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Abstract

Across the world, there is a movement to incorporate computational thinking(CT) into school curricula, and math
is at the heart of this movement. This paper reviewed the meanings of CT based on the point of view of Jeanette
Wing, and the trend of domestic and international studies that incorporated CT into the field of mathematics
education was analyzed to provide implications for mathematics education and future research. Results indicated
that the meaning of CT, defined by mainly computer educators, varied in their operationalization of CT. Although
CT and mathematical thinking generally have common points that are oriented toward problem solving, there were
differences in the way of abstraction that is central to the two thinking processes. The experimental studies on
CT in the field of mathematics education focused mainly on the development of students cognitive capacities and
affective domains through programming(coding). Furthermore, the previous studies were mainly conducted on
students in school, and the studies conducted in the context of higher education, including pre-service and
in-service teachers, were insufficient. Implications for mathematics teacher educators and teacher education as well
as the relationship between CT and mathematical thinking are discussed.
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Hoz MAsldthBarr & Stephenson, 2011, [Table 1]
Z11). W% Barr, Stephenson(2011)2 CT #2425 4
Stud} UlollA o & al BAFHARE ogg o= Wi
Aol TFA o7 TR AFAY WAL AAR
ALt e webd, olF 428 watd] HE37] 9
A wde] ggek CTY Aot A4 Ado] &
T-€1tH(Shute et al,, 2017).

Weintrop £(2016)= CT7} 3 9stA AH&H7] b
o]] _/I:sl.jq.sl 7]4.0]] x%sl L CT«] x%,]g)r =
Xﬂo}ﬁ} ek |A, CTdl| 2 fi %"d ZA} e

Q3 A=E CT 94
i H STEM Z&AEo0| 1 CT #d 478 9 F
stz A2 wALZEE 34719 $28h- 78 FYA
e FHAES 1 23S FH3te] CT ##
7 B9l (practices) = FA A ol HHES F
gh-astol A CT #d 4749 A F9 (A5, Zd=]
Belo| A, AMA EAs A, A=A Al 7F A
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1, p. 52) framework for CT in computer science and mathematics

Computer Science Mathematics
Data . Find a data source for a problem area, for
collection Find a data source for a problem area example, flipping coins or throwing dice
Data analvsis Write a program to do basic statistical Count occurrences of flips, dice throws and
¥ calculations on a set of data analyzing results
Data Use data structures such as array, linked Use histogram, pie chart, bar chart to represent
representation list, stack, queue, graph, hash table, etc. data; use sets, lists, graphs, etc. to contain data
d ec}())rnggi)esrirtli on Define Ob]eCtSaﬁgdﬁEg%is; define main Apply order of operations in an expression
Use procedures to encapsulate a set of often Use variables in algebra; identify essential facts in
Abstraction repeated Commands that perfonn'a function; (?or‘ggg(rie(lj)rg (E) lfel?r]l yct?(t)trll(iyirfulr)lrcélgorns m'r?ége{)]rsi
use conditionals, loops, recursion, etc. iteration to solve word przoubml emms
Algorithms & Study classic algorithms; implement an Do long division, factoring; do carries in addition or
procedures algorithm for a problem area subtraction
. Use tools such as: geometer sketch pad; star logo;
Automation python code snippets
Threading, pipelining, dividing up data or
Parallelization task in such a way to be processed in Solve linear systems; do matrix multiplication
parallel
. . . R . Graph a function in a Cartesian plane and modify
Simulation Algorithm animation, parameter sweeping values of the variables
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[Table 2] Weintrop et al.’'s(2016, p. 135) framework for CT practices in mathematics and science education
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Practices Practices Solving Practices Practices
Collecﬁng Using computational Preparing Droblems for Investigating a

data models to understand a computational solutions complex system as a

concept : whole
Creating data Using computational Programming Understanding the
models to find and test Choosing effective relationships within a
Manipulating solutions computational tools system
data . ;
Assessing cccl)nllputatlonal Assessing different Thinking in levels
Analyzing MOdels approaches/solutions to P
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Weintrop ¢ (2016) sk-318 Wy U CT AA 3
Aol B3 o]2H &S ATIHAUE HelA AAbe=
Hp7} A yolrt CTO] Az P9oh wae shao] 7}
ZUS o)gsd e 9x9 7 T
o] AoHl ZWel JFs TWETh(Perez, 2018). Barr
Stephenson(2011)2 CTell slds& 7k, 571, 24, 1L
A "H=E dYstr] 93 CT 714 diSposition)TJr %
H(pre-disposition)< 67}111?—_ W3} el ok iﬂﬂ%
O0E 7 A A, () olEe #AE 5H730}Lfﬂ
ojA 9] £7] per51ster1ce), () 2% 3Hambiguity)S E}—r
g (d) MEE FAE R 59, () tE A
5 s 98 Aolg slel= A, ()

