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Abstract

Computational thinking (CT) is seen as a key competence of the 21st century and different countries have started
to integrate it into their compulsory school curricula. However, few indications exist on how to assess CT in
compulsory school. This review analyses what tools are used to assess CT in European schools and which
dimensions are assessed. We analysed 26 studies carried out in K-12 between 2016 and 2020 in Europe. The results
indicate that 18 different tools have been used and they can be categorized into five groups: questionnaires,
tests/tasks, observations, interviews and analysis of products. From the tools we analysed, more than 50
dimensions were assessed and the vast majority of those were closer to programming skills rather than CT per se.
Based on these results it seems that a common operational definition of CT, a competence model that indicates
which competences students should reach at which age, and a tool that allows all different facets of CT to be
assessed are currently missing.

Keywords: computational thinking, assessment, k-12, computational thinking dimensions

1. Introduction

In recent years, in the wake of digitisation and automation of our society, computational thinking (CT) and more
in general digital literacy have been seen as key competences of the 21st century (World Economic Forum, 2016).
CT has been popularized by Wing (2006), and involves "solving problems, designing systems, and understanding
human behaviour, by drawing on the concepts fundamental to computer science" (p.33). After Wing, different
authors have proposed other definitions of CT or have tried to operationalise Wing’s idea. For example, according
to the International Society for Technology in Education (ISTE) and the Computer Science Teachers Association
(CSTA), CT includes formulating problems; logically organising and analysing data; representing data through
abstractions, models and simulations; automating problem resolution through algorithmic thinking; testing and
improving the possible solutions and transferring the problem solving process to a variety of problems (CSTA &
ISTE, 2011).

Brennan and Resnick (2012) distinguish three dimensions of CT: computational concepts (the knowledge
component) that include concepts that programmers use for example the variables; computational practices (the
skills component) that include the problem solving practices that occurs in the process of programming; and
computational perspectives (the attitude component) that include students’ understandings of themselves, their
relationships to others, and the technological world around them (Lye & Koh, 2014). Other authors define CT as
"the ability to think with the computer-as-tool" (Berland & Wilensky, 2015, p.630) or as "students using computers
to model their ideas and develop programs [...] and consider computer programming as one part of computational
thinking" (Israel, Pearson, Tapia, Wherfel & Reese, 2015, p.264). Shute, Sun and Asbell-Clarke (2017) in a
literature review, synthesize various definitions of CT and propose a framework for CT particularly for K-12.
Their working definition of CT is: "The conceptual foundation required to solve problems effectively and
efficiently (i.e. algorithmically, with or without the assistance of computers) with solutions that are reusable in
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different contexts" (p.151) and formulated six main facets of CT: decomposition, abstraction, algorithm design,
debugging, iteration, and generalization. According to Shute et al., (2017), "CT is primarily a way of thinking and
acting, which can be exhibited through the use of particular skills, which then can become the basis for
performance-based assessments of CT skills" (p.142). Consequently, computational thinking skills should be
expressed in terms of competences, i.e., as a combination of knowledge, skills and attitudes that are expressed in
a context (European Commission, 2016).

Due to the augmented importance of CT for our society, there have been increasing calls for CT and related
concepts such as coding or programming to be integrated into European school curricula (Académie des Sciences,
2013; European Commission, 2016; Royal Society, 2012; Schweizerische Eidgenossenschaft, 2017). Several
States therefore have, as part of curricula reforms, included CT and related concepts in compulsory schooling (e.g.
England (UK), France, Finland, Italy, Germany, and Switzerland at a regional level) or are planning to introduce
it in the next years (e.g. Norway, Denmark) (Bocconi et al., 2016; Bocconi, Chioccariello & Earp, 2018).

Different approaches on how to introduce CT in schools exist (Chioccariello & Olimpo, 2017). The most common
approaches found in the literature are based on programming (e.g., Scratch), educational robotics, game design, or
paper and pencil activities (Calmet, Hirtzig, & Wilgenbus, 2016). CT is often taught by asking students to create
algorithms in order to solve exercises first, and open-ended problems after, or to create software artefacts like
video games or animations for example. Those algorithms can be created without the use of technology (for
example, by the means of unplugged activities where a student-programmer gives instructions to a student-robot
to navigate through a maze), with visual programming languages or with textual programming languages (Da Cruz
Alves, Gresse Von Wangenheim, & Hauck, 2019).

