S/N  Authors
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(Aksit & Wiebe,
2020)

(Angeli &
Valanides,
2019)

(Ardito et al.,
2020)

(Cachero et al.,
2020)

(Calderon et
al., 2020)

(Cerveraetal.,
2020)

(Chen & Chi,
2020)

(Chen et al.,
2020)

(Chou, 2019)

(Ginar & Tizun,
2020)

(del Olmo-
Mufioz et al.,
2020)

(Delal & Oner,
2020)

(Deng et al.,
2020)
(Hutchins et al.,
2019)

(Kong et al.,
2020)

Type of
intervention
Exploratory

Experimental

Exploratory

quasi-
experiment

quasi-
experiment

Exploratory
Exploratory

Experimental

Exploratory

Experimental

quasi-
experiment

Exploratory

Experimental

Experimental

Exploratory

Place

school

school

School

school

school

school

school

school

school

school

school

school

school

school

camp

Subject of
Interest
Science

NA

NA

Programmi
ng course

Computer
Science

NA
NA

Design
Course

NA

Programmi
ng course

NA

NA

NA

Physics

NA

Instructional
Strategy

lecturing,
simulation
problemSolving,
scaffolding

collaboration

lecturing,
Activitiespractic
al
Activitieslearnin
g, collaboration

mentoring,
lecturing

gameplaying

modelling,
simulation,
prototyping
lecturing,
scaffolding
lecturing,
Activitieslearnin
9

lecturing,
collaboration,
reflection, jigsaw

lecturing,
groupWork,
Activitiesdesign

lecturing,
constructivism
modelling,
lecturing
lecturing,
collaboration,
peerReview

Duration
(in Hrs)

4.17

1.33

7.33

60

15

NA

16

NA

3.33

10.66
NA

78

Nature of
Learning Task
Programming

non-
programming

Programming
programming
Non-

programming
Programming
non-

programming
non-

programming
Programming
programming

non-
programming

Non-

programming
Programming
programming

Programming

Nature of CT
assessment

non-programming

non-programming

Programming

non-programming

Non-programming

Non-programming
Non-programming

non-programming

Non-programming

Non-programming

non-programming

Non-programming

Non-programming

non-programming

Non-programming

Explicit /
Implicit

Implicit

Explicit

Implicit

Explicit

Explicit

Explicit
Explicit

Explicit

Explicit

Implicit

Explicit

Explicit

Explicit

Implicit

Explicit

Type of
Definition

conceptual

componential

conceptual

componential

componential

componential
componential

componential

componential

componential

componential

componential

componential

componential

componential

Where
Defined

INT

THE

INT

ASS

THE

ASS

ASS

ASS

THE

ASS

ASS

ASS

THE

ASS

INT

Refere No of
ntial ? Partici

pants
Non 82
Non 50
Non 47
REF 104
Non 40
REF 24
REF 100
Non 86
REF 12
Non 81
REF 84
REF 53
REF 99
Non 174
REF 76

Gender

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

NA

Mixed

Grade Level

Grade 7

Kindergarten

Grade 6

undergraduate

college

Grade 2
Grade 5 and 6

college

Grade 3

Grade 10

Grade 2

Grade 6

Grade 10

high school

In-service Teacher
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18

19
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22

23

24

25

26

27

28

29

30

31

(Leonard et al.,
2020)

(Luo et al.,
2020)

(Mouza et al.,
2020)

(Newton et al.,
2020)

(Noh & Lee,
2019)
(Papavlasopoul
ou et al., 2020)

(Pérez-Marin et
al., 2020)
(Rodriguez del
Rey et al.,
2020)
(Rodriguez-
Martinez et al.,
2020)

(Sung & Black,
2020)
(Uzumcu &
Bay, 2020)
(Werner et al.,
2020)

(Yinetal.,
2019)

(Zha et al.,
2020)
(Allsop, 2019)

(Baek, Wang,
et al., 2019)

