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Abstract

Recently, computational thinking (CT) has gained importance in education systems world-
wide, specifically the CT training of pre-service teachers. This study conducted a system-
atic literature analysis (2011-2021) of 38 works on pre-service teachers’ CT based on Web
of Science, Science Direct, and Google Scholar databases. The results were as follows: (1)
Six training methods were found, (2) CT training effectively improved pre-service teach-
ers’ CT, (3) A positive relationship was found between pre-service teachers’ CT ability
and the five factors affecting the ability, (4) A mode of training to improve CT ability of
pre-service teachers and the relationship between CT ability and teaching methods were
considered. This study suggested ideas for designing training modules of CT ability and a
reference for realizing the best training effect. Finally, future research trends and a general
model of training were presented as references for researchers, instructors, and policy mak-
ers to promote the CT of pre-service teachers.

Keywords Computational thinking - Pre-service teacher - Teacher training - K-12 -
Training methods

Introduction

Recently, research on computational thinking (CT) has become the focus of international
curriculum education reform in K-12 schools. Several countries, such as the US, China,
Australia and Canada, have introduced policies to include CT in K-12 education, while
increasing financial spending to support CT research (Grover & Pea, 2013; Wang et al.,
2019). However, most research on CT focuses on K-12 students, with little research on
CT of K-12 teachers, especially pre-service teachers. To improve students’ CT ability, the
content should be integrated into K-12 curricula to enable pre-service teachers to develop
CT skills for future teaching requirements (Yadav et al., 2014). Additionally, it is impor-
tant for future teachers to equip themselves with such skills (Esteve-Mon et al., 2020).
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Consequently, few countries have started emphasizing, the development of pre-service
teachers’ CT and implementing measures to help them. In 2011, the US National Science
Foundation proposed that 10,000 teachers in 10,000 high schools should be able to teach
high-quality computer science by 2015 (Computing Education Blog, 2011). Since Septem-
ber 2017, the Institute of Education in the Northwest of Switzerland has initiated a compul-
sory computer science education course for pre-service teachers to improve their CT and
meet future teaching needs (Lamprou & Repenning, 2018). Therefore, given the increasing
attention toward pre-service teachers’ CT, there is a need to develop a series of CT training
to improve these teachers’ CT ability and to teach CT across content areas (Cutumisu et al.,
2021).

Previous research entailed more of an exploratory investigation into the CT of pre-
service teachers (Cutumisu et al., 2021; Esteve-Mon et al., 2019). However, there has
been a lack of systematic studies related to pre-service teachers’ participation in CT
learning and teaching (Yadav et al., 2017). Thus, this study conducts a systematic litera-
ture review to explore the current research status of pre-service teachers’ CT, the effec-
tive methods to improve pre-service teachers’ computational thinking and the relevant
factors affecting CT ability. These efforts help recommend suitable CT training model
for future teachers.

Definition of CT for pre-service teachers

More teachers currently require certain CT abilities that they can integrate into future
classroom practice (Sadik et al., 2017). As a universal ability in the twenty-first century,
the relevant definition of CT is also universal (Rajecki, 1990). CT originated from Logo
teaching by Seymour Papert (Papert, 1996). Logo is a programming language designed to
teach heuristics and formal methods (Feurzeig & Lukas, 1972). Papert (1996) proposed
the term “CT” in a paper on mathematics education, in which he discussed a computer as
a tool to solve problems and how it can help analyse and solve problems. The concept of
CT was defined and advocated by Wing (2006). Wing emphasised that unlike computer
programming, CT included a way of thinking and solving problems. This view added an
abstract quality to CT. Both Wing and Papert clearly showed that CT was not just blind
use of computers, but a method of solving problems. Brennan and Resnick (2012) further
developed the definition of CT as involving three key dimensions: computing concepts,
computing practices, and computational perspective. These dimensions provide a theoreti-
cal framework for CT research.

However, the definition of CT was too broad, and previous research did not agree on the
common elements or components of CT (Barr & Stephenson, 2011). For example, Angeli
et al. (2016) listed the inherent elements of computational thinking, such as abstraction,
generalization, algorithmic thinking and so on. Moreover, attitude elements such as con-
fidence, perseverance, and collaboration were also found to be associated with CT (Barr
et al., 2011). In response, Voogt et al. (2015) indicated that instead of defining CT, simi-
larities and relationships should be sought in discussions about CT. Table 1 provides the
definitions of CT proposed in previous studies.

Therefore, in this study, the conceptual boundary of ‘CT’ is defined according to exist-
ing definitions, which we used to conduct relevant literature search. The definitions of CT
in previous studies are summarised to screen relevant research results: (1) CT is a problem-
solving skill that helps use computers and other tools to solve problems (Barr et al., 2011).
(2) CT includes problem decomposition, algorithmic thinking, data collection, analysis
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Table 1 Definition of computational thinking

Article Definition

Papert (1996) CT is an important thinking ability for the use of computer to analyse and
solve problems

Wing (2006) Computational thinking involves solving problems, designing systems, and
understanding human behavior, by drawing on the concepts fundamental
to computer science

Barr and Conery (2011) The basic dimensions of computational thinking include: confidence in
dealing with complexity; persistence in working with difficult problems;
tolerance for ambiguity; the ability to deal with open-ended problems; the
ability to communicate and work with others to achieve a common goal
or solution

Brennan and Resnick (2012)  Computational thinking involves three key dimensions: computational
concepts (the concepts designers employ as they program), computa-
tional practices (the practices designers develop as they program), and
computational perspectives (the perspectives designers form about the
world around them and about themselves)

Angeli et al. (2016) Computational thinking is a thought process that utilizes the elements
of abstraction (removing characteristics or attributes from an object or
an entity in order to reduce it to a set of fundamental characteristics),
generalization (developing solutions using generic terms), decomposition
(breaking down complex problems into more tractable parts), algorith-
mic thinking (using a precise sequence of steps or instructions to solve a
problem), and debugging (detection and correction of errors)

and presentation, decomposition, debugging, creative thinking, critical thinking, and confi-
dence in dealing with complex problems (Angeli et al., 2016; CSTA & ISTE, 2011; ISTE,
2015).

Intervention factors of pre-service teachers’ CT

Currently, more effort needs to be made for incorporating CT into teacher education. Stud-
ies have shown that when information about CT is provided to future teachers, they become
more positive about computer science and are tend to incorporate CT into future instruc-
tion (Yadav et al., 2011). The relevant factors affecting pre-service teachers’ CT provided
in different studies and their influence on teachers are explored, as given below.

Training methods

Yadav et al. (2017) found training methods and tools have a significant impact on the CT
ability of future teachers. To improve their CT, the improvement and diversification of rel-
evant methods have been focused upon. Past reviews and empirical studies have not fol-
lowed a uniform standard for the classification of CT training methods in different studies.
Therefore, this study classifies pre-service teachers’ CT training methods according to
the content of the included literature, various factors, and a series of standards such as the
classification of CT learning strategies and learning tools applied in previous studies. In a
literature review on CT, Hsu et al. (2018) proposed a specific classification of CT learn-
ing strategies and programming learning tools (e.g. project-based learning, involvement-
based learning, game-based learning, Scratch programming language, C++ programming
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language, etc.). The common and effective design-based learning method among them is
the development of CT modules (Shanmugam et al., 2019). In addition, in a systematic
review of CT methods in higher education, the tools and methods used in teaching and
learning CT are summarised and classified into courses, seminars, exploratory research,
game-based learning, programming software-based learning, educational robots (ER),
etc. (Agbo et al., 2019). A review by Papadakis (2021) considered programming apps as
a way to cultivate CT in young children. Based on the above research, we can organise the
training methods involved in the included literature in combination with the specific situa-
tion. Therefore, the training methods to improve the CT level of pre-service teachers are as
follows:

Analysing relevant research revealed that a range of training methods were to improve
pre-service teachers’ CT: CT courses, programming applications, ER training programs,
CT module, CT projects, CT seminars. Table 2 provides details of methods to improve CT
training for pre-service teachers.

Thus, the development and application of training methods in previous studies were
diverse. This study summarised the main training methods for an in-depth analysis.

Influence factors

Previous studies showed that the CT of pre-service teachers was influenced by several fac-
tors. For example, a CT module embedded in an educational technology course had the
potential of improving pre-service teachers’ CT understanding and attitudes (Zha et al.,
2020). Additionally, pre-service teachers showed a more positive attitude toward the learn-
ing and application of CT after training, and they were more willing to use CT in future
teaching (Cutumisu & Guo, 2019; Yadav et al., 2011). A literature analysis showed that
pre-service teachers’ self-efficacy, self-confidence, interest, willingness and attitude influ-
enced their training. Self-efficacy refers to people’s confidence to use their skills for the
completion of a job behavior (Bandura and Wessels 1994). The study has shown that teach-
ers’ self-efficacy will have an important impact on teachers’ teaching and learning (Tschan-
nen-Moran & Hoy, 2007). In addition, pre-service teachers’ confidence and interest are
vital to improve their CT. Confidence and interest will facilitate teachers’ acceptance of
learning of CT as well as understanding of relevant knowledge. Moreover, this will help
them better use robots to teach programming and CT in school classrooms (Piedade, 2021).
Teachers’ willingness is also crucial to improve their CT ability. Only when teachers are
willing to learn relevant CT knowledge can their understanding and application of CT be
further improved (Alqahtani et al., 2022). Furthermore, research has shown that people’s
attitude is composed of emotion, behavior, and cognition. Additionally, people’s emotions
can predict the results of their behaviours (Rajecki, 1990). Therefore, this study included
pre-service teachers’ emotional factors in the intervening factors, while offering relevant
suggestions.

CT skills

As CT becomes a thematic content in the field of education, more and more research-
ers begin to explore a series of skills contained in CT. For example, some research-
ers believe that CT includes skills related to problem solving, problem understanding,
problem definition, abstraction, logical thinking, debugging and pattern recognition
(Barr & Stephenson, 2011; Ngan & Law, 2015; Wing, 2006). In order to better explore

@ Springer



195

Developing pre-service teachers’ computational thinking:...

($107 “Te 12 Z219q) S[BLISJBW ISINOD PUB SANIATIOR ‘SDINOSAI JUBAD
-1o1 ap1ao1d 03 s19YoEa) 9o1AI0s-a1d 9[qeud sdoyssgom [ ‘uonippe ug

(L10T “Te 19 [[PnSUIA) ANTIqE 1) (SI9YIL) SOIALSS
-o1d aao1dwr ued sanIAnoR Juyoe) [RIOYIURq apnfoul Jey sjodfoxd 1D

(F10T T8 32 AepRX GT(T [ 10 uedq)

UoneONPa 9OUADS 19NdWOo Ul JOU I8 OYM SIaYOed) 10} A[[eroadse

‘o8popmouy Teuorssdjord yim 1D AerdAur 19)19q way) djoy ued s1o
-[ora) 901AI3s-a1d Jo $9sIn0d [rUOISsajoid oy ur s[npow [ Jurppaquug

(L10T ‘11e8uy 2 ruewel-fedrer)
1D SIoyoed) a1mny Jo Juawdo[oAdp 9y} 0] JATONPUOD ST swrerord
JI4 y3noxy saniiqe Suruwerdold sioyoes) 201a19s-21d Suroueyuyg
(020T e 10 22d0T-Z3eS 1 [T0T TN OUYINY e[ed
$610T “'Te 19 syepedeq) s1oyoee) 901a19s-a1d 10§ 1,0 Surdojoasp 10j
wopierd e pue SunjuIy) saneAouur Joj doeds e 9)eaId o) Surwersord
0) SI9UOL9) 901A13s-a1d 90onponur 03 9[qeud suonedsrjdde Jurwwessorg

(610 "2 32
soyepeded ¢/ 107 Te 10 ZnoJA) sour[dIosIp I19y3 ur pajeIdajur oq p[noys
1D Moy dzATeue pue ‘1.0 umo I19y) do[oaap ‘S[[s pue aFpajmou]

1D PueIsSIaOpUN puR UIEd[ s10yded) o1mny d[oy 0} dqe ST 95109 1) YL

(F10T “[e 1 Z313q) dwn
Jo pourad 110ys ® ur Surwwersold reyndwoos pue 1) Jo Surpuelsiopun
Qwos ures s1ayoed) padjay sey jey) doyssyIom e ST Ieurwas 1) Y[, STRUTWAS 1D
(10T “Te 12 [[on3ury) Sunjuiy) feuoneindwod s1ayoed)
901A19s-21d da01dwut 0) JIom O1BWISAS B SI )1 ‘sjudwoSuerre Suruuefd
JUBAQ[QI 0) SUIPIOIIY “SPOYISU SNOLIBA SUISN £Q SIIINOSAI IAYI0
pue serew ‘romoduew JurziueSio Jo yse) w)-3uof e st 33foxd 1D syooloxd 1D
(¥10T “1e 30
Aepey ) s1ofew uoneonps Jo sasIn0d A1osinduwiod ay) ul pappaquud
A[[e10uad ST yoIyM ‘sIoyoed) 901A19s-a1d Jo Sunjury) reuoneindwod

