Informatics in Education, 2026, Vol. 25, No. 3, 25-56 25
© 2026 M. Friebroon-Yesharim, M. Armoni. Published by Vilnius University and Tallinn University
DOI: https://doi.org/10.15388/infedu.2607.034

The Long and Winding Road from the Intended to the
Attained, from the Ideal to its Realization: Evaluating
K-12 Computer Science Curricula

Mor FRIEBROON-YESHARIM!" [0009-0006-6007-06941 " \fichal ARMONTI?

[0000-0002-8988-9023]

ISchool of Computer Science, Faculty of Sciences, Holon Institute of Technology
*Department of Science Teaching, Weizmann Institute of Science, Rehovot, Israel

e-mail: morfri@hit.ac.il, michal.armoni@weizmann.ac.il

Abstract. K-12 computer science (CS) education has gained momentum globally, lead-
ing to diverse curricula. Evaluating the extent to which such curricula achieve their goals
is essential yet highly complex. This paper presents a framework for evaluating K-12 CS
curricula, adopting a processive perspective in which a curriculum is viewed as an evolv-
ing entity, whose seed is the policymakers’ vision and whose fruits are its outcomes. The
framework explores this evolution through the prism of educational goals, both cognitive
and affective, building on established models from curriculum theory. We developed the
framework while evaluating a national 4th-grade CS curriculum, which we employ to
demonstrate how the framework leads to research questions and methodological decisions,
and how it enables the identification of gaps that may divert a curriculum from its goals.
The framework offers a structured yet flexible approach for investigating specific curri-
cula, facilitates cross-national comparisons, and supports evidence-based improvements
in CS education.
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1. Introduction — how the story started

In 2016, the Ministry of Education in our country announced the introduction of computer
science (CS) and robotics as a new primary school subject. This decision was based on
viewing CS as a discipline whose fundamental ideas, concepts, and skills are important for
everyone in the 21st century. Generally, this new subject was intended to promote acquir-
ing a core knowledge of CS (hence, essentially more than mere programming), and a basic
knowledge of robot-centered system design. It aimed at promoting the development of
algorithmic and system thinking, as well as a set of abstraction, analysis and design skills,
which are widely employed in CS problem solving. Having a clear focus on CS, the new
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subject did not involve information and communication technology (ICT) or computer
literacy (which are already included in another nationally designated subject for primary
schools, starting from the first grade).

As a research group that deals with the teaching and learning of CS, we considered the
introduction of this new primary school subject as a major milestone in CS education in
our country, where CS had been taught as an elective subject in high schools for a few
decades already (Gal-Ezer et al., 1995) and had been incorporated into middle schools for
several years, mostly as part of a national ongoing endeavor for promoting excellence in
mathematics, science, and technology (Zur Bargury, 2012; Zur-Bargury et al., 2013). We
were of course aware of the two basic challenges that lay ahead of the new subject: first,
the young age of the students, specifically, their cognitive development level; second, the
fact that usually primary-school teachers are generalist teachers who teach several subjects
and most of them lack CS knowledge. Taking these challenges into consideration, we were
interested in the new subject for its own sake as well as serving as a first link in an entire
educational CS spiral, both cognitively and affectively. We asked ourselves questions such
as what CS knowledge will the students possess as a result of learning this new subject,
in terms of scope, conceptual understanding, robustness, and transferability? Will they de-
velop new thinking patterns and skills related to computational thinking? How will learn-
ing the new subject affect the student’s conception of the nature of CS as a discipline? How
will learning the new subject affect their attitudes, motivation, and views regarding CS as
a discipline, profession, and school subject? Would it increase the number of students who
take CS in high school, or perhaps the other way around? Would it introduce new chal-
lenges to middle- and high-school educators, challenges such as stubborn misconceptions
or self-efficacy issues, formed during the learning of the new primary-school subject?

The formal curriculum for the new subject was published by the Ministry of Education in
2016, including a one-year CS module for the 4th grade and a one-year CS and robotics
module for the 5th grade. Each of these two modules consisted of 60 hours. In addition,
there were two optional 30-hour modules. The first was intended for schools interested
in extending the CS knowledge and skills of students during the 4th-5th grades, and the
second was intended for the 6th grade. The 4th-grade module as well as the two optional
modules utilized Scratch; the 5th-grade module involved robotics activities combined with
Scratch. Specifically, the 4th-grade curriculum introduced the basics of algorithmics, in-
cluding topics such as input and output, logical expressions, variables, conditional ex-
ecution, and iterative execution. Since the 4th-grade curriculum utilized Scratch, it also
incorporated concepts of event-driven programming, including communication between
agents and concurrency. In the Sth grade, the curriculum expanded to systems that in-
tegrate algorithmics and technology, through simple robotics-based system design, and
included topics such as systems and sub-systems, control, sensors, dual-motor motion,
control systems and intra-system communication, combined with technological applica-
tions in Scratch and robotics. The elective advanced CS module provided opportunities
for handling more complex problems, in terms of scope and algorithmic level, extended
iterative execution, and included a final project. The 6th-grade elective module introduced
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procedural design (utilizing Scratch user blocks) and featured advanced problems, com-
pared to those problems included in the first two modules.

The curriculum was published as a single, yet very extensive and long formal document,
comprising about 260 pages (excluding references). This document began with several
opening statements from policymakers, followed by three sections dedicated to the 4th,
5th, and 6th grades, which together included all four modules. Of these four modules, the
two basic modules for the 4th and 5th grades comprised the largest part, with about 90
pages each. Although lengthy, their content was not textbook-like. Rather, they contained
a detailed description of the corresponding parts of the curriculum, including worked ex-
amples for the benefit of the teachers.

The Ministry of Education started to implement the new curriculum in the 2017/18 school
year, in about 300 schools. At about that time we decided to initiate a wide research project
to evaluate the curriculum and its effects. More specifically, and in line with the challenges
mentioned above as well as the questions specified above that interested us at this point,
we aimed to examine two facets, the teachers’ and the students’, with respect to both cog-
nitive and affective aspects. Namely, we were interested in examining (1) the teachers’ CS
knowledge, their self-efficacy as teachers of the new subject, their motivation to teach it,
and other affective factors that may influence their teaching; (2) how learning the subject
affected the students’ CS conceptual knowledge and skills, their attitudes toward the new
subject and toward CS, and their motivation to pursue CS studies further at the K-12 edu-
cational system or beyond.

We planned to complete the first phases of the research, from the formulation of the re-
search questions, and including the design of the methodology, the preparation of research
tools as well as the recruitment of schools and teachers, by the beginning of the following
school year, being ready then to start data collection. This turned out to be a very interest-
ing year, bringing about a process that fully matured a little later, during the first stages
of the data collection. As a result of the insights we have gained during this process, at its
completion we ended up in a rather different place from where we had started, in terms of
our perception of the planned study. In a way, this paper will tell the tale of this process.
More precisely, the purpose of this paper is to present the framework that shaped our cur-
ricular evaluation and that developed during this process. However, we believe that the
insights that we have gained during this process and that impacted the gradual formation of
the framework can also contribute to its understanding and benefit its employment. Hence,
the story is almost as important as its moral. In line with this, the metaphoric theme of a
story will occasionally surface throughout the paper.

But first, let us say something about the importance of the moral, that is, the value of the
framework to the CS education research community. First, its generality makes it useful
for guiding multi-facet evaluations of different CS K-12 curricula as well as more focused
evaluations regarding specific facets. It supports both conceptual and methodological as-
pects of designing the evaluation. Furthermore, it is structured; thus, it also facilitates com-
parisons between different curricula, and concomitantly it is flexible, allowing researchers
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to adapt it to their own research and educational foci. Therefore, it can help researchers
identify the strengths and weaknesses of specific CS curricula. Moreover, as we will see
later, it is process-oriented, namely, underlying it is a perception of a curriculum as an
evolving entity. Hence, it can also help researchers identify some stumbling blocks or
hurdles that led to such weaknesses, thus supporting evidence-based improvements of CS
K-12 curricula and of K-12 CS education in general.

