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The Impact of Robot Programming Education on
Computational Thinking: A Bibliometric Analysis

and Systematic Literature Review

Ren-Cheng Zhang
Graduate Institute of Science Education, National Taiwan Normal University

Hui-Min Lai *
Department of Business Administration, National Taichung University of Science and
Technology

Abstract

To understand the impact of robot programming education on computational
thinking, this study conducted a bibliometric analysis and a systematic literature
review of 70 articles published in this field from 2006 to 2022, sourced from Web of
Science and Scopus. The findings were as follows: (1) The number of articles
increased rapidly after 2016, with a compound annual growth rate of 40.04%. This
trend shows the increasing attention and growing interest in this field of research. (2)
The bibliometric analysis identified several prominent themes in the field, including
science, technology, engineering, and mathematics (STEM) together with
constructivism as motor themes; student teacher education, project-based learning,
and unplugged activities as niche themes; and visual programming as an emerging
theme. Basic themes include primary school, K-12, and early childhood education. (3)
The systematic literature analysis revealed that the research methods in this field
included experimental methods, qualitative research, literature analysis, and survey
methods. These methods were utilized to investigate the impacts of different teaching
approaches on students’ computational thinking. Computational thinking was widely
used in various disciplines, such as STEM, with diverse assessment methods
employed to gauge computational thinking skills. The educational level in this field is
K-12, followed by higher education. The majority of studies demonstrated that robot
intervention in programming education has a positive impact on computational

thinking.
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i 8 % ‘g (Computational thinking)f|* T *afL & ek A4 KR4 4L - K
Sk eI iR A 1T 5 (Wing2006) » ¢ %4 7 B A a4 o e iRk 4
i 2 e 4+ (Shute, Sun, & Asbell-Clarke 2017) o I 4 Wing (2006)#73 » [i& ¥
LHI AR B FT W FEEORF R E ATA 5 - B fr@ dr i@ ﬁ#ﬁ—rﬂﬁ: . 3F
FOLEER o g s ER AR R cE R R A FE - o R
Py & * TGk fRAAF e eh A SERY 32 (Lu & Fletcher 2009)° mAEN KT AREE
4EE L AP anE & 2 ;Y (Buitrago Florez et al. 2017; Sun, Hu, & Zhou
2mwyﬁajyﬁx§i@;%¢ﬁ4ammamzmzun&ngmmp
Lu & Fletcher (2009):% 5 A2V K FE > { 3@ R A v - F Py AP iF
F R ANkt M ARN R A 208 E L4 (Shute etal. 2017) -
FRLAIE B A AN > P AR T N E 7o (Wing 2006) > iF 5 L F

T AL Rendia 0 ¥ AN RA-E P B 2N R 48 (Anderson 2016) o d 3T
KT RS F R RN R FARBEFL B L R ity &
e B K (ATE) R B Y AR FRL o FE ALY 6@ 42 (Kelleher &
Pausch 2005) » ]} #EF B F H HFRN KXY MR BFEFE L afa xgE ]
12 (Weietal. 2021) > Bi4ei® * ARF i #2531 3% 3+ Scratch, Alice, Code.org and Lego
Mindstorms & f i 428K @42 > 2 * e iFE AR EF 4 iF Y L BHEN
(Leeetal.2021) > 7 E-HEF € EF 2 F ¢ | FHBPEA B TR AT LA
it (Chevalier et al. 2022) » 2 #-& (TR REfRAH N E & PR R P8 L LA K
T oo M iRaEFTE H Y 2 (Lai & Wong 2022) o

FrEAH O BN EAFE KT BEALFERL OEE R AEN AT g &
FIWEARSRFRTEEL L agm g Q/E%W”Iﬁu‘i’ﬁ*‘ﬁ**? WY RO AR
F 2 ARV UFEMET DAL AT LB EA VEE LM RN KT
n%%4’¢h?ﬂ9ﬁ ok BB TR AT RS T ED B eh R AR
rLE AR B e IR RN R R R B el }g%‘}‘"}éﬁﬁl— HEFRBE RS
&%%?ﬂﬁ%'mwwmwu*ﬁﬁﬁﬁ%@@ﬁ€¢-MTP S T