QY 9a01dwT 0) POPISU JUAUOD WN[NILLIND Y} Jo 1ed © ST 9npowr 1) o[npowr 1D
(0T0T “18 10
apeparq) worqoid e 9AJ0s 03 oSen3ue| SurwerSoxd oyroads e Sursn
$10qoJ wer3o1d pue 1oNI)SUOD 0} SIYOLI) A01AIs-a1d saxdsur ey swei3oid Sururery,

Surures] pue uryoes) o3 yoroirdde [nyromod e s1 so110qo1 [RUONEINPH (Y4) 1090y [euoneonpyg

(L10T ‘styepedeq 29 spyeuuerdorey]) Surwwersold Jo a3pajmouy

o1skq A} UIEI[ 0] SIAYILI) JOJ JUSWUOIIAUS [EUOTIEONPI Uk SIJLId pue

Sunjury) reuoneindwod s1oyoea) 901a10s-21d Jo Suryoes) pue Surures]
oy 03 parjdde st yey 1003 & st uonesrjdde Suruwersold feuonieonpy  suoneordde Surwwei3oid

(1707 ‘npnu) s 19Yoed) 9o1a19s-a1d 0) Jurwwred
-o1d pue 1) yoea) 0) pauSIsop 2s1nod 930[dwod pue o1ewalsAs e s I| S9SIN0d 1D

uonedrduy

uontuyoq SPOYIOIA

1D S19Yoea) 9o1AI0s-a1d aroxdwir 0] SPOYIRIN g d|qel

pringer

As



196 W. Dong et al.

the influence of various factors on the CT ability of pre-service teachers, this study
reviewed the CT skills mentioned in the previous research literature and combined with
38 included studies to summarise 9 kinds of CT skills for analysis. They are critical
thinking, creative thinking, abstraction, debugging, decomposition, problem solved,
algorithmic thinking, programming or coding skills and concept understanding. Table 3
provides a detailed definition of CT skills.

Research purposes

Although some studies have provided relevant schemes to promote teachers’ CT, there
has been a lack of systematic integration of effective training methods. This study aimed
to conduct a systematic literature review and attempted to classify and integrate the CT
training for pre-service teachers. Second, factors in the training process were analysed
to explore whether these factors have an impact on the improvement of pre-service
teachers’ CT. This paper addressed the following research questions:

RQ1 What research methods were used in previous studies?

RQ?2 In previous studies, what methods were used to promote pre-service teachers’ CT?
RQ3 What were the main factors interacting with pre-service teachers’ CT in previous
studies?

RQ4 How does one establish the development model of pre-service teachers’ CT with
existing training methods?

Table 3 The classification of pre-service teachers’ CT skills

CT skills Definition

Abstraction Identifying and extracting relevant information to define main ideas (Barr
& Stephenson, 2011; Grover & Pea, 2013; Wing, 2006)

Critical thinking The use of cognitive skills or strategies that increase the probability of a

desirable outcome (Halpern, 1996 p. 5)

Decomposition Breaking down data, processes, or problems into smaller, manageable parts
(Atmatzidou & Demetriadis, 2016)

Programming or coding skills The knowledge and skills gained through learning computer programming
or coding could develops capabilities to think conceptually and problem
solve at multiple levels of abstraction (Popat & Starkey, 2019; Wing,

2006)

Debugging Find your own mistakes and fix them (Atmatzidou & Demetriadis, 2016;
Berland & Lee, 2012; Yadav et al., 2014)

Problem solved The final step of logical thinking (Ngan & Law, 2015)

CT concept Pre-service teachers’ understanding of CT evolved from how Calculations

are made by computers to how complex problems can be solved through
step-by-step plans (Umutlu, 2021)

Creative thinking creative thinking’ reveals the kind of thinking that leads to new insights,
novel approaches, fresh perspectives, whole new ways of understanding
and conceiving of things (Eragamreddy, 2013)

Algorithms Creating an ordered series of instructions for solving similar problems or
for performing a task (Barr & Stephenson, 2011; Grover & Pea, 2013)
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Methods

This research conducted a systematic literature review, and the relevant literature was ana-
lysed and integrated through the CT training of pre-service teachers. A systematic review
of the literature is considered as the most rigorous review because a high-level summary of
the available evidence is presented (Gupta et al., 2018). Moreover, it is designed to provide
a fair evaluation of a research topic using reliable, rigorous, and auditable methods that
focus on answering a precise question (Kitchenham, 2004). A systematic review involves
several discrete activities. We followed a defined process for conducting systematic reviews
based on Kitchenham (2004), covering the following stages and activities: planning, con-
ducting and reporting the review. The stages associated with planning the review are: iden-
tification of the need for a review and development of a review protocol. The stages associ-
ated with conducting the review are: identification of research; selection of primary studies;
study quality assessment; data extraction and monitoring; and data synthesis. Reporting the
review is a single stage phase. Each phase is discussed in detail in the following sections.
Therefore, this study adopted a retrieval method to obtain the relevant literature and con-
structed a model graph according to the research question to guide the analysis (Fig. 1).

Search strings and inclusion criteria

To attain a comprehensive understanding of relevant methods for pre-service teachers’ CT
training, we have systematically obtained relevant literature from literature databases and
other channels.

First, the main sources of literature were as follows: a. Academic databases: Web of Sci-
ence, Science Direct, and Google Scholar, among others. b. Related academic journals and
conference papers, such as Journal of Research on Technology in Education and Journal of
Educational Computing Research. c. Publications by scholars who have published research
in the field of computer science education; d. Existing meta-analysis and literature review
references.

emotion
E ‘ Factor
p — ¥ V
Search Academic
Database .
Q — @ C = @ — 6 C > @ C -2 >
: > )
Inclusion Screening Systematic Literature Pre-service C ional S Teachi
Criteria Literature b Teachers' Trainin; e & S
2 Review e Thinking Application

<4 i

Reading Coding Factor

] 8

Training Methods Training Tools

Fig. 1 Systematic literature review model diagram
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Search keywords included pre-service teachers, CT, and pre-service teacher training.
The specific search formulas included the following:

e (Pre-service teachers OR future teachers) AND (CT)
e (Teacher training) AND (CT)
e (Pre-service teacher training OR future teacher training) AND (CT)

Second, the time range of the literature search was set from 2011—2021, compre-
hensively considering the development of the CT and pre-service teacher education.
The idea of CT was first introduced by Papert (1996). Later, prompted by a growing
community of researchers, educators, and policymakers, CT as a concept and associated
research agenda has witnessed increasing attention and investigation (Grover & Pea,
2013).

However, previous studies on CT have largely focused upon students (Barr & Ste-
phenson, 2011; Grover & Pea, 2013; Yadav et al., 2011). However, studies do not often
focus on teachers’ perspective, and there is scant research that has systematically and
comprehensively examined the influence of CT on pre-service teachers (Yadav et al.,
2011). Owing to the retrieval strategy and inclusion criteria, the earliest published year
of the included study was 2011. From 2011 to 2021, the number of CT studies on pre-
service teachers showed an overall increasing trend. The quantity and quality of research
on pre-service teachers’ CT during this period is also more representative. Therefore,
this time span was adopted as the scope of literature retrieval in this study.

Moreover, for a more comprehensive understanding of existing research on pre-service
teachers’ CT and to facilitate analysis and research, we refined the inclusion and exclusion
criteria for samples in the literature review; the inclusion criteria were as follows:

(1) To ensure the academic type and standardisation of the article, the article must be
peer-reviewed to exclude unpublished papers or dissertations;

(2) To ensure that the included literature is comprehensive, articles must cover different
databases, journals, authors, and years;

(3) The participants must be pre-service teachers, and the status quo or post-intervention
level of pre-service teachers’ CT ability must be explained in the study;

(4) Research should put forward effective methods, tools, or reference suggestions for
improving pre-service teachers’ CT ability

The exclusion criteria were as follows:

(1) Exclude non-English literature and those in which pre-service teachers were not the
subjects;
(2) Exclude literature with incomplete experimental data.

According to the above search methods, 562 related papers were retrieved, including
531 from academic databases and 31 from other sources. After removing the duplicate
literatures (25) obtained during the search, 537 related literatures remained. Finally,
according to the inclusion and exclusion standards, 537 related literatures were further
analysed and screened, and 38 related literatures were identified. Figure 2 summarises
the search procedure used to collect, assess, and analyse empirical evidence related to
the research objectives.
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Fig.2 PRISMA flow diagram of the article screening process

Data analysis

Considering the influence of different factors on the training process of pre-service teach-
ers’ CT, factors involved in the relevant literature were summarised to discuss their effects
on the improvement of CT. In addition, this study tried to construct a development model
for promoting pre-service teachers’ CT ability guided by system theory. System theory
holistically considers the system as the object, comprehensively studies the system and
the relationship between the elements of the system, and essentially explains its structure,
function, behavior, and dynamics to grasp the entire system and achieve the optimal goal
(Bertalanffy, 1969). The theory mentions a feature called wholeness, which suggests that
the whole is more than the sum of its parts, and the whole is greater than the sum of its
parts, both quantitatively and qualitatively (Shaked & Schechter, 2014). A systematic lit-
erature review was conducted for 38 literatures, and the following process was used: Step
1. Overall induction was made for all samples of articles, and elements to be analysed
were extracted, including research methods, training methods, training tools, and emo-
tional factors. Step 2. Based on step 1, all elements were analysed and summarised, and
the publication year, country, research methods and training methods of the literature were
comprehensively described and analysed to form charts. This contributes to a systematic
understanding of existing research on pre-service teachers’ CT. Then, according to the
descriptive statistics done before, the training methods of pre-service teachers’ CT, aspects
of CT ability, and influencing factors were cross-compared and analysed to answer the rel-
evant research questions. Step 3. After further analysis of the elements mentioned in this
study, and synthesisng all the conclusions, a model and reference suggestions for training
pre-service teachers’ CT were drawn.

Data distribution
Figure 3 shows the publication of papers on pre-service teachers’ CT between 2011

and 2021, with an analysis for the year of inclusion. Yadav, Zhou, et al. published the
first article in 2011, proposing to embed CT modules in the compulsory curriculum of
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Fig.3 The annual distribution of papers

primary and secondary education majors (Yadav et al., 2011). From 2011 to 2021, the
number of articles on the training of pre-service teachers’ CT showed an upward trend,
with a significant increase in 2017 as the node. Previously, efforts to expose teachers to
CT focused more on the professional development of in-service teachers; however, there
was limited work on how to improve the CT of pre-service teachers and embed CT in
future classrooms (Lamprou et al., 2017; Yadav et al., 2017). Scholars have recognised
the importance of enabling prospective teachers to integrate CT into K-12 classrooms;
moreover, research on preservice teachers to examine their current knowledge and how
to best prepare them has been increasing (Sadik et al., 2017). So that could also be a rea-
son for nodes in 2017. Although some fluctuations occurred, CT training of pre-service
teachers attracted increasing attention in recent years. In the early stage, CT training
was aimed at K-12 students, but research has gradually altered the perspective and focus
of CT training to the training of teachers. Additionally, after pre-service teachers were
trained on CT, they demonstrated a positive attitude toward the integration of CT into
future teaching and were more likely to involve their students in CT activities to better
improve students’ CT ability (Cutumisu & Guo, 2019). Angeli et al. (2016) proposed
the concept of TPACK for designing CT, such that teachers could teach independent CT
courses. Some scholars proposed using CT as a means to explore subject contents and to
embed CT knowledge and skills in the course, thus helping students acquire knowledge
and solve problems (Mouza et al., 2017). Relevant policies in various countries also
started focusing on developing pre-service teachers’ CT.

Figure 4 illustrates the distribution of studies on CT training of pre-service teachers
in each country to identify countries with more frequent publications. The nationality
information of the first author of a research is listed in this study. Figure 4 shows that
many countries have started exploring CT training for pre-service teachers. The distri-
bution of the top three countries were as follows: the United States (14), Turkey (6), and
Spain (4). Additionally, 28 articles were published in journals while 10 were conference
papers published in proceedings.
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Fig.4 The number of studies published by countries

Results

Statistical description and distribution of studies

Distribution by research methodologies used in the studies

The research methods used in studies included research types, specific design, samples,
data collection, and data analysis (Tashakkori, 2009). Appendix A presents a detailed

summary of the research methods. analysis method and so on. Figure 5 shows the
results of the analysis method presented in Appendix A.

Fig.5 Research Methodologies
Used in the Studies

23.70%

55.30%

21.00%

= mixed-method research designs » quantitative research design

= qualitative research design
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First, the mixed method (55.3%) is the most used research method in the analysed
studies, followed by qualitative method (23.70%) and quantitative method (21.00%). In
terms of a specific type of study design, “design-based research” method was mentioned
most frequently (80.95%), while “exploratory” (14.29%) and “explanatory” (4.76%)
methods were mentioned in mixed method design. In this study, quantitative research
design type refers to non-experimental and quasi-experimental or experimental designs,
whereas qualitative research design involves ‘case design’.