Despite the numerous suggestions from different didactic materials and tools to carry out CT in class, only a few
indications exist on how to assess CT skills in K-12. A large body of literature published in recent years indicates
different challenges in the development of widely accepted assessment methods and frameworks that encompass
the complexity of CT (Brennan & Resnick, 2012; Denner, Werner, & Ortiz, 2012; Denning, 2017; Fronza, El Ioini,
& Corral, 2017; Grover et al., 2017; Grover, Pea, & Cooper, 2015; Tikva & Tambouris, 2021; Zhong, Wang,
Chen, & Li, 2016). These challenges are also due to the variety of CT definitions that make it difficult to develop
a common and reliable assessment tool (Adams, Cutumisu, & Lu, 2019). The existing tools are often developed
to measure single dimensions of CT highly linked to the tool adopted (e.g., programming concepts in Scratch, or
debugging strategies with educational robots). This makes it even more difficult to measure CT in its entirety and
therefore evaluate the effectiveness of the CT activities that are carried out in schools. This situation neither allows
for an overview on the different approaches, nor to compare results across various studies (Shute et al., 2017). The
assessment of CT is however essential in order to successfully implement CT in schools (Grover & Pea, 2013)
since teachers need to collect evidence on what they propose to better understand their students’ progress. Valid
and reliable assessments tools also help to evaluate the effectiveness of different CT curricula (Basu, Rutstein, Xu,
Wang & Shear, 2021). Tools to assess CT need to include all dimension of CT such as the assessment of
understanding of programming or CT concepts alongside assessment of general problem-solving practices such as
logical thinking, formulation of a problem as a set of computational steps, pattern recognition, abstraction and
generalization, decomposition and modularization, data collection and organization; data-based decision making,
and systematic incremental testing and debugging that are important in contexts beyond programming (Atmatzidou
& Demetriadis, 2016; Barr, Harrison, & Conery, 2011; Basu, Rutstein, Xu, Wang & Shear, 2021; Csizmadia,
Curzon, Dorling, Humphreys, Ng, Selby, & Woollard, 2015).

In the last few years, some reviews on CT assessment tools have been published. Those reviews have been carried
out in Canada (Adams et al., 2019; Cutumisu, Adams, & Lu, 2019), Brazil (Da Cruz Alves et al., 2019) and United
States (Tang, Yin, Lin, Hadad & Zhai, 2020). The review by Da Cruz Alves et al., (2019), however focuses on the
tools that assess programming activities based on code and not on CT in a broader sense as defined in this paper.
Tang et al., (2020) include studies done in colleges, high schools or teacher education, while Cutumisu et al.,
(2019) analyse studies done between 2014 and 2018. The cited reviews show a breadth of methods employed to
assess CT (Cutumisu et al., 2019) that include four main forms: traditional assessment composed of selected-
and/or constructed-response questions, portfolio assessments, surveys, as well as interviews, and claim that most
of the CT assessment tools analyse concepts directly related to algorithms and programming (Tang et al., 2020).
Another study of Coban and Korkmaz (2021), highlights in the literature, “it has been seen that computational
thinking is evaluated with different measurement tools. Many more methods such as scales, portfolio studies,
coding, multiple choice tests, task-based tests, observations, and rubrics have been applied with different
methodologies” (p. 2). There are however no reviews focusing on contemporary studies conducted in European
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compulsory schools with a broader understanding of CT. A review on how CT is currently assessed in European
schools and which tools are used can therefore help to make an overview on the different existing practices and to
formulate implications for the field. In this paper, we intend to explore and describe the CT assessment approaches
used in K-12 education in Europe focusing on the last years. The questions addressed are the following: (1) Which
tools are used to assess CT in Europe? and (2) Which dimensions of CT are assessed?

This review will help to create an overview on different approaches and tools used to assess CT in K-12 in Europe
and on the CT dimensions assessed. This knowledge could potentially help design and develop a reliable and valid
CT assessment tool. The paper is structured as follows: Section 2 describes the methodology used to obtain the
reviewed papers. Section 3 presents the results, aggregating the studies and illustrating the tools used, and the
dimensions of CT assessed. Section 4 discusses the results and Section 5 presents the conclusions.

2. Methodology

For this systematic review we adopted the method for implementing reviews in the social sciences by Petticrew
and Roberts (2006). Specifically, we followed these steps: (1) research questions were formulated; (2) the search
terms were defined, and appropriate databases were selected; (3) inclusion and exclusion criteria were formulated,;
(4) the obtained papers were screened and selected; (5) the data to answer the research questions were extracted.

2.1 Definition of Search Terms and Selection of Database

For this review we have consulted seven databases: ERIC, PsyclInfo, Scopus, Web of Science, Google Scholar,
ACM Digital Library, and ProQuest Dissertations and Theses Global. The selection of these databases includes
journals involving educational research as well as computer sciences research. We decided to also include Google
Scholar and ProQuest Dissertations and Theses Global to also reach grey literature and dissertations. The search
terms used are the following:

e Query I: "computational thinking" AND ("K-12" OR "primary school" OR "secondary school") AND
"assessment"

e Query 2: "computational thinking" AND ("assessment" OR "test" OR "evaluation" OR "exam" OR
"measure") AND ("K-12" OR "primary school" OR "elementary school" OR "secondary school" OR
"middle school")

e  Query 3: "computational thinking" AND "assessment"