The rest of the paper is organized as follows: Section 2 tells the next chapter of the story, in
which we reexamined our initial research intentions, which were briefly described above,
and shaped our research focus and goals. Section 3 elaborates on some relevant literature,
and Section 4 tells another chapter — our quest for an appropriate theoretical model of a
curriculum. Section 5 describes the framework and its properties. Finally, Section 6 con-
cludes our story.

2. Context and rationale

After deciding to conduct the research, we began to organize our research interests and
goals. One of our decisions was to focus on the 4th-grade curriculum. Although this deci-
sion is certainly important for the specific research we were planning, we will not discuss it
further here. This section deals with two other issues that were debated and have gradually
shaped the focus of the research. The first concerned assessment standards, and the second
concerned interpreting the concept of a curriculum.

As mentioned in the introduction, we were interested in examining the implementation of
the curriculum regarding both the students’ and the teachers’ facets. Our interest in the first
facet was straightforward — the students are the ‘end-clients’ of the curriculum; therefore,
any assessment of the curriculum should explore how they are affected by learning accord-
ing to it, both cognitively and affectively. In addition, being aware that the teachers are a
key factor in any in-school curricular initiative, and considering their probable lack of CS
knowledge, the importance of the second facet was clear.

Regarding the students, our original approach was based on several goals of K-6 CS edu-
cation that were compiled from the literature and were compatible with our own educa-
tional views. These goals included (Armoni & Gal-Ezer, 2014) (1) fostering a reliable
image of the nature of CS, since many, including K-12 students and their parents, hold
an inaccurate image of the discipline. (2) Positively affecting students’ attitudes towards
CS. (3) Motivating students to pursue computing in higher education. (4) Promoting the
acquirement of basic CS knowledge, including meaningful age-appropriate learning of CS
concepts and fundamental ideas. The first and the fourth goals are cognitive, and the other
two goals are affective.

These goals would lead to the development of external standards, against which the out-
comes of the curriculum could be evaluated. However, we decided to change our approach
and instead adopt an internal one. That is, we chose to examine whether the 4th-grade CS
curriculum achieves its intended educational goals. To this end, a first phase, or an auxil-
iary research goal should be to identify these goals.
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Hence, at that point, three viewpoints started to form: (1) the educational goals of the cur-
riculum, as intended by the curriculum’s initiators; (2) the outcomes of the curriculum,
as reflected in students’ knowledge and other related measures; and (3) the teachers — as
agents who are both affected by the curriculum and affect its outcomes.

These viewpoints naturally led to the well-known theoretical perspective of curriculum
representations (van den Akker, 2013; van den Akker, 2003), namely the perception of a
curriculum as an entity with several representations, the most basic of which are the three
representations of the intended curriculum, the implemented curriculum, and the attained
curriculum (Valverde et al., 2002). This perspective (on which we elaborate further in Sec-
tion 3) indeed proved useful for our research goal; however, the basic tripartite model was
insufficient for our context. In Section 4, we describe our search for an appropriate model
anchored in the perspective of curriculum representations, but first, we lay the grounds by
providing the relevant background and related research literature.

3. Background

Next, we will provide the relevant background, starting with a short description of K-12
CS education worldwide (Section 3.1) and then will move to the body of research on K-12
CS curricula (Section 3.2). Last (Section 3.3), we will refer to the theoretical perspective
of curriculum representations, which was briefly mentioned above, and to its use in the
context of K-12 CS curricular research.

3.1 K-12 CS Curricula Around the World

The integration of CS education into K-12 curricula has gained significant momentum
worldwide, driven by the growing recognition of computational thinking as a fundamental
skill for the digital age. International organizations such as the OECD (Bers et al., 2022)
and the European Union (Caspersen et al., 2018; Council of the European Union, 2024)
have emphasized the importance of early exposure to CS, leading to national and regional
efforts to introduce computing concepts as early as the primary school level. According to
Code.org’s 2021 Annual Report, as of 2021, over 70 countries have introduced CS educa-
tion into their primary and secondary school systems (Code.org, 2021). K-12 CS education
is a constantly active arena, which has extended to include more countries, and in which
programs are constantly extended, updated, or replaced at national or lower levels.

The motivation for adopting CS curricula varies; yet a common goal across this global
trend is to equip students with computational and problem-solving skills that will prepare
them for an increasingly digitalized world (e.g., in South Korea, Neethipudi et al., 2021;
Brazil ,Ribeiro et al., 2023; and India, Shah, 2018). Another prevalent motivation sees CS
education as a tool for social mobility, particularly in disadvantaged communities (e.g.,
Ribeiro et al., 2023).

The introduction of K-12 CS education varies significantly across countries in terms of
curricular structure and instructional focus. Some countries (e.g., Greece, Lithuania, and
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Serbia) have established CS as a standalone subject (European Education and Culture
Executive Agency [EACEA], 2022), whereas others (e.g., Sweden, Finland, France, and
Turkey) have embedded (mostly at the lower age levels) CS principles across various dis-
ciplines to enhance their real-world applicability (EACEA, 2022; Partanen et al., 2017).

The starting age for CS education varies significantly between countries. For example, in
England, computing has been a statutory subject from age 5 since 2014, so that algorithms
and simple programming are taught from the first year of primary school (Sentance &
Csizmadia, 2017), whereas in Bulgaria and Romania it starts in the third and sixth grades,
respectively (EACEA, 2022). In contrast, some countries, such as the United States and
Canada follow a decentralized model, where local policies and school district decisions
influence when and how CS is introduced. This results in significant variability in the start-
ing age and depth of CS education across different regions (Canada Learning Code, 2020;
Code.org, 2024).

Countries vary in whether CS education is compulsory or elective. For example, in Japan,
CS education is now mandatory in primary, middle, and high schools (Sprenger et al.,
2024), whereas in India, CS education is offered primarily as an elective subject, with
regional flexibility in its implementation (Shah, 2018). In Croatia it is optional in the first
four grades and compulsory in the fifth and sixth grades (EACEA, 2022). The UK, as
mentioned above (Brown et al., 2014), mandates computing from ages 5 to 16, whereas
the US exhibits state-by-state variability, with some states requiring CS and others having
it optional (Code.org, 2024).

The curricular focus of CS education also differs. First, in many countries (e.g., England
and Lithuania) the subject that is dedicated to CS (whether named CS, computing, infor-
matics, or a similar name) is in fact broader than CS, also combining ICT topics that deal
with the use of digital tools. In Australia and New Zealand, the subject that covers CS is in
fact discipline-based and it is separated from ICT (Australian Curriculum, Assessment and
Reporting Authority, 2022; Bell et al., 2010) even though its name — Digital Technologies
— may seem to suggest otherwise.

Second, countries may vary in the role that programming plays in the CS curriculum.
In many countries (EACEA, 2022), programming (sometimes referred to using the more
technical term of ‘coding’) is considered a core element of CS education; however, in
some countries programming is at the center, making CS education actually programming
education, whereas others treat programming as part of algorithmic problem solving and
aim at teaching the latter, including programming. In line with this perspective, the CS cur-
ricula of some countries (e.g., Lithuania) incorporate non-programming initiatives such as
Bebras (Combéfis & Stupuriené, 2020; Vinikiené et al., 2023), by which students engage
with algorithmic concepts through problem-solving activities that do not involve actual
programming.

This diversity in curricular focus has meaningful implications for how the field of com-
puter science is understood in schools. A narrow focus on coding may reduce CS to a vo-
cational skillset, whereas an overlap with ICT (by content or name) may dilute its scientific
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identity. In contrast, curricula that emphasize algorithmic thinking and problem solving
tend to frame CS as an intellectually rigorous discipline, akin to mathematics or the natu-
ral sciences. These varied approaches shape not only classroom instruction, but also how
students engage with and pursue further studies in computer science.