KeN
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02 Aol A dds ok 2L CT 714 dig
Barr, Stephenson®] = Perez(2018) A9 Ethzh
HAA Pereze FusolA CTY 932 Fto] thE
wak(#e, F3 7le S)eke §3e &olstl sk A
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tol& A A& F Sle 73E ATToaH
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FeEE s due
(outward-oriented)©]t}. Perezi= CT %3¢ 38tul-o]
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7‘“"] 39 tH([Table 3] #a1). Perez(2018, pp. 443-450)¢
o]Z% E-& Barr, Stephenson(2011)olA 7retstA 7]1&
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[Table 3] Perez's (2018) theoretical framework for CT disposition in mathematics education

Disposition Definition Levels
A tendency to Learner demonstrates a willingness to engage with ambiguous
Tolerance for experience High situations/stimuli. as valuable opportunities for discovery of that
ambiguity _ ambiguous which she or he does not yet know.
(p. 444) situations or stimuli Le <hibi ity i the f ¢ ambi <l
. as enriching and Developing arner may e 1t negativity mn the ace of ambiguous stimuli
engaging and situations and/or may seek to avoid engaging with them.
Learner encounters challenge in the task and continues to
High engage with the challenge until it is resolved or until there is
Persistence A tendency to an outside constraint.
e continue working or - -
on difficult to maintain effort Learner encounters challenge in the task and continues for some
problems whrg dn :hré with Developing time and/or makes one or more attempts to overcome the
(p. 447) a c?lalle?lging task difficulty and complete the task.
No Learner does not encounter challenge and/or does not engage
with the challenge that inheres in the task.
Learner will see peers as possessing unique perspectives that
can be brought meaningfully to bear on a shared task or goal
A tendency to High through a process of negotiation and exchange. This learner will
. coordinate effort take advantage of opportunities for clarification and questioning
Collaboration and negotiate and display a willingness to pursue a course of action that may
Wl(th Zikée)rs meaning with peers differ from what the learner would have imagined individually.
p- to accomplish a Learner may avoid interaction altogether or limit interaction to
shared goal Develoni instrumental approaches to others; that is, the learner may see
veloping others merely as a “means to an end” rather than as
co-participants in a process or co-creators of meaning.
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[Table 4] Research studies that used programming(coding) as an instructional intervention

Author

(Year) Participants Intervention Duration | Method Results
Taylor 9-10 Scratch-based game . .
etal | yearold | programmingleoding) using | (o0C | Qua | A g SERORTLE B oblem
(2010) (n=60) an interactive whiteboard e
Middle Scratch-based Development of positive dispositions
Ke(2014) school mathematical game 12 lessons | Mixed toward math and reflection on math
(n=64) programming(coding) experience
Calao 6 orade Scratch-based game and Improvement in mathematical processes
et al. (HE ) simulation-based 12 weeks Quan of modeling, reasoning, and problem
(2015) programming(coding) solving
Influence of logical, mathematical and
Efnk’ 6" grade MIT’s Creative 12 Jessons Quan problem solving abilities on learning
(201%;) (n=205) Computing—based Scratch flow as well as indirectly on logic,
creativity, and CT
1st72nd . . . s
Falloon Creating basic shapes - An effective means of exercising
(2016) %;i%g? using Scratch(Jnr.) 5 lessons Qual general and higher order thinking
Cow farm modeling s -
th e S & Positive influence on logical and
Jun, Yoon 8 %rade Sierpinski triangle using 4 Qual creative thinking by spontaneously
(2016) (n=1) probability and Omok semesters implementing mathematical ideas
game with NetLogo D €
e . Development of conceptual
Gadanidis | Elementary Integration of :
- . understanding of math concepts and
(eztof%') (nljfjg) progra(gr%%rﬁ%écﬁ?hg) and | 18 lessons Qual positive attitude toward CT in math
education
(;{OT%) STngl%()ie Play*basei(ri1 Srr?;?ktfh coding 20 lessons Quan Development oérg(;[t‘icceoncept and CT
Song 9" grade p?g;%isge&o%ige): 4 lessons Quan Improvement in perceived value of
(2017) (n=56) trigonometric functions math
1ot Learning trigonometric
Dejarnette rades functions using a visual 9 davs Qual Development of understanding of sine
(2018) %n:23) programming (coding) v and cosine functions
environment(Etoys)
Gadanidis 3d-gh thlrf Sgﬁngcg%}lf (t}}(l)%ogrl%s One A learning environment for engaging
et al. grades Bl - e 6) Qual young children with ideas of group
e ockly, and hands-on yearb
(2018) (n=415) activities theory
Park et 1st-2nd Game-based learning Developments of CT, collaborative
al. grades using a tangible coding 15 lessons | Mixed problem solving ability, and attitudes
(2018) (n=40) block(Moblo) toward math and coding
. . Positive influence on critical thinking
Kim et th Game-based coding for S - ’
al. 7 grade pattern generalization 16 lessons | Mixed mathematization, abstraction, and
(2018) (n=41) activities automation, as well as improvement in
motivation and interests
Lee 7™ grade DM(Demonstration, Positive influence on students’ and
Choi-Koh (n=50); Modeling, Making, and 7 Jessons Quan PTS self-efficacy in coding as well as
(2018) Secondary Mentoring) program using on PTs’ perspectives on coding in
PTs(n=25) Python coding education
th . o . Development of problem solving ability
Le(eé,(){él)ng 8<n§§8()16 Learrlg;%hz?téz%r?gusmg 28 lessons | Quan and increased-interest in both math

and coding

* PT indicates pre-service teachers.