Exploratory

Exploratory

Exploratory

Exploratory

Exploratory
Exploratory
quasi-

experiment
Experimental

quasi-
experiment
quasi-
experiment
Exploratory

Exploratory

Exploratory

Exploratory

Exploratory

Exploratory

camp,
school

camp
after-
school
after-
school,
camp
school
camp
camp,

school
school

school

after-
school
school

after-
school

camp

school

school

school

Dance

science

Computing

NA

Robotics

NA

NA
Computer
Engineerin
9
Mathemati
cs

NA

NA

NA

NA

lecturing

lecturing,
constructionism

reflection,
collaboration,
roleModelling

collaboration,
lecturing

constructionism
metaphor

problemBased

lecturing

lecturing

constructivism,
collaboration
pairProgrammin
g, rolePlaying,
problemBased,
gamemaking

scaffolding

Educationa flippedLearning,

|
Technolog

y
Computing

NA

pairProgrammin
g

gamemaking

scaffolding

11

105

40

NA

24

44

28

10

programming

programming

programming

programming

programming

programming

programming

Non-
programming

Programming

programming

Non-
programming
programming

programming
and non-

programming
programming

programming

Programming

Non-programming

programming

Non-programming

Programming

Non-programming

non-programming

non-programming

non-programming

Non-programming

non-programming
Non-programming

Programming

non-programming

Non-programming

programming

Non-programming

Explicit

Explicit

Explicit

Explicit

Explicit

Explicit

Explicit

Explicit

Explicit

Implicit
Explicit

Implicit

Explicit

Implicit

Defined

Explicit

componential

componential

componential

componential

componential

componential

componential

multifaceted

componential

conceptual
componential

conceptual

componential

conceptual

multifaceted

componential

THE

THE

THE

THE

INT

THE

INT

THE

INT

INT

THE

INT

INT

INT

THE

ASS

REF

REF

REF

REF

Non

REF

REF

Non

REF

Non

Non

Non

Non

Non

Non

REF

170

138

93

155

105

132

36

47

134

11

78

15

15

30

21

Mixed

Female

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

mixed

Mixed

Grade 5-9

Grade 3,5

Grade 4 -6

Grade 3-6

Grade 5,6

NA

Grade 4 -6

undergraduate

Grade 6

Grade 2-4
undergraduate

middle school

high school

Undergraduate

primary

Grade 2
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33

34

35

36

37

38

39

40

41

42

43

44

45

46

(Baek, Yang, et
al., 2019)

(Bers et al.,
2019)

(Chiazzese et
al., 2019)

(Citta et al.,
2019)

(Esteve et al.,
2019)

(Gabriele et al.,
2019)

(Garneli &
Chorianopoulos
, 2019)

(Gonzélez-
Gonzalez et al.,
2019)

(Hsiao et al.,
2019)

(Ketenci et al.,
2019)

(Lietal., 2019)

(Merkouris &
Chorianopoulos
, 2019)

(Nam et al.,
2019)

(Panskyi et al.,
2019)

(Papadakis &
Kalogiannakis,
2019)

Exploratory

Exploratory

quasi-
experiment

Exploratory

Exploratory

Exploratory

Experimental

Exploratory

quasi-
experiment
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Exploratory

Exploratory

quasi-
experiment
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school

school

school

School

school

school

school

school

School

school

camp

school

school

camp

school

NA

NA

NA

NA

Technolog
y

NA

NA

NA

NA
NA

Science
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NA

NA
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Multimedia

in
Education

collaboration

storyTelling,
lecturing,
scaffolding
projectBased,
lecturig,
peerCoaching,
groupWork

lecturing,
debate,
gamemaking
Activitiesunplug
ged,
collaboration
lecturing,
groupWork
gamemaking,
collaboration,
scaffolding,
constructionism
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lecturing,
6EModel
problemBased,
scaffolding
modelling

scaffolding,
pairProgrammin
g

lecturing,
scaffolding
lecturing,
Activitiesprogra
mming
projectBased,
collaboration

9.75

NA

16

12

24

NA

5.25

15

18

39

Programming

programming

programming

Non-
programming

programming

Programming

Programming

Programming

programming
programming

NA

Programming

non-
programming
Programming

programming

non-programming

programming

Non-programming

Non-programming

Non-programming

Programming

Programming

Programming

Non-programming
Non-programming

Non-programming

Programming

non-programming

Programming

Programming

Explicit

Implicit

Explicit

Implicit

Explicit

Explicit

Explicit

Implicit

Explicit
Explicit

NA

Explicit

Explicit

Explicit

Explicit

componential

componential

componential

componential

componential

componential

componential

componential

componential
componential

NA

componential

componential

componential

componential

THE

INT

THE

ASS

ASS

THE

ASS

INT

ASS

ASS

NA

THE

THE

ASS

ASS

REF

Non

REF

Non

REF

REF

REF

Non

REF

REF

NA

REF

Non

REF

REF

122

172

83

92

114

141

35

70

142

28

36

53

265

120

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

NA

Mixed

Mixed

Mixed

Mixed

Grade 2

Earlychildhood

Grade 3, 4

Grade 1-6

undergraduate

Undergraduate

middle school

special need

Grade 6
middle school

In-service Teacher

middle school

Kindergarten

primary and
secondary

undergraduate
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52
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54

