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Preface

International Conference on Computational Thinking Education 2018 (CTE2018) is the second international conference
organized by CoolThink@JC, which is created and funded by The Hong Kong Jockey Club Charities Trustreatédo
by The Education Universi of Hong Kong, Massachusetts Institute of Technology, and City University of Hong Kong.

CoolThink@JC strives to inspire students to apply digital creativity in their daily lives and prepare them to tackle future
challenges in any fields. Computatiotiahking (CT) is considered as an indispensable capability to empower students to
move beyond mere technology consumption and into prebtawing, creation and innovation. Thisydar initiative will

educate over 26,000 upper primary students at 32 gdlodols on computational thinking through coding education.
Through intensive professional training, the Initiative will develop teaching capacity of over 100 local teachers and help
them master coding and computational thinking pedagogy. Over time,djeeteam targets to make greater impact by

sharing insights and curricular materials beyond the pilot schools.

This year, the event is emerged with-daly Coding Fair to further outreach parents and students. The first two days are
open for schools whe the last two days are open for public. Through a series of coding and STEM workshops offered by
32 pilot schools and STEM partners, students agé# will go through an exciting journey of coding and computational
thinking enlightenment. Teachers antddents of the pilot schools will also get a chance to showcase their learning
outcomes through booth exhibition. As support from parents are always the most important factor in determining the
success of education, parent seminars with panel discusstoimgia included at the Coding Fair to inspire parents to adapt
and master computational thinking as a new bridge for pateldt communication. Over 6500 enthusiastic parents and

students are going to join us at the Fair.



i Comp utThihkingEhdaucati ono is the main theme of CTE2018 whic
of how to facilitate students6 CT abilities, and di s
development in school education. CTE201&hges educators and researchers around the world to share implementation

practices and disseminate research findings on the systematical teaching of computational thinking and coding across

different educational settings. There are 15th#mes under CTEAS, namely:

Computational Thinking

Computational Thinking and Unplugged Activities inlR
Computational Thinking and Coding Education iflK
Computational Thinking and Subject Learning and Teaching 2K
Computational Thinking and IoT

Computational hinking Development in Higher Education
Computational Thinking and STEM/STEAM Education
Computational Thinking and Neformal Learning
Computational Thinking and Psychological Studies
Computational Thinking and Special Education Needs
Computational Thinkig and Evaluation

Computational Thinking and Early Childhood Development
Computational Thinking in Educational Policy
Computational Thinking and Teacher Development

General Submission to Computational Thinking Education

The conferencaeceiveda total of 60 papers (28 full papers, 22 short papers and 10 poster papers) by authors from 16

countries (see Table 1).

Table 1: Distributiorof paper submissions for CTE2018

Country/Region No. of submissios Country/Region No. of submissios
China 10 Malaysia 2

Taiwan 10 Australia 1

The United States 8 Canada 1

Germany 6 India 1

South Korea 6 Norway 1

Hong Kong 5 Spain 1

Singapore 5 Turkey 1

Croatia 2 Total 60




Each paper with author identification aryomous was reviewed by thrégernational Program Committee (IPC) members.
Related sulihemeChairs conducted metaviews and made recommendation onabeeptancef papers based on @
member sdé reviews. Wi t h t h#l accepted papets greesented €12ufl gaperseanshogr o c e s

papers and 9 poster papers) (see Table 2) at the conference.

Table 2: Review results of submission acceptance for CTE2018

Sub-theme Full paper Short paper Poster paper Total
CT 2 2
CT and Unplugged Activities in 2 1 1 2
CT and Coding Education in-K2 2 3 2 7
CT and Subject Learning and Teaching #ri1K 1 1 1 3
CT and loT 1 1
CT Development in Higher Education 2 2
CT and STEM/STEAM Education 2 4 1 7
CT and Special Education Needs 1 1 2
CT and Evaluation 1 5 6
CT and Teacher Development 2 6 2 10
General Submission to CT Education 1 1 2
TOTAL 12 23 9 44

The conference comprises keynote, invited speeches and forum by internationally renowned scholars; seminar, workshop,

as well as academic paper and poptesentations.

Keynote and Invited Speeches

There are three keynote and two invited speeches at CTE2018:

Keynote Speeches

1. ABeyond Computational Thinking: Coding, Designing, an
University ofPennsylvania, The United States

2.iThe Power behind the PovwZER, The Opert Usidersibypf Ismael,dsfael Judi t h G

3. AiwWwhat Lies Beneath? Towards the Cognitive Underpinnin:

University ofEdinburgh, The United Kingdom



Invited Speeches

l1.AComputational Thinking for Soci al Changedo by Mr. Naw

2 AComputational Thinking Goes to Science and Math CIl a

International, The United States

Computational Thinking and Future Education Forum

Pioneers and experienced frontline practitioners in local and international education sectors formed a panel to exchange

views and ideas on computational thinking andriieducation.