We started with Query 1, however we noticed that the term assessment could also be used with a synonym like
"test", "evaluation", "exam", or "measure". We decided therefore to do a second query including also these terms.
The first two queries however did not allow studies carried out in educational systems that use other names to refer
to K-12 education other than "primary", "elementary", "secondary", or "middle school". In order to be sure to also
include educational systems that use other names we carried out a third query with only the terms "computational
thinking" and "assessment". This query is a superset of the previous two queries, with a much broader spectrum
of results. Even though such a query ended up including many out-of-scope papers, we decided to keep the results
and filter them ourselves in order not to exclude a priori papers that use another terminology. The research in fact
yielded a total of 30432 papers. After removing duplicates, we obtained a corpus of 13872 papers. The consultation

of the databases has been concluded during the first week of December 2020.
2.2 Inclusion and Exclusion Criteria
To select the articles, we used the following inclusion criteria:

e We decided to include papers conducted from 2016 onward (10 years after Wing’s seminal work). We
are aware that this criterion could represent a limitation since we are excluding studies carried out before
2016. This decision was made in order to limit the number of papers and in order to include only actual
and more recent assessment tools that are used in European schools.

e The study needs to be conducted in Europe since we are interested in the assessment tools used in
European schools. This criterion was formulated in order to avoid including assessment tools that relate
to instructional practices that are not present in European schools. We are aware that the school systems
in Europe are different from each other, the instructional practices related to CT (robotics, coding,
unplugged activities) are however very similar between European countries.

e The paper has to be written in English. This criterion could also represent a limitation since European
literature could be published in different languages. The most common language used in this field of
research however is English.
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The paper needs to have the full text available.

The study has to be done in the context of formal K-12 education.

The paper explains which dimensions of CT are assessed.

The paper presents a tool/test to assess CT.

The tool has been tested in class. The paper should present a tool that has been applied in class. Papers
on theoretical reflections on how to assess CT without a tool tested in class have been excluded.

2.3 Screening of Papers

The screening process can be seen in Figure 1. All papers have been screened applying the inclusion criteria. A
first screening round based mostly on the abstracts and metadata of the papers lead us to eliminate studies carried
out before 2016, non-English papers and papers on studies conducted in non-European countries. After applying
these first criteria, we obtained 175 papers. In a second round, the inclusion criteria were applied to the full-text
versions of the 175 selected papers. The execution of this second round resulted in 26 papers that match the
inclusion criteria.

Total number of papers

30432

Total number of papers after
removing duplicates

13872

v

Total number of abstract screened Number of papers excluded

13872 13697

v

Total number of full text screened Number of papers excluded

175 149

v

Number of papers included in the analysis

26

Figure 1. Screening process and stages.

2.4 Data Extraction

The 26 selected papers were read a second time more in depth and a series of information was selected in order to
answer the research questions. For all 26 papers we extracted the following data:

Authors and date

Type of the paper (e.g., scientific article, conference paper, dissertation, ...)
Nation where the study was conducted

Name of the assessment tool implemented

Form of the tool (e.g., paper based, computer based, test, questionnaire, ...)
Length of the assessment (e.g., number of items)

CT dimensions that were assessed

Number of pupils in the study

School grade in which the study was conducted

3. Results

The presentation of the findings was divided into three main topics: description of the selected studies, presentation
of the assessment tools used in the different studies, and a report on the CT dimensions assessed by the different
tools.
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3.1 General Description of the Selected Studies

Of the 26 studies selected, 7 were conducted in Spain 4 of which were by the same research team. In Turkey 6
studies were carried out. In the UK there were 3. In Germany, Greece and Italy, 2 studies were carried out in each.
Chiazzese, Arrigo, Chifari, Lonati & Tosto (2019) is an extended paper of the study Chiazzese, Arrigo, Chifari,
Lonati & Tosto (2018). The last 4 studies were conducted in Czech Republic, Finland, Ireland, and in Slovenia.
Seventeen studies were published as journal papers, 8 were conference papers and 1 as a chapter in a book. The
number of pupils assessed with the CT tools ranges between 16 (Gillott, Joyce-Gibbons, & Hidson, 2020) and
1251 (Roman-Gonzalez, Perez-Gonzalez, & Jimenez-Fernandez, 2017). Sixteen studies have been carried out in
primary schools and 10 in secondary education. The attribution to a grade is however dependent on the country
where the study was conducted. In this study, in which we are aware that we could not represent all European
school systems, we divided the school grades as follow: Preschool/Kindergarten (pupils aged below 5 years);
Primary School (pupils aged between 6 and 11; Grades 1st-6th); Secondary School (pupils aged between 12-15;
Grades 7th-10th). In the cases where the studies covered more grades, we have counted them according to the
grade where the majority of the pupils were enrolled considering only the grades in compulsory schools. Table 1
shows all the selected studies ordered by school grade. The selected studies are also marked with an * in the
reference list.