A common cross-national challenge faced by most countries that have decided to inte-
grate CS education into K—12 curricula concerns the shortage of teachers with adequate
subject-specific knowledge (e.g., Code.org, 2023, 2024; Ni et al., 2023; The Royal Society,
2017). Most of the existing teaching workforce lacks a strong background in CS, let alone
the pedagogical content knowledge that is needed to effectively teach the subject. Conse-
quently, the successful implementation of K-12 CS education is frequently hindered by a
lack of teacher preparedness and confidence. Hence, many countries invest considerable
efforts in trying to bridge the gaps in professional knowledge, which are especially preva-
lent among primary-school teachers whose current standard training does not include CS
knowledge. For example, in the Canton Vaud in Switzerland, the introduction of CS into
primary schools was accompanied by a formal mandatory 2-year professional develop-
ment program initiated by the canton Minister of Education and organized at the canton
level (El-Hamamsy et al., 2021). In England, the National Centre for Computing Edu-
cation (NCCE), established with Department for Education funding in November 2018,
plays a role in teacher training, providing curriculum-linked resources, online professional
development, and a network of local computing hubs (Fowler & Vegas, 2021; Sentance,
2024). The NCCE also offers teacher certification (Fowler & Vegas, 2021).

3.2 Research on K-12 CS Curricula

The vast growth of K-12 CS education is clearly reflected in the body of research on K-12
CS curricula, which has been growing rapidly, partly by extensive efforts of different in-
ternational research working groups. Roughly speaking, several kinds of publications on
K-12 CS curricula can be found: The first includes publications on principles and perspec-
tives that guide the development of K-12 CS curricula (e.g., Dagiené et al., 2021; Webb et
al., 2017). The second kind focuses on specific new curricula, presenting and examining
their different aspects from different perspectives. Among these publications, to name but
a few, are the following that deal with CS curricula in the Netherlands, New Zealand, Aus-
tralia, Italy, Israel, Poland, and Latvia (Barendsen et al., 2016; Bell et al., 2010; Falkner
et al., 2014; Forlizzi et al., 2018; Gal-Ezer & Harel, 1999; Systo & Kwiatkowska, 2015;
Vezis & Krumins, 2019). The third kind compares the curricula of different countries from
different perspectives (e.g., Committee on European Computing Education, 2017; Dagiené
et al., 2013; Maiorana et al., 2020; Oda et al., 2021; Schulte et al., 2012).

In 2011, an ITiCSE working group aimed to promote efforts to collect, evaluate, and in-
tegrate research findings on K-12 (specifically, secondary schools) CS in different coun-
tries. To this end, this working group developed a model (in fact, a category system) — the
Darmstadt Model (DM) — by which researchers can relate to secondary CS education in
different countries using common concepts and terminology, thus supporting the transfer
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of research results across national or regional boundaries (Hubwieser et al., 2011). The
DM is an adaptation and expansion of the long-standing Berlin Model (Uljens, 1997) into
the context of CS. The DM is a very fine-grained 3-dimensional model that can be used
to catalog, describe, and classify all aspects of information available for a CS education
system in a specific country/region. The first dimension consists of three super-categories
that together can characterize such a CS education system: its preconditions, decisionar-
eas, and consequences. The second DM dimension includes the levels of responsibilities
or ranges of influence that enable examining a CS education system at different resolu-
tions, from the very high-resolution student level to lower-resolution levels, such as the
school level, the district level, and the national level. The third dimension includes the
many issues and aspects that are directly relevant or relate to CS education systems, such
as the organizational structure of the school system, the teachers’ qualifications, students’
enrollment, certain content areas of the subject-matter knowledge, competencies, gender
make-up, and so on. One can use the DM to specify all kinds of information regarding
CS education in a specific country (or region). For example, that in a certain country the
curriculum designers decided that developing abstraction abilities is a learning goal of
K-12 CS education, and also decided that the middle-school CS content includes the topic
of concurrency, whereas in high school the CS topic of computational models is elective
at the school level but not at the student level; that research results indicate that currently
one of the consequences of middle-school CS education in that country is an unbalanced
gender makeup of high-school CS students’ enrollment and therefore, the stakeholders
decided to include balanced gender-related attitudes as an educational goal of CS educa-
tion already from primary school; or that in that country learning-by-doing and discovery
learning are leading educational strategies; therefore, they set a precondition to which
K-12 CS education must adhere. The developers of the DM model recommended using
it for structured descriptions of K-12 CS education in different countries, thus supporting
comparisons. Later, the DM model was used by Hubwieser (2012) to describe CS second-
ary education in Bavaria, Germany. Thereafter, the journal ACM Transactions on Comput-
ing Education decided to dedicate two special issues (14(2) and 15(2) from 2014 and 2015,
respectively) to K-12 CS education worldwide, featuring papers that used the DM to de-
scribe CS K-12 education in different countries. These included, for example, papers that
addressed the UK (Brown et al., 2014), France (Baron et al., 2014), US-Georgia (Guzdial
et al., 2014), India (Raman et al., 2015), South Korea (Choi et al., 2015), and North-Rhine
Westphalia, Germany (Knobelsdorf et al., 2015). Overall, 14 papers from 2012, 2014, and
2015 employed the DM to describe K-12 CS education in 15 countries/states. In 2015,
these 14 papers were analyzed and compared by another ITiCSE working group (Hubwi-
eser et al., 2015) regarding several aspects that are addressed by the DM (e.g., educational
goals, competencies, learning content, and assessment).

The DM is indeed a powerful tool that enables the presentation and comparison of K-12 CS
education across countries regarding multiple aspects. It can be used in a flexible manner,
thus potentially yielding very fine-grained analyses, but at varying degrees of richness and
elaboration. However, its rich nature is also a weakness. It refers to all aspects of K-12 CS
curricula; they are all there. Moreover, it acknowledges that educational programs do not
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exist in isolation but instead are shaped by broader social, technological, and institutional
factors. Concomitantly, by using the DM, curricula are dissected into multiple compo-
nents, which may be mixed among additional educational information, possibly resulting
in a panoramic view of many trees that at the same time may lack forest-like perspectives.

Other descriptive or comparative studies used additional, different perspectives to examine
various aspects of K-12 CS curricula. For example, Larke (2019) used Ball and Bowe’s
model of the cycle of educational curricular policies (Ball & Bowe, 1992) to investigate
England’s national computing curriculum. Ball and Bowe defined a “policy cycle” that
moves between policy arenas, differentiating between the intended policy, namely, the
official ideologies that aim at affecting policies, the actual policy as written in law and of-
ficial standards, and the policy-in-use as practiced by educators. Larke views teachers as
“gatekeepers” and examines which aspects and components they “let in”” and which ones
they withhold, based on their views and beliefs. This perspective of policy cycles seems to
be reminiscent of the tripartite model mentioned above, on which we elaborate in the next
section, but they are derived from different theoretical frameworks. A Koli-2012 working
group (Schulte et al., 2012) with a follow-up by Dagiené et al. (2013) also focused on the
current state of CS curricula, namely, their implementation in schools, comparing curricula
from 22 countries. To this end, they used a survey intended for K-12 CS education scholars
close to their national school system, which included questions on content, educational
goals, teaching methods, challenges, and the support available for teachers.

Pasterk and Bollin (2017) compared six CS curricula for primary schools, presented as de-
tailed curricula (from UK, Australia, and Switzerland), as educational standards (of CSTA
and from Germany), or as competency models (from Austria). Each curriculum was then
described by a graph with annotated vertices and directed labeled edges, where a vertex
corresponds to one intended learning outcome (that refers to a single knowledge item) and
the edges represent the relations “required-by” and “expanded-by”. Then, several graph
metrics were employed. This enabled a comparison of the curricula regarding their main
focus, central knowledge items, complexity, and structure. Duncan and Bell (2015) com-
pared CS curricula published in English for ages 5-14: the CSTA’s standards and curricula
from England and Australia. Their comparison focused only on the subject matter content
of six topics (algorithms, programming, data representation, digital devices and infrastruc-
ture, digital applications, humans and computers) across age levels.