* Qual and Quan indicate qualitative and quantitative research methods, respectively.
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Yeb Brustz Fojgh dujuate] Arjasads ¢ 59 Zadg(ag)d $3 agd 43 Erh oA
A weks Foleh B3 9 F Z9ugel iE o Hom wagly, CT &o] wAt AE9) 514 7
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A1 9 ( ]H])"M}.J A7) g5 mYee] e (2) =85 283 A+ (Robotics)
A& ET= AolA A7 Ak vk A BEZ A VS o B oh 2R &
dulAE tFdo R FiE e ATEE Gadanidis, AU 2FI] 98 ZRIaHY(EE) dof Aol 2
Cendros, Floyd, Namukasa(2017)°] &7F SlSith  Q3&b7] wiie] CT S Ad =72 A5 &8
Gadanidis 91 14319 258k o|ulaAlS gAo@  (Shute et al, 2017. & ATolA ARH sH49] 9174
ool e AdA ofe] FE CTE 7T w8 w8 A4 d9 2ds fd) 288 F8 =22 58
AAE w7 A8 18R o) Fol s Adsigiet. o] AU ol F AL S 4 QUSITH([Table
uAE S daEE i‘%oﬂ EHffL WS Aoz 5] ). FidA FE 2Re 483 FIug AT

= %%Léfl —’F‘ﬁoﬂ ot 79 & & Sung, 2017)%EH %5 A(Kim, 2013; Park & Kim,
quIALE ] 2gtel EE &3} Fofo] B AR 2010)% E3HI(Rim, Choi, & Noh, 2014)7h4] theksl9l
AE AR A%, UlEAES I B AFES 3, ASE 2R A g,
AT BAEE A RAHoR AAsta, =2 WA, Lee, Sung(2017) Bt 44 frobo] 4284 A4 3)
SANEDE FHLGAIN AL 5+ 4SS AN AF A0S 95 29E 2ROPHS B8P 1344 5
7Y, duuAle Z2 (R E)S eE sl AS TFASATE AT ol 30 frobe Ay
AFE TR S AR okIe FRY (53 FANRSY R BRAAL AFWE] &
Qojel 9 W AcHT ANA. EH, AHlEAE B fol Hokd 44T W 2Re Ade 94
2 CTE e wal(dE 5o, ot Dot B ks 2 olSAJWA BAS S48 Wit 35S 393,
[Table 5] Research studies that used Robotics as an instructional intervention
/(&31{13;;){ Participants Intervention Duration | Method Results
. . Development of mathematical
Park, Kim 5™ grade Robot(Pro-Bot)-integrated 16 . o
(2010) (n=56) group learning in math lessons Quan pmbl?:arsrglr:’gmgttilﬁgg and
Kim A" grade Robot(Roamer)-integrated 10 ' Positive influence on interest in
° A Mixed math but not on mathematical
(2013) (n=31) group learning in math lessons performance
Rim et al. High school Robot(Mindstorm)-based 10 Mixed Positive influence on logical and
(2014) (n=11) programming(coding) lessons Xe critical thinking
B 5 Mathematical problem Development of problem solving
Le&o?%ng 4 szgog)ld solving through coding 1 esgns Quan ability (algebra, measurement, and
robot(Bee-Bot) statistics)
. . . 3 Development of creative problem
Kl(r&n}g)lm 5 {r?fgS?ld Robot-based education 1 eSZS%nS Quan solving ability and
logic-mathematical knowledge

* Qual and Quan indicate qualitative and quantitative research methods, respectively.
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[Table 6] Research studies that used non-programming(coding) computing tools as an instructional intervention

(A{{lg;?)r Participants Intervention Duration | Method Results
. Using CT and CT tools Frequent use of CT tools and its
e?gf%éﬁ‘é) Un(dne:r%?ds in solving mathematical S erggset or Quan positive influence on problem
) problems solving ability
Park et al 5th grade leirbf;i%nﬁglo; thm 12 Quan Development of problem solving
(2014) (n=55) education lessons ability
. th CT-integrated math A learning environment for
P%&%)al' H(n :glr4:;1)de microworld 6 days Qual cultivating CT practices and
(Lattice Land) mathematical habits of mind

* Qual and Quan indicate qualitative and quantitative research methods, respectively.
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[Table 7] Research studies that used non-computing tools as an instructional intervention

(A-;;g?)r Participants Intervention Duration | Method Results
Sung et al K-1* Practicing computational Development of mathematical
(ZgOl7) ) grades perspectives through 2 weeks Quan understanding and
(n=66) embodied activities programming(coding) skill
th Practical activities using Development of problem solving
Cos(tz%le%) al 8(H§Z%()je mathematics problems in 8 days Quan skill as compared to using
conformity with CT traditional math problems

* Qual and Quan indicate qualitative and quantitative research methods, respectively.
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