55

56

57

58

59

60

61

62

(Séez-Lopez et
al., 2019)
(Song, 2019)

(Taylor & Baek,
2019)
(Tran, 2019)

(Witherspoon &
Schunn, 2019)

(Wu et al.,
2019)

(Zhao & Shute,
2019)

(Altanis et al.,
2018)

(Basogain et
al., 2018)

(Bati et al.,
2018)

(Garneli &
Chorianopoulos
, 2018)

(Kwon et al.,
2018)

(Looi et al.,
2018)

(Munoz et al.,
2018)

(Price & Price-
Mohr, 2018)

(Witherspoon
et al., 2018)

quasi-
experiment
Experimental
Experimental

Exploratory

Exploratory

Exploratory

Exploratory

Exploratory

Exploratory

quasi-
experiment
Experimental
Exploratory
quasi-
experiment

Exploratory

Exploratory

Exploratory

school

NA

school

school

school

school

school

after-
school,
school

school

school

school

school

school

camp

NA

school

NA
Software
Education
Engineerin
g class
NA

NA
Computer
Science

NA

NA
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Science

Physics

Computer
Education

Computing
NA

Story-
Wirting/
Literacy
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Lecturing
lecturing

pairProgrammin

g
lecturing,
scaffolding

lecturing,
Activitiesprogra
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gameplaying
gamemaking
constructionism,
feedback,

peertopeer,
portfolioDesign

lecturing

lecturing

lecturing
Activitiesunplug
ged
gamemaking
lecturing

lecturing,
constructionism

NA

NA

14
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NA

NA

13.5

20

NA

14

NA

15

NA

Programming
Programming
programming
programming

programming

programming

programming

programming

programming

Non-
programming
Programming
Programming
non-
programming

programming

programming

programming

Programming

Non-programming
non-programming
non-programming

Non-programming

programming

non-programming

Programming

programming

Non-programming

Programming

Programming
non-programming
programming

programming

non-programming
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Explicit
Explicit
Explicit

Implicit

Explicit

Implicit

Explicit

Implicit

Explicit

Explicit

Explicit
Explicit
Explicit

Implicit

Explicit

componential
componential
componential
componential

conceptual

componential

componential

componential

conceptual

componential

componential

componential
componential
componential

componential

componential

ASS

ASS

ASS

ASS

INT

ASS

INT

ASS

INT

ASS

ASS

ASS
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THE
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Non

REF

REF

Non

Non

REF

Non

REF

Non

REF

REF

REF

Non

REF
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93

60

191

263

206

47

69

22

NA

104

44

23

35

31

136

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

NA

Mixed

NA
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Mixed

Male

Mixed

Mixed

Grade 6
Grade 3 -6
Grade 4,5
Grade 3

middle school

college

Grade 8

Secondary

NA

Grade 8

middle school

undergraduate
Grade 9
NA

primary

Grade 6 and 8
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66
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68

69

70

71

72
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76
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(Yadav et al.,
2018)

(Atmatzidou &
Demetriadis,
2017)

(Basu et al.,
2017)

(Chen et al.,
2017)

(Choi et al.,
2017)
(Jaipal-Jamani
& Angeli, 2017)

(Witherspoon
etal.,, 2017)

(Atmatzidou &
Demetriadis,
2016)

(Buffum et al.,
2016)
(Leonard et al.,
2016)

(Mouza et al.,
2016)

(Saez-Lopez et
al., 2016)
(Zhong et al.,
2015)

(Berland &
Wilensky,
2015)

(Bers et al.,
2014)

Exploratory

Experimental

quasi-
experiment
Exploratory
quasi-
experiment
Exploratory

Exploratory

Exploratory

Exploratory

quasi-
experiment

Exploratory

quasi-
experiment
Exploratory

Experimental

Exploratory

after-
school,
camp

school

school

school

NA

school

school

school

school

after-
school
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school
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school
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Developme
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Robotics

Science
NA
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Science
Method
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Robotics