Panelists:

Principal Tszwing CHU, Baptist Rainbow Primary School, Hong Kong
Prof. Heinz Ulrich HOPPE, University of DuisbuEgsen, Germany
Prof. Cheekit LOOI, Nanyang Technological University, Singapore

Moderator:

Prof. Siucheung KONG, The Education University of Hong Kong, Hong Kong

CoolThink@JC Senior Primary Codinaficulum Dissemination Seminar

To make greater impact by sharing insights and curricular materials to mooésschdong Kong, CoolThink@J&heds
light on the curriculum, how schools can adopt it and what supports they will get. Pilot schools teachers also share their

experience in this seminar.

Speakers:

Prof. Siucheung KONG, The Education University of Hong Kong, Hong Kong

Mr. Tony LAM, Marymount Primary School, Hong Kong

Mr. Lee LAU, Baptist Rainbow Primary School, Hong Kong

Mr. Andy LI, Po Leung Kuk Dr. Jimmy Wong Cio (Tin Sum Valley) Primary School, Hong Kong



Workshopo n Intéract with real world: MIT App Inventor and IdThternet of Things)

Massachusetts Institute of Technology congactvorkshop on App Inventor and loT (Internet of Things), in which the

instructor guide participants to design their smart phone app by using MIT App Inventor.

Instructor:

Mr. David Chi-hung TSENG, Massachusetts Institute of Technology, The United States

Academic Paper and Poster Presentations

There are 10 sessions of academic paper presentation and an academic poster presentation with 44 papers (12 full paper:
23 short papers, Dpter papers) in the ctarence. Worldwide scholagesent and exchange the latest research ideas and
findings highlighting the importance and pathways of computational thinking education covetihgducation, special
education, teacher development &KEM/STEAM education etc.

On behalf of the Conference Organizing Committee, we would like to express our gratitude towards all speakers, panelists,
as well as paper presenters for their contribution to the success and smooth operation of CTE2018.

We sircerely hope everyone would enjoy and get inspired from CTE2018.

On Behalf of CoolThink@JC

Siucheung KONG
The Education University of Hong Kong, Hong Kong
Conference Chair of CTE2018

Tszwing CHU
Baptist Rainbow Primary School, CoolThink@JC Reso8atwol, Hong Kong
Conference Chair of CTE2018
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A Complementary View for Better Understandingthe Term Computational
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collaborativeactivitiesare proposedKong, 2014; Mishra

ABSTRACT o etal., 2013).
The term Computational Thinkingis closely related to ) . )
efforts connectedo teach a systematic amebll-structured ~ In line with thesedevelopmentscomputer andearning

way of problem solvinghat includesa set of tools and scientistshave been proposing that these skills can be
techniques used in Computer Scienw¢hile substantial ~ fostered through educationalograms involvingcomputer
research in thisfield has shownpromising outcomes  Programming and miming how computer scientists
concerning distinct intervention programs and teaching @pPproach problem solvingWing, 2014) including the
initiatives, the termComputatioal Thinking itselfrequires ~ expression of a sotion in a computer solvable wayhe

to be revisedin order to get a wider consensus about its term Computational ThinkingCT) hasemerged to reflect
meaning and purpos&his paper contributes to the ongoing this particular view on this topicHowever, &hough the
quest concerning the definition of the term by starting with term is widely used, tequires to be revised in order to get
a fundamental perspectiven computatimal theory and @ wider consensus about its meaning anp@se witin the
corresponding concepts in order to describe the theoreticalscientificcommunity(Selby & Wollard, 2014)

building blocks of a systematigew to furtherelaborateon This paperstarts with asection describing thstate of the

an approactfor teaching and learning abobmputational art, after whichwe reflect orthetermCT from acomputer
Thinking. Additionally, based othis foundational effqrt, science theorperspectiveWe do sdn order to identifythe

more advanced concepts apeesented and discuss&d s ichuilding blocksthat allowproblemsto be framed and
order to better understand this domakimally, the paper  golyed computationally. Thereaftey the next section
identifies and discussesset ofelevantchallengesakinga discusses more advanced computer science topics related to

cognitive psycholoy perspective on Computational  cT concrete examples are shoand discusseih order to
Thinking. elaborate on the proposed ided& proceed by discussing
the core ideas presented in the paper in order to widen the
definition of Computational Thinkingd=inally, we proceed
KEYWORDS by identifying anddescriling a set of relevanthallenges
Computational Thinking, 21sentury skills,computability, for CT teaching and learninfjom acognitive psycholay
cognitive  psychology, knowledge transfer, multiple perspectiveWe concludéhe papewith a section providing