Second, the research objects were K-12 pre-service teachers who taught a range of
subjects, including information technology, mathematics, biology, physics and so on.
Studies have shown that all scientific disciplines, including biology and physics, can
benefit from introductory courses in CT (Ateskan & Hart, 2021). Thus, recent research
on the cultivation of pre-service teachers’ CT has involved multiple disciplines.

Additionally, sample sizes were analysed, revealing that the 38 studies had sample
sizes ranging from 1 to 650, of which 23, 10, and 5 studies had sample sizes rang-
ing from 1 to 99, 100 to 199, and 200 or more, respectively. Thus, the sample size of
approximately half of the included studies was less than 100, indicating that the univer-
sality of the research results should be further verified. The small sample size may be
attributed to limitations such as time and resources to conduct the studies; moreover, a
few studies were conducted during an unexpected global pandemic (COVID-19), which
may have affected the scope of the study (Bouck et al., 2021; Zha et al., 2020).

Furthermore, the data collection methods used in the 38 literatures varied between
the research methods employed. Generally, each research used two or more data collec-
tion methods, with ‘scale’, ‘questionnaire’, and ‘survey’ being the most used quantita-
tive data collection methods and ‘interview’ and ‘open question’ being the most used
qualitative data collection methods. Other data collection methods are included field
recordings, activity logs, classroom observations, and empirical reflection and feedback.
The diversity of data sources verified the accuracy of research results.

Regarding data analysis, analysis methods, such as basic descriptive statistics and
T-test, were generally adopted in quantitative data collection. Descriptive statistics are
specific methods used to calculate, describe, and summarise collected research data in
a logical, meaningful, and efficient manner (Vetter, 2017). A T-test is a statistical test
used to compare the means of two groups. It can be divided into independent T-test
(the two groups under comparison are independent) and paired T-test (the two groups
under comparison are dependent on each other) (Kim, 2015). The qualitative data were
generally analysed using content analysis a method of interpreting content data through
a systematic classification process of coding and identifying themes or patterns (Hsieh
& Shannon, 2005). In previous studies, the mean and standard deviation were usually
used for descriptive analysis of the collected data (Ateskan & Hart, 2021; Looi et al.,
2020; Yadav et al., 2011). The T-test mainly applies to the case of small sample con-
tent to compare whether the difference between two values is significant. When the
research needs to collect and analyse the data of pre-service teachers before and after
the intervention, the T-test can be used to test the differences between pre-service teach-
ers in some aspects before and after the intervention (Bean et al, 2015; Kalogiannakis &
Papadakis, 2017; Mouza et al., 2017). In addition, content analysis processes were used
to code the open-ended responses (Yadav et al, 2017). Appendix A presents a detailed
summary of the analysis method. Regarding data analysis tools, additionally, SPSS soft-
ware was used for quantitative data processing, while NVIVO software was used for
qualitative data processing.
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Description and Distribution by teacher’s level of CT after intervention

The current CT level of pre-service teachers who did not participate in relevant training
and the changes of CT of pre-service teachers after a series of intervention measures were
analysed. Among the published studies, except for studies involving K-12 pre-service
teachers with relevant experience, the participants in other studies did not have relevant
knowledge and were not familiar with CT. After training, teachers were interviewed with
open-ended questions or a questionnaire to evaluate the changes in their related knowledge,
attitude, and self-efficacy. We found that teachers’ self-efficacy, positive emotions, teach-
ing improvement and other aspects were significantly improved (Yadav et al., 2014; Zha
et al., 2020). Significant improvements were observed in the CT of pre-service teachers,
such as concept understanding of CT, problem solving, algorithm thinking, programming
or coding skills, critical thinking, creative thinking, decomposition, abstraction, and debug-
ging. More than 60% of the studies mentioned specific aspects of pre-service teachers’ CT.
Figure 6 shows the proportion of specific aspects of pre-service teachers’ CT ability. The
results showed that concept understanding of CT had the highest proportion among the
specific aspects mentioned (22.45%), followed by problem solving ability (21.43%), pro-
gramming or coding ability (17.35%), and algorithm thinking ability (13.27%); however
innovative thinking ability was the least mentioned aspect (2.04%). Thus, relevant methods
of training focused more on the application ability and understanding of basic concepts and
less on the cultivation of abstract thinking ability to improve CT of pre-service teachers,
which should be considered in future studies.

Description and Distribution by training methods

Appendix B summarises pre-service teachers’ CT training strategies, including training
methods and tools. Six training methods were identified in 38 studies to promote CT
in pre-service teachers: CT modules, CT courses, CT projects, educational robotics,

4.08%, 2.04%
5.10%

5.10%

9.18%
0,
s 13.27%
21.43%
= critical thinking » creative thinking debugging
decomposition » abstraction = algorithmic thinking
= problem solved = programming or coding skills = CT concept

Fig.6 CT’s specific aspects in the studies
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Table 4 Emotional factors

idered i b studi Emotional factors No. of
considered in research studies research
studies

Attitude 14
Self-efficacy 10
Confidence 8
Interest
Will 3

Fig. 7 Emotional factors in the

studies
14.63%
34.15%
19.51%
24.39%
m attitude  w self-efficacy = confidence interest ™ will

CT seminars, and programming application. Additionally, programming tools were
mentioned in 27 studies, and Scratch programming language was the most used tool,
with applications in 16 of 27 studies. Moreover, seven of these articles used more than
two programming tools. For each article, Appendix B provides the following attributes
in six columns: (a) reference of the paper, (b) sample, (c) age or level, (d) training
method, (f) CT’s specific aspects, and (g) programming tools.

Description and Distribution by emotional factors

The factors influencing the CT of pre-service teachers were analysed. Through the
summary of relevant studies, we found that 27 mentioned the relationship between
pre-service teachers’ emotional factors and CT. Emotional factors, such as pre-service
teachers’ attitude toward training methods, self-efficacy, interest, and confidence in
learning to apply CT, played an important role in the research process, and the imple-
mentation of these interventions will also affect the changes of pre-service teachers’
emotional factors. Table 4 summarises the emotional factors mentioned in the study.
Five emotional factors are listed: attitude, self-efficacy, interest, will, and confidence.
As shown in Fig. 7, attitude and self-efficacy of pre-service teachers account for a large
proportion of emotional factors. Research shows that a vast majority of pre-service
teachers in the study actively cultivate CT, which is reflected in specific practical
activities. Additionally, only a few studies mentioned other factors, such as gender,
subject background, and age. Thus, this study did not include such factors among the
list of influencing factors.
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The influence of training methods on pre-service teachers’ CT and emotional factors
Different methods promote different aspects of CT abilities

Table 5 shows how CT abilities are promoted by different cultivation methods. Owing to
the lack of relevant studies on some cultivation methods, the analysis results did not have
good representativeness. Therefore, Fig. 8 only selects the data of the top four studies for
the analysis. According to Fig. 8, CT courses have the most significant effect on promoting
programming or coding ability (24.24%), followed by problem solving skills (21.21%) and
understanding of CT concepts (18.18%). Programming application mainly promotes the
programming or coding ability (22.73%) of CT, suggesting that such a training environ-
ment is suitable for developing programming ability. Additionally, it was observed that CT
courses and programming applications comprehensively cultivated CT ability. Recently,
these methods have been widely used to develop CT ability of pre-service teachers. Fur-
thermore, ER training programs were found to promote problem-solving skills, while the
understanding of CT concepts and programming or coding skills showed equal results
(21.43%). Similarly, CT module was found to promote pre-service teachers’ problem-solv-
ing ability, understanding of CT concepts, and programming or coding ability. However,
compared with other training methods, CT modules caused more significant improvements
in critical thinking, indicating that the introduction of a CT module in professional courses
could enable pre-service teachers to think more deeply about integrating CT into learning
and application while continuing to learn from their professional courses. However, the
overall data showed that the methods focused more on improving relevant computing abili-
ties, involving computing practice, and less on promoting computing perspectives (Bren-
nan & Resnick, 2012). In other words, current studies on the cultivation of pre-service
teachers’ CT ability paid more attention to their basic abilities such as development of con-
cepts, while higher-order thinking skills, such as abstraction and creative thinking ability,
were rarely focused upon.

Different methods promote different emotional factors

Table 6 summarises the distribution of emotional factors under different cultivation methods
to further study the differences in various studies. As the analysis results do not have good
representativeness owing to the lack of relevant studies on cultivation methods, Fig. 9 only
selects the top four data to summarise and present the analysis. The self-efficacy of pre-service
teachers accounts for the largest proportion in CT courses. Relevant studies showed that after
receiving professional training in CT courses, the self-efficacy of pre-service teachers on CT
ability has been significantly improved (Bean et al., 2015). Teachers with higher self-efficacy
showed higher cognitive ability of the course (Dag, 2019). Programming application have a
significant impact on the attitude of pre-service teachers. This study showed that pre-service
teachers have a positive attitude towards this method, which is conducive to the improve-
ment of their CT ability. ER training projects mostly affect teachers’ self-efficacy, followed by
their interest. Through the operation of educational robots, pre-service teachers could better
stimulate their interest in learning, thereby improving their CT ability. Moreover, the influ-
ence of CT module on pre-service teachers was relatively balanced, affecting pre-service
teachers’ attitude, self-efficacy, interest, and willingness to use CT in future teaching. Further-
more, CT courses, programming applications, and ER intervention had an impact on teachers’
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Fig.8 The proportion of specific aspects of CT in different training methods

26.32%

Table 6 The specific situation of different training methods to influence different emotional factors

Emotional factors/ CT course Program- The educational CT module CT project CT seminar
Training methods ming appli-  robotics interven-
cation tion

Attitude 2 4 0 1 0 0
Self-efficacy 4 2 3 1 0 0
Confidence 4 1 2 0 1 0

Interest 2 0 2 1 1 0

Will 1 0 1 1 0 0

confidence; that is, pre-service teachers were more confident in using CT in future teaching
after relevant training. The overall data shows that different training methods have different
effects on the emotions of pre-service teachers. Therefore, the influence of emotional factors
should be considered when developing training for pre-service teachers to facilitate active
learning and application of CT skills.

Discussion
At present, the CT of pre-service teachers has been gaining increasing attention in various

countries. This study conducted a systematic literature review and analysed various studies on
the promotion of CT among pre-service teachers. These studies (28 articles+ 10 conference
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Fig.9 The proportion of emotional factors in different training methods

papers) satisfied the criteria to be included in the analysis. A total of 38 studies were then
reviewed and the research questions answered.

RQ1: What research methods were used in previous studies?

In this study, the mixed research method was found to be the most used research method in 38
studies. Mixed research method refers to ‘the intentional integration of quantitative and qual-
itative research methods to better solve research problems’ (Clark & Ivankova, 2016). This
result is reasonable because the mixed research method considers a research problem more
comprehensively compared with a quantitative or qualitative method. This approach gener-
ates additional insight and understanding that may be difficult to achieve when using only a
single paradigm (Johnson & Onwuegbuzie, 2004). This research method can provide a more
comprehensive and multi-perspective understanding of complex educational phenomena and
problems. A combined analysis of qualitative and quantitative data can help attain a broader
and deeper solution to the problem, thus providing more accurate references and suggestions
for practice and application. Data collection and analysis can enable accurate conclusions
about the status quo of pre-service teachers’ CT ability and the changes after intervention, thus
facilitating future research and intervention designs.
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RQ2: In previous studies, what methods were used to promote pre-service teachers’
cT?

Pre-service teachers lack a comprehensive and systematic understanding of computer-aided
instruction; moreover, they lack confidence in the application of computer-aided instruction
in future teaching. Additionally, some pre-service teachers developed a misunderstanding
regarding CT, believing that CT could only be applied using computers, including using
computers to solve problems or equating CT with programming. Pre-service teachers had
limited understanding of CT before receiving training, which prevented them from embed-
ding CT in future classes, thus affecting students’ learning of CT (Bower & Falkner, 2015).

After receiving training, the CT ability of pre-service teachers significantly improved,
which was reflected in their better understanding of CT concepts, critical thinking, inno-
vation abilities, abstraction abilities, and so on (Pala & Mih¢1 Tiirker, 2021; Saez-Lopez
et al., 2020). Overall, interventions in 38 studies were found to be effective based on pre-
and post-trial data presented in the literature.