Table 1. Selected studies

Study Nr. of Grade Nation Publication Type
pupils

Kalliopi and Michail, 2019 450 Ist-2nd Greece Conference paper

del Olmo-Muiioz, Cozar-Gutiérrez, and 84 2nd Spain Journal paper

Gonzalez-Calero, 2020

Price and Price-Mohr, 2018 18 2nd-5th UK Journal paper

Leitheit, Jabs, Ninaus, Moeller and 33 3rd- 4th Germany Conference paper

Ostermann, 2018

Chiazzese, Arrigo, Chifari, Lonati and 83 3rd-4th Italy Conference paper

Tosto, 2018

Chiazzese, Arrigo, Chifari, Lonati and 51 3rd-4th Italy Journal paper

Tosto, 2019

Bryndova and Malist, 2020 90 3rd-8th Czech Republic  Conference paper

Fagerlund, Hakkinen, Vesisenaho, and 57 4th Finland Journal paper

Viiri, 2020

Kozuh, Krajnc, Hadjileontiadis, and 945 4th-6th Slovenia Journal paper

Debevc, 2018

Pérez-Marin, Hijon-Neira and Bacelo, 132 4th-6th Spain Journal paper

2018

Yildiz Durak, 2018 110 5th Turkey Journal paper

Tonbuloglu and Tonbuloglu, 2019 114 5th Turkey Journal paper

Saez-Lopez, Roman-Gonzalez, and 139 5th-6th Spain Journal paper

Vazquez-Cano, 2016

Allsop, 2019 30 5th-6th UK Journal paper

Kukul and Karatas, 2019 319 5th-7th Turkey Journal paper

Korucu, Gencturk, and Gundogdu, 2017 160 5th-8th Turkey Journal paper

Roman-Gonzalez, Perez-Gonzalez, and 1251 5th-10th  Spain Journal paper

Jimenez-Fernandez, 2017

Forster, Forster, and Lowe, 2018 22 6th Germany Conference paper

Segredo, Miranda, Ledn and Santos, 54 6th-14th  Spain Conference paper

2016

Roman-Gonzalez, Moreno-Ledn, and 148 7th-8th Spain Conference paper

Robles, 2017

Bati, Yetisir, Caligkan, Giines and Sagan, 104 8th Turkey Journal paper

2018

Roman-Gonzalez, Pérez-Gonzalez, 314 8th-9th Spain Journal paper

Moreno-Leo6n and Robles, 2018

Saritepeci and Durak, 2017 53 9th Turkey Chapter in a book
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Garneli and Chorianopoulos, 2018 34 10th Greece Journal paper
Gillott, Joyce-Gibbons and Hidson, 2020 16 10th-11th UK Journal paper
Lockwood and Mooney, 2018 292 10th-12th  Ireland Conference paper

3.2 Which Tools are Used to Assess CT in Europe?

In this section we present a more in-depth analysis of the tools used to assess CT. Table 2 shows the different types
of tools used in the 26 studies grouped by tool nature. Across the 26 articles, 18 unique forms of assessment were
identified and grouped in five categories: test/tasks (Visual Blocks Creative Computing Test, CT Test, PCNT test,
Bebras tasks, Code.org tasks, Scratch tasks, Alice tasks, Java tasks, Educational robotics tasks, CT activities,
PhysGramming), questionnaires (CT Self-efficacy Scales, CT Ability Scale, CONT questionnaire and self-
developed online questionnaires), observations, interviews, and analysis of products (manually, or automated with
Dr Scratch). The most used tools are the CT Test (5 times), Bebras tasks (5 times), the Computational Thinking
Ability Scale (4 times) Dr. Scratch (3 times), and Scratch tasks (3 times).

Table 2. Tool used by the analyzed papers.

Study

Name of Tool

Tool nature

Length of assessment

Fagerlund, Hiakkinen, Vesisenaho,
and Viiri, 2020

Scratch tasks

Analysis of products

Garneli and Chorianopoulos, 2017 Dr. Scratch Analysis of products -

Forster, Forster, and Lowe, 2018 Dr. Scratch Analysis of products Automatic assessment
over 24 program
elements

Price and Price-Mohr, 2018 Java tasks Interview and analysis -

of products

Allsop, 2019 Scratch and Alice Observation, -

tasks, observations  interview, analysis of
and interviews products

Gillot, Gibbons, and Hidson, 2020 Scratch tasks and Observations, -

observations interview

Kalliopi and Michail, 2019 PhysGramming Tasks, observations -

and interview

Chiazzese, Arrigo, Chifari, Lonati Bebras task Tasks -

and Tosto, 2018

Chiazzese, Arrigo, Chifari, Lonati Bebras task Tasks 10 items

and Tosto, 2019

del Olmo-Munoz, Cézar-Gutiérrez Bebras task Tasks 10 items

and Gonzalez-Calero, 2020

Lockwood and Mooney, 2018 Bebras task Tasks 13 items

Segredo, Miranda, Ledn and CT activities Tasks 5 activities

Santos, 2016

Leitheit, Jabs, Ninaus, Moeller and ~ Code.org tasks Tasks 9 tasks

Ostermann, 2018

Bryndové and Malisu, 2020 Educational Tasks 16 items

robotics tasks

Saez-Lopez, Roman-Gonzalez, and ~ Visual Blocks Test 40 items

Vazquez-Cano, 2016 Creative

Computing Test

Korucu, Gencturk, and Gundogdu, CT Ability Scale Questionnaire 22 items

2017

Saritepeci and Durak, 2017 CT Ability Scale Questionnaire 22 items

Yildiz Durak, 2018 CT Ability Scale Questionnaire 22 items

Tonbuloglu and Tonbuloglu, 2019 CT Ability Scale Questionnaire and 22 items

and observations observations

Roman-Gonzalez, Moreno-Leon, CT Test, Dr. Questionnaire, 28 items (CT Test)

and Robles, 2017 Scratch and Bebras  analysis of product

tasks and tasks
Roman-Gonzalez, Perez-Gonzalez, CT Test Questionnaire 28 items
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and Jimenez-Fernandez, 2017