external representations an outlookdescribingour future efforts.
1. INTRODUCTION 2. STATE OF THE ART
Many developed countries are experiencisgnificant The benefits of computer pr

changes concerningorganizational structures, work cognitive developmenthave beerexplored and are well
processes andlaily routines.Technologicalinnovations recognized. Clements & Gullo (1984), foresaw the
impact dailypractices regarding theays people socialize,  important role ofCT in daily routines. They also examined
work and administrate theiactivities (Kulkarni, 2017). the effects of computer programming on children while
Many of thesehanges have been enabled arelsupported indicating on advantages in terms of development of
by new Information and Communication Technologies  cognitive skills (Papert, 1980Additional approaches that
(ICT) (Horizon Report, 2017)The demands that this would nowadays be gathered under the term CT have been
changing societal context pose are being reflectatein made way before the definition of the term itself (Brennan,
educational programshat aim atoffering students an 2012; Resnick et al., 1998).

updated set of skills identified erucialfor the 21th century
(Trilling & Fadel, 2009).In fact, competences concerning
critical thinking as well as problem solvirgye seen as
central in contrasto othercompetences often considered
less usefuto cope withthe fast pace of current changes
Some researchesuggest that thacquisitionof these skills
should be provided irauthenticsettings (Doleck et al.,
2017) where technologically supported creative

In addition, the benefits of computer programming were
also recognized in terms of its potentials to foster creativity
and metacognitive skills exercised as part of development
tasks. More than 30 years agd&ea& Kurland (1984)
publishedheresults of theiresearch exploring aspects that
are crucial for incorporating computer programming in
educational studies. They pointed over challenges while
expressing their concern about practicing such skill among


mailto:marc.jansen@hs-ruhrwest.de
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young ages. They also addressed goal definitions alime
the requirementsand knowledgehat are needed prior and
during the developmentof cognitive skillssupported by
computer language Additionally, they investigated the
benefits of such skills in the light of individual work versus
collaborative one.

As implied, nowadays, our daily routines are

technologically enhanced in a way that emphasize the

important role of programming as a tool to aid structured
thinking processes as well as a toolthoe implementation

of solutions based olfCT. ConsequentlyComputational
Thinkingas an innovative approaébr solving problemss
increasingly recognized and incorporated in educational
programs thateed tobe implemented acrosdifferent
subject matterand level§Kong, 2014) This solution could

be conceptalized and formulated itneform of a computer

program expressing logical procedures towards a refined
solution. CT offers the opportunity to exercise a generic and

iterative process consisting tifreesteps. In the first step
students are provided witan educational opportunity to
identify andformulate a problem or challenga anabstract
level. Thus studentsanformulate the problem in a more

generalized (and at the same time easier) way and try to

solve this more general problem fir@uring the second

not provable, and therefore not computational, Turing
proposed a formalefinition of computational theorems by

the definition of the Turing Computable Functions also
referred to as Turing complete functions. Here, Turing
Complete Functions, are functions that could be solved by

a Turing Machine. Accoemdi ng
(Turing, 1939)he set of naive computable functions equals
the set of Turing Computable Functions. Therefore, it could

be said that every problem that is solvable, could be solved
by a Turing Machine. Hence, oneomplementary
perspective tdhe existhg one onCT could be to have a

look at the mechanisms that are used by Turing Machines
and other approaches to computability in order to solve
those kinds of problems. Especially,he t he-ory
recursive functionsloop-, while- and goto-computability

are those under consideratiginalyzing trese fundamental
theories of computational functions, it shows that there are

a couple of concepts necessary in ordeddress and tackle
problems that are solvable by computers:

I conditions- as in Turing Machinem the form of

the transition function

loops- as in loop and whilecomputable functions
goto / subroutines- as in gotecomputable

functions

1
1

phase, they can continue and express a possible solutionto recursionra s -recursige

it. Finally and in the third phasehis solution is executed

refinement aspiring to optimized problem definition
adapted with bst solution.

Often, learning environments and activities guided by the
ideas behind Computational Thinking incorporate
motivational tools like robots (Bers et al., 2014) in order to
increasestudents’motivation to work in a structured way

and to provide procedures that support the solution of a

given problem. Although Computational Thinking could be
applied already to very early agegynificantefforts have
also been undertaken in relation to oldardents, which
have been proven successful also (Gramest Pea2013;
Touretzky et al.2013).