According to the review of relevant studies, six effective interventions improved CT of pre-
service teachers: CT course, CT module, CT project, ER intervention, the programming applica-
tion, and CT seminar. Developing relevant CT courses was the key method used to improve CT
of pre-service teachers. CT courses were found to make pre-service teachers’ learning more sys-
tematic and universal. CT courses also helped preservice teachers better understand CT concepts
and practices and their applications in future classroom teaching (Mouza et al., 2017). However,
CT courses have a few shortcomings. For example, the course pays more attention to theoreti-
cal learning, but there are certain limitations in application. Therefore, in addition to CT courses,
studies have also proposed other effective interventions, such as programming applications and
robotics teaching and other interventions based on physical tools. These methods could help build
a more effective learning environment for pre-service teachers, translate the theoretical knowledge
learned into classroom practice, and create new teaching activities (Piedade et al., 2020). Some
studies have also attempted to embed CT modules into the professional learning of pre-service
teachers to enable teachers to better integrate CT with teaching (Bean et al., 2015). This method
benefitted from the combination of CT with teachers’ professional courses, rather than learning
CT as an isolated individual. Therefore, pre-service teachers could integrate CT into future teach-
ing and obtain a better understanding of the combination of CT with the discipline. If CT module
could be introduced into teacher education curriculum, it would reduce the learning burden of pre-
service teachers. Few studies suggested other approaches such as seminar learning and project-
based interventions to cultivate teachers’ CT. Overall, most teachers responded positively to the
intervention and realised that CT was effective for computer science teachers, while being relevant
to their profession.

Furthermore, some studies mentioned programming languages and environments used in
interventions, such as Scratch and Code.org. These visualisation tools could help participants con-
duct more effective explorations and acquire relevant knowledge (Cutumisu & Guo, 2019). As
beginners are not required to follow strict grammar rules to write code, programming in Scratch
was easier and more suitable for pre-service teachers who were undergoing training. Therefore,
Scratch was found to account for a large proportion among all interventions used in relevant stud-
ies, revealing that it could help develop learners’ CT (Topalli & Cagiltay, 2018). In addition, a
study has shown that the use of C++programming language in programming education does
not seem to impact the overall CT skills of pre-service teachers (Pala & Mihci Tiirker, 2021).
In other words, abstract programming languages will make it difficult for pre-service teachers to
understand and learn CT. Over-structuring the programming process can also obscure deeper CT.
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Notably, 10 studies combined CT courses with Scratch to improve CT of pre-service teachers.
Through the learning of curriculum theories and specific operations and applications of Scratch,
pre-service teachers could better understand the application of CT. In summary, we analysed and
summarised previous studies, as well as mentioned six intervention methods (see Appendix B).

RQ3: What were the main factors interacting with pre-service teachers’ CT
in previous studies?

The analysis of relevant studies revealed that some emotional factors such as the attitude, interest,
and self-efficacy of pre-service teachers interacted with CT, influencing teachers’ CT ability.

A total of 27 studies mentioned the relationship between affective factors and CT. This study
summarised five main affective factors: attitude, self-efficacy, interest, willingness, and con-
fidence. Among them, attitude and self-efficacy of pre-service teachers were found to play an
important role. Studies have shown that CT attitude can predict CT skills (Cutumisu et al., 2021).
The attitude of pre-service teachers toward intervention directly affected learning. Thus, pre-ser-
vice teachers were more likely to change their attitude toward CT for a more effective learning
process. Additionally, relevant studies have shown that teachers with a good sense of self-efficacy
were more active in learning and had a better understanding and perception of relevant interven-
tions (Dag, 2019). After the intervention, most of the teachers showed positive attitudes toward
the learning and application of CT (Ateskan & Hart, 2021). Simultaneously, the improvement of
pre-service teachers’ CT also enhanced their willingness to incorporate CT into future teaching
and confidence in using CT. Therefore, follow-up research should pay more attention to the emo-
tional changes of pre-service teachers and conduct more targeted and effective training. Finally, a
few studies also mentioned that the gender of pre-service teachers and their subject background
might affect CT. However, due to the small number of samples and lack of empirical support, this
study did not include these factors in the analysis. Subsequent studies could conduct more detailed
exploration and analysis considering these factors.

RQ4: How does one establish the development model of pre-service teachers’ CT
with existing training methods?

In light of the above, guided by system theory, this study constructed a development model
for promoting pre-service teachers’ CT ability while considering CT abilities, intervention
methods, and tools (Fig. 10). This model aimed to develop CT of pre-service teachers and
laid a foundation for future application of CT in teaching. Based on the previous research,
we summarised the general elements of pre-service teachers’ CT training, combined with
the holistic theory of system theory, and integrated them to form a complete system devel-
opment model. From the perspective of system theory, the model of pre-service teacher
competence development is composed of many interrelated elements, which requires com-
prehensive consideration of CT method, CT practice and improvement method.

As per the system theory, according to existing research preservice teachers calculation based
on the training mode of thinking, pre-service teachers’ CT ability development model is a sys-
tem, with intervention by CT, practices, and methods to improve as the three main elements. CT
intervention as a foundation, CT practice is the carrier and method of improvement is the direc-
tion; they effect and influence each other to train pre-service teachers’ CT ability. This model
(see Fig. 10) focuses on improving the CT ability of pre-service teachers, which covers various
teaching intervention elements extracted from the results of previous research. It is necessary to
design teaching intervention according to pre-service teachers’ existing level of CT. Although
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Fig. 10 New model for developing computational thinking

some existing studies do not report it as a dimension, all of them mention the relevant background
of pre-service teachers before intervention. The existing CT level of pre-service teachers as their
background will have an important impact on the subsequent teaching intervention, practice, and
improvement. In addition, all included studies carried out systematic CT intervention on the par-
ticipants and achieved certain effects. Therefore, intervention is the starting point of the model.
According to the analysis of this study, 6 training methods are summarised. Teachers of differ-
ent levels can determine training methods to improve their CT ability as per their own contexts.
The second stage of the model is the practice of pre-service teachers. After mastering certain CT
knowledge and skills, K-12 pre-service teachers enter local primary and middle schoolsas interns
to output the knowledge and skills they have acquired, while learning to combine CT with profes-
sional knowledge in specific teaching practices. The findings will enable preservice teachers to
apply CT to future teaching. The third stage is the reflection and practice log of the pre-service
teachers in K-12 teaching practice, that is, the CT ability is transferred to a wide range of teaching
fields and is improved from the practice. The analysis of teaching reflection and other materials
can also be collected through interviews and surveys with pre-service teachers to obtain specific
data and content, find defects and problems existing in the training, and further improve pre-ser-
vice teacher training of CT to perfect the training system. Designers can further improve the train-
ing according to the relevant materials provided by the pre-service teacher internship. Pre-service
teachers can also enhance the teaching process based on student feedback. This model forms a
closed-loop system, which makes the improvement and application of pre-service teachers’ CT
ability more systematic and structured.

Limitations and next steps

First, to determine the number of studies and research scope, we used the retrieval method
to search and screen previous studies. However, many relevant studies were excluded
because they did not meet the inclusion criteria, which limited the number of studies. With
the continuous expansion and updating of relevant studies, the inclusion criteria could be
further divided to ensure the comprehensiveness of the search. Additionally, this study
focused on studies in English, but expansion of the language range to include Korean,
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Spanish, and other languages is suggested to obtain comprehensive results. Third, we found
that some relevant studies did not give a detailed description of their basic information
and did not control any variables that might have an impact. For example, a few studies
did not provide participants with complete information, such as subjects, ages, and study
periods. Therefore, in this study, we did not conduct a more detailed review of the fac-
tors in the research process, and only focused on research methods, training methods, and
emotional factors. The range of factors should be expanded in future studies to obtain more
specific and reliable conclusions. Finally, the current research did not develop a systematic
method for improving pre-service teachers’ CT, and some studies used incomplete designs.
However, studies have focused on the CT of special education teachers. This indicates that
although the current research is not perfect, the research object is gradually expanding.

Thus, based on the above findings, the following suggestions are provided for the future
design of CT research for pre-service teachers: (1) The differences in cognitive abilities of
pre-service teachers of different ages, genders, and disciplines called for diversity in the
cultivation methods, content standards, and learning methods of CT ability. CT training
courses should be designed or combined according to different situations, and appropriate
methods should be adopted for training. (2) Training should provide appropriate help or
feedback for different pre-service teachers and different marking criteria. Such evaluation
would also be helpful for the design and modification of future activities. (3) In future stud-
ies, the sample size could be appropriately expanded, and the study group coverage could
be widened to obtain more general conclusions.

Finally, this study developed a new CT training model, but it lacked more specific prac-
tice. Thus, this model could be used as a reference for research and encourage researchers
and teachers to conduct more detailed exploration of practice. It is believed that this study
would help improve the CT of pre-service teachers.

Conclusion

This study systematically reviewed relevant studies on the CT training of pre-service teachers.
During the analysis, research methods, cultivation methods, tools, and emotional factors were
extracted, and six cultivation methods and five influence factors were summarised. Furthermore,
the cultivation methods and related factors were examined, and reference suggestions were pro-
posed to provide better reference for researchers in the future. Finally, a CT ability training model
was constructed. Pre-service teachers and researchers could conduct practical exploration accord-
ing to the model, which might be more conducive to improving CT ability of pre-service teachers.
In general, this study summarised the CT training design and created a training model for K-12
pre-service teachers to further improve their CT ability.

Appendix A

See Table 7.

@ Springer



213

Developing pre-service teachers’ computational thinking:...

arreuuonsanb Jo pajsIsuod
spoyjow aaneenb pue aaneInueng)

arreuuonsonb Jo pajsIsuod
spoyjow aaneenb pue aAneINUEN)

sarreuuornsanb

JO PaISISU0D spoyiow aAaneIuenb

QU L, "SMITAIAUI PAINJONIIS-TWAS JO
PaISISUOD Spoyjow dAnesenb oy,

9[eds apmine

Surwwesord 10indwod e pue 959}

9onoe1d  )$9) JUSUIIAJIYOE UE JO

PaISISUOD Spoyiew dAneInUERnb

QU I, "MOTAIOUT PAINJONIS-TUIIS ©
JO paIsIsuod spoylaw daneenb oy,

(10dS) SupuryL

reuoneindwo)) 10y AdeoH-J°S

pue(LOHSL) Sunyury], feuoneind

-wo)) ur Koeoyg-J[os sIoyoea], Jo
PaISISUOd spoyjaw dAneInuenb oy,

Aoeqpa9)

Jrerpowwt syuedronted oy Jo
PAISISUOD spoyjew dAane)enb ayJ,

aIreu

-uonsang) opmmy Sunndwo)) pue

zmQ) Supjury, reuoneindwo) jo
PaISISUOd spoyjow dAaneinuenb oy,

sareuuonsanb dotoyo-ordnnu

pue popua-uado Jo pIISISuod
spoyjewr aAne)enb pue saneInUENQ)

[0JB3sAI PIseq-uisaq

[oIeasal paseq-ugiso(

[OIe9S21 POseq-usIsaq

K1oyerordxyg

ug1sop [eyuaWILIadX9-UON

Apmys ase)

u3isop [ejudwiLrodxa-1send)

[OIedsal paseq-usIso(]

sIsA[eue Juuod
pue sonsnes aandriosap oiseq

sIsA[eue Juuod
pue sonsne)s 0AndLIosap JIseq

sIsA[euy Ju9)uod

pue sonsne)s 2AndiIosop oiseq

SISA[eUR JUJUOD puE SISATeur
1593-) o[dwres juapuadopur uy

1591-) pa1red pajre) duo y

sIsA[eue Juuo))

(VAONY) 9oueLIeA

Jo sisATeue 9jeLreAIUN ABM-OM],

SISATeUE JUSJU0d
pue sonsne)s aandiiosep oiseq

uSISOp YOIBASAI POYJUI-PIXTIA

uSISOp YOIBaSAI POYJOW-PIXTIA

uSISOp [OIBSAI POYIUI-PAXTIA

uSISOp YOIBaSAI POYIOUW-PIXTIA

uS1sop YoIeasar aAnEIuUENQ)

uS1sop yoIeasar aaneenb oy,

uS1sop YoIeasal aAneInuEnd)

uS1SOp YoIBasAI POYIAW-PIXTIA

(L107) 'Te 30 [[PnSUIN [[ueqalsy

(L107) uog

(L102)
sppepeded pue ‘spyeuueiSorey]

(9102) U

(S100) T8 10 uBDg

(¥100) T8 10 2314

(#100) T 19 Aepex

(1100) "Te 10 Aepex

uono[[0d Bl

u3isop oyroads Apms

poyjow sisAfeuy

adKy Apmig

NIy

spoyjowr Apnjs pue s9[oNIy / 3|qel

pringer

As



W.Dong et al.