. BBARNARIRTZ2EFIL AT L2485 50?2 02 48 4

il T 5 e 7

2, BEARNRPKRTEIEZLADZY PG BBl 2 £

v‘/l%;; w P
3. PWEALRNAFKTEIELLE
4. %$4ﬁ§£“ﬁa£§ LA
%%*ﬁﬁfﬁﬁ?lﬁﬁ&ﬁ
) N :u,?ﬁ-mi%
WE LR 7 R E L oA £ eh (Sun, Hu, & Zhou
2021a) c ER R AT IFHES XELZBALG R FREAR A HRY R
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kfzid-p ¥ 24 &K 3 (Korkmaz, Cakir, & Ozden 2017) - Shute et al. (2017) Z_3 &
FREL B ARG '*‘f»“ffﬁ ek fRARR(R TR 0§ Ry Tl T)
R GRS RAH U E T LA R —a‘zf; % fRAS koo F]M TR B A
N ?Pmk@:ﬁmi— SRS QR T EEMA RERICL YA EEE
& 9 (Angeli 2022) -

FE L Aene LG e~ F REH e 640 ¢ Brennan & Resnick (2012)4 it
Scratch Ap i ez BFE L 'aar ((DEFEA (Computatlonal concepts) : 3 B A%
SUPFEEE A o B4 ¢ B 7] (Sequences) ~ i B](Loops) ~ ¥ # (Events) ~ T 73
(Parallelism) ~ % ¢ (Conditionals) ~ i& & + (Operators)fr% #l(Data) & ; (2):F8 5 7
7%(Computational practices) : ¥ & 42 3% cf* 38 f2 -9 3% > bl4odf £ (Incremental) >
¥ (Interative) ~ | 3# (Testing) ~ ",% 45 (Debugging) ~ £ * (Reusing) ~ &
(Remixing) ~ #¢ #% i (Abstracting) - #= % i* (Modularizing) ; (3) i& ¥ 4h i
(Computational perspectives) : 7 f2E F £ B enf 48 > bj4e @ £ E (Expressing) s i
4 (Connection){r i 5 (Questioning) > Selby & Woollard (2013) % & i& & & B‘.nf\‘:,ufr'
Tl aaugi? $ 867 L ABEAEY i % (Abstraction) ~ 4 f#(Decomposition) ~
¥ % % 3 (Algorithmic design) ~ 3=z (Evaluation)frid * (Generalization) » i * Bﬂ% A
ritenT faa 4 oo Angeli et al. (2016):2 5 EE LT F & 3 (DR %
(Abstraction) : & Z_if§ fr & 1% vRE T3 ks o (2)i * (Generalization) @ 123 *
TR A D e o N TN IR R R B)s fR
(Decomposition) : H#-4F feerff g o fE = { F 5 LR fofA- ] R g o (4)
W (Algorlthms) K- BEHFAR RO T 6 E‘E o (5)“% &
(Debugging) : & “ff'f,& Fo 5 5-end it o Anderson (2016)30 5 38 5 L e 45
SN ERR RV (I)A\ ﬁep(Decomposmon) RFEBREREA RS 5 - kA7 ? mv‘b
BR o (2)H5% 38 ] (Pattern recognition) * & 45 B REAp 02 jee T O AL F s K
f242 Zend 47 058 o (3)4 % 1* (Abstraction) @ Hs8 ¥ 1Ak gh F 1L o ZRS 0 H
75 5% & 51 ° (4) 8 £ % 3+ (Algorithm design) @ B %\)‘&,Li kB e Nkt iR
A7 % o (5)7"f (Evaluate) : W AEf2 -4 F & Tl B NEERE 7 AT u’»iﬁ £
H AL E - B 26 3 % - Munoz-Repiso & Caballero-Gonzalez (2019) &
FRLMEPAN S BARR B F(Sequence) ~ B T-45 £ #F i (Action-instruction
correspondence)fr“f&%(Debugging) > Ardito, Czerkawski, & Scollins (2020)4p ! #%
BAEY L apan ¢ 353 423K 3 (Engineering) ~ 47 ;% (Coding) ~ I 38 f# ii—(Problem
solvmg)fr i¥(Collaboration)#$t it ° Kert, Erkog, & Yeni (2020) T_#& 18 & 2 it
§ 3% 5 % 3t (Algorithm design) ~ R 4% f# i&-(Problem solving) ~ F #L i3 (Data
processing) ~ #& # 42 ;% 2 - (Basic programming)fr p 3« (Self-confidence) - Sen, Ay,
& Kiray (2021):25% 3D B e a@ L LA 57 7 fAfa (2L
(Algorithmic thinking) ~ £]:& # (Creativity) ~ $#+ 2|+ % & (Critical thinking) ~ ¥ 48 %
A-(Problem solving)- /% if (Communication){= & i¥(Cooperativity)#t iz -Lai & Wong
(2022)z0 5 FH 2 aF B ¢ 45— 78 ¢ A 2R 48(Decomposing a problem) ~ 3 % #i-
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7\ (Abstracting patterns) ~ X 3+ % & % (Designing algorithms) ~ p # i & 42
(Automating processes) ~ F A& "f (Troubleshooting) e £1 i3 A2 & (Creating
artefacts) - Shahin et al. (2022):% % i& & 2. &9 B & % 33| (Planning) ~ 4 f# /' 38
(Decomposition) ~ 3 #% i* (Abstraction) ~ i * (Generalisation) ~ & j* (Algor1thm)
3l @éﬂff“f%(Tes‘ung and debugging) - & i¥(Collaboration) % = 78 $t it o