Nevertheless, as Selldy Wollard (2014) have described,
the term Computatial Thinking has several different
connotationsand it is used throughout literaturn very
different ways.Those different ways basically differ in the
understanding of CT in terms of the definition of thinking,
problem solving, computer science and imitation.
Therefore, this papenakes an attempd provide adistinct
and complementgr perspective to CT, based on
computational theoryStartingfrom computational theory
conceptswe move on bytaking a stepforward to more
advanced topicthat derivefrom thefield of programming,
based on théheorymentionedabove

3. THEORETICAL BACKGR OUND

As already indicated earlier in the papeareadnterpretation
of the term AComputational
solving computational problems the way computers do.

In order to define whathese kinds of problemare, it is
worth looking to the definition of Alan Turing about
computability (Turing, 1937). While Godel (1931) already
proved that there are theories in every axiom system that ar

The following subsections will provide a short overview on

s‘theimplications thathe different concepts might have for

teachingand learningComputational Thinking.

3.1. Conditions

Conditions basically allow for the distinction of cases.
Usually also referred to as -tifisthenthat (IFTTT),
conditions allow to treat different states of a (sub)problem
differently. States are usually expressed / modelled in the
form of Booleanexpres®ns. Often, those conditions also
have an else part, that is executed if a cerBoolean
expression does not hold. It could easily be shown, that the
existence of an else part does not yield to more functions
that are computable. A simple example faoadition that
checks if a given number is even could be implemented in
Scratch as shown iRigure 1. Scratch will be our visual
programming language of choice for the remaining
examples also, since we believe that it is widely accepted
and at the same time easy enough to understand even if the
reader does not have any fkreowledge here.

£+l The provided number is even

u The provided number is not e\-en!l

.y )
Figure 1. A simple condition in a visual programming language.
Interestingly, the way.to model ¢ uter programs as a set
of e‘rlfq"f'T% e&ﬂre@sﬁ’oﬁ’s Iéte?y b%rggrﬁle{ mque?‘andr r%of:ee rs
prominent, e.g., in the field of the Interrat Things (loT)
and / or blekchain based technologies. Both examaple
provide highly up to date questions, in which a large number
eof scenarios could be implemented based on simple IFTTT




conditions. This underlines the importance and power of mechanismalso needs to be discussed. Although recursion
this kind of modelling. is at first a mathematical mechanism used for functions that
call themselves, it could also be used as a control structure
since it influences order commands executed by a program.
Beside this, it is a very powerful mechanism to describe
some mathematical futions, e.g., the famous Fibonacci
number. It could be shown that the class of primitive
recursive functions is equivalent to the class of functions
computable by courtontrolled loops, which especially
means that every primitive recursive function cousbde
expressed as a&ountcontrolled loop. Taking up the
example of theFibonacci numbers based on eount
controlled loops as shown in2, the corresponding

3.2. Loops

Loops are aneans for repeating a certain task. Usually, two
different types of loops are used in computational theory:
count controlled loops (in which a certain task is executed
defined times) andondition-controlledloops (in which the
task is executed as long ascertain condition holds). It
could easily be shown that count controlled loops could be
expressed also amsecontrolledloops, but not the other
way around Therefore, it could be said that the concept of
casecontrolled loops is richer than the concept of count
controlled. loops. Nevertheles.s, count cc_mtrqlled loops ar.eimplementation based on recursion looks like presented in
often easier to understand since counting is a very basic

task, while conditions are a hitckier. Figure4.

An easy to implement example based @oantcontroled
loop is the Fibonacci number. A Scratch based
implementation might look similar to the block shown in add B to sack

Figure2.

fibonacci [ numberl |-}

ndd..ihm@nlmd + lum'.lungﬂlnlmd -8 of stack to stack

define fibonacci  numberl

)
Figure4. A recursive function implemented in a visual
programming language.

Here, an interesting task fronCX perspective could be to
switch the representation of simple functions from their

numberl >

numberl - @B

add | item (@) of stk + item | length of stack - @) of sk | to stack

S recursive representation to a solution based aount
Figure 2. A count controlled loop in a visual programming controlled loop and viceversa, in order to foster the
language. understanding of both concepts. It is further known that the

c | a s gecursfve fanctions is equalent to the class of

3.3. Goto/ subroutines function computable byonditioncontrolledloops.

Another class (equivalent to thendition-controlledloops) ) o ] i
are Goto ComputableFunctions.Goto constructs basically ~ AS mentionedatthe beginning of this section, the concepts
allow to jump to certain parts of a program, while in contrast Presentedhere can be seen as theuilding blocks for
Turing Machines need to work sequentially through their €nablingto frame a complementarway to solve problems