3.3 Curriculum Representations and their Employment in Disciplinary Educational
Studies

The basic tripartite model of curricular representations (Figure 1), which was briefly men-
tioned in Section 2, was developed as part of the longitudinal efforts of the International
Association for the Evaluation of Educational Achievement (IEA), which was established
at the end of 1950s and initiated the comparative assessment studies that later evolved into
the TIMSS (Trends in International Mathematics and Science Study) ongoing series of
studies (Schmidt et al., 2018).
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Figure 1. The IEA Tripartite Curriculum Model (originally Exhibit 1.1, Valverde et al., 2002, p. 5; reproduced
with permission from Springer Nature. This figure is not included under the CC BY license of this article).

The IEA’s initial motivation was to investigate the global role and impact of schooling,
which is one of the central responsibilities of countries all over the world (Schmidt et al.,
2018). Namely, does schooling succeed in its general goals of preparing students to be
informed and responsible citizens who can in turn further contribute to the development of
their countries? What criteria could be used by countries to determine how well they have
done in this regard, that is, in providing effective education? The importance of compara-
tive educational research that is based on empirical evidence was acknowledged in the
early days of the IEA. The IEA’s researchers were looking for methods to assess and com-
pare students’ performance across various educational systems worldwide and to relate
students’ achievements to the different aspects that together form and portray educational
systems, aiming “to look at achievements against a wide background of school, home and
societal factors”(Purves, 1989, p. v). The outcomes of such investigations can then serve
“to instruct policy makers at all levels about alternatives in educational organization and
practice” (Purves, 1989). National schooling was viewed as a “natural experiment” (Husén,
1967a, p. 65) whose inputs are educational policies and practices and whose central out-
puts are the students’ academic achievements and attitudes toward education. Gradually,
IEA has conceptualized schooling as a multi-level entity (Martin, 1996; McKnight, 1979;
Travers & Westbury, 1989) that concerns three levels: the system level, the school (class-
room) level, and the student level. This entity is concerned with providing the students
with “opportunities to learn” (Husén, 1967b; Martin, 1996; Schmidt & Houang, 2003),
which are decided upon by policymakers at the system level (“what is to be taught?”)
and implemented by instructors at the classroom level (“what is actually being taught?”).
When preparing for the Second International Mathematics and Science Studies (SIMS
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and SISS, respectively), the conceptualization of the studies stipulated the curriculum as
a central variable, a broad explanatory factor that underlies learning outcomes. Therefore,
it has three manifestations, one for each of the schooling levels, where each manifestation
in fact defines a distinct object of investigation covered by a different part of the study
(see Figure 2(a) and Figure 2(b)): the intended curriculum is contextualized at the edu-
cational system level and is investigated through curriculum analysis. It denotes the offi-
cial, planned curriculum as delineated by policymakers, curriculum designers, or relevant
educational authorities that specify what should be taught. It includes goals, objectives,
and content outlines, as publicized by official syllabi, curriculum guides, and textbooks.
The implemented curriculum—often referred to as the actual or enacted curriculum— is
contextualized at the school and classroom level and encompasses what teachers actually
do and cover in the classroom. It should be investigated by analyzing data that concern
classroom teaching processes. In the IEA studies (e.g., Burstein, 1992; Schmidt & Cogan,
1996), it was operationalized by means of school and teacher questionnaires, which col-
lected multiple data about school characteristics (e.g., size and composition), and teachers’
characteristics, including age, gender, education, pre- and in-service training, pedagogical
beliefs, attitudes, restrictions imposed on teachers (e.g., can they choose the textbooks?
Is there a final external exam?), and the opportunities to learn that they provide to their
students regarding each test item. The attained curriculum is contextualized at the student
level and captures what students learn and can demonstrate, including knowledge, skills,
and attitudes. It is investigated by analyzing students’ outcomes on achievement tests and
attitude questionnaires. This three-curricula conceptualization was adopted again, with
slight modifications, for the Third International Mathematics and Science Studies (here-
after denoted by TIMSS-95, since the original acronym TIMSS now serves the ongoing
international assessments that followed; Robitaille et al., 1993) (see Figure 2(c)).

Figurc 1. The Conceptual Framework for TIMSS
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T Intended Educational
Level of Focus curriculum system

Component
1c I::], = Educats l
Analysis Curriculum ystem
! ’ | - Implemented School and
curriculum classroom

1. Classroom Implemented | ‘gchool and
Curriculu . l
W Student [ Attained Student Attained )
Outcomes Curriculum curriculum Student

Fic 1.3.1 Framework for the Study: The Three Curriculums

(a) (b) (9

Figure 2. The IEA Tripartite Curriculum Model, as defined for SIMS and TIMSS-95 (permission for reuse is
granted by IEA).

a. The SIMS conceptual model as depicted in McKnight (1979), p. 17
b. The SIMS conceptual model as depicted in Travers and Westbury (1989), p. 6
c. The TIMSS-95 conceptual model as depicted in Robitaille et al. (1993), p. 9
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As evident in Figure 2 by the arrows included in all three drawings, there is an underlying
order relation between the three manifestations of the intended, implemented, and attained
curricula, which is absent from the visualization in Figure 1 (from Valverde et al., 2002),
which is also a TIMSS-95-related publication. However, as described in the SIMS formal
publications (Travers & Westbury, 1989) and in other IEA publications that followed (e.g.,
Martin & Kelly, 1996; Robitaille et al., 1993), the three curricula were viewed as three dif-
ferent co-existing embodiments or strands that are investigated independently.

Some discrepancy between the three embodiments is natural. For instance, changes in
scheduling, local contexts, varying teacher expertise and beliefs, as well as instructional
preferences can cause differences between the intended and implemented curricula, name-
ly, between classroom instruction and official guidelines. Similarly, minor modifications
may enrich the learning process by adapting curriculum goals to students’ needs. However,
significant gaps can undermine the realization of curricular objectives (Schmidt, 1992).
For example, if teachers lack core competencies or misinterpret key concepts, the attained
curriculum may diverge substantially from the intended aims. Conversely, strong teaching
approaches sometimes compensate for less comprehensive official guidelines, resulting in
better-than-expected attainment.

The tripartite model has also been extensively employed outside IEA studies to analyze
curriculum dynamics across multiple educational domains (e.g., Gamoran et al., 1997;
Kurz et al., 2010). In computing education, it was mostly used for comparative studies
that compared curricula across countries. For example, an ITiCSE-2015 working group
(Barendsen et al., 2015) used the tripartite model when exploring how CS concepts are ad-
dressed in K-9 CS intended, implemented, and attained curricula across several countries.
They analyzed four K-9 computing curriculum documents (of CSTA, The CAS organiza-
tion in the UK, England and Italy) to learn which CS knowledge areas were included in
these intended curricula and to what extent. To gain insights into the implemented curri-
cula, they interviewed 13 teachers from England and Italy about their classroom practice,
focusing on three knowledge areas. Regarding the attained curricula, they did not investi-
gate students’ performance. Rather, they explored whichconcepts students’ performance is
assessed on and how it is assessed. This was done in two ways:

First, in the interviews, the teachers from England and Italy were also asked about their
assessment methods. Second, the authors studied the assessment conducted via Bebras
contests' by analyzing Bebras tasks over 5 years, examining which concepts were assessed
by means of these tasks and how.