FretEo PR AL LAOTRE BAERAAER L EFELEELE
BAaEAFN P A EER 5’\?‘" a8 Fe (Korkmaz et al. 2017) « 8382 77 3
Fitihe = f e 7 g FiE B X ed? 8 K 3 (programming, develop a program)

2 YA (coding)F B o @ ATV EFIRBALR L35 T oA AARE 1Y 4758 3K 3+ (Visual
programmmg) # B A 47 ;% X 2 (Robotics programming) ~ < F 4% ;% 2% 2+ (Text
programming)frf'— s % 36T 8 ¥ iFH(Unplugged learning activities) & & 4% ;% K 3+
#£ 4 (Shute et al. 2017) o

(C) BEA ART R

1976 & 42 11 LEGO 15> # % % £ 57 STEM(Science, Technolgoy, Engineering,
and Mathematics)# 5 ° 1996 # 3 % Lego Mindstorms 4v » fi-ie & B B{e T 18 %
BooaHFEKRTISEAL (Bascou & Menekse 2016) o i HEH B A fofz st K 3T
» o B4 Alice, Greenfoot, Scratch, PlayLogo3D A4p #1130 > @ HFE 4 ¥ NiHFr e
FHEA BRI HSBAZ EEEHEALA 5T KE Y (Bascou & Menekse
2016; Paliokas, Arapidis, & Mpimpitsos 2011) o T & % » — &8 B L G F Fd o 4o
FIRST # % % # (FIRST® LEGO® League) * B # k™ % 4% % £ + F (World
Robot Olympiad) » # % 4+ £ % & (RoboCup) % ﬁfﬁv g2 mé STEAM(Science,
Technology, Engineering, Arts and Mathematics) > &% #& % FREAfrELI LS
i L4 fed i (Pou, Canaleta, & Fonseca 2022) > #vig # B A kv g * o

TP E A G oA oAb L B o B (Kalozi-Szabo, Mohai, & Cottini
2022) o Chang et al. (2010)4%& J1# % 4 3 = B4+ ¢ (1) £ 47 |2 (Repeatability) : #
BATNEALE TP RAFHECEAH mﬁv T 5 (2) % 7% M (Flexibility) : % % A %
ERT R REFRRREEAERS A B E L KA KT ES Ok
= {v (Digitization) : ¥ BA ¥ A HE I L > e FTHRT LE T foiFs o (4) 4 2
‘b #.(Humanoid appearance) : ## % 4 € pe@# § 2 i d o > £ F A B B A
3 Bil4 o (5)E 4% iv(Body movement) : F FH B EA T UK B HE Y HH
LEERER Yy IR R H R4 o (6)F # 2 (Interaction) * P E A F U & A
If 0 BRI Bl T R AT REFT L ek B RE L SF YRR
(7)# + i (Anthropomorphism) : B2 A48 B A b g b ivv L - BE AL > 2
EUVPF3EIAHA3 :".%?ﬁ»%ﬁfﬁ °

WERABFF TEr F2d - BRI EP B AR ARG & T e
BEE SR 0 R ﬁ;&ag gﬁv C B Arfew IR E % (Bers 2010)
L AL g FLEERL L3 i,s»r*'frﬁi;“ﬂﬁéﬁﬂ%@‘
(Paucar-Curasma et al. 2022) » #% % ARRFRFERTHELL A FE T Y

i
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F j¢ (Chiazzese etal. 2019; Noh & Lee 2020)°  # #8145 % « 2 A4 i chfz s &3
% Bt (4 Scratch, code.org, Kodu, Blockly, CodeMonkey) ¢ +* ¥ § AR it g 3
W B4 i_’g;g&g«'-é—ﬁ%ﬁ,g {4 Fi 845134 F 12 it R
# BT e W ahw 4 2 E & o (Wu & Su 2021)-Kert et al. (2020):7% 7 = 3%
FHE R AR S ASE R AR BB R e TR AR St i
aﬁmi%ﬁpzﬁlu$ﬁﬂ%*ﬁﬁﬁﬁ‘?u%**wﬁ$‘ﬁ%ﬁ#@
B WA AU MASL LY AR E A MATE ER RN o
IRACE JT oo o A LK s ¥ VUK { enA g % (Witherspoon et al. 2017;
Witherspoon & Schunn 2019) -