Science
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NA
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inquiry,
lecturing,
reflection

collaboration,
problemSolving,
gameBased

Modelling,
Scaffolding
lecturing

lecturing,
puzzleSolving

collaboration,
lecturing

constructivism,
scaffolding,
reflection

Activitiesrobotic,
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scaffolding

gameplaying

lecturing,
constructionism,

problemSolving,
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problemBased,
scaffolding

storyTelling

lecturing

gameplaying

NA
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24

48
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22

NA

NA

13.5

20

NA

non-
programming

programming

Programming

programming

Non-
programming
programming

Programming

programming

Non-
programming
Programming

programming

Programming

programming

Programming

programming

non-programming

Non-programming

Non-programming
non-programming
Non-programming

programming

non-programming

non-programming

non-programming

programming

programming and
non-programming

Non-programming
programming

non-programming
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Explicit

Implicit
Explicit
NA

Implicit

Implicit

Explicit

NA

Explicit

Implicit

Explicit

Explicit

Implicit

Explicit

conceptual

componential

conceptual
componential
NA

conceptual

conceptual

componential

NA

componential

conceptual

componential

componential

conceptual

componential

INT

THE

INT

THE

NA

INT

INT

THE

NA

THE

INT

INT

THE

INT

THE

Non

Non

Non

REF

NA

Non

Non

Non

NA

REF

Non

REF

REF

Non

Non

7

98

125

88

21

441

164

48

124

52

107

144
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63

NA

Mixed

Mixed

mixed

Mixed

mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed

Mixed
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In-service Teacher

Grade 6

Grade 6
Grade 5
Grade 4 -6

undergraduate

Grade 6, 7, 8

secondary

Grade 7, middle
school

Grade 5- 8
Grade 4,5,6
Grade 6
Grade 6
Grade 8

Kindergarten



78 (Denner et al., Experimental after- NA pairProgrammin 20 Programming Programming Explicit componential  ASS REF 320 Mixed middle school

2014) school g, scaffolding
79 (Yadav et al., Experimental school Psychology simulation, 1.66 non- non-programming  Explicit componential  INT Non 357 Mixed undergraduate
2014) lecturing, programming
groupWork,
rolePlaying
80 (Kim et al., Experimental  school NA lecturing 30 Non- Non-programming  Explicit conceptual THE Non 132 Mixed undergraduate
2013) programming
81 (Libeskind- Exploratory school BioScience Activitieslab, 45 programming programming Implicit conceptual INT Non 40 Mixed college
Hadas & Bush, lecturing
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References

Aksit, O., & Wiebe, E. N. (2020). Exploring force and motion concepts in middle grades using computational modeling: a classroom intervention study. Journal of Science Education and Technology, 29(1), 65-82. https://doi.org/10.1007/s10956-
019-09800-z

Allsop, Y. (2019). Assessing computational thinking process using a multiple evaluation approach. International Journal of Child-Computer Interaction, 19, 30-55. https://doi.org/10.1016/].ijcci.2018.10.004

Altanis, ., Retalis, S., & Petropoulou, O. (2018). Systematic design and rapid development of motion-based touchless games for enhancing students’ thinking skills. Education Sciences, 8(1), 18. https://doi.org/10.3390/educsci8010018

Angeli, C., & Valanides, N. (2019). Developing young children's computational thinking with educational robotics: An interaction effect between gender and scaffolding strategy. Computers in Human Behavior, 105, 105954.
https://doi.org/10.1016/j.chb.2019.03.018

Ardito, G., Czerkawski, B., & Scollins, L. (2020). Learning computational thinking together: Effects of gender differences in collaborative middle school robotics program. TechTrends, 64(3), 373-387. https://doi.org/10.1007/s11528-019-00461-8
Atmatzidou, S., & Demetriadis, S. (2016). Advancing students’ computational thinking skills through educational robotics: A study on age and gender relevant differences. Robotics Autonomous Systems, 75, 661-670.

Atmatzidou, S., & Demetriadis, S. (2017). A didactical model for educational robotics activities: A study on improving skills through strong or minimal guidance. In D. Alimisis, M. Moro, & E. Menegatti, Educational robotics in the makers era, 58-72 .
Baek, Y., Wang, S., Yang, D., Ching, Y., Swanson, S., & Chittoori, B. (2019). Revisiting second graders' robotics with an understand/use-modify-create (U2MC) strategy. European Journal of STEM Education, 4(1).
https://doi.org/10.20897/ejsteme/5772

Baek, Y., Yang, D., & Fan, Y. (2019). Understanding second grader’s computational thinking skills in robotics through their individual traits. Information Discovery and Delivery, 47(4), 218-228. https://doi.org/10.1108/IDD-09-2019-0065

Basogain, X., Olabe, M. A., Olabe, J. C., & Rico, M. J. (2018). Computational thinking in pre-university blended learning classrooms. Computers in Human Behavior, 80, 412-419. https://doi.org/10.1016/j.chb.2017.04.058