Roman-Gonzalez, Pérez-Gonzalez,  CT Test Questionnaire 28 items
Moreno-Leo6n and Robles, 2018
Bati, Yetisir, Caliskan, Giines and CT Test, Questionnaire, Depends on the module
Sacan, 2018 observations and observations and
interviews interviews
Pérez-Marin, Hijon-Neira, and CT Test, PCNT Questionnaire 15 items (CONT), 28
Bacelo, 2018 Test, CONT items (CT Test), 14
questionnaire Items (PCNT)
Kozuh, Krajnc, Hadjileontiadis, and ~ Online survey Questionnaire 13 items
Debevc, 2018 questionnaire
Kukul and Karatas, 2019 CT Self-efficacy Questionnaire 18 items
Scale

Test/Tasks. The majority of the selected studies uses a test or a task to assess CT. Under this category we can find
for example the Visual Blocks Creative Computing Test. This test has 40 items with a structured and progressive
sequence. Students answer items related to sequences, loops, conditional statements, parallel execution,
coordination, event handling, and keyboard input. Another frequently used test is the CT Test (Roman-Gonzalez
et al., 2017), in which pupils have to solve 28 tasks. For example, a sequence of instructions is given to them and
they have to decide how many times the sequence has to be executed in order to move a character from point A to
point B on a grid. The CT test targets secondary school pupils. A similar test for primary school pupils is the PCNT
Test (Pérez-Marin et al., 2018). Other often used tasks to assess CT skills are the Bebras tasks. The Bebras tasks
are a large set of tasks used for the worldwide annual International Challenge on Informatics and Computational
Thinking. The aim of the challenge is to increase pupils’ engagement in informatics and to promote the
development of computational thinking through the resolution of real-life and attractive problems (Chiazzese et
al., 2018). Also the code.org tasks can be used to assess CT: the platform offers in fact different online courses for
pupils which contain assessment tasks to be solved. In other cases, the researchers used tasks created with different
programming languages for example Scratch, Alice or Java. In some cases, educational robotics tasks also can be
used. Bryndova and Malist (2020) for example use the robots Ozobot EVO and BIT. A last system that has been
used to assess CT is PhysGramming (Kalliopi & Michail, 2019). PhysGramming is a digital environment that
allows pupils to create their own games.

Questionnaires. Questionnaires related to CT are also often used to assess CT skills. Kukul et al. (2019) have for
example developed the CT Self-Efficacy Scale. The original scale contained 51 items arranged as 5-point Likert
scale (1 ="Completely Disagree" - 5 ="Fully Agree"). The scale was applied as a pilot to secondary school pupils
and the items were reduced to 18 items. Example items on the scale are: "If there are sub-problems in the problem,
I can manage the solution processes of these sub-problems"; "I can make connections between the current problem
and previously encountered problems". Another questionnaire used is the CT Ability Scale developed by Korkmaz,
Cakir, and Ozden (2016). The scale was originally developed for university students and then was adapted for
secondary school pupils. Also in this case, a five-point Likert scale is used. Examples of items in the test are "I
believe that I can easily catch the relation between the figures"; "It is fun to try to solve the complex problems".
Other questionnaires allowed open questions an example is the CONT questionnaire that measure knowledge of
programming concepts. An example of a question is "What do you think a program is? Can you give an example?"
(Pérez-Marin et al., 2018).

Observations. In some studies, CT skills have been assessed by observing pupils solving different tasks. For
example, Allsop (2019) collected data on CT skills by observing "the language children used for their ’self’
explanations and group discussions, the gestures, the context of their relations with teacher, peers and technology
in their classroom setting" (p.33).

Interviews. In order to assess CT, few studies also asked pupils to create a product (a coded story) and then
interviewed them to let them explain their coded story (Price & Price-Mohr, 2018).

Analysis of products. Another method to assess CT skills is to analyse pupils’ projects. An example of this are
projects created in Scratch. The products can be analysed manually or automatically with Dr. Scratch for example.
Dr. Scratch is an online analysis tool which can assess CT skills of a Scratch project based on the number of sprites,
blocks, loops, and other concepts used in the project, and calculate a CT skills score. Dr Scratch however has some
limitations as it cannot detect if the program is functioning as intended: a project with the appropriate blocks could
get a high CT score, although it may lack functionality (Moreno-Ledn & Robles, 2015).
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3.3 Which Dimensions are Assessed?