A few years later, another ITiCSE working group (Falkner et al., 2019b) set out to compare
implemented K-12 computing curricula across countries. They developed a designated
extensive instrument, METRECC, which could actually collect wider data also concerning
the intended curricula. METRECC consists of a country report template and a teachers’
survey. The country report should be filled in by a survey administrator who is responsible
for collecting data from one country. It was designed to extract information about the

! http://bebras.org
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intended curriculum in that country as well as some background and aggregated infor-
mation about its implemented curriculum. The teachers’ survey should be administered
by the survey administrator of a certain country to in-service computing teachers in that
country, to learn about the implemented curriculum in their classrooms including some
personal relevant data (such as teachers’ qualifications and self-esteem). It also collected
information regarding teachers’ professional development and its impact on classroom
practice. METRECC was piloted and validated in seven countries (Australia, England,
Ireland, Italy, Malta, Scotland, and the US); members of the working group acted as sur-
vey administrators of their own countries, collecting data from about 250 teachers in total.
Later, the authors reported on some of the findings that emerged from the pilot study in
two publications: The first (Falkner et al., 2019a) compared some aspects of the intended
curricula across the seven countries and compared the adherence of some aspects of the
implemented curricula in these countries to the intended ones. The second publication
(Vivian et al., 2020) focused on teachers’ self-esteem. The METRECC instrument was
used in another study (Tshukudu et al., 2023), which compared K-12 computing education
in four African countries.

Sprenger et al. (2024) investigated the intended and implemented CS curricula in Japan. To
this end, they qualitatively analyzed official documents of the Japanese Ministry of Educa-
tion and the transcripts of interviews with four teachers.

Rutstein et al. (2019) studied the implementation of the K-12 Exploring Computer Science
(ECS) curriculum and specifically aimed at identifying the predicting factors for teachers’
implementation of certain instructional strategies and for their extent of adapting the cur-
riculum materials as well as the relationship between the teachers’ implementation and
students’ outcomes. Data were obtained via designated surveys that asked teachers about
their background, their professional development, and their use of certain instructional
strategies when teaching the curriculum and also via summative assessment tools to evalu-
ate students’ outcomes. Curriculum enactment was operationalized only by examining the
number of topics teachers modified, skipped, and added during each curricular content
unit.

4. Another chapter of the story — the quest for the model

4.1 The perspective of curriculum representations

As was briefly mentioned in Section 2, when looking for a theoretical basis for the re-
search, the well-known tripartite model (Figure 1), a simple utilization of the perspective
of curriculum representations, was a natural starting point. As mentioned in Section 1, the
formal curriculum published by the Ministry of Education was very detailed and long,
including explanations of its knowledge content components as well as resources that can
be used by teachers in class. Even after our decision to focus only on the basic 4th-grade
curriculum, the corresponding part in the formal document consisted of about 90 pages.
Possibly, this was done to cater to the future teachers, who were assumed to lack content
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knowledge of the discipline (let alone pedagogical content knowledge). As noted in Sec-
tion 3.3, in the original tripartite model, written embodiments of the intended curriculum
are considered as part of the intended curriculum representation. That is, the formal cur-
riculum document can represent the intended curriculum. However, in practice, written
embodiments such as textbooks are often realizations of the policymakers’ intentions that
are carried out by others; hence, they may misrepresent the intentions that the policymak-
ers had when they decided to include CS as a mandatory primary school subject. This was
the case in our context; the policymakers delegated the task of producing this document to
an educational CS author. Namely, a large part of the curriculum was in fact a potentially
different representation of the intended curriculum.

This additional refinement could be well accommodated by a somewhat different model
(Schmidt et al., 1997; Valverde et al., 2002), an extension to the tripartite model that was
composed as part of the analyses of TIMSS-95. In the refined model, an additional cur-
riculum representation, named the potentially implemented representation and defined as
“Textbooks and other organized resources materials” was added to the original tripartite
model, as shown in Figure 3. Such resources are designed to serve the teachers in class,
namely, they take the view of the implemented curriculum. However, only their actual use
by teachers can be considered as part of the (many and different) real implemented cur-
ricula. At the same time, as we just argued, they do not fully belong to the system level,
and may deviate from the intended curriculum. Hence, the new representation is placed
between the intended and implemented representations. As shown in Figure 3, it may also
partly overlap them. The existence and extent of an overlap (to any of the two adjacent
representations) can express additional relevant information. For example, when such a
document constitutes a formal publication of the educational system (as was the case in
our specific study) or is authorized by it, it can be seen as an expression of communication
between decision makers, curricular developers, and the authors. Hence, a partial overlap-
ping with the intended curriculum is in place. When in-service teachers are also contacted
(or even involved in writing the document), then the document also expresses (to some
extent) an authentic in-class teaching experience and an overlap with the implemented
curriculum is appropriate.

INTENDED

Intentions,
Aims & Goals — _ _

i
'
POTENTIALLY |
IMPLEMENTED |
Textbooks and Other :
Organized Resource !
T

Materials
____________________ '

IMPLEMENTED

Strategies, Practices
& Activities

ATTAINED

Knowledge: Ideas,
Constructs, Schemas

Figure 3. The extended tripartite curriculum model (originally Figure A.1 in Schmidt et al., 1997, p. 178; used
with permission of Springer Nature BV; permission conveyed through Copyright Clearance Center, Inc. This
figure is not included under the CC BY license of this article)
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The formal elaborated curriculum published by the Ministry of Education in our country
could certainly be considered as an organized resource; therefore, we decided to replace
the tripartite model with its 4-component extension. However, it was not too long before
we realized that the search for an appropriate model had not ended and that it may even
require a change of perspective.

4.2 A processive perspective on curriculum representations

As could be expected, since CS was a new subject in primary schools in our country, and
primary-school CS teacher preparation tracks were still unavailable in universities and
colleges, alternative paths for teacher training were necessary. As clearly follows from
Section 3.1, this constitutes a major challenge faced by most of the countries that embark
on adding CS as a new K-12 subject, especially at the primary-school level. Regarding the
primary-school CS curriculum in our country, similar to other countries, the Ministry of
Education offered a professional development program intended for primary-school teach-
ers of other subjects (with potentially no knowledge in CS whatsoever). Planning such
designated training programs is a complex endeavor. For example, ideally, such training
should address the urgent issue of the lack of content knowledge but it should also provide
the new teachers with a core of CS pedagogical content knowledge. In practice, the nature
of such teacher training, in particular, its content, is affected by various factors, such as the
number of hours that can be allocated for it. In any case, teachers’ training clearly plays a
substantial role when introducing a new curriculum for a new subject, and even more so
when misconceptions regarding the nature of the underlying discipline and its essence are
so prevalent, as is the case for CS.

The significance of this role became even more evident, as we started preparing for an
empirical in-school phase for the following school year and contacted teachers who were
participating in the first year of implementing the new subject, which was then taking
place. We learned that the teachers had been referring to the ministerial training as a for-
mal authorized source of information and knowledge; furthermore, many of them did not
look for and read the formal elaborate curriculum, namely, the training was their sole
source of knowledge. It became evident that the training and its materials are yet another
representation of the curriculum that expresses the trainers’ interpretations of the formal
elaborate curriculum, and as always is the case with interpretations, they might not be fully
compatible.

Apparently, this discrepancy between the model and reality could be remedied quite easily
without any change of perspective, by adding another component to capture the training
representation of the curriculum, placed between the potentially implemented and the im-
plemented curricula. However, we decided not to do that, since in our view, a lack greater
than an omitted representation had surfaced. A model is an abstraction, and hence by defi-
nition, it emphasizes certain facets of the modeled entity, while not emphasizing or even
ignoring others. At this point of the quest, we started to think that essentially the standard
perspective of curricular representations is too basic in terms of the facets it emphasizes.
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As described in Section 3.3, this perspective especially emphasizes the facet of variability,
namely, there are several agents that engage with a curriculum and each of them holds a
version of the curriculum that is affected by that agent’s interpretations, or in other words,
there is always more than one version of the curriculum. This perspective yields a modu-
lar model that may easily accommodate new agents. However, we preferred a processive
perspective that also expresses the facet of change, and thus views a curriculum as a dy-
namic evolving entity, rather than a static collection of representations. This entity has a
clear origin or seed — the policymakers who initiated its existence — and a target audience,
namely, the students. The road to the target audience is indirect, involving several mediat-
ing entities, each of which has its own impact. This processive, dynamic perspective seems
to be more appropriate for a constructive assessment of a curriculum, as it allows for the
identification of points along the way at which alterations occurred and subsequently in-
troduced incompatibility with the original intentions, aims, and goals.