Basu, S., Biswas, G., & Kinnebrew, J. S. (2017). Learner modeling for adaptive scaffolding in a computational thinking-based science learning environment. User Modeling and User-Adapted Interaction, 27(1), 5-53. https://doi.org/10.1007/s11257-
017-9187-0



Bati, K., Yetisir, M. ., Caligskan, I., Gunes, G., & Giil Sagan, E. (2018). Teaching the concept of time: A steam-based program on computational thinking in science education. Cogent Education, 5(1), 1507306.
https://doi.org/10.1080/2331186X.2018.1507306

Berland, M., & Wilensky, U. (2015). Comparing virtual and physical robotics environments for supporting complex systems and computational thinking. Journal of Science Education and Technology, 24(5), 628-647. https://doi.org/10.1007/s10956-
015-9552-x

Bers, M. U., Flannery, L., Kazakoff, E. R., & Sullivan, A. (2014). Computational thinking and tinkering: Exploration of an early childhood robotics curriculum. Computers & Education, 72 (C), 145-157.

Bers, M. U., Gonzalez-Gonzalez, C., & Armas—Torres, M. B. (2019). Coding as a playground: Promoting positive learning experiences in childhood classrooms. Computers & Education, 138, 130-145. https://doi.org/10.1016/j.compedu.2019.04.013

Buffum, P. S., Frankosky, M., Boyer, K. E., Wiebe, E. N., Mott, B. W., & Lester, J. C. (2016). Collaboration and gender equity in game-based learning for middle school computer science. Computing in Science & Engineering, 18(2), 18-28.
https://doi.org/10.1109/MCSE.2016.37

Cachero, C., Barra, P., Melig, S., & Lopez, O. (2020). Impact of programming exposure on the development of computational thinking capabilities: An empirical study. IEEE Access, 8, 72316-72325. https://doi.org/10.1109/ACCESS.2020.2987254

Calderon, A. C., Skillicorn, D., Watt, A., & Perham, N. (2020). A double dissociative study into the effectiveness of computational thinking. Education and Information Technologies, 25(2), 1181-1192. https://doi.org/10.1007/s10639-019-09991-3

Cervera, N., Diago, P. D., Orcos, L., & Yafiez, D. F. (2020). The Acquisition of Computational Thinking through Mentoring: An Exploratory Study. Education Sciences, 10(8), 202. https://doi.org/10.3390/educsci10080202

Chen, G., He, Y., & Yang, T. (2020). An ISMP approach for promoting design innovation capability and its interaction with personal characters. IEEE Access, 8, 161304-161316. https://doi.org/10.1109/ACCESS.2020.3019290

Chen, G., Shen, J., Barth-Cohen, L., Jiang, S., Huang, X., & Eltoukhy, M. (2017). Assessing elementary students’ computational thinking in everyday reasoning and robotics programming. Computers & Education, 109, 162-175.
https://doi.org/10.1016/j.compedu.2017.03.001

Chen, K.-Z., & Chi, H.-H. (2020). Novice young board-game players’ experience about computational thinking. Interactive learning environments, 1-13. https://doi.org/10.1080/10494820.2020.1722712

Chiazzese, G., Arrigo, M., Chifari, A., Lonati, V., & Tosto, C. (2019). Educational robotics in primary school: Measuring the development of computational thinking skills with the bebras tasks. Informatics, 6(4), 43.
https://doi.org/10.3390/informatics6040043

Choi, J., Lee, Y., & Lee, E. (2017). Puzzle based algorithm learning for cultivating computational thinking. Wireless Personal Communications, 93(1), 131-145. https://doi.org/10.1007/s11277-016-3679-9

Chou, P.-N. (2019). Using ScratchlJr to foster young children’s computational thinking competence: A case sudy in a third-grade computer class. Journal of Educational Computing Research, 58(3), 570-595.
https://doi.org/10.1177/0735633119872908

Cinar, M., & Tzin, H. (2020). Comparison of object-oriented and robot programming activities: The effects of programming modality on student achievement, abstraction, problem solving, and motivation. Journal of computer assisted learning, 1-
17. https://doi.org/10.1111/jcal.12495