The presented tools have been used to analyse different dimensions of CT. Table 3 shows an overview of the
analysed dimensions according to used tools and study grouped by tool name. Analysed dimensions is composed
of keywords taken from the papers where the tool was used. The analysed dimensions of a specific tool used in
more than one paper could be different or have slightly different terminology among the papers, depending on the
authors’ research focus and on how they have used the instrument.

In terms of concepts and processes, we stayed with what the authors defined as a CT dimension in the reviewed
papers. This could include programming constructs as well as non-programming terms and processes. We
addressed this difference in Section 4 and Section 5 and we highlighted why this is still an issue to reach a common

operational definition of CT.

Table 3. Tools used in the selected studies and dimensions analyzed by the tools.

Study Name of Tool (or Analysed dimensions
type if N.A.)

Chiazzese, Arrigo, Bebras tasks Algorithmic thinking, Implementing simple algorithmic

Chifari, Lonati and Tosto, procedures, Logically analyzing data, Logically

2018 organizing data, Representing data through formal
encoding

Lockwood and Mooney, Bebras tasks Data ordering, Encoding, Gossip problem, If then else

2018 objects, Pattern matching attributes and variables,
Stacks, Trees ciphering, Sorting

Del Olmo-Mufioz, Cézar-  Bebras tasks Algorithmic thinking, Decomposition, Evaluation,

Gutiérrez, and Gonzalez- Generalisation

Calero, 2020

Leifheit, Jabs, Ninaus, Code.org tasks Conditionals, Debugging, Events

Moeller and Ostermann,

2018

Korucu, Gencturk, and CT Ability Scale Algorithmic thinking, Analytical Thinking,

Gundogdu, 2017 Collaboration, Creativity, Problem solving

Saritepeci and Durak, CT Ability Scale Algorithmic thinking, Collaboration, Creativity, Critical

2017 thinking, Problem solving

Yildiz Durak, 2018 CT Ability Scale Algorithmic thinking, Collaboration, Creativity, Critical
thinking, Problem solving

Tonbuloglu and CT Ability Scale Algorithmic thinking, Collaboration, Creativity, Critical

Tonbuloglu, 2019

thinking, Problem solving

Segredo, Miranda, Ledn
and Santos, 2016

CT activities

Abstraction, Algorithmic thinking, Cognitive planning,
Logical thinking

Kukul and Karatas, 2019

CT Self-efficacy Scale

Abstraction, Decomposition, Generalization, Reasoning

Roman-Gonzalez, Perez-
Gonzalez, and Jimenez-
Fernandez, 2017

CT Test

Computational concepts (sequences, loops,
conditionals, operators), Computational practices
(testing and debugging, reusing and remixing,
abstracting and modularizing)

Roman-Gonzalez,
Moreno-Leoén, and
Robles, 2017

CT Test, Dr Scratch,
and Bebras tasks

Abstraction and problem decomposition, Data
representation, Flow control, Logical thinking,
Parallelism, Synchronization, User interactivity

Bati, Yetisir, Caliskan,
Giines and Sagan, 2018

CT Test, observations,
and interviews

Assessing different approaches/solutions to a problem,
Choosing effective computational tools, Creating
abstractions, Developing modular computational
solutions, Programming, Troubleshooting and
debugging, Using problem solving strategies

Pérez-Marin, Hijon-
Neira, and Bacelo, 2018

CT Test, PCNT Test,
CONT questionnaire

Abstract and encapsulate, Incremental and iterative
development, Mix and reuse, Test and Debugging

Roman-Gonzalez, Pérez-
Gonzalez, Moreno-Ledn
and Robles, 2018

CT Test

Computational concepts (sequences, loops,
conditionals, operators), Computational practices
(testing and debugging, reusing and remixing,
abstracting and modularizing)
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Garneli and Dr Scratch Data, Computational practices and perspectives,

Chorianopoulos, 2017 Conditionals, Events, Loops, Operators, Parallelism,
Sequences

Forster, Forster, and Dr Scratch Abstraction and problem decomposition, Algorithmic

Lowe, 2018 notions of flow control, Data representation, Logical
thinking, Parallelism, Synchronization, User
interactivity

Bryndova and Malist, Educational robotic Abstraction, Algorithmization, Decomposition,

2020 tasks Evaluation, Generalization

Price and Price-Mohr, Java tasks Abstraction, Algorithmic thinking, Decomposition

2018

Kozuh, Krajne, Online survey

If-clause, Loops, Series of execute commands,

Hadjileontiadis, and questionnaire Variables

Debevc, 2018

Kalliopi and Michail, PhysGramming Abstraction, Algorithmic thinking, Data analysis

2019 (identifying misconceptions, reconsider choices), Data

collection, Data organization

Allsop, 2019 Scratch and Alice Abstractions, Conditionals, Events, Loops, Operators,
tasks, interviews, and Parallelism, Sequences, Variables
observations