Pozzi, Prattichizzo, & Malvezzi (2021)3% 5 #% B L i § — B4 8 g
FoHE RSB B - T F IR NP E) A G EARS (e 4 12
AR AR R fefR3 ) A S ILAR S (M B E S GRF e AR ) o B F
AREAF AR RS S RF 2 EFTEE PBF PSR (Funk et al
2022) o BEJE A fo e E L RIFIHS B A v > w2 2 K b hardh A A# 0 dopeid o
MAZEZ L g ¥V UERIEX R anddm{e & 17 (Pozzi et al. 2021) - Funk et al.
(Q022) 5 ¥ HFF ikt 3 » KT P BAFE EREIT AR LS EY 255D
FERE R TRFLL O AT IR BEAREMIT f%{é‘fi%\ B2 R AR
97558 & o 1522 Chevalier et al. (2020)s# BEH — Reo s P3ui - BRI B R
Al 4L BRI - B S BRTBBA S LFABEEL T H
& & Feh- B F B iEireChevalieretal. (2020)#% 21— Bl HEFE L afz
73-(Creative computational problem solving, CCPS)#-7] » * k=G &4 A B A K
TART EEFEL L b B e IFE T2 f2 B 3 (Understanding the
problem) ~ & 2 8% (Generating ideas) ~ 4] #_{7 % (Formulating the behavior) ~ 5 {7
% 1= 2 42 ;% (Programming the behavior) % 13 f%;4-= % (Evaluating the solution) -

Bertacchini et al. (2022)45 1 ¢ L B A ¥ L BRE - 5 - BRE
WE W EA L E Y P & (robotics as a learning goal) > )4 ' Ahn et al. (2020)
EERTBBARECRLBL S0 R VBB AR URA 7 iz
hois fragﬁpv“ ¢ - ﬁ:&ﬁrgﬁka@ A 4 94%5§‘ gﬁ,r,girg E i ¥ - ﬁé H_YrER
WEA > BN RN (T i % BB B A PR B Y jJF“E”vJ.
LA (robotics as a learning aid) » b4 @ BB B ARG KF Gt 1 B S Feb g HRF
£ g 4 oh- fagfes 1 L (Chang et al. 2010) - Fiillop et al. (2022)35 21 48 F + 2i%
¥ zﬁbft 1B AV UEBTARMEFRNRT > EEFLF ILE G o
W BE R LM o Ou Yang, Lai, & Wang (2023)F 7 fAR K3 3k¥ + @& * 4
FRBFOEERTREAFLEE S IDARE TR p BTSSR
B4 R B R 2 BB E RIS RS 2 H Y
11 £ (robotics as a learning tool) » i% ﬁé%t TERRKEFE Y B E A LA Pozzi
etal. (2021323 &7 7 UEBHBEA A NSRBI ER L I3 EEED
o R FEACE VB E A i 540 MOOC Az #3485 B 4 A # 5o YouTube
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DIRME R EG P P RE Y E L 24~ Podcast HiEHF @I F T 514
245 TED jfi e 7 i d R EHIF w28 s fgrfe e )R FH P EAL H
R A E

(-) @ JRAEF

~E 7 A1 WOS (Web of Science)¥ Scopus T4 EHF 8 F A ~f258 KK
TEAEERAPMAY ATHEY AT EH LG robot OR robotic (._
42) AND programming education (=L &) AND computational thinking (- 4%) >
2 /I?% AATEBE R R REM L YR8 454 Article & Review Article
KELWREE 'fkﬁ?f’v%ﬁ? o ¥R R ;{”’&rz\' 1 #75% » FFRF 5 2006 3 2022
EFehg ik g o HP A WOS EE 94K 2% »Scopus FTHEEE S8R 2
PETR3E O RBEEFIE - ?l]?’v#f" Z 4% PRISMA /4% > 4@ 1 o