Citta, G., Gentile, M., Allegra, M., Arrigo, M., Conti, D., Ottaviano, S., Reale, F., & Sciortino, M. (2019). The effects of mental rotation on computational thinking. Computers & Education, 141, 103613.
https://doi.org/10.1016/j.compedu.2019.103613



del Olmo-Mufioz, J., Cézar-Gutiérrez, R., & Gonzalez-Calero, J. A. (2020). Computational thinking through unplugged activities in early years of Primary Education. Computers & Education, 150, 103832.
https://doi.org/https://doi.org/10.1016/j.compedu.2020.103832

Delal, H., & Oner, D. (2020). Developing Middle School Students’ Computational Thinking Skills Using Unplugged Computing Activities. Informatics in Education, 19(1), 1-13. https://doi.org/10.15388/infedu.2020.01

Deng, W., Pi, Z., Lei, W., Zhou, Q., & Zhang, W. (2020). Pencil Code improves learners' computational thinking and computer learning attitude. Computer Applications in Engineering Education, 28(1), 90-104. https://doi.org/10.1002/cae.22177

Denner, J., Werner, L., Campe, S., & Ortiz, E. (2014). Pair programming: Under what conditions is it advantageous for middle school Students? Journal of Research on Technology in Education, 46(3), 277-296.
https://doi.org/10.1080/15391523.2014.888272

Esteve, F., Adell, J., Llopis, M. A., Valdeolivas, G., & Pacheco, 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, 139-152. https://doi.org/10.28945/4442

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

Garneli, V., & Chorianopoulos, K. (2018). Programming video games and simulations in science education: exploring computational thinking through code analysis. Interactive learning environments, 26(3), 386-401.
https://doi.org/10.1080/10494820.2017.1337036

Garneli, V., & Chorianopoulos, K. (2019). The effects of video game making within science content on student computational thinking skills and performance. Interactive Technology and Smart Education, 16(4), 301-318.
https://doi.org/10.1108/ITSE-11-2018-0097

Gonzalez-Gonzalez, C. S., Herrera-Gonzalez, E., Moreno-Ruiz, L., Reyes-Alonso, N., Hernandez-Morales, S., Guzman-Franco, M. D., & Infante-Moro, A. (2019). Computational thinking and down syndrome: An exploratory study using the KIBO
robot. Informatics, 6(2), 25. https://doi.org/10.3390/informatics6020025

Hsiao, H.-S., Lin, Y.-W,, Lin, K.-Y,, Lin, C.-Y., Chen, J.-H., & Chen, J.-C. (2019). Using robot-based practices to develop an activity that incorporated the 6E model to improve elementary school students’ learning performances. Interactive learning
environments, 1-15. https://doi.org/10.1080/10494820.2019.1636090

Hutchins, N. M., Biswas, G., Maréti, M., Lédeczi, A., Grover, S., Wolf, R., Blair, K. P., Chin, D., Conlin, L., Basu, S., & McElhaney, K. (2019). C2STEM: a System for Synergistic Learning of Physics and Computational Thinking. Journal of Science
Education and Technology, 29(1), 83-100. https://doi.org/10.1007/s10956-019-09804-9

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

Ketenci, T., Calandra, B., Margulieux, L., & Cohen, J. (2019). The relationship between learner characteristics and student outcomes in a middle school computing course: An exploratory analysis using structural equation modeling. Journal of
Research on Technology in Education, 51(1), 63-76. https://doi.org/10.1080/15391523.2018.1553024

Kim, B., Kim, T., & Kim, J. (2013). Paper-and-Pencil programming strategy toward computational thinking for non-majors: Design your solution. Journal of Educational Computing Research, 49(4), 437-459. https://doi.org/10.2190/EC.49.4.b
Kong, S.-C., Lai, M., & Sun, D. (2020). Teacher development in computational thinking: Design and learning outcomes of programming concepts, practices and pedagogy. Computers & Education, 151, 103872.
https://doi.org/10.1016/j.compedu.2020.103872

Kwon, K., Lee, K., & Chung, J. (2018). Computational Concepts Reflected on Scratch Programs. International Journal of Computer Science Education in Schools, 2(3). https://doi.org/10.21585/ijcses.v2i3.33



Leonard, A. E., Daily, S. B., Jorg, S., & Babu, S. V. (2020). Coding moves: Design and research of teaching computational thinking through dance choreography and virtual interactions. Journal of Research on Technology in Education, 1-19.
https://doi.org/10.1080/15391523.2020.1760754

Leonard, J., Buss, A., Gamboa, R., Mitchell, M., Fashola, O., Hubert, T., & Almughyirah, S. (2016). Using Robotics and Game Design to Enhance Children’s Self-Efficacy, STEM Attitudes, and Computational Thinking Skills. Journal of Science Education
and Technology, 25(6), 860-876. https://doi.org/10.1007/s10956-016-9628-2