214

KoaIns
PUER WOOISSE[O 9} UI SUOIBAIISQO
‘arreuuonsanb Jo palsIsuod spo
-yjowr oAnEITEND pue sAnRInUEN)
smarazur yidop
-ur pue a1reuuonsonb Jo paIsISu0d
spoyew aATe)enb pue aAnEINUENQ)
s1oded pue sjoofoxd jo pajsisuod
spoyjow aAneenb pue aaneInUEn)
UONUIAIAUI I} Jo)Je SYIuowW ¢
3sod Fo1q we)-3uoj © pue ‘sroded
[euy ‘STeLId)eW [RUONONIISUT ‘SUOIS
-STOSIP SSB[I-UI JO STUIPIOOAT
03p1a ‘sysod So[q om} ‘spesodoxd
[enmur s19yoes) 991A19sa1d Jo
PaISISUOD Spoyjow dAnesenb oy,
KSAINS JO PIISISUOD
spoyjaw aanenuenb oy, ‘suodar
9sed pue £oaIns payiodar-J[os e Jo
PAISISUOd Spoylaw daneenb oy,
arreuuonsonb
JO PaISISuOd Spoylaw dAneenb oy,

sjuowugIsse Juruwers

-o01d Inoj pue ‘Aoedyje-J[os pue

Jsa1o)ur 10§ sarreuuonsonbisod pue

sarreuuonsanbaid 9uayuod sous

-19S U0 $159)-150d pue s3s93-a1d Jo
PaISISUOd Spoyjow dAneInuenb oy,

[OIeasal paseq-usIsa(q

[oIeasal paseq-usIso(

[OIe9saI paseq-udIso(

Apnys ase)

[OIeasal paseq-usIso(

Apms ase))

u31sop [ejuowrIadXa-uoN

SISA[eue JuaIUOd
pue sonsnels aandrosap oiseq

sIsA[eue
JUSUOD PUB UONR[NI[BD AZIS 10

SISATeue Jusjuo))

SISATeue JuaIuo))

poyjour
aAaneredwood JueISu0d AY) pue
S1591-1 *sonsne)s oAndrIosap orseg

SIsA[eue Juaiuo))

S1S9) [ROTISTIRIS
pue sonsness aandriosap oiseq

uSISOp YOIBSAI POYIOW-PIXTIA

uSISOp YOIBSAI POYIW-PIXTIA

u3ISOp YOIBISAI POYIQUI-PIXTIA]

uS1sop YoIeasal oAne)Iend)

uS1SOp YOIBIsAT POYIAW-PIXTA

u1sap YoIeasal aaneIend)

u3ISop YoIeasal aAnenuend)

(8107) Wty pue Py

(8107) Suruuadey pue noidwe|

(8107) stuodey

(L102) "Te 12 YIpes

(L107) "Te 10 Znoy

(L107) T 12 Aepex

(L107) 1e8uy pue ‘ruewref-redref

uonoa[[0d BlRe(

uSisop oyroads Apms

poyjow sisA[euy

adKy Apmig

NIy

(ponunuod) £ sjqer

pringer

A s



215

Developing pre-service teachers’ computational thinking:...

pringer

As

L0 uoneuLIOjuI [euosIad pue

‘Surwre3oid 10§ so[eos Aovouyye

-J1os ‘oreos Koeolyjo-J[os [e1ouas jo
PaISISUOd spoyjew dane)enb ayJ,

159) 1D pue (DLLOOND

So130[0UYO], UOEOTUNWTIO)

pue uonewIoju] ur saroudjedwo))

Jo K10)U9AU] 9Y) JO PA)SISUOD
spoyiew aane)enb pue aaneInUENQ)

so[y 921nos sdde oy pue

wres) yoea Aq pajeroqera jiodoy oy
JO PAISISUOD Spoyjaw 2ATeII[eNnb Y,

uSisap [}

-uowirradxa-1senb 1s93-1s0d/159)-01d

JO PAISISUOD Spoyjaw dAnEIUEND

QUL "SMITAIUT PAINJONIS-TWAS JO
PaISISUOD spoyjaur aane)ifenb oy,

951009 payroddns

-9[POOIA] 2} 0Juo dousrIadxo J1o1)

Uo uondIPI prom-00s 03 dn ue jo
PAISISUOD spoyjow dAane)enb oy,

(S12)

oreos Suryury L, reuoneindwo)) jo
PIISISUOD Spoyaw danejnuenb ayJ,

Apms ase)

[OIB3sAI PIseq-uisaq

Apms ase)

[OIe9saI paseq-usIso(g

Apnis ase)

u31sop [ejuowriadxa-1send)

SISA[eUR JUUOD
pue spoyjow 359} ornourered
-uou ‘sonsness aAndriosap oiseq

sIsA[eue Juuod

pue sonsnels oAndriosop oiseq

SISATeue Juajuo))

sIsA[eue JuUOD pue 189)-)

Surpepow ordog,

§1$9) oLjowered-uoN

u1Sap YoIeasal aane)end)

uS1SOp YoIBISAI POYIUW-PIXIIA

ug1Sap YoIeasaI dAaneIIend)

u3ISOp YOIBISAI POYIQUI-PIXTIA]

u31sop YoIeasar aAnelend)

u3ISop YoIeasal aAnenuend)

(6100) Sea

(6107) ‘Te 10 UON-AISH

(6100) Te 19 9[aLIqeD

(6100
spyeuuersorey] pue spyepeded

(6107) onO pue nsrwniny

(1270T) Ty, TSYTAL pue ered

uonoa[[0d BlRe(

uSisop oyroads Apms

poyjow sisA[euy

adKy Apmig

NIy

(ponunuoo) £s|qey



W.Dong et al.

216

sjo19q (HOLLD) Aoueioadxy
QwodnQ Suryoea], Sunuryy,
Tevoneindwo) pue (I94LLD)
juawnIsuy sjoreg Aoeouyq Sur
-yoea], Sunjuryy, reuoneindwo)) jo
PIISISUOd spoylaw dAaneuenb ayJ,
sagpeq payord
-WO0d SIQUILI] UO SAI0JS IAYOLd)
pue KoaIns [euononnsur-jsod e Jo
PAISISUOD spoyew daneyenb ayJ,
sozzmb pue AoAIns
JO PAISISUOD spoyjaw dAnEIUEND
UL, "SWNJIOJ UOISSNISIP SUI[UO pue
Koa1ns o[npow-isod oy ur uonsenb
papue-uado 9y} 0} sToMSUR JO
PaJSISUO0d spoyjew aane)enb ayJ,
axreuuonsanb e pue
onbruda) A9AINS Ay} JO PAISISUOD
spoyjeuwr aAne)Ifenb pue aanenueng)
KSAINS JO PI)SISUOD
spoyjouwr aAnelenb pue saneInUENQ)
pausisop
9jerdwd) orreuads SUTUIRS] 3Y) JO
sIsA[eue pue S[[Iys ],D Pue s[ejud
-epunj Surwwes3o1d Jo JUoWSSasse
) 10§ OLIQNI9[IS pajrodal-Jas B
‘maraoyur dnoig-snoojy Jo poysIsuod
spoyjeuwr aAne)Ifenb pue sanenueng)

uSisop [eyuswLIadXa-UON

Apms ase)

[OIe9saI paseq-uSIso(

Kiojerordxg

K1oyeuerdxyg

[OIB3saI paseq-uSisoq

1593-) sojdwres paired ay,

SIsA[eue JuaIuod
pue sonsnels aandrosap oiseq

sIsA[eue JuUOD pue 189)-)

SISA[euR JUUOD PUE $)$9)-)

sonsTe)s oAndIIosap orseg

SISA[eU. JUUOD PUE SONSHL)S
oAndLIOsap dIseq * UOISSAIZal
Jeaul[ Ay} ‘UONE[ALI0D UOSIEdd YL,

u3ISop YoIeasar aAnenuend)

u31sop YoIeasar aAne)end)

u3ISOp YOIBASAI POYIQUI-PIXTIA]

u3ISop YOIBISAI POYIQUI-PIXTIA]

uS1SOp YOIBISAT POYIAW-PIXTA

uS3ISOp YOIBaSAI POYIQU-PIXTIA

(0207) 'Te 30 vAey

(0T0T) 159M pue yooug

(0202) e 1@ BYZ

(0202) I8 10 20d9T-298S

(0207) e 10 1007

(0202) "Te 10 apepald

uonoa[[0d BlRe(

uSisop oyroads Apms

poyjow sisA[euy

adKy Apmig

NIy

(ponunuod) £ sjqer

pringer

A s



217

Developing pre-service teachers’ computational thinking:...

189
a8pojmouy A313u9 ue pue ‘9[eds
opmme Jurwwersord 19ndwos v
59} Sunjury) reuonendwos s € Jo
PaISISU0d spoyiew dAaneInuenb ayJ,
a1reuuonsanb padojaaap-jios e jo
PAISISUOD spoyjew dAne)enb ayJ,
A spremo) Koeorje-j[es pue
doueydoooe S197oea) 901AI0S-01d
uo saireuuonsanb-jsod omy jo
PaISISUOD spoyjow dAanjeInuenb oy,
‘stewanol Sururen sjyuedronted jo
PAISISUOD Spoyjow dAnesenb oy,

areds 110daI-J[os oy Jo
PIISISUOd spoylew danenuenb ayJ,
1891,
Sunjury ], reuoneindwo)) 2y} jo
PIISISUO0d spoylaw danejnuenb ayJ,
SMITAISIUI PUE [OIBISAI Paseq
-wooisse[d syuedionaed jo syrodar
JO PAISISUOD Spoyjaw 2AneII[enb ay [,
(LDD) 1581 1D 01sA[[eD 2 JO
PIISISUOD Spoylew dAanenuenb ayJ,
s3sod UOISSNOSIP JUI[UO pue
syonpoid 3sandqopy siuedronred
pue axreuuonsanb spmne-jsod
pue -o1d oUI[-UO UE JO PI)SISUOD
spoyjeuwr aAne)Ifenb pue sanenueng)

[OoIeasal paseq-usiso(

[OIe9saI POseq-usIsa(

u31sop [eyuowILIAdx9-uoN

u3isop [eyuswLdxyg

Apnys ase)

ug1sop [eyuowILIadx9-UON

[OIB3saI paseq-uSisoq

sIsA[eue
JUAUOD pue 159)-) Sdwres-parred v

sIsA[eue

JUSIUOD pue so1IsNe)s dANdLIosop
o1seq 15931 sodwres paireq

159) VAONYV Aem

-Quo *3159)-) o[dwes-juspuadapur
ue ‘uorssaISaI IBdUl] oYL,

sIsA[eue
1593-) o[dwres juopuadopur uy

spoyjeur £109y) papunoin)

Surfepow uonenba [eInioNNS
pue sisA[eue 9AndLIOS9p JIseq

sIsk[eue
JUUOD pue I593-) sojdures
paired * sonsness aandrosop oiseg

uSISOp YOIBSAI POYIUW-PIXTIA

uSISOp [YOIBSAI POYIQUI-PIXTIA

uSISop [YoIeasaI dATIEINUERN()

uS1Sop YoIeasal aaneIuend)

u31sop YoIeasar aane)Iend)

uS1sop YoIeasar aATEINuUEN()

uS3ISOp YOIBaSAI POYIQU-PIXTIA

(1200 'Te 19 tesy,

(1207) T8 10 vUTYdS

(1202) apepaid

(1202) T 30 A[rouuo)

(1207) Ayeo] pue 1opng

(1202) 'Te 30 nsrumny

(1207) 1eH pue ueysay

uonoa[[0d BlRe(

uSisop oyroads Apms

poyjow sisA[euy

adKy Apmig

NIy

(ponunuoo) £s|qey

pringer

As



W.Dong et al.

218

suonoagaI pue suefd Uosso|
SIoYoB9) 901A19521d JO PAISISUOD
spoyjow aAneIenb pue aAneInUEN)
arreuuonsanb
© JO PaISISUO0d spoyjow aaneuenb
L, "suonodapyal aaneenb jo
Pa3SISUO0D spoylow 2Ane)Ienb oy ],
SaNIAOR uruIes|
JO paISISuoOd spoylaw daneenb oy,
1591 [I1S
parerar Suryury reuoneindwod oY)
JO PAISISU0d (OX)SPOYIdW AT}
-eynuenb ay ], ‘sy09foxd uonenpeid
JO PaISISuUOd Spoyjaw dAneenb oy,

K1oyerordxyg

[OIe9saI paseq-uSIso(

Apns ase)

[OIB3saI paseq-uSisoq

SISA[eue JUAUOD
pue sonsne)s oAndiiosop orseq

sIsA[eue Juauod pue (VAONVIN)
QoUBLIEA JO SISA[EUR dJBLIBAT)[AW ©

sIsA[eue Juuo))

sIsATeue Juuod
pue sonsness aandriosap oiseq

uSTSOp YOIBISAT POYIAW-PIXTA

uSISOp YOILISAI POYIOUI-PIAXIW

uSISap YoIeasal aAne)I[ene)

uS3ISOp YOIBaSAI POYIQU-PIXTIA

(1202) T 12 yonog

(2207) 'Te 10 eyebry

(1207) npnuin

(1202) Aeg pue nownzn

uonoa[[0d BlRe(

uSisop oyroads Apms

poyjow sisA[euy

adKy Apmig

NIy

(ponunuod) £ sjqer

pringer

A s



219

Developing pre-service teachers’ computational thinking:...