memory. Although, as said before, the class Gyto from a computational perspectivEherefore, in contrast to
Computable Functions are equivalent to the class of More traditionalviews toCT that take a standpoint from
functions hat can be computed wittondition-controlled social and behavioral sciences our appraashils from a

loops, the concept is worth noticing, because it provides acomputational theory perspective. Thimposed view aims
first way for implementing subroutines. Historically, this 0 expand the curremtefinition of CT by bringing central
could best be seen in languages like Basic, which ideas and viewbasedon this theory.In other words, the

gosub (besideSoto) in order to allow for subroutines in ~ computer scientistthink with in orderto frame problems
Basic programs. and explore solutiah (and the fact that computational

approaches are being used in very different domains with
success supports its value). One of the key ideas b€fiind

is that this specific way of framing problems can be
introduced to learners from an early stage asgilichit has

Subroutines are usually used in order to allow-ase of
the implemented functionality. Taking the example from
above for checking if a given number is even ot, ra

SUbr%Tt'nf_thgt COULd be—hused ;_OUId ge implemented as o hotential teenhance theiproblemsolving skills in a
new block in Scrafch as shownhigures. variety of domains. The next section further elabcsate

other useful concepts that extend this perspective.

4. MORE ADVANCED TOPICS BASED

TN T T ey ON THE DESCRIBED THEORY
u'“* T T em.._J In the previous sectionwe presented stepping stones
B - — 3 enabling the framing forsolving problems taking a

computationaltheory perspectiveln this sectionwe go
beyond the stepping stoneseferred to in the previous
section and present a set of additional conceptsaffered

3.4. Recursion to learners as tools applicable for their reasoning process on
Finally, after discuseg thatconditions and loopare the problemsMore specifically themore advanced topitkat
basic control structures of computational functions, another will be discussed ar®bject Orientation, Frameworks and

Figure 3. A subroutine defined as a block in a visual
programming language.



Design Patterns. The presentatanmd discussiomnf these has beendiscussed byNguyen & Wong (2001), while
ideas are illustrated throughthe implementation of an indicating on best ways to apply different strategies for
algorithm known as bubble sort capabfesortinga set of sorting challenges. They specifically addressed different
objects ina given list The sorting process is achieved aspects of a typical sorting challenge including the interplay
through repeated steps in which a pair of objects arebetween involved objects, the selection of aninoized
compared and if necessary swapped. As igdplbubble solution for sorting and ways to visualize the result & th
sort includes steps that use the concepts previouslysorting. They emphasized on tihodeli viewi controller
introduced including conditionandloops This particular (MVC) pattern enabling a separation of concerns between
example is provided in order to illustrate our particular and models (data to be sorted and the sorting algorithm itself),
complementary view on CT. views (presentan layer for presenting the solution of a
4.1. Object Orientation sort algorithm) and controller (logic layer responsible for

In this subsection, wedaress ObjecOriented structures connecting the model and the view

including their properties and functions built based upon In the last two sections, we present gperspective
concepts previously presented. Specifically, we propose toaddressingvarious andcentral conceptslater elaborated
use them in order to describe objects that may interplay inthrough advanced topicseflecting additional tools and
casain which learners aim to solve a given problem. technigues used in Computer Sciericethe nextsection,
we elaborate onthe challenges related to cognitive
perspective®n Computational ThinkingThese ideatake
into consideration the fact that CT appches need to be
implemented acrogdifferent levels andubject matters

Here, an object is basically a combination of a data
structure, together with methods operating on the data
structure.Figure 5 showsan object representing a sorter
responsiblesort alist of numbers.Figure 5, provides an
example of an Objeddrientad implementation made in 5. CHALLENGES FROM A COGNITIVE

Scratch. In this implementation, we included a metthad PSYCHOLOGY PERSPECTIVE
gradually sort neighbor pair_s of_numbers_ till the list i? We need to be aware that empirical evidence clearly
completely sorted. In e_ach |terap|on, a par of number is showing the connection between learning how to program
sqrteq by another funct!on operat|_ng accordmg_ to thepsw and improving reasongnand analytical skills is still scarce
principal demonstrates in the previous subsection. (see for example, Pea Kurland, 1984, or Salomos
Perkins, 1987, for detailed reviews concerning the previous
Bl i gt ot i |1 @) efforts on psychology of programminglthough CT goes
beyond teaching how to program we miagie orboard the
issues raised and incorporate these in a research program.
Although revisiting all these topics is beyond the scope of
this paper, Wen considering the teaching ofparticular
subject matter, aognitivepsycholoy perspective needs to
account 6r two basic interconnected issues: what to teach
at distinct stages of human development and how tdteac
it. However, the teaching of Computationddifiking poses

item ((myCount + @ of mylst | < item (myCount of mylist particular challenges because it is not only a subject matter
per se but it is intended tme a thinking tool that allows a
repiace fem (REERDIRE) of mrim | with ( it GEIEIIE distinct way to frame and tackle problems emerging from
[ replace item QRRGBUAD) of st | with (RETEHD different disciplines. In other words, it is close to what has

= ) been termed as a transdisciplinary effort.