Li, Q., Richman, L., Haines, S., & McNary, S. (2019). Computational thinking in classrooms: A study of a PD for STEM teachers in high needs schools. Canadian Journal of Learning and Technology, 45(3), 1-21. https://doi.org/10.21432/cjlt27857

Libeskind-Hadas, R., & Bush, E. (2013). A first course in computing with applications to biology. Briefings in Bioinformatics, 14(5), 610-617. https://doi.org/10.1093/bib/bbt005

Looi, C.-K., How, M.-L., Longkai, W., Seow, P., & Liu, L. (2018). Analysis of linkages between an unplugged activity and the development of computational thinking. Computer Science Education, 28(3), 255-279.
https://doi.org/10.1080/08993408.2018.1533297

Luo, F., Antonenko, P. D., & Davis, E. C. (2020). Exploring the evolution of two girls’ conceptions and practices in computational thinking in science. Computers & Education, 146, 103759. https://doi.org/10.1016/j.compedu.2019.103759

Merkouris, A., & Chorianopoulos, K. (2019). Programming embodied interactions with a remotely controlled educational robot. ACM Transactions on Computing Education, 19(4), 1-19. https://doi.org/10.1145/3336126

Mouza, C., Marzocchi, A., Pan, Y.-C., & Pollock, L. (2016). Development, implementation, and outcomes of an equitable computer science after-school program: Findings from middle-school students. Journal of Research on Technology in
Education, 48(2), 84-104. https://doi.org/10.1080/15391523.2016.1146561

Mouza, C., Pan, Y.-C., Yang, H., & Pollock, L. (2020). A multiyear investigation of student computational thinking concepts, practices, and perspectives in an after-school computing program. Journal of Educational Computing Research, 58(5), 1029-
1056. https://doi.org/10.1177/0735633120905605

Munoz, R., Villarroel, R., Barcelos, T. S., Riquelme, F., Quezada, A., & Bustos-Valenzuela, P. (2018). Developing computational thinking skills in adolescents with autism spectrum disorder through digital game programming. IEEE Access, 6, 63880-
63889. https://doi.org/10.1109/access.2018.2877417

Nam, K. W., Kim, H. J., & Lee, S. (2019). Connecting plans to action: The effects of a card-coded robotics curriculum and activities on korean kindergartners. Asia-Pacific Education Researcher, 28(5), 387-397. https://doi.org/10.1007/s40299-019-
00438-4

Newton, K. J., Leonard, J., Buss, A., Wright, C. G., & Barnes-Johnson, J. (2020). Informal STEM: Learning with robotics and game design in an urban context. Journal of Research on Technology in Education, 52(2), 129-147.
https://doi.org/10.1080/15391523.2020.1713263

Noh, J., & Lee, J. (2019). Effects of robotics programming on the computational thinking and creativity of elementary school students. Educational Technology Research and Development, 68(1), 463-484. https://doi.org/10.1007/s11423-019-
09708-w

Panskyi, T., Rowinska, Z., & Biedron, S. (2019). Out-of-school assistance in the teaching of visual creative programming in the game-based environment — Case study: Poland. Thinking Skills and Creativity, 34, 100593.
https://doi.org/https://doi.org/10.1016/j.tsc.2019.100593

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.2019.100478

Papavlasopoulou, S., Sharma, K., & Giannakos, M. N. (2020). Coding activities for children: Coupling eye-tracking with qualitative data to investigate gender differences. Computers in Human Behavior, 105, 105939.
https://doi.org/10.1016/j.chb.2019.03.003



Pérez-Marin, D., Hijén-Neira, R., Bacelo, A., & Pizarro, C. (2020). Can computational thinking be improved by using a methodology based on metaphors and scratch to teach computer programming to children? Computers in Human Behavior, 105,
105849. https://doi.org/10.1016/j.chb.2018.12.027

Price, C. B., & Price-Mohr, R. M. (2018). An evaluation of primary school children coding using a text-based language (Java). Computers in the Schools, 35(4), 284-301. https://doi.org/10.1080/07380569.2018.1531613

Rodriguez-Martinez, J. A., Gonzalez-Calero, J. A., & Sdez-Lépez, J. M. (2020). Computational thinking and mathematics using Scratch: an experiment with sixth-grade students. Interactive learning environments, 28(3), 316-327.
https://doi.org/10.1080/10494820.2019.1612448

