content « 23

the high-adopters (Regions 3 and 4), while the other two included 75% of the non-adopters (Regions 1 and 2). 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 even computer anxiety in these age groups [17, 18, 55]. However, please note that there seems to be a
lack of consensus on that point [8, 25], 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-CPD prior to a CS-CPD. On the other hand teachers who do not lack ICT experience
likely require more persuasion at the start of the CS-CPD, especially considering the role that interest (and
likely intrinsic motivation more broadly) plays in adoption. Finally, when considering the activities that teachers
adopted with respect to their adoption seriousness, the less serious teachers tended to focus on a limited number
of activities. These activities incidentally corresponded to those presented in the first session of the CS-CPD,
since few less “serious” teachers adopted content from the second session of the CS-CPD. Activities from the first
session likely required the least CS content knowledge, and were easier to teach, as the objective of the CPD was
to progressively build up the teachers’ pedagogical content knowledge. This suggests the importance of includ-
ing “entry-level” activities in all sessions, to engage low-adopters during the CPD, and not just in the first sessions.

5 DISCUSSION

Few studies evaluate the adoption of pedagogical content, and the factors that influence adoption, despite their
known importance in the evaluation of professional development programs and curricular reforms [36, 52]. As
such, we lack a comprehensive model of CS-pedagogical content adoption in the context of teacher professional
development programs and curricular reforms. Such a model would benefit practitioners developing professional
development programs by identifying barriers to adoption and tailoring CPDs 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.

Drawing inspiration from Technology Acceptance Models (TAM), we created the Teachers’ Adoption of CS
(TACS) model (see Section 2). The TACS model includes multiple adjustments to the core of TAMs, in addition to
the inclusion of prior, contextual, and consequent factors [51]. The adaptations to the core of the model (which
we refer to as acceptance factors) include the following:

o Considering self-efficacy in place of ease of use, since self-efficacy is frequently assessed in CS-CPDs
development programs. The analyses conducted did indeed confirm that self-efficacy was necessary to
ensure the adoption of a given activity.

e Introducing interest, which we believed played a key role in a teacher’s decision to adopt CS content. The
addition of interest reflects the fact that teachers have both time constraints and curricular objectives
to achieve, in addition to the full freedom to choose between multiple activities daily. As reflected in
our activity-specific and adoption “seriousness” analyses, provided the wide range of readily available
pedagogical content, interest appears to play a determinant role in the decision to adopt CS content and
how to do so.

Indeed, the analyses conducted for RQ1, RQ2, and RQ3 validate the key role of interest and self-efficacy in
the TACS model. In RQ1, we show that overall interest and self-efficacy responses could serve as proxies for
the PD-level adoption of an activity. In RQ2, the findings highlight the necessity, but insufficiency, of having
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both interest and self-efficacy to adopt a given activity. Finally, in RQ3 it becomes apparent that interest plays a
key role in the extent to which a teacher adopts the CS content overall. Provided that interest is a singularity of
the TACS, the results confirm the key role interest has to play in modelling teachers’ adoption of CS content,
cementing its position within the adoption model.

On a more pragmatic level, 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. Indeed, multiple recommendations
for practitioners emerged from the analysis (see Sections 4 and 6). These recommendations include i) considering
teacher demographics (in particular age and ICT experience) and ii) the influence these demographics may have
a priori on the perception and adoption of CS content.

The analysis however neither validates the individual links in the model nor guarantees that non-significant
elements in our study should be discarded. Indeed, due to the relatively small sample size, we could not apply Struc-
tural Equation Modelling. Furthermore, we tested the model in a specific context (teachers having participated in
a given CS-CPD) which does not ensure the generalisability to other CPDs. For instance, we found no gender
differences in our study, as in the case of Roche [73]’s analysis of 600 in service teachers. However, this is not the
case for all studies investigating gender-related differences in relation to the adoption of ICT-related innovation
[44]. It may also be that the lack of gender differences is a direct result of the specific CPD that the teachers par-
ticipated in. Furthermore, the analysis is centred around CS unplugged content for grades 5 and 6, where teachers
are still generalists (i.e., teaching all subjects), and is limited to two adoption surveys administered over two of
the three sessions of a CS-CPD spread out over 6-months. Validation of the model should employ Structural Equa-
tion Modelling on a larger sample, and include other levels of primary school in alongitudinal analysis of adoption.

When considering future work, the TACS model may also be enriched.

For instance, adoption may be characterised by various stages of appropriation, as stipulated for example
by the ASPID model by Karsenti and Bugmann [46]. 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.

Future analyses could also take into account activity specific characteristics (by considering the activity’s
type, or established through teacher interviews). For example, El-Hamamsy et al. [27, 29] found that the different
instruction modalities of the proposed activities (e.g., robotics activities, whether unplugged or plugged, and
contexts of tangible, visual, or textual programming) appear to influence teachers’ readiness to adopt the content.
Indeed, teachers in grades 1-4 needed more time to start adopting the robotics unplugged than the CS unplugged
content. Activity-specific characteristics would thus help gain insight into why certain activities are more
successful than others. Understanding these characteristics, and their impact on acceptance and adoption will
provide practitioners with guidelines for the creation of CS-pedagogical content which 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.

External factors could also be included in the model to take into account the role of facilitating conditions at
the organisational level. External barriers, such as sufficient access to material resources and time allocated to
teaching the discipline [30, 31], have frequently been mentioned as barriers to innovation. Although these can,
and should, be addressed by policy makers, the measures taken may not be sufficient to promote scalable and
sustained adoption [15]. More school-specific barriers have also been evoked as factors that have an impact on
the implementation of instructional change. These include access to sufficient technical and pedagogical support
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Fig. 7. Revised TACS model which includes external factors which may contribute to a teacher’s decision to adopt or not,
and the extent to which they appropriate the CS-pedagogical content.

within the school, either with instructional coaches [21, 84, 99] or communities of practice [96]. While the external
factors were homogeneous in the present context, with a pilot program where i) school leaders were in favour of
the reform, ii) the same material resources were provided per class in all schools, iii) support by instructional
coaches was provided 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; this is not always
the case and must be accounted for in the analysis of factors influencing adoption at the school level.

The revised TACS model that takes into account the above factors is shown Fig. 7.
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With the revised TACS model and 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 would
consider the full chain starting from i) the teachers’ background, progressing to ii) their perception of the CS-CPD
and its content, iii) understanding how these elements influence short-term adoption, 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 [40]. We believe that a model that considers this entire pipeline may provide valuable insight into the
introduction of the new discipline. Such insight can then be leveraged by researchers and practitioners involved
in curricular reform initiatives.

6 CONCLUSION

CS curricular integration is at the forefront of many initiatives worldwide, but many countries have suffered
setbacks due to a lack of adequately trained teachers. Continuous Professional Development (CPD) programs
are essential to tackle this issue and play a key role in the successful introduction of CS into teacher practices.
Unfortunately, there is a dearth of studies assessing CPDs in terms of the resulting adoption of CS content
by teachers, and even less modelling the adoption of said content. This work contributes to filling the gap
by analysing the adoption resulting from a multi-session mandatory CS-CPD program spread out during the
2019-2020 academic year. As adoption is queried between sessions, we are not hindered by low response rates
and mitigate the risk of selection bias.

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 RQ1 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-CPD,
which could therefore be used as proxies for adoption when adoption itself cannot be queried. In RQ2, 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 RQ3, 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 CPDs 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 CPDs 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.

To conclude, 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 on the adoption of primary school CS-
pedagogical content. Future work should validate the TACS model on a larger scale.
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