Figure 5. A simple object of a sorter in a visual programming |n relation to the concepts to teach and its suitability in

language. relation to the different stages of human development, we
4.2. Erameworks haveidentified twomain challenges:

Frameworks are referred to an abstraction level inaway that 1) |gentify suitable and meaningful problems to the
enables to provide generic functionality that could be age group, enabling the introduction of the main
altered, deployed, implemented and reused to satisfy concepts at an early stage and be able to iteratively
specific aspects of a problem. When discussing frameworks refine then with increased levels of complexity.

in the context of programmin this may include various

components including libraries, compilers and APIs 2) Find appropriate ways to ensure transfer of
consolidated in order to enable developmentarhplete knowledge between domain areas that utilized
systems. In our case, a sorter algorithm could be offered as concepts from computational thinking.

a generic framework which represents aservice Regarding the identification of suitable and meaningful
implementable in - systems requiring such kind of gplems for a certain age groupis stance clearly aligns

functionality. itself with the early proposals by Bruner (1960) and Papert
4.3. Design Patterns (1980) that rejected closed notions of development stages,
Design patterns represent general and reusatublem considering that such approaches might miss the

solution pairs for commonly occurring problems. The Opportunity to introduce concepts at early stages and be able
notion of sorting strategies in the light of Design Patterns to leverage from it (see for example, Bruner, 1960; Papert,



1980;Pea& Kurland, 1984 Resnick, 1984; Resnick et al., accountonhow different external representations combine,
1998).Actually, current experiences with spiral approaches looking for synergies and clearly justify cost/benefits of
to programming curriculum development suggest that this using tlem. Nevertheless, multiple external representations
is indeed possible (Anoni, Meerbaunsalant& Ben-Ari, can support deeper understanding by promoting processes
2015). In relation to the problem of ensuring efficient such as abstraction, extension or generalization of
transfer of knowledgethis is indeedan old question with knowledge especially if efficient highlighting of the links
distinct theories and conceptual approaches being proposedetween different representationsinsplace.Finally, the

(a proper review of the theme is beyond the saufpihis evaluation of computational thinking approaches need to
paper, however, see for example, Bsford & Schwartz, consider not only the outcomes of learning events but also
1999) butCT might be, in fact, an enabler since it provides the processefelevant questions are: a) How to capture the
the necessary conceptual tools for connecting acrossl e a r skiksregadding the transfer of knowledge How
domains. Nevertheless, a successful knowledge transferto capture and understahde a r repeesestétional skills in
approach for CT will ned to include the following aspects: different educational contexts? c¢) What methods are
a) encourage the use of analogies so that the learners arparticularly suited to account for a) and b) at distinct stages
stimulated to explore potential connections between subjectof human development?

matters, b) avoid excessive focus on tatextualization

of problems so that learners are not saled on detail and 6. ] OUTLOQK AND FUTURE WORK ]

fail to abstract, and c) provide the necessary tools that ThiS paper revisited theoce concepts of computatiah

facilitate abstraction in relation to the core concepts of theoryand how these are related to the notiorCdt By
computation. doing sq we contributed to the clarification of the ongoing

) ) discussion around the termCdmputational Thinking".
Two other crucial aspects concern how to teach the differentyyhijle most commordefinitions result froman elaboratio
concepts and which tools seem suitablestgport this that takes social andbehavioralsciencesas a point of
process In our perspective, the teaching of computational departure we have used acomputer science theorjew
thlnklng nee.dS. to be Closely tied to the Iea!‘nlng activity of and addedh Cognitive psycho|ogyperspective afterwards.
mOde”lng distinct phenomena. EnCOUraglng students to In some sense, this m|ght he|p ts re-focus on the
construct models of different phenomena is a well fundamental concepts toe taught froma subject matter
established educatiahactivity (see for example, Milrad,  perspective Then we can identify, based onexisting
Spector& Davidsen, 2002 and Pinkwart, 2005). However, |iterature and empirical evidence producédw to teach
models can be of very distinct types, from qualitative to these Additionally, we provided concrete computationally
quantitative, using graphical/pictorial symbolisms and/or relevant instantiations of the concepliscussed in secth
formal notations. From a psychological perspegtthereis 3 including conditions, loops, goto/subroutines and
an ongoing debate regarding the way the distinct types ofrecursion. In this respect, we aBddressedore advanced

models can and should be integrated, not only in relation totopics including Object Orientation, Frameworks and
the age group of the learner but also to the actual stage obesignPattern.