(=) é)ﬁf%ﬁigiﬁﬁi

d 3w gkl 5 %Eﬁﬂq?\'?\? 51(,53 ﬂikf”QEJ\"i""}&Hlﬁ 5
FLRRETIEE (l)a‘*"f?ﬂfﬁﬁﬁ GETY ; (2) PE RN ITRT A
By 5 (3) v FP PR P BBEAL S FILRAEFOFHFTT o §F =
L E AR o3 lz/ﬁﬁ"iﬁ?;giﬁgpg]ij 68 % » 2 ML b EiEES 95 F o
5 ;f_,g:r;t—*ﬁf)ﬂ,z—kﬁ Th S dhisEpr 25 ’&.?§3§B’*?}§J<% 70 & -

(2) P F Wt Ri=h

B Ry —g G K R kappa=0920F B A - Rt kAo 24550 2
S H#Ae Hy G E 18 Eh 2 (n=T0)i& {7 2 Ji?v”ﬂ % +7 ( Bibliometric analysis) » # ¢
Z%B’* 22 2 %2 (n=70)E {7 % 2 }‘Jr w kg ( Systematic literature review ) o

Z‘ 1 : *ﬁ :‘ t\':’{ '—‘i
? 7}.,'.)3_ v}:ﬁ '2 ||_,. ].—
Web of ((((((((TS=(robot)) OR TS=(robotic)) AND TS=(programming
Science education))  AND TS=(computational  thinking)) = AND

PY=(2006-2022)))) AND DT=(Article OR Review)) AND
LA=(English)

Scopus (TITLE-ABS-KEY (robot OR robotic) AND TITLE-ABS-KEY
(programming AND  education) AND  TITLE-ABS-KEY
(computational AND thinking)) AND PUBYEAR > 2005 AND
PUBYEAR < 2023 AND (LIMIT-TO (DOCTYPE, "ar") OR
LIMIT-TO (DOCTYPE, "re")) AND (LIMIT-TO (LANGUAGE,
"English")) AND (LIMIT-TO (PUBSTAGE, "final"))
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C) BBARBARPEKTEES L2 AT FLARR
. 3

L™

;""\‘

fﬁp%v%?ﬁﬁﬁi%%Mtﬂwﬁﬁﬂoﬁﬁéﬁﬁiﬁﬂoé
F w52 BEP A A E A3 2012-2022 2 B T EIFEE > 5 2.63
AR RS ER L BRNRGATESRE T A o E {H Y T
251 % T HcH_* AR50 »kﬂt“%ll e BRI E g gk T 7 2477
TER N FRAPLEEF o F R Y T ERERE 2103 0 THE L2
® 3BT 5K ¥ T} 3631“'1?% E—lt'ﬁv*ﬁ;4ﬁualt'ﬁ
1% 4p #c(Collaboration Index, CDR| & * Elango & Rajendran (2012)en2> 58 Cl =
iéﬁ'&/ﬁ‘ﬁgﬁ%?‘--éﬁ P EANREAR I RTELELEAT P CL B
T4 B3R R E TR L ARE o

() BEARNKIRTHEY L2 G LAY

AT R - BATRFE O BEBEAENR I KT EL L a0y B ARG
PONE BRI L P O B2 AT 2012 T 2022 F i ¢ 5 E 4 _ﬁ *
S HTEE LA T A E R 2012 £ 1] 2016 £ B AR T B P
Bgerpd £oo e B % 2016 #2185 > ATy R T3 0E B ’Pﬁ;@ﬁﬁaw«w
(Compound Annual Growth Rate) 5 40.04% > %1 LRI AT E X P ER T
ErpEa kB35 2012 &7 2022 F&FHF LT 5 &5 Computers

&

& Education ~ % = ¢ % British Journal of Educational Technology ~ % = ¢ &

<

i

A g;“
=

>
> ¥

=

;‘\\ fx» -hb ES \*.j W I

—

Education and Information Technologies ~ % = % % Education Sciences ~ % 7 % &

Sustainability ~ % = % % Frontiers in Psychology ~ % = % % IEEE Transactions on
Learning Technologies ~ % ~ & % Interactive Learning Environments ~ % 4 % %
International Journal of Child-Computer Interaction % % -- % % International

Journal of Technology and Design Education °

23 A ATu-F

it 5
PR s R 2012-2022
&Kk 52
- ;L‘ v 70
i’i’—:l?,ji'*,;v'/?ﬁl’#;%_ 24.77
¥ 2 }I?%ﬂ;: 3084
Mot F B3 210
H-ieg I ¥ 4
T i K g 3.63
iT¥ & ith ik 17.14

AKX 2000 % 2022 & > 2012 FE 4 F R EAFTERERES T
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# 2 R ¥ 51 chgd 2 g Bers et al. (2014)5'7’%5"" s T B
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self-efficacy
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