Rodriguez del Rey, Y. A., Cawanga Cambinda, I. N., Deco, C., Bender, C., Avello-Martinez, R., & Villalba-Condori, K. O. (2020). Developing computational thinking with a module of solved problems. Computer Applications in Engineering Education,
1-11. https://doi.org/10.1002/cae.22214

Sdez-Lopez, J.-M., Roman-Gonzalez, M., & Vazquez-Cano, E. (2016). Visual programming languages integrated across the curriculum in elementary school: A two year case study using “Scratch” in five schools. Computers & Education, 97, 129-141.
https://doi.org/10.1016/j.compedu.2016.03.003

Sdez-Lopez, J.-M., Sevillano-Garcia, M.-L., & Vazquez-Cano, E. (2019). The effect of programming on primary school students’ mathematical and scientific understanding: educational use of mBot. Educational Technology Research and
Development, 67(6), 1405-1425. https://doi.org/10.1007/s11423-019-09648-5

Song, J. B. (2019). The effectiveness of an unplugged coding education system that enables coding education without computers. Universal Journal of Educational Research, 7(5A), 129-137. https://doi.org/10.13189/ujer.2019.071514

Sung, W., & Black, J. B. (2020). Factors to consider when designing effective learning: Infusing computational thinking in mathematics to support thinking-doing. Journal of Research on Technology in Education, 1-23.
https://doi.org/10.1080/15391523.2020.1784066

Taylor, K., & Baek, Y. (2019). Grouping matters in computational robotic activities. Computers in Human Behavior, 93, 99-105. https://doi.org/10.1016/j.chb.2018.12.010

Tran, Y. (2019). Computational thinking equity in elementary classrooms: What third-grade students know and can do. Journal of Educational Computing Research, 57(1), 3-31. https://doi.org/10.1177/0735633117743918

Uzumcu, 0., & Bay, E. (2020). The effect of computational thinking skill program design developed according to interest driven creator theory on prospective teachers. Education and Information Technologies. https://doi.org/10.1007/s10639-020-
10268-3

Werner, L., Denner, J., Campe, S., & Torres, D. M. (2020). Computational sophistication of games programmed by children: a model for its measurement. ACM Transactions on Computing Education, 20(2), 1-23. https://doi.org/10.1145/3379351

Witherspoon, E., Higashi, R., Schunn, C., Baehr, E., & Shoop, R. (2017). Developing Computational Thinking through a Virtual Robotics Programming Curriculum. ACM Transactions on Computing Education, 18(1), 1-20.
https://doi.org/https://doi.org/10.1145/3104982

Witherspoon, E. B., & Schunn, C. D. (2019). Teachers’ goals predict computational thinking gains in robotics. Information and Learning Sciences, 120(5/6), 308-326. https://doi.org/10.1108/1LS-05-2018-0035

Witherspoon, E. B., Schunn, C. D., Higashi, R. M., & Shoop, R. (2018). Attending to structural programming features predicts differences in learning and motivation. Journal of computer assisted learning, 34(2), 115-128.
https://doi.org/10.1111/jcal.12219

Wu, B., Hu, Y., Ruis, A. R., & Wang, M. (2019). Analysing computational thinking in collaborative programming: A quantitative ethnography approach. Journal of computer assisted learning, 35(3), 421-434. https://doi.org/10.1111/jcal.12348



Yadav, A., Krist, C., Good, J., & Caeli, E. N. (2018). Computational thinking in elementary classrooms: measuring teacher understanding of computational ideas for teaching science. Computer Science Education, 28(4), 371-400.
https://doi.org/10.1080/08993408.2018.1560550

Yadav, A., Mayfield, C., Zhou, N., Hambrusch, S., & Korb, J. T. (2014). Computational thinking in elementary and secondary teacher education. ACM Transactions on Computing Education, 14(1), 5. https://doi.org/10.1145/2576872
Yin, Y., Hadad, R., Tang, X., & Lin, Q. (2019). Improving and assessing computational thinking in maker activities: the integration with physics and engineering learning. Journal of Science Education and Technology, 1-26.
https://doi.org/10.1007/510956-019-09794-8

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

Zhao, W., & Shute, V. J. (2019). Can playing a video game foster computational thinking skills? Computers & Education, 141. https://doi.org/https://doi.org/10.1016/j.compedu.2019.103633

Zhong, B., Wang, Q., Chen, J., & Li, Y. (2015). An Exploration of Three-Dimensional Integrated Assessment for Computational Thinking. Journal of Educational Computing Research, 53(4), 562-590. https://doi.org/10.1177/0735633115608444