problem comprehension. Considering thiéferent notion ) ] ]
involving computational thinking we need to assume that at T N€ issues thataveemerged from our reflections regarding
some point learnsmwill need to specify the model in such ~ these themetead us to consider the following key broad

a way that it is amenable to computingughwe believeit steps:(a) identify the topics in distinct subject matters that
requires some fair degree fifrmalizationand such will ~ @ré particularly suitable to béncluded in an initial
need to be in line with the cognitive skills of the learners. Curriculum sketch that implements the core computational
Relevantguestionghat can be poseate then: conceptswe referred to. This task should be carried out in
close collaboration with experts in distinct subject matters
What are the appropriate levels farmalization for the and teachers of learners in different letgges; If) reflect
models considering the age group, cognitive skills and and create a pedagogical approach that takes into
previous knowledgefdhe learners? consideration the different issussted as challenges from

How to ensure that the increasing levels of formalisms @ PSychological perspectivend provide solid empirical

sophistication are clearly followed through by learners (in evidence In relation to relevant empirical studies we are

other words, do the learners understand the connection$onsidering starting with issues related to knowledge
between the distinct formalisms)? transfer and the use of different representations to support

it; (c) design an intervention in order to evaluate haw
In fact, the aspect concerning Iears' understanding of the  pedagogical approach can be successfully implemented in
distinct levels of formalisms sophistication also connects an authentic contextand (d) mplement a comparative
with the notion of using multiple external representations to evaluation study that wikndeavorto clarify the putative
foster the learning of computational thinking. The benefits of the approach andntribute with empirical data
transdisciplinary nature of computational thinking themes to facilitate further refinement§ocusing on the subjects of
clearly suggests the use of a varied range of externalMathematics, Naturacienceand Technology in grades 4
representations (some connected with computationalg we ae currently exploring and validating thédeas
concepts and some connected with the particular domainsdescribed in this papein our ongoing projectswith

under scrutiny). But agreviousresearch pointed out being  elemeary school in service teachers
able to establish the connectidmstween distinct external

representations is far from trivial (Ainsworth, 1999;
Ainsworth & Van Labeke, 2004 Research needs to
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computational practices and computational perspectives.
ABSTRACT ~ Computational concepts are congruent with the fundamental
Thls'paper pr.esents a _study on the use of computatlon@loncepts of pragmming languages. Computational

thinking (CT) in early primanschool. First grade primary - practices refer to practices developed during CT activities

school students were using a custom designed CT tool &ghjle computational perspectives show in what way has
part of their school lessons. The tool allowed for designing e 3r ner 6s vi e wpoint changed a

and delivering digital tasks with CT content coming from

three subject areas with the goal of finding out hoetl w Regardless of CT receiving considerable attenti
students complete such tasks. The tasks were aligned wiftPwadays, there is little agreement on how it should be
course contents and the curriculum and required students #tegrated and used in primary and secondary education.
choose, set or order CT primitives in an adequate way. Théhis paper aims at discussing the use of key CT concepts as
tool allowed for automated task solution evaluation in formPp r oposed wi t hin Brennan and
of animations ad visualizations reflecting the exact steps (Brennan & Resnick, 2012)ith young primary school

chosen by the students and prompting them to revise thelgarners, with a special emphasis on the computational
choice if needed. The anal §o8cepss dimegnsiofn.tAycyssomCE gol fopeany prEmarhp | e
process reveals that CT tasks including object properties argfhool learners along with the accompanying CT tasks
problems with loops were the stodemanding, and that covering the subject area of Matherost Science and

prior mathematics and reading skills impact early primaryCroatian language is proposed. This study examines how

students6é6 CT task compl et iedly pripasy scheal students eompleted £ @sksswhieno o |
subjects. include a variety of CT concepts and which were designed

to cover the three subjectsd

KEYWORDS

computational thinking, mobile learning, early primary school, 2. COMPUTATIONAL THINKING

student performance, mathematics CONCEPTS

1. INTRO DUCTION Some researchers have adopted an assessment approach to

. : . . . evaluating computational thinking through code generated
Mindstorms is a book written by Seymour Papert in wh|chb y students. Brennan and Resr

he argues for the benefits of teaching computer literacy . S ;
(Papert, 1983) It was in this book that the term computational thinking competencies can be assessed

computational thinking (CT) was coined and since thenthrough how they engage with contptional concepts