Fagerlund, Hakkinen, Scratch Abstraction, Algorithms, Automation, Coordination,

Vesisenaho, and Viiri,
2020

Creativity, Data, Logic, Modeling and design, Patterns,
Problem decomposition

Gillott, Joyce-Gibbons,
and Hidson, 2020

Scratch tasks,
interviews, and
observations

Abstraction, Algorithmic thinking, Computational
concepts, Computational perspectives,
Debugging/Testing, Decomposition, Evaluation,
Formulate problems, Generalization/Reusing, Logical
reasoning

Visual Blocks Creative
Computing Test

Saez-Lopez, Roman-
Gonzalez, and Vazquez-
Cano, 2016

Conditional statements, Event handling,
Experimentation, Iteration, Keyboard input, Sequence,
Threads, User Interface Design

Table 4 shows the dimensions analysed in the selected papers ordered by number of appearances. The table doesn’t
take into account duplicates (that is, if a tool appeared in more than one study, the dimensions it analysed are
counted only once). Whenever there are differences in the terminology used when referring to the same dimension,
all the used terms are presented in the same row (e.g., abstract, abstraction). It is interesting to note that the tools
presented in the selected studies allow 59 different dimensions to be analysed. Only 21 dimensions however appear
more than once, while all the others (38) are representative of a single tool. This gives an initial indication which
dimensions are most frequently taken into account and thus associated with CT. If the dimensions tested by the
tools are analysed according to school grades it can be noticed that the type of dimensions used do not differ based

on students’ grades.

Table 4. Dimensions analysed by the reviewed papers.

Dimension Appearances | Dimension Appearances
Abstract / Abstraction 8 Data collection 1
Algorithm / Algorithmic thinking / 8 Data ordering 1
Algorithmization

Problem decomposition / 7 Developing modular 1
Decomposition computational solutions
Conditionals / Conditional statements 6 Encapsulate 1
Generalization / Pattern recognition / 6 Encoding 1
Patterns

Loops / Iterations 5 Execute commands 1
Events / Event handling 4 Experimentation 1
Logic / Logical thinking / Logical 4 Flow control 1
reasoning

Sequences 4 Formulate problems 1
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Creativity 3 Gossip problem 1
Debugging 3 Incremental development 1
Evaluation 3 Iterative development 1
Operators 3 Keyboard input 1
Parallelism 3 Mix / Remixing 1
Variables 3 Modeling and design 1
Analyze data / Data analysis 2 Programming 1
Computational practices and 2 Reasoning 1
perspectives
Data 2 Reuse 1
Data representation 2 Simple functions 1
Organize data / Data organization 2 Sorting 1
Problem solving 2 Stacks 1
Analytical / critical thinking 1 Synchronization 1
Assessing different 1 Test 1
approaches/solutions to a problem
Automation 1 Threads 1
Choosing Effective Computational 1 Trees 1
Tools
Ciphering 1 Troubleshooting 1
Cognitive planning 1 User interactivity 1
Collaboration 1 User interface / User 1
interface design
Computational Concepts 1 While conditional 1
Coordination 1

The dimensions mentioned in Table 4 can be further divided into dimensions purely related to programming and
informatics, and dimensions related in a broader sense to CT. To this respect, we decided to select the dimensions
which can be associated with the definition of CT given Wing and Shute’s seminal works and present them in
Table 5. The table shows 19 dimensions in total related to Wing and Shute’s works. Interestingly enough, more
than half of the dimensions (11) are mentioned in more than one tool.

Table 5. Dimensions analysed that can be related to CT as seen in Wing and Shute’s seminal work.

CT dimension (Wing, 2006 and Shute et al., 2017) Appearances
Abstract / Abstraction 8
Algorithm / Algorithmic thinking / Algorithmization 8
Problem decomposition / Decomposition 7
Generalization / Pattern recognition / Patterns 6
Logic / Logical thinking / Logical reasoning 4
Creativity 3
Debugging 3
Evaluation 3
Analyze data / Data analysis 2
Organize data / Data organization 2
Problem solving 2
Analytical / Critical thinking 1
Assessing different approaches/solutions to a problem 1
Cognitive planning 1
Collaboration 1
Data collection 1
Formulate problems 1
Reasoning 1
Test 1

The remaining dimensions fall closer to programming skills rather than to the definition of CT we decided to focus
on. For example, among these dimensions (Table 6) we find conditional statements, iterations, events, sequences,
variables, execution of commands, data representation, and operators. While it may be argued which dimensions
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are purely related to programming rather than being adaptable in a broader sense to CT, it is clear that dimensions
such as conditionals, loops, or programming are concepts that are mostly related to programming and informatics,
rather than CT. To this end, debugging can be seen as the act of fixing an error in a mental algorithm/procedure
(Shute et al., 2017), and thus can be seen as part of CT given a much inclusive definition.

Table 6. Dimensions analyzed that can be seen as purely related to programming.