An evolutional, processive perspective assumes a progression axis, along which the evo-
lution process takes place. Namely, there is an underlying order relation, for example,
the goals, aims, and intentions of the policymakers precede the writing of the elaborate
curriculum. Similarly, teacher training may affect the teachers’ conceptual understanding
and thus affect their interpretation of the curriculum, i.e., the teacher training precedes
the implemented curriculum. However, such a perspective involves more than merely us-
ing one of the original visualizations of the tripartite model (Figure 2), or a similar 4- or
S-component one, which includes directed arrows between the representations. We find
this modification too simplistic. Rather, a processive perspective should acknowledge the
inherent complexity introduced by the agents, the human mediators who drive the cur-
ricular evolution, by further refining their parts in the model, thus allowing for capturing
changes that relate to one agent. For instance, the teachers’ perceptions of the curriculum
may differ from their actual implementation of it, but this cannot be captured by the sim-
ple, coarse 3-, 4-, or 5-component models that include one representation for each agent.

The literature on curriculum design and evaluation offers several more refined models,
which possibly include more than one representation per agent. For example, the 5-compo-
nent model that includes the following five representations (Goodlad & Associates, 1979):
(1) the ideal curriculum, which describes the policymakers’ original views; (2) the formal
curriculum, which describes the curriculum as presented in formal documents; (3) the per-
ceived curriculum, which describes the curriculum interpreted by the teachers; (4) the op-
erational curriculum, which describes the curriculum delivered by the teachers; and (5) the
experiential curriculum, which describes the curriculum as experienced by the students.
In this model, both the 3rd and 4th representations relate to the same agent — the teachers.

Some other models (van den Akker, 2003) include the representation of the learned cur-
riculum, which like the experiential curriculum, relates to the students, but unlike the sub-
jective experiential curriculum, it represents the actual learning outcomes. Several ad-
ditional suggestions for additional representations can also be found in the literature (van
den Akker, 2003).
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Figure 4 depicts another refined model, the typology of curriculum representations (van
den Akker, 2003), which groups related representations, resulting in a hierarchical struc-
ture of layers and sub-layers, which in our opinion better fits the combination of in- and
between-agent complexities. It has three layers that correspond to the intended, imple-
mented, and attained curricula. At the intended layer, it distinguishes between the original
vision of the policymakers and its realization in the form of the formal written curriculum.
At the implemented layer, it differentiates between the curriculum as interpreted by teach-
ers and the curriculum-in-action, i.e., the actual teaching process. At the attained level, this
model differentiates between learners’ subjective learning experiences and the objective
cognitive outcomes of the learning process. An implicit order relation exists between and
within layers, by their order of appearance, with the exception of the last layer for which
the dependencies between the two sub-layers of the experiential and learned curricula do
not necessarily comply with an order relation.
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Ideal

Formal written

Implemented
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Learned
& v

Figure 4. The typology of curriculum representations

The partitions within the implemented and the attained layers capture agent-specific as-
pects, i.e., the teachers and the students, respectively. The first partition addresses the tran-
sition between the policymakers’ views and their realization as a written formal document
by a different agent; thus, essentially nothing is lost by choosing the typology model over
the 4-component version of the tripartite model. However, similar to the 4-component
model in Figure 3, the typology model in Figure 4 does not include components that con-
cern teacher training; hence, it suffers from the same drawback — it does not fit the situation
that is internationally common for CS: a new school subject for which pre-service teacher
preparation paths are scarce at best and therefore a designated training for teachers of other
subjects is necessary, playing an important role in the evolution of the new curriculum.
However, now the required modification is simple, resulting in the 4-layer typology model
presented in Figure 5. The new (second) layer corresponds to the teacher training; the up-
per part represents the curriculum as perceived by the teacher trainers, and the lower part
represents the implementation of the teacher training and its teaching materials. For the
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second layer we chose the name processed curriculum (rather than a more specific tailored
name such as the training curriculum), thus making it somewhat more generic and suitable
for other situations in which the evolution is affected by some other new mediating agent
whose interpretation of the formal written curriculum leads to another representation.
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Figure 5. The four-layer version of the typology of curriculum representations

We see another difference between the original or the extended tripartite models (Figs.
1-3) and the processive model of Figs. 4 or 5. In the IEA models the implemented cur-
riculum represents the classroom level, and covers various aspects, e.g., teachers’ educa-
tional background, beliefs, attitudes, and practice. Consistently, as noted in Section 3.3,
the implemented curriculum was operationalized in the IEA studies by extensive question-
naires, which collected rich data regarding the teachers and their practice. The TIMSS-95
publications (Martin, 1996) emphasized this by formulating four general research ques-
tions, of which the first (“what are students expected to learn?”’) and the fourth (“what have
students learned?”) correspond to the intended and attained curricula, respectively, and
the second and third questions both address the implemented curriculum (“who provides
the instruction?”” and “how is instruction organized?”). The second question concerns the
“characteristics of the teaching force [...] (education, experience, attitudes and opinions)”
(Martin, 1996, p. 1-5) and the third concerns the ways “teachers go about instructing their
students (what teaching approaches do they use, and what curricular areas do they empha-
size)” (Martin, 1996, p. 1-5). In contrast, the processive models in Figs. 4 and 5 emphasize
the adherence (or deviation) of the implemented curriculum to the intended curriculum,
both as the teachers perceive it and teach it. Using this perspective, teachers’ affective fac-
tors are implicit. We saw the need to further extend the model presented in Figure 5, so it
would explicitly address affective aspects, such as self-efficacy, motivation, and attitudes,
which we find very important, potentially influencing the success of every curriculum.
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For example, consistent with Bandura’s framework of self-efficacy, teachers’ self-efficacy
regarding their understanding of the curriculum might affect their performance as teach-
ers who teach it, namely, their in-class practice (Bandura, 1986, 1997; Pajares, 1997),
and hence also the curriculum’s learning outcomes. Other teacher-related affective factors
(such as motivation and attitudes) may affect the teachers’ future professional decisions,
and hence also the future of the curriculum. We believe that the teacher-related affective
aspects are especially relevant in the context of primary-school CS, since, as noted above
(see Section 1), primary-school teachers are often generalist teachers who teach several
subjects and most of these teachers lack CS knowledge. Hence, they may face a substan-
tial challenge when required to teach a CS curriculum, thus amplifying affective impacts.
Similarly, student-related affective factors may lead to undesired affective effects, such as
low self-esteem.

The model in Figure 5 can accommodate student-related affective factors in the attained
experiential layer. However, an explicit extension is required for the teacher-related af-
fective factors. To this end, we chose to partition the implemented perceived layer into
two parts: the implemented perceived cognitive part, addressing the teachers’ perceived
knowledge, and the implemented perceived affective part.

Last, we wanted to explicitly express the processive perspective by clarifying the order
relations between the components of the model, when such relations exist. To this end,
we first added arrows between the intended layer and the processed layer, between the
processed layer and the implemented layer, and between the implemented layer and the
attained layer (similar to Figure 2(a)-(c)). Within layers, the order relation is depicted by
the vertical spatial order of appearance. In line with this and since by definition there is
no order relation between the attained experiential curriculum and the attained learned
curriculum, we chose to modify the graphic representation of the attained layer, depicting
two parts side-by-side, similar to the graphic representation of the implemented perceived
layer. The resulting model is depicted in Figure 6. We also chose to change the name of
the model entirely, to a name that expresses the change of perspective to a processive one,
the 4-layer processive model for curriculum evolution (the 4LPCE model). The complete
definition of all layers is as follows:

The intended ideal layer: The vision of the policymakers regarding the curriculum, in-
cluding any educational goals they set.