porodar JoN

ojeIos

I[YOIRIOS
a8enSue

Surwwreiold O
yojeIos

VRILAGIN

allAGIN

parrodar joN

parrodar JoN

1doouod 1D

PaA[OS wd[qo1d
SIS Surpod 10 Surwwreisoid

1doouod 1D
paajos woqoid

1doouod 1D
S[ys Surpod o Sururwrerord
paAjos wajqoid

1doouod 1D
Sunyury oruyiuose uonisodwosaq

1doouod 1D

paajos wopqoid
Sunjury) orwuyjLIose
uonoensqy

ydoouod 1D

paAjos wapqoid
Sunjury) [eonty

109fo1d 1D

9sIN0d 1D

I[oreIds

[ojerds

98IN0d 1D

2SIN0d 1D

dnpouwr 1.H

|[mpowr 15

$90139(] uoneonpy

pooyp[Iy) Areq pue Krewtid oy ur
SJUQPIIS Q [ 'SO[EW %] ‘SO[BWJ %98
payiodar joN

SI9Yora)
ud)IegIopuny 991A10s-01d oewdy 77 |

1 Jo 93e oFe1oae o)

‘PIO SIBAK £ T-6] Q[BW /T PUR I[RW] 6T

patodar joN

pariodar JoN

(%T'9¢)
szotunf pue (%/ ) serowoydos ‘1

Jo o3k a3eroae oy, :dnoi3 [eyuowrrodxyg

(%L'SE)
stotunf pue (%8 41) serowoydos

6" Jo o8e a3ereae oy, :dnoid jonuo)

oewr g7 pue o[ewdf g/,

s10Yo©a) 9o1A10s1d ()7 ¢

SI9Yoed oofﬁomvo._m 0C

SI9YOB9) 991AT0s-a1d 77|

s10oe) 901ATAsA1d 9G

SI9UO®9) 901AJ0sa1d 97 |

s10yoea) 9o1AT0s1d (7€

s19y0ea) 901A19s21d /GE

s19yoa) 901AIs21d (OO

(L102)

‘[€ 39 [[on3UlIA [[QUeqaISH

(L107) Suog

(L107) spfepeded
pue pyeuueIsorey|

(9107) un_)

(S107) 'Te 10 ueag

(¥100) T8 19 z319d

(¥100) T8 19 Aepex

(1102) 'Te 19 Aepex

s[003 Sururwessord

syoadse oyroads s, 1D

poyouwr Sururer],

Iopuag/[ers/aSy

ordwreg

Py

1D Sunowoud jo syoadse ogroads pue sj00) pue spoyjowr Sururer) ‘sojonte ojdwes g ajqel

EECEAREN

g xipuaddy

pringer

As



W.Dong et al.

220

yojeIg

Surssoooxd
soqn-juady
VXA IN

yojerds

310°9p0d
I[YoreIos
[yojeIds

parrodar joN

parrodar JoN

porrodar JoN

1doouod 1D
paajos wopqoid
uonoensqy

S[ys Surpod 1o SururuerSoig

jdoouod 1D

SunyuIy ISy

jdoouod 1D

S[IIYs Surpod Jo Surwwrer3ord

paajos woyqoxd

SumyuIy LISy

1doouod 1D
Sunyurny) oruyrIoSe
uonoensqy
uonisodwooaq

payrodar JoN

Sunjuny) orwyrioSe
uonoensqy

s[npowr 15

3sIN0d 1D

9SINod 1D

109foxd 1D

9sIN0d 1D

payrodar JoN
UOTJUAA
-I9)UI SO1)0qOI
[euoneonp ay [,

sjuapnys
QjenpeISIapun aIam ¢ Pue SJuIpNIs
QenpeIs 919M ¢ ‘9[eW 9 pue J[BWIJ 97

payrodar JoN
(82) 100y0s
Axeyuowoe 10y sourdIosIp SNOLIeA"¢

(€) 100ys
Y31y J0J SOOUIIDS [BIO0S pUE SANIUBWINY'Y

(8€) 100y2s Y31y 10} SAOUIIS' |

uoneonpa ul sjofew Arewrd

07 sem syuedroned jo oSe oSeroae oy,
0L°0T sem
syuedronaed jo oSe oSeroAr oy ], ‘pesod
-SIpUN g pue SIOMds ¢z ‘siorunf g
‘sarowoydos T4 'SI[eW G¢ Pue SI[BWSY GG

SO[eW ()] PUE SO[BWS} | |

SI9
-yoeo) 8-y do1a1dsaxd g¢

s19y0Ba) do1A19s21d 679

191} 991ATes-a1d () |

s101oea) 9d1ATesAId 7]

S19YoRa) Qo1A1asaId |7

SI191ora) 901AI0sId ¢

Nelipa]
Qo1A19s91d Arejuowidfe g

(8107) wry pue 1[py

(8102
Suruuadoy pue noxdwey

(8107) stuosey

(L100) Te 19 1peS

(L107) T8 19 eZNOy

(L107) Te 10 Aepex

(L100)
1e3uy pue ‘ruewe(-redrep

s[00) Surwer3oid

syoadse ogroads s, 1D

poyjow Sururely,

I0pUdZ/[oAd]/a3Y

ordwreg

QronIy

(ponunuod) g sjqer

pringer

A s



221

Developing pre-service teachers’ computational thinking:...

S[[IYs Surpod Jo Surwwer3ord
poajos worqoxd

s100lqns WHLS

pariodar JoN Suryury) oruyIod[y IRUTWAS 1) -UOU SUIYORa) Ul paules) d1om Way) Jo 80T s10Uoe9) 9o1a19s21d 67¢ (0207) 'Te 12 1007
Sunyuny) orwyjiose UOTJUOA
1doouod [H  -19)ul $5110qO1 PIO sIeaK 96-7¢ Nelin:2]
pajiodar JoN SuiSSnqog  [euoneonpy oy, SO[eW %17 PUB SA[BWRJ %9%9°LC  SONEULIOJUI 931A10s-a1d 97 (0202) 'Te 12 apepald
Q01e
o1seq [[ews uoneonpy Jo Anoeq ay)
yojeIos S[IYs Surpod 1o Sunuwreisord 3sIM0d 1D Jo uoneanpyg 1ndwo) jo jusunredoq SI19UJB?) 991A105-31d 97 (6107) 3ea
ydoouod 1D UONUA
s[rys Surpoo Jo SurwrerSord  -1ojur sonjoqox 0¢ sem syuedroned jo oSe [Relipl=l]
[ojeIos POAJOS WR[QOId  [BUONEONPH Y], 9SLIOAR AU, "SO[BUW %9¢ PUB SI[BWJ %19 dorazosaxd ystuedS 11 (6107) T& 12 UON-9A)SH
‘STIDs Sutpoo Jo SurwwerSord
paajos wayqoxd
Suryury) eAnEeaId SIYOB)
[ojeI1os Suryuny [eont) 9SI0d D PJO STed Op—8] "So[eW ¢ ‘So[ewd) 87 [ Qo1a19s-a1d uerel 141 (6107) T 12 9[oLIqeD
1doouod 1D
s[Iys Surpod o Sururwrerord (6107) SDyeu
[ojeIos PAAJOS WA[qOIJ 9sIN0d 1D So[ew 9| ‘SO[BWIN%66 s1oyoe?) 9o1a10sa1d (g -uerSorey pue spyepedeq
jdoouod 1D
S[IIs Surpod Jo Surwwer3ord
paajos worqoxd
Supjury) orwuyjLIose
q[poow uonoensqy
310°p100 uonisodwossq 9SIN0D D PIsO[OSIPUN | PUE ‘SI[BUI ¢ ‘SI[RW] G6 s10yde?) 201A105a1d €1 (610T) ONO pue nsruMn
ydoouoo 1D
Sunjuny) orwuyjIose
uornoensqe
uonisodwooop +4D (LI19D) ASojouyoq], [euononysuy pue
++9 SunyuIy) 9ANRAID pue woperd uoneosnpy 1ndwo)) jo yusuntedap 2y (1207) 2In],
ournpry Suryumy) [eontr)  gJ[ oumpIy ayJ, So[ew /] PUB SO[BWSY 9] S19Yoe9) 9d1A10s1d ¢ I3YIA Teuld pue efed
s[00) Surwer3oid syoadse ogroads s, 1) poylow Sururel], I0pUdZ/[oAd]/a3Y ordwreg NIy

(ponunuod) g sjqer

pringer

As



W.Dong et al.

222

ournpre
[oJeIos

parodar JoN

porrodar JoN

parrodar JoN

1lyojeros

yojeIos
porodar JoN

porodar JoN

opam 039[

parodar JoN

parrodar JoN

yojeIos

1doouod 1D
S[Iys Surpoo 1o Surwwrersord

patodar joN

jdaouod 1D
paajos worqoid

Surouanbas
1doouod 1D
Suis3nqaq

1doouod 1D
PAAJOS WR[QOI]
payrodar JoN
jdoouod 1D
paAjos wafqoid
uonoensqe
Sunjury) reonti)

S[IIYs Surpod Jo Surwer3ord
paajos woyqoxd

jdoouod 1D

SIS Surpod Jo Surwer3old

jdoouod 1D
S[IIs Surpod Jo Surwwer3ord
paajos worqoxd

S[Iys Surpoo Jo Surwwrergord
paajos woqoid
3u133nqoq

100foxd 1D
UONUA
-I9)UI $O1}0qOI
[euoneonps 2y,
UOT)UIA
-I9)UI $9110qOI
[euoneonpy ayJ,
suoneorjdde
q[Iqowr dAnRINPH

o[npowr 15
poyiodar JoN

S[npowr 1

9sIN0d 1D

109fo1d 1D

yo00sdoyq

yojeIdg

S9[eW  pue SI[RWJ (OF

6'CC
sem sjuedronted oy Jo o3 o3eIAR AU ],

PIO STEAK G~ SO[BW 4,7 PUE SO[BWA) G

PIo
SIeAA 6]—8] ‘SO[BUI %G¢ PUR SI[BW] %G9
(sorew 4 pue
So[eway ()7) ¢ JeX UI 77 pue (So[ew 4
pue so[ewaf G1) [ Tk ul payedonted g
PIO sIBAK 46—/ [ "So[eW /¢ PUE SA[BWS) §9
SI9YOBQ) 901AI0S-A1d QINJBINIT
pue oFenSue] yspyIn], / pue aInjesdr|
pue oSenSue ysiSuyg ¢ ‘sonewo
-yrew 1 ‘AS0[o1q [ P[0 s1eak €707
0¢ sem
syuedronred jo oSe oSe1oAe oy) pue
PIO SIBIK [9—[Z'SO[BW G PUB SI[eW ()f

poyiodar JoN

uonednpa AIBpuodas
ur pazofew g pue uornesnpa AIejuswo[e
ur parofew ¢ o[ew | pue So[RWSY 4]

So[ew %8°LT PUB S9[BWD] %T'TL

SI19YIB)
Krewrnid oo1arosoxd g¢

SI9Yded]

[ooyosaid 2o1a19s-21d ()6

sIoyoe9) 9d1AIesaId Gt

S19YoRa) 9d1A19s1d ()7

s10oe) 901ATesAId TG

s10Y0ea) 901A10891d GO |

s19YoEa) 991AI0sAId G

SI0YoRa) 901AI0saId G¢

s101Ea) 91A1081d ()

SI0YOL9) 901ATasId G

s10yo®9) 901AI0s-01d 6/,

(1200) T8 W TesL,

(1200) '8 12 euIyds

(1202) apepaid

(1202) ‘T 10 A[jouuo)

(1702) Ayea1 pue sopng
(12702) Te ¥ nstwumny

(1207) ey pue uey3ary

(020T) T8 1 eAey

(0207)
JSOA\ PUE JOYESUNg

(0207) Te W eyz

(0202) 'Te 19 zodoT-20BS

s[00) Surwer3oid

syoadse ogroads s, 1D

poyjow Sururely,

I0pUdZ/[oAd]/a3Y

ordwreg

QronIy

(ponunuod) g sjqer

pringer

A s



223

Developing pre-service teachers’ computational thinking:...

SI9YOB?) UOTIEONP

ojeIos ydoouoo 1D 3sIN0d 1D S[ewW | pue J[eWd) O¢ Teroads oo1azesard [ ¢ (1207) e 32 yonog
s[ys Surpod o Sururwrersord
paajos worqoid
Sunyury) orwyiLod[e UOTIUAA
uonoenNsqy  -IAIUI $O10qol SI9YOB)
pariodar JoN uonisodwossq  [euoneonpy Y], So[ew}, pue SA[eWR) 87 AIejuowa[o ad1A1sald g¢ (2207) "Te 12 weyyebry
S[IIs Surpod Jo Surwwer3ord
paajos worqoxd
[ojeIos Swiddngag 3sIM0d 1D Jofew uoneonpa S19yoe9) 2d1A10s1d 7] (1207) npnwn
paajos woqoid
uonoensqe
Sunjuny) orwyrioSe SIOYOELI)
porrodar JoN 3u133nqoq weisod 1D SO[eW §, PUE SO[EWS] /, Krewrid oo1azosaxd 11 (12027) Aeg pue wo[zQ
s[00) Surwer3oid syoadse ogroads s, 1) poylow Sururel], I0pUdZ/[oAd]/a3Y ordwreg NIy

(ponunuod) g sjqer

pringer

As



224 W. Dong et al.

Declarations

Conflict of interest The authors declare no conflicts of interest.