Programming dimension Appearances Programming dimension  Appearances
Conditionals / Conditional 6 Experimentation 1
statements
Loops / Iterations 5 Flow control 1
Events / Event handling 4 Gossip problem 1
Sequences 4 Incremental development 1
Operators 3 Iterative development 1
Parallelism 3 Keyboard input 1
Variables 3 Mix / Remixing 1
Computational practices and 2 Modeling and design 1
perspectives
Data 2 Programming 1
Data representation 2 Reuse 1
Automation 1 Simple functions 1
Choosing effective computational 1 Sorting 1
tools
Ciphering 1 Stacks 1
Computational concepts 1 Synchronization 1
Coordination 1 Threads 1
Data ordering 1 Trees 1
Developing modular 1 Troubleshooting 1
computational solutions
Encapsulate 1 User interactivity 1
Encoding 1 User interface / User 1
interface design
Execute commands 1 While conditional 1

4. Discussion

This paper reports the assessment tools and the assessed dimensions of 26 European studies conducted between
2016 and 2020. The results conform to the existing literature that shows a variety of CT assessments methodologies
(e.g. Coban, & Korkmaz, 2021) and indicates different CT assessment tools exist that can be categorized in five
groups: questionnaires, tests/tasks, observations, interviews and analysis of products. The first two categories
(questionnaires and test/tasks) were the two most common. Most studies use a single form of assessment (either
questionnaire, test, interview, etc...) and often limit themselves to assess if students can recognize and recall
knowledge out of context. These forms therefore do not allow assessment of the competences and in particular CT
skills that have a multifaceted nature. This can also be noticed analysing the dimensions of CT that the reviewed
tools allow to assess. Wing (2006) defined CT as a fundamental skill, a definition further expanded by Shute et al.
(2017), clearly decoupling it from basic computer science. Nonetheless most of the dimensions that the review
tools assess are related to programming skills, rather than effectively measuring the ability to solve problems
through CT which goes beyond computer science. Our review focused on European K-12 education confirms
some of the results found in other reviews carried out by researchers in non-European countries: a breadth of
methods employed to assess CT (Cutumisu et al., 2019) and the majority of them analysing concepts directly
related to algorithms and programming (Tang et al. 2020). The need for tools that allow to assess all facets of CT
has been discussed already in other studies such as highlighted in Basu, Rutstein, Xu, Wang and Shear, 2021. This
is also related to the different operational definitions of CT making it difficult to agree on the dimensions of CT
and to develop a common and reliable assessment tool (Adams et al., 2019). In fact, in the 26 studies selected, as
many as 59 different dimensions are associated with CT, however only 21 dimensions appear more than once,
while the remaining 38 are representative of a single tool. The analysis of the tools also shows that they do not
refer to a shared competence model of CT differentiated by age. The different studies assess CT in pupils in
different grades, however it is not clear what competences pupils should reach at which age since the same
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dimensions and tools are used for pupils of different ages. The challenges in the development of assessment
methods and frameworks that include all facets of CT is already mentioned by different authors (e.g. Brennan &
Resnick, 2012; Denner, Werner, & Ortiz, 2012; Denning, 2017; Fronza, El loini, & Corral, 2017; Grover et al.,
2017; Grover, Pea, & Cooper, 2015; Tikva & Tambouris, 2021; Zhong, Wang, Chen, & Li, 2016) are still present
and should drive the need for future research in the field.

5. Conclusion

In this paper we focused on answering two main questions: “Which tools are used to assess CT in Europe?” and
“Which dimensions of CT are assessed?”. In her 2006 paper, Wing describes CT as "[...] solving problems,
designing systems, and understanding human behavior, by drawing on the concepts fundamental to computer
science". The dimensions shown in Table 6 can be associated with the fundamental concepts of computer science,
yet on an abstract level they can also be used to describe human behavior when solving a problem (Voskoglou &
Buckley, 2012). We argue that the presented tools rely too much on computer science concepts rather than focusing
on problem-solving skills in educational contexts (Rahman, 2019).

Based on these reflections we can formulate following issues that are present in the assessment of CT in European
K-12 education and should drive future research in the field:

e A common operational definition of CT is still absent;

e A competence model that indicates which competences students should reach in CT at which age is
absent;

e  Still missing is a tool that takes into consideration all the different dimensions of CT and does not focus
only on a few of them or just on programming skills.

In order to advance in this research field, we believe it would be important to define a competence model of CT
according to the pupil’s age, i.e., a model of the pupil’s skills, knowledge and possible behaviours in a given
context. Based on this model, assessment rubrics (Popham, 1997) could be defined.

An assessment rubric consists, in general, in a qualitative description of possible observable behaviours that can
be observed during the accomplishment of a task, corresponding to different performance levels with respect to
the components of the competence being assessed. The different performance levels could be expressed in different
ways (Dawson, 2017), for example, they could be defined through the amount of assistance needed during the
resolution of the task. In this case, during the activity students can have access to different aid; the more aid they
need, in form of hints, suggestions, or supplementary tools or instruments to produce an acceptable solution to the
given problem, the less competent they are. With the help of these rubrics, students could potentially be assessed
by being given tasks to be solved that include all dimensions of a shared operational definition of CT.
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