The intended formal written layer: The curriculum as published in formal documents,
including official syllabi, curricular guides, and content-related information.

The processed perceived layer: The curriculum as perceived by the teachers’ trainers.
The processed operational layer: The actual implementation of the teacher training.

The implemented perceived layer:

1. The cognitive part: Teachers’ perceptions and interpretations of the curriculum.

2. The affective part: Teachers’ motivation, self-efficacy, attitudes, and intentions re-
garding the curriculum.
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The implemented operational layer: The actual in-school implementation of the cur-
riculum.
The attained layer:

1. The experiential part: The students’ learning experience of the curriculum, includ-
ing their own perception of their knowledge, their motivation, attitudes, and inten-
tions regarding the curriculum.

2. The learned part: The actual cognitive learning outcomes.
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Figure 6. The 4-layer processive model for curriculum evolution (the 4LPCE model)

Taken together, the development of the 4LPCE model can be characterized as a selective,
reflective synthesis of established perspectives on curriculum representations. We selected
predecessor models according to the aspects of curricular evolution that were relevant
to our research context: the IEA tripartite model provided the basic distinction between
intended, implemented, and attained curricula; its extension in the TIMSS-related litera-
ture highlighted the mediating role of organized curricular resources; and the typology of
curriculum representations provided a finer-grained distinction between representations
within the intended, implemented, and attained levels that is consistent with a processive,
evolving perspective instead of the former perspective that emphasized variability. We
then made several conceptual operations in response to features that emerged from our
research context: introduced an explicit teacher-training layer as a mediating stage be-
tween the formal curriculum and teachers; further differentiated teacher-related cognitive
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and affective representations and the two attained facets; and specified the order relations
between the layers and sub-layers. Thus, the 4LPCE model is an elaboration of established
curriculum-representation approaches, shaped through their reflective synthesis with the
requirements of the research context, rather than a claim that curriculum interpretation,
mediation, or development were previously unrecognized.

Next, we will describe how the new model naturally induces a flexible generic framework
that allows for an analysis of the entire evolution of a new curriculum and fosters the
identification of potential gaps or deviations from the curricular goals in the transitions
between the layers and sub-layers.

5. The framework for evaluating K-12 CS curricula

The framework for evaluating K-12 CS curricula is based on the 4LPCE model and in-
cludes adequate research questions and research approaches. The key research question for
a study that aims to fully evaluate a CS curriculum is: How is the evolution of the curricu-
lum, from the ideal intended level to the attained level, exhibited by each of its players?
The players are the policymakers, trainers, teachers, and students. In line with the 4LPCE
model (Figure 6), this complex research question consists of the following sub-questions,
which together form a chain that starts with the policymakers’ vision, namely, the learning
goals set by them, and ends with the learning outcomes (cognitive and affective).

The Intended layer:

1. (The Ideal layer) What is the policymakers’ vision regarding the curriculum?
Which educational goals do they set?

2. (The Formal written layer) How do the formal published curriculum documents
reflect the policymakers’ vision and educational goals?

The Processed layer:

3. (The Perceived layer) How do the teachers’ trainers perceive the formal written
curriculum? How does their perception reflect the content of the formal written
curriculum?

4. (The Operational layer) How do the teachers’ training content and materials reflect
the trainers’ perception of the curriculum?

The Implemented layer:

5. (The Perceived cognitive part) In what ways do the teachers understand, perceive,
and interpret the curriculum following their training?

6. (The Perceived affective part) What are the teachers’ motivation, self-efficacy, at-
titudes, and intentions regarding CS and the teaching of CS?

7. (The Operational layer) To what extent does the teachers’ in-class implementation
of the curriculum reflect the curriculum as they perceived it following their train-
ing? How do school- and teacher-related characteristics interfere with or support
in-class practice?
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The Attained layer:

8. (The Experiential part) What is the students’ learning experience of CS as it was
taught in class (their own perception of their CS knowledge, as well as their moti-
vation, attitudes, or other affective aspects of their learning experience)?

9. (The Learned part) How do the students’ learning outcomes reflect the curriculum
as it was taught in class?

This is a flexible series that can be easily adapted to specific research goals and interests.
First, although it was developed with an entire curricular evolution in mind, researchers
can focus on partial phases by using only some of the layers and making some straight-
forward adaptations to the questions. Second, researchers may narrow the width of the
investigation by modifying certain questions. For example, Research Question 6 can be
modified by deleting the aspect of teachers’ attitudes. Similarly, Research Question 7
can be modified by specifying certain school- or teacher-related characteristics. Third,
researchers may extend the width of their investigation by adding additional questions to
certain layers. For example, by adding a new question to the Attained layer, one can exam-
ine the students’ backgrounds and their relationship with other student-related factors (e.g.,
attitudes or learning outcomes).

The above series of research questions, together with specific research contexts, naturally
lead to research approaches and tools. In general, the Intended ideal layer is investigat-
ed through qualitative content analysis of any data that present the policymakers’ vision
(which can be collected through interviews, questionnaires, and document search); the
Intended formal written layer is investigated through qualitative content analysis of the
formal curricular documents. The Processed perceived layer is investigated by analyzing
data that concern the teachers’ trainers (which can be collected by means of interviews
and questionnaires). The corresponding research approach may vary, depending on the
number of teachers’ trainers. The Processed operational layer is investigated by analyz-
ing data concerning the implementation of the teachers’ training program (collected via
questionnaires, observations, or recordings of training sessions). Again, the correspond-
ing research approach may vary, depending on the nature and volume of the data. For the
Implemented layers (perceived and operational), one can take a qualitative, quantitative, or
a mixed-method approach, depending on the size of the group of participating teachers and
the choice of tools (qualitative tools such as interviews and class observations, or quantita-
tive tools, such as questionnaires). Last, for the Attained layer a quantitative approach is
appropriate (using affective and knowledge questionnaires for the experiential and learned
parts, respectively) or a mixed-method approach, augmenting the data using qualitative
tools such as interviews.

In our research project on the new primary-school CS curriculum, to obtain information on
the vision of the policymakers, we turned to the three policymakers’ statements that were
included in the formal written curriculum as introductory essays (written by the head of the
Joint Administration for Computerization, Technology and Information Systems (CTIS)
in the Ministry of Education, the chair of the Ministry of Education’s CS Committee, and
the inspectorate of K-12 CS Studies). In addition, following the three essays, the formal
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published curriculum included an introduction by the formal-written curriculum author,
presenting his perspective on the rationale, principles, and goals of the curriculum. Taking
a qualitative approach, the four essays constituted our data for the Intended ideal layer. We
treated the three policymakers’ statements as the primary source for identifying the poli-
cymakers’ educational goals, while considering the author’s introduction separately as an
interpretation of the curriculum’s rationale, principles, and goals. Themes appearing only
in the author’s account were not attributed to the policymakers. An alternative tool could
be interviews with the policymakers, but we preferred the written statements, since in our
case these interviews would necessarily have been retrospective, potentially affected by
the actual implementation of the new curriculum, whereas the essays were written before
the implementation started. We used a thematic inductive analysis, separately examining
the policymakers’ statements and the author’s introduction.