References

Adler, R. F., & Kim, H. (2018). Enhancing future K-8 teachers’ computational thinking skills through mod-
eling and simulations. Education and Information Technologies, 23, 1501-1514. https://doi.org/10.
1007/s10639-017-9675-1

Agbo, F. J., Oyelere, S. S., Suhonen, J., & Adewumi, S. (2019). A systematic review of computational
thinking approach for programming education in higher education institutions. In Proceedings of
the 19th Koli Calling International Conference on Computing Education Research (pp. 1-10).
https://doi.org/10.1145/3364510.3364521

Alqahtani, M. M., Hall, J. A., Leventhal, M., & Argila, A. N. (2022). Programming in mathematics
classrooms: Changes in pre-service teachers’ intentions to integrate robots in teaching. Digital
Experiences in Mathematics Education, 8(1), 70-98. https://doi.org/10.1007/s40751-021-00096-6

Atmatzidou, S., & Demetriadis, S. (2016). Advancing students’ computational thinking skills through edu-
cational robotics: A study on age and gender relevant differences. Robotics and Autonomous Systems,
75, 661-670. https://doi.org/10.1016/j.robot.2015.10.008

Angeli, C., Voogt, J., Fluck, A., Webb, M., Cox, M., Malyn-Smith, J., & Zagami, J. (2016). A K-6 com-
putational thinking curriculum framework: Implications for teacher knowledge. Journal of Educa-
tional Technology & Society, 19(3), 47-57.

Ateskan, A., & Hart, D. O. (2021). Demystifying computational thinking for teacher candidates: A case
study on Turkish secondary school pre-service teachers. Education and Information Technologies,
26(5), 6383-6399. https://doi.org/10.1007/s10639-021-10626-9

Bandura, A., & Wessels, S. (1994). Self-efficacy (Vol. 4, pp. 71-81). https://www.wellcoach.com/
memberships/images/Self-Efficacy1.pdf

Barr, D., Harrison, J., & Conery, L. (2011). Computational thinking: A digital age skill for everyone.
Learning & Leading with Technology, 38(6), 20-23.

Barr, V., & Stephenson, C. (2011). Bringing computational thinking to K-12: What is involved and what
is the role of the computer science education community? Acm Inroads, 2(1), 48-54. https://doi.
org/10.1145/1929887.1929905

Bean, N., Weese, J., Feldhausen, R., & Bell, R. S. (2015). Starting from scratch: Developing a pre-
service teacher training program in computational thinking. In 2015 IEEE Frontiers in Education
Conference (FIE) (pp. 1-8). IEEE. https://doi.org/10.1109/FIE.2015.7344237

Berland, L. K., & Lee, V. R. (2012). In Pursuit of Consensus: Disagreement and legitimization during
small-group argumentation. International Journal of Science Education, 34(12) 1857-1882. https://
doi.org/10.1080/09500693.2011.645086

Bouck, E. C., Sands, P., Long, H., & Yadav, A. (2021). Preparing special education preservice teachers
to teach computational thinking and computer science in mathematics. Teacher Education and Spe-
cial Education, 44(3), 221-238. https://doi.org/10.1177/0888406421992376

Bower, M., & Falkner, K. (2015). Computational thinking, the notional machine, pre-service teachers,
and research opportunities. In: D. D’Souza, & K. Falkner (Eds.), Proceedings of the 17th Australa-
sian Computing Education Conference (ACE 2015) (Vol. 160, pp. 37-46). (Conferences in research
and practice in information technology). Australian Computer Society. http://crpit.com/confpapers/
CRPITV160Bower.pdf

Brennan, K., & Resnick, M. (2012). New frameworks for studying and assessing the development of
computational thinking. In Proceedings of the 2012 annual meeting of the American educational
research association, Vancouver, Canada (Vol. 1, p. 25). http://scratched.gse.harvard.edu/ct/files/
AERA2012.pdf

Butler, D., & Leahy, M. (2021). Developing preservice teachers’ understanding of computational thinking:
A constructionist approach. British Journal of Educational Technology, 52(3), 1060-1077. https://doi.
org/10.1111/bjet. 13090

Cetin, I. (2016). Preservice teachers’ introduction to computing: Exploring utilization of scratch. Journal of
Educational Computing Research, 54(7), 997-1021. https://doi.org/10.1177/0735633116642774

@ Springer


https://doi.org/10.1007/s10639-017-9675-1
https://doi.org/10.1007/s10639-017-9675-1
https://doi.org/10.1145/3364510.3364521
https://doi.org/10.1007/s40751-021-00096-6
https://doi.org/10.1016/j.robot.2015.10.008
https://doi.org/10.1007/s10639-021-10626-9
https://www.wellcoach.com/memberships/images/Self-Efficacy1.pdf
https://www.wellcoach.com/memberships/images/Self-Efficacy1.pdf
https://doi.org/10.1145/1929887.1929905
https://doi.org/10.1145/1929887.1929905
https://doi.org/10.1109/FIE.2015.7344237
https://doi.org/10.1080/09500693.2011.645086
https://doi.org/10.1080/09500693.2011.645086
https://doi.org/10.1177/0888406421992376
http://crpit.com/confpapers/CRPITV160Bower.pdf
http://crpit.com/confpapers/CRPITV160Bower.pdf
http://scratched.gse.harvard.edu/ct/files/AERA2012.pdf
http://scratched.gse.harvard.edu/ct/files/AERA2012.pdf
https://doi.org/10.1111/bjet.13090
https://doi.org/10.1111/bjet.13090
https://doi.org/10.1177/0735633116642774

Developing pre-service teachers’ computational thinking:... 225

Clark, V., & Ivankova, N. (2016). What is mixed methods research? Considering how mixed methods
research is defined. Mixed methods research: A guide to the field (pp. 55-78). https://doi.org/10.
4135/9781483398341

Computing Education Research Blog. (2011). What’s the argument for becoming a computer science
teacher? https://computinged.wordpress.com/2011/02/07/whats-the-argument-for-becoming-a-
computer-science-teacher/

Connolly, C., Hijén-Neira, R., & Gradaigh, S. 0. (2021). Mobile Learning to Support Computational Think-
ing in Initial Teacher Education: A Case Study. International Journal of Mobile and Blended Learning
(IJMBL), 13(1), 49-62. https://doi.org/10.4018/IJMBL.2021010104

Cutumisu, M., Adams, C., Glanfield, F., Yuen, C., & Lu, C. (2021). Using structural equation mod-
eling to examine the relationship between preservice teachers’ computational thinking attitudes and
skills. IEEE Transactions on Education. https://doi.org/10.1109/TE.2021.3105938

Cutumisu, M., & Guo, Q. (2019). Using topic modeling to extract pre-service teachers’ understandings
of computational thinking from their coding reflections. IEEE Transactions on Education, 62(4),
325-332. https://doi.org/10.1109/TE.2019.2925253

Dag, F. (2019). Prepare pre-service teachers to teach computer programming skills at K-12 level: Expe-
riences in a course. Journal of Computers in Education, 6(2), 277-313. https://doi.org/10.1007/
$40692-019-00137-5

Eragamreddy, N. (2013). Teaching creative thinking skills. International Journal of English Language &
Translation Studies, 1(2), 124-145.

Esteve-Mon, F., Adell-Segura, J., Nebot, M., Novella, G., & Aparicio, J. (2019). The Development of
Computational Thinking in Student Teachers through an Intervention with Educational Robotics.
Journal of Information Technology Education: Innovations in Practice, 18(1), 139-152.

Esteve-Mon, F., Llopis, M., & Adell-Segura, J. (2020). Digital competence and computational think-
ing of student teachers. International Journal of Emerging Technologies in Learning (iJET), 15(2),
29-41. https://doi.org/10.3991/ijet.v15i02.11588

Feurzeig, W., & Lukas, G. (1972). LOGO—A programming language for teaching mathematics. Educa-
tional Technology, 12(3), 39-46.

Gabriele, L., Bertacchini, F., Tavernise, A., Vaca-Cardenas, L., Pantano, P., & Bilotta, E. (2019). Lesson
planning by computational thinking skills in Italian pre-service teachers. Informatics in Education,
18(1), 69-104. https://doi.org/10.15388/infedu.2019.04

Grover, S., & Pea, R. (2013). Computational thinking in K—12: A review of the state of the field. Educa-
tional Researcher, 42(1), 38—43. https://doi.org/10.3102/0013189X12463051

Gupta, S., Rajiah, P., Middlebrooks, E. H., Baruah, D., Carter, B. W., Burton, K. R., Chatterjee, A. R.,
& Miller, M. M. (2018). Systematic review of the literature: Best practices. Academic Radiology,
25(11), 1481-1490. https://doi.org/10.1016/j.acra.2018.04.025

Halpern, D. F. (1996). Thinking critically about critical thinking. Routledge.

Hsieh, H. F., & Shannon, S. E. (2005). Three approaches to qualitative content analysis. Qualitative
Health Research, 15(9), 1277-1288. https://doi.org/10.1177/1049732305276687

Hsu, T. C., Chang, S. C., & Hung, Y. T. (2018). How to learn and how to teach computational thinking:
Suggestions based on a review of the literature. Computers & Education, 126, 296-310. https://doi.
org/10.1016/j.compedu.2018.07.004

Hunsaker, E., & West, R. E. (2020). Designing computational thinking and coding badges for early child-
hood educators. TechTrends, 64(1), 7-16. https://doi.org/10.1007/s11528-019-00420-3

ISTE, CSTA. (2011). Computational Thinking in K—12 Education leadership toolkit. Computer Science
Teacher Association. https://docs.microsoft.com/en-us/archive/blogs/alfredth/computational-think
ing-leadership-toolkit

ISTE. (2015). CT Leadership toolkit. https://www.iste.org/

Jaipal-Jamani, K., & Angeli, C. (2017). Effect of robotics on elementary preservice teachers’ self-effi-
cacy, science learning, and computational thinking. Journal of Science Education and Technology,
26(2), 175-192. https://doi.org/10.1007/s10956-016-9663-z

Johnson, R. B., & Onwuegbuzie, A. J. (2004). Mixed methods research: A research paradigm whose
time has come. Educational Researcher, 33(7), 14-26. https://doi.org/10.3102/0013189X0330070
14

Kalogiannakis, M., & Papadakis, S. (2017). A proposal for teaching ScratchJr programming environ-
ment in preservice kindergarten teachers. In Proceedings of the 12th Conference of the European
Science Education Research Association (ESERA) (pp. 21-25). https://www.researchgate.net/publi
cation/320546761_A_proposal_for_teaching_ScratchJr_programming_environment_in_prese
rvice_kindergarten_teachers

@ Springer


https://doi.org/10.4135/9781483398341
https://doi.org/10.4135/9781483398341
https://computinged.wordpress.com/2011/02/07/whats-the-argument-for-becoming-a-computer-science-teacher/
https://computinged.wordpress.com/2011/02/07/whats-the-argument-for-becoming-a-computer-science-teacher/
https://doi.org/10.4018/IJMBL.2021010104
https://doi.org/10.1109/TE.2021.3105938
https://doi.org/10.1109/TE.2019.2925253
https://doi.org/10.1007/s40692-019-00137-5
https://doi.org/10.1007/s40692-019-00137-5
https://doi.org/10.3991/ijet.v15i02.11588
https://doi.org/10.15388/infedu.2019.04
https://doi.org/10.3102/0013189X12463051
https://doi.org/10.1016/j.acra.2018.04.025
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1016/j.compedu.2018.07.004
https://doi.org/10.1016/j.compedu.2018.07.004
https://doi.org/10.1007/s11528-019-00420-3
https://docs.microsoft.com/en-us/archive/blogs/alfredth/computational-thinking-leadership-toolkit
https://docs.microsoft.com/en-us/archive/blogs/alfredth/computational-thinking-leadership-toolkit
https://www.iste.org/
https://doi.org/10.1007/s10956-016-9663-z
https://doi.org/10.3102/0013189X033007014
https://doi.org/10.3102/0013189X033007014
https://www.researchgate.net/publication/320546761_A_proposal_for_teaching_ScratchJr_programming_environment_in_preservice_kindergarten_teachers
https://www.researchgate.net/publication/320546761_A_proposal_for_teaching_ScratchJr_programming_environment_in_preservice_kindergarten_teachers
https://www.researchgate.net/publication/320546761_A_proposal_for_teaching_ScratchJr_programming_environment_in_preservice_kindergarten_teachers

226 W. Dong et al.

Kaya, E., Newley, A., Yesilyurt, E., & Deniz, H. (2020). Measuring computational thinking teaching effi-
cacy beliefs of preservice elementary teachers. Journal of College Science Teaching, 49(6), 55-64.
https://www.researchgate.net/publication/342570740.

Kim, T. K. (2015). T test as a parametric statistic. Korean Journal of Anesthesiology, 68(6), 540-546.
https://doi.org/10.4097/kjae.2015.68.6.540

Kitchenham, B. (2004). Procedures for performing systematic reviews. Keele, UK, Keele University,
33(2004), 1-26.