For the Intended formal written layer, we also utilized the qualitative approach and used
the published formal document of the curriculum, specifically the 90-page part of the 4th
grade. Since the research question in this layer refers to the vision and goals of the poli-
cymakers, the qualitative analysis of the 90-page document had to refer to the themes
that were found regarding the first question and thus consisted of several sub-analyses.
For example, one of the themes found in the policymakers’ statements was abstraction.
Specifically, the policymakers presented the development of abstraction abilities as one
of the learning goals. Hence, the document analysis of the formal-written layer explicitly
referred to this theme. Based on the research literature, we defined a suitable deductive
category system, which was then inductively extended, yielding a set of categories used
for analyzing the reflection of abstraction in the formal written curriculum (Friebroon-
Yesharim et al., 2023b). Our findings indicated that the formal written curriculum empha-
sized the level of programming, whereas the more abstract concept of an algorithm was not
sufficiently stressed. Our analysis method captures the essence of algorithmic abstraction
and can be easily used to analyze other elaborate formal written versions of K-12 curricula
as well as accompanying textbooks. Similarly, the analysis of the policymakers’ statements
also revealed the theme of problem solving, as a central practice of CS. Hence, another
component of the document analysis of the formal-written layer examined the reflection
of problem solving (Friebroon-Yesharim et al., 2023a). Our findings indicated that CS
problem solving was mostly interpreted as programming, thus potentially leading to an
inaccurate image of CS. In this case too, the analysis method we developed can be used in
the context of other K-12 CS curricula to characterize the treatment of CS problem solving
in their elaborate formal written representation or any accompanying textbooks.

To examine the Processed layer, namely, the teacher training (Friebroon-Yesharim & Ar-
moni, in preparation), we again used the qualitative approach. For the Processed perceived
layer, we focused on one trainer, an experienced educator who was responsible for teacher
training in the central part of the country covering about 70% of the schools that imple-
mented the 4th-grade curriculum at the time of the research. We employed the clinical
interview tool, aiming to investigate the perception of this teacher trainer regarding the
content and goals of the formal curriculum, theme by theme. For the Processed opera-
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tional layer, the data encompassed the slides and notes of six presentations, constituting all
the training materials of the teacher training designed by the interviewee of the previous
phase. These materials provide evidence of the content and emphases that the training was
designed to cover, but they do not by themselves establish everything that was delivered,
discussed, or experienced during the training sessions. We therefore used these materials
as a documentary proxy for the operational layer and limited our interpretation accord-
ingly.

For the Implemented perceived layer, when examining the teachers’ understanding, per-
ceptions, and interpretations of the curriculum, as well as their attitudes, motivation, and
intentions, we again decided to use the qualitative approach, focusing on a relatively small
number of teachers. We employed the qualitative clinical interview tool, conducting inter-
views with the teachers who participated in our study. Another possibility could be to use
questionnaires to assess the teacher-related affective factors and the teachers’ understand-
ing of the curriculum. We preferred interviews over questionnaires, since we thought that
the latter could be perceived by the teachers as tests and therefore would be too intimidat-
ing, especially for teachers who are new to the subject and whose self-efficacy may thus be
lower. For the Implemented operational layer, examining the actual in-class implementa-
tion, we used the qualitative tool of class observations, conducted throughout the school
year. Last, for the attained, student-related layer, the experiential and learned parts, we
used both the qualitative and quantitative approaches, employing the tools of clinical in-
terviews and questionnaires, respectively. For the experiential curriculum we used attitude
questionnaires, whereas knowledge questionnaires were designed for the learned curricu-
lum, operationalizing the themes that were found regarding the first layer, the Intended
ideal layer, namely, the policymakers’ vision.

In our research, the themes found in the first layer accompanied the study further through-
out the layers, acting as a horizontal axis. They constituted the results of the first layer,
whereas for all other layers they served as prisms, through which the entire educational
process was examined. In line with this, the analysis of the first layer was fully inductive,
starting with an empty set of categories, whereas in other parts the themes served as the
basis of deductive analyses (inductively extended when appropriate) or as categories guid-
ing the design of interviews and questionnaires. The set of themes included the themes of
abstraction and problem solving mentioned above, as well as the following five themes:

* The conceptual knowledge: This theme included the development of algorithmic
thinking and the learning of CS concepts.

* Interdisciplinary: The Policymakers highlighted the role of CS in enhancing the un-
derstanding of other scientific subjects such as mathematics, physics, and chemistry.

« Skills: skills such as peer learning, collaboration, decision-making, and critical
thinking were mentioned, as well as creative thinking, communication, and meta-
cognitive skills.

* The nature of CS: Exposing the students to the principles of CS, which constitute the
scientific foundation of the discipline.

 Affective Factors: The policymakers aimed to make the first exposure to CS enjoy-
able and engaging, fostering curiosity and motivation for learning CS.
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6. The end

We presented a framework that supports a multi-level investigation of K-12 CS curricula.
This framework is built around a 4-layer processive model (the 4LPCE model, Figure 6).
That is, our view of a curriculum is based on the framework of curriculum representations
and the tripartite model (van den Akker, 2003), but extends it by incorporating a processive
view. In this view, a curriculum is an evolving process that starts with the policymakers’ vi-
sion and ends with the students who are learning according to the curriculum. In line with
this view, this process is affected by mediating agents that have their own representations
of the curriculum and whose representations act as media through which the curriculum
passes, media that may support or hinder the achievement of the policymakers’ vision.
The framework starts by identifying the policymakers’ vision, namely, the educational
goals, and then follows these goals as they evolve through the media introduced by the
mediating agents, identifying stumbling blocks, inconsistencies or gaps that may cause
the curriculum to get off track regarding certain goals or make some goals unreachable
by damaging paths that could lead to them. Thus, research that employs this framework is
2-dimensional, as themes identified in the research’s first phase act as lenses that cut across
the layers of the model.

In applying this framework, a difference between two successive representations should
not in itself be interpreted as a failure of the curriculum. Such a difference may reflect a
loss, a justified adaptation to a particular context, or an unresolved discrepancy; its educa-
tional significance requires additional contextual evidence. Likewise, the arrows in Figure
6 represent the processive order and possible mediation between representations and or-
ganize the corresponding research questions; they do not by themselves establish causal
effects.

This framework addresses three mediating agents: (1) formal documentation of the curric-
ulum, which may include elaborate content items and teaching resources; (2) trainers who
plan and teach training sessions for teachers; and (3) teachers who implement the curricu-
lum in their classrooms. Our own study of the primary-school CS curriculum introduced in
our country, which employed this framework, identified how the formal written curriculum
reflected a partial treatment of algorithmic abstraction and algorithmic problem solving,
two aspects that were included in the policymakers’ vision. That is, the two respective
educational goals were interfered with, already in the first medium that they crossed.

Both the trainers and the teachers can affect the evolution of the curriculum by their own
perceptions and interpretations of it and by their actual implementation of the curriculum.
Specifically, one of the key points raised in the article is the significance of teachers’ pro-
fessional training in shaping the curriculum’s evolution. It recognizes that trainers’ per-
spectives and understanding of the subject matter play a crucial role in curriculum devel-
opment. By extending known models and including a layer dedicated to teacher training in
the proposed model, the 4LPCE model acknowledges the transformative impact of train-
ing on teachers’ perception of the curriculum. This highlights the importance of investing
in and developing comprehensive and effective teacher training programs to ensure the
successful implementation of computer science curricula.
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Based on the 4LPCE model, the framework induces a series of research questions (con-
cerning cognitive as well as affective factors) that guide the exploration of the curriculum
through its layers and sub-layers, from the policymakers’ vision to the outcomes as they are
reflected by the students’ experiential and learned facets. However, the framework is flex-
ible, and enables researchers to add, delete, or modify research questions. In addition, as
we demonstrated above, the nature of the series of research questions calls for a variety of
data collection tools and analysis methods, both qualitative and quantitative. For example,
interviews, document analysis, observations, and questionnaires are proposed methods for
collecting data from policymakers, curriculum planners, teacher trainers, teachers, and
students. This comprehensive approach to data collection and analysis ensures a holistic
understanding of the curriculum’s impact on various stakeholders.

In the current global reality, in which K-12 CS education is a highly active arena that is
increasingly present in more countries and spans wider age groups, this framework offers a
valuable contribution. It can flexibly support K-12 CS curricular research, and specifically
the assessment of K-12 CS curricula, examining the entire process of curricular evolution
or some of its components. This framework can also accommodate comparative research,
which compares different K-12 CS curricula of various contexts and across various coun-
tries.
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