Lamprou, A., Repenning, A., & Escherle, N. A. (2017). The Solothurn Project: Bringing computer sci-
ence education to primary schools in Switzerland. In Proceedings of the 2017 ACM Conference on
Innovation and Technology in Computer Science Education (pp. 218-223). https://doi.org/10.1145/
3059009.3059017

Lamprou, A., & Repenning, A. (2018). Teaching how to teach computational thinking. In Proceedings
of the 23rd Annual ACM Conference on Innovation and Technology in Computer Science Education
(pp. 69-74). https://doi.org/10.1145/3197091.3197120

Looi, C. K., Chan, S. W., Huang, W., Seow, P. S. K., & Wu, L. (2020). Preservice teachers’ views of compu-
tational thinking: STEM teachers vs non-STEM teachers. http://hdl.handle.net/10497/22528.

Minguell, M. E., Martinez, J. G., Bosch, M. P., & Sim6, V. L. (2017). About the concept of computa-
tional thinking and its educational potentialities by pre-service teachers. In EDULEARNI7 Pro-
ceedings (pp. 6624-6629). https://doi.org/10.21125/edulearn.2017.2510

Mouza, C., Yang, H., Pan, Y.-C., Yilmaz Ozden, S., & Pollock, L. (2017). Resetting educational technol-
ogy coursework for pre-service teachers: A computational thinking approach to the development
of technological pedagogical content knowledge (TPACK). Australasian Journal of Educational
Technology. https://doi.org/10.14742/ajet.3521

Ngan, S. C., & Law, K. M. (2015). Exploratory network analysis of learning motivation factors in e-learn-
ing facilitated computer programming courses. The Asia-Pacific Education Researcher, 24, 705-717.
https://doi.org/10.1007/s40299-014-0223-0

Noa, R. (2018). Computational thinking: constructing the perceptions of pre-service teachers from vari-
ous disciplines. In Informatics in Schools. Fundamentals of Computer Science and Software Engineer-
ing: 11th International Conference on Informatics in Schools: Situation, Evolution, and Perspectives,
ISSEP 2018, St. Petersburg, Russia, October 10-12, 2018, Proceedings 11 (pp. 167-179). Springer
International Publishing. https://doi.org/10.1007/978-3-030-02750-6_13

Pala, F. K., & Mihci Tiirker, P. (2021). The effects of different programming trainings on the compu-
tational thinking skills. Interactive Learning Environments, 29(7), 1090-1100. https://doi.org/10.
1080/10494820.2019.1635495

Papadakis, S. (2021). The impact of coding apps to support young children in computational thinking
and computational fluency. A literature review. Frontiers in Education (p. 183). Frontiers.

Papadakis, S., & Kalogiannakis, M. (2019). Evaluating a course for teaching introductory programming
with Scratch to pre-service kindergarten teachers. International Journal of Technology Enhanced
Learning, 11(3), 231-246. https://doi.org/10.1504/ijtel.2019.10020447

Papert, S. (1996). An exploration in the space of mathematics educations. International Journal of Com-
puters for Mathematical Learning, 1(1), 95—123. https://doi.org/10.1007/bf00191473

Perez, A. J., Hurtado, I. L., Crichigno, J., Peralta, R. R., & Torres, D. (2014). Enhancing computa-
tional thinking skills for new mexico schools. In 2014 ASEE Annual Conference & Exposition (pp.
24-531).

Piedade, J. M. N. (2021). Pre-service and in-service teachers’ interest, knowledge, and self-confidence in
using educational robotics in learning activities. Educacdo & Formagdo, 6(1), 2.

Piedade, J., Dorotea, N., Pedro, A., & Matos, J. F. (2020). On teaching programming fundamentals and
computational thinking with educational robotics: A didactic experience with pre-service teachers.
Education Sciences, 10(9), 214. https://doi.org/10.3390/educscil 0090214

Popat, S., & Starkey, L. (2019). Learning to code or coding to learn? A systematic review. Computers &
Education, 128, 365-376. https://doi.org/10.1016/j.compedu.2018.10.005

Rajecki, D. W. (1990). Attitudes (2nd ed.). Sinauer Associates.

Sadik, O., Leftwich, A. O., & Nadiruzzaman, H. (2017). Computational thinking conceptions and
misconceptions: Progression of preservice teacher thinking during computer science lesson plan-
ning. Emerging research, practice, and policy on computational thinking (pp. 221-238). Springer.
https://doi.org/10.1007/978-3-319-52691-1_14

Séaez-Lopez, J. M., del Olmo-Muiioz, J., Gonzélez-Calero, J. A., & Cézar-Gutiérrez, R. (2020). Explor-
ing the effect of training in visual block programming for preservice teachers. Multimodal Tech-
nologies and Interaction, 4(3), 65. https://doi.org/10.3390/mti4030065

@ Springer


https://www.researchgate.net/publication/342570740
https://doi.org/10.4097/kjae.2015.68.6.540
https://doi.org/10.1145/3059009.3059017
https://doi.org/10.1145/3059009.3059017
https://doi.org/10.1145/3197091.3197120
http://hdl.handle.net/10497/22528
https://doi.org/10.21125/edulearn.2017.2510
https://doi.org/10.14742/ajet.3521
https://doi.org/10.1007/s40299-014-0223-0
https://doi.org/10.1007/978-3-030-02750-6_13
https://doi.org/10.1080/10494820.2019.1635495
https://doi.org/10.1080/10494820.2019.1635495
https://doi.org/10.1504/ijtel.2019.10020447
https://doi.org/10.1007/bf00191473
https://doi.org/10.3390/educsci10090214
https://doi.org/10.1016/j.compedu.2018.10.005
https://doi.org/10.1007/978-3-319-52691-1_14
https://doi.org/10.3390/mti4030065

Developing pre-service teachers’ computational thinking:... 227

Schina, D., Valls-Bautista, C., Borrull-Riera, A., Usart, M., & Esteve-Gonzélez, V. (2021). An associational
study: Preschool teachers’ acceptance and self-efficacy towards Educational Robotics in a pre-service
teacher training program. International Journal of Educational Technology in Higher Education,
18(1), 1-20. https://doi.org/10.1186/s41239-021-00264-z

Shaked, H., & Schechter, C. (2014). Systems school leadership: Exploring an emerging construct. Jour-
nal of Educational Administration. https://doi.org/10.1108/JEA-07-2013-0081

Shanmugam, L., Yassin, S. F., & Khalid, F. (2019). Enhancing students’ motivation to learn computa-
tional thinking through mobile application development module (M-CT). International Journal of
Engineering and Advanced Technology, 8(5), 1293-1303.

Song, K. S. (2017). Guided instruction of introducing computational thinking to non-computer science edu-
cation major pre-service teachers. International journal of advanced smart convergence, 6(2), 24-33.
https://doi.org/10.7236/IJASC.2017.6.2.24

Tashakkori, A. (2009). Are we there yet? The state of the mixed methods community. Journal of Mixed
Methods Research, 3(4), 287-291. https://doi.org/10.1177/1558689809346151

Topalli, D., & Cagiltay, N. E. (2018). Improving programming skills in engineering education through
problem-based game projects with Scratch. Computers & Education, 120, 64-74. https://doi.org/
10.1016/j.compedu.2018.01.011

Tsai, F. H., Hsiao, H. S., Yu, K. C., & Lin, K. Y. (2021). Development and effectiveness evaluation of a
STEM-based game-design project for preservice primary teacher education. International Journal of
Technology and Design Education, 1-22. https://doi.org/10.1007/s10798-021-09702-5

Tschannen-Moran, M., & Hoy, A. W. (2007). The differential antecedents of self-efficacy beliefs of nov-
ice and experienced teachers. Teaching and Teacher Education, 23(6), 944-956. https://doi.org/10.
1016/j.tate.2006.05.003

Umutlu, D. (2021). An exploratory study of pre-service teachers’ computational thinking and program-
ming skills. Journal of Research on Technology in Education. https://doi.org/10.1080/15391523.
2021.1922105

Uzumcu, O., & Bay, E. (2021). The effect of computational thinking skill program design developed accord-
ing to interest driven creator theory on prospective teachers. Education and Information Technologies,
26(1), 565-583. https://doi.org/10.1007/s10639-020-10268-3

Vetter, T. R. (2017). Descriptive statistics: Reporting the answers to the 5 basic questions of who, what,
why, when, where, and a sixth, so what? Anesthesia & Analgesia, 125(5), 1797-1802. https://doi.org/
10.1213/ANE.0000000000002471

Voogt, J., Fisser, P., Good, J., Mishra, P., & Yadav, A. (2015). Computational thinking in compulsory educa-
tion: Towards an agenda for research and practice. Education and Information Technologies, 20(4),
715-728. https://doi.org/10.1007/s10639-015-9412-6

Wang, J., Zhang, Y., Li, X., Ren, Q., & Mei, L. (2019). Research on the Current Situation and Develop-
ment Trend of Computational Thinking in K-12 Education in China. CoolThink@ JC, 233. https:/
www.researchgate.net/publication/334231099_The_Measurement_of_Computational_Thinking_Perfo
rmance_Using_Multiple-choice_Questions#page=248

Wing, J. M. (2006). Computational thinking. Communications of the ACM, 49(3), 33-35. https://doi.org/10.
1145/1118178.1118215

Yadav, A., Zhou, N., Mayfield, C., Hambrusch, S., & Korb, J. T. (2011). Introducing computational think-
ing in education courses. In Proceedings of the 42nd ACM technical symposium on Computer science
education (pp. 465-470). https://doi.org/10.1145/1953163.1953297

Yadav, A., Mayfield, C., Zhou, N., Hambrusch, S., & Korb, J. T. (2014). Computational thinking in elemen-
tary and secondary teacher education. ACM Transactions on Computing Education (TOCE), 14(1),
1-16. https://doi.org/10.1145/2576872

Yadav, A., Gretter, S., Good, J., & McLean, T. (2017). Computational thinking in teacher education. Emerg-
ing research, practice, and policy on computational thinking (pp. 205-220). Springer. https://doi.org/
10.1007/978-3-319-52691-1_13

Zha, S., Jin, Y., Moore, P., & Gaston, J. (2020). Hopscotch into coding: Introducing pre-service teachers
computational thinking. TechTrends, 64(1), 17-28. https://doi.org/10.1007/s11528-019-00423-0

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable
law.

@ Springer


https://doi.org/10.1186/s41239-021-00264-z
https://doi.org/10.1108/JEA-07-2013-0081
https://doi.org/10.7236/IJASC.2017.6.2.24
https://doi.org/10.1177/1558689809346151
https://doi.org/10.1016/j.compedu.2018.01.011
https://doi.org/10.1016/j.compedu.2018.01.011
https://doi.org/10.1007/s10798-021-09702-5
https://doi.org/10.1016/j.tate.2006.05.003
https://doi.org/10.1016/j.tate.2006.05.003
https://doi.org/10.1080/15391523.2021.1922105
https://doi.org/10.1080/15391523.2021.1922105
https://doi.org/10.1007/s10639-020-10268-3
https://doi.org/10.1213/ANE.0000000000002471
https://doi.org/10.1213/ANE.0000000000002471
https://doi.org/10.1007/s10639-015-9412-6
https://www.researchgate.net/publication/334231099_The_Measurement_of_Computational_Thinking_Performance_Using_Multiple-choice_Questions#page=248
https://www.researchgate.net/publication/334231099_The_Measurement_of_Computational_Thinking_Performance_Using_Multiple-choice_Questions#page=248
https://www.researchgate.net/publication/334231099_The_Measurement_of_Computational_Thinking_Performance_Using_Multiple-choice_Questions#page=248
https://doi.org/10.1145/1118178.1118215
https://doi.org/10.1145/1118178.1118215
https://doi.org/10.1145/1953163.1953297
https://doi.org/10.1145/2576872
https://doi.org/10.1007/978-3-319-52691-1_13
https://doi.org/10.1007/978-3-319-52691-1_13
https://doi.org/10.1007/s11528-019-00423-0

	Developing pre-service teachers’ computational thinking: a systematic literature review
	Abstract
	Introduction
	Definition of CT for pre-service teachers
	Intervention factors of pre-service teachers’ CT
	Training methods
	Influence factors
	CT skills


	Research purposes
	Methods
	Search strings and inclusion criteria
	Data analysis
	Data distribution

	Results
	Statistical description and distribution of studies
	Distribution by research methodologies used in the studies
	Description and Distribution by teacher’s level of CT after intervention
	Description and Distribution by training methods
	Description and Distribution by emotional factors

	The influence of training methods on pre-service teachers’ CT and emotional factors
	Different methods promote different aspects of CT abilities
	Different methods promote different emotional factors


	Discussion
	RQ1: What research methods were used in previous studies?
	RQ2: In previous studies, what methods were used to promote pre-service teachers’ CT?
	RQ3: What were the main factors interacting with pre-service teachers’ CT in previous studies?
	RQ4: How does one establish the development model of pre-service teachers’ CT with existing training methods?
	Limitations and next steps

	Conclusion
	Appendix A
	Appendix B
	References