L . .~ found in Scratch programming environment. The
modern CT|lt!at|ves have becomethesubjectofworIdW|defcom utational concents fare seﬁ]ue ces, loops, parallelism
attention. Due to the profj

society sparked by the rapid progress of digital technology. aqa, & nts, anr_d %oncﬁtion%érenﬁa & ﬂe@nicl?, 01.2 °

many educators and leaders started becoming interested hese computatlonal concepts cqnveyvaht vo.cabularles

incorporating CT into education 4hd notations to be used to describe computational processes
' such as ordering a list or how to do multiplicatitu &

Even though CT has a rich history, its broader recognitiorFletcher, 2009) For example, multiplication ca be

began in 2006 with an essay by Jeannette WiNing, described as the number of loop iterations needed to add up

2006)in which she revived the previously coined CT phrase the same number.

CT was described as a genepatpose thinking tool which Students use computational concepts to develop projects

il n natural and artificial information pr nd i : o ) i
builds on natural and artificial information processes, and Such as stories, animations, games, tutorials and musical

about acknowledging limits in available resources, reduchnstruments through programmir(@esnick et al., 2009;
problems to smallemparts, abstracting information and Ruthmann Heinegs % gGreher 2010Based on this’
choosing appropriate problem - and (o) s_olutlon MorenoLedn anl his colleagues developed Dr Scratch to
representations. A few years later, the G&iyynderWing ive feedback on_diff elnt dimensions, af computational
definition was proposed d ﬁﬂ&nb e 'perfe%cy ?(E) teachers aHdtgrfuﬁentst in dnai? ht

gg?lft?:r?seso ;R;?It\éeedsc;:]uti?r:;ngglrgg repsrgrt::(ea(rjnisn :?grrrghtilr cratch projects. The dimensions measured are abstraction,
P ogical thinking, parallelism, data represemat and

can be effeg:tively carried out by an informagjorocessing algorithmic sequencingRomanGonzélez, Péretsonzalez
a g e (Ming, 2010) & JiménezFern&dez, 2017)

Brennan and ResnicBrennan & Resnick, 2012argue

there are three dimensions of CT: computational concepts,

day



Table 1.CT tasks organized into five CT task groups. Each task covers one or two school subjects and up to several CT concepts.

Group  Task number in School subjects CT concepts
number group
1 1 Croatianlanguage, Sequence, algorithm, recognition ani
Science removal of unnecessary steps
2 Croatian language, Sequence
Science
3 Croatian language, Sequence, algorithm
Science
4 Croatian language Sequence, algorithm
5 Croatian language Sequence
2 1 Object and its properties (sparrow)
2 Object and its properties (frog)
3 . Object and its properties (bat)
Science : - .
4 Object and its properties (hedgehog
5 Object and its properties (rabbit)
6 Sequence, object and its properties
3 1-4 . Problem task
Mathematics (selecting steps of a path)
5-8 Problem task

Croatian language,

Mathematics (selecting the right steps of a path ar

identifying the correct goal)
9-10 Croatian lanquage Problem task with loops (selecting th:
guage, right steps of a path and identifying th

Mathematics
correct goal)
4 1-8 Mathematics Problem task (numbers1i0)
5 1-3 Mathematics Problem task (numbers 410)
4-7 . Problem task with loop
Mathematics

(numbers 1119)
8 . Problem task with combining two loop
Mathematics (numbers 1419)

This study focuses on theomputational concept€T To scaffold task delivery and collect usage data, a CT tool
dimension and examines several CT concepts implementeid form of a blockbased visual environment in which

as CT Mathematics, Science and Croatian languagecsubjestudents draganddrop blocks into a scripting pane to build
tasks. Table 1 shows five groups of CT tasks which area solution was designed. Such an environment is inspired by
aligned with the school subjects. By building on the similar research targeting young child@ilson & Moffat,
presented statef-the-art research in the field, a CT tool in 2010) and should reduce the efforts and challenges of
form of a scaffolded environment with visualization and learning programming and the underlying computational
animation feedback on theroposed CT task solutions is concepts such as sequence or objects. The tool included a
designed, implemented and examined in early primarynarrative in form ofa virtual character named Matko the

school contexts. robot, guiding students in the CT tool usage.

3. METHODS AND TOOLS EEEIE oonon

The study was conducted on a sample of 23 primary first ... oo T

grade students 7 to 8 years old, who study in a neighborhooc s

primary school inCroatia. There were 12 female and 11 === Dodaj zol

male students in this study. The study included five groups “==**=

of computational thinking tasks (Table 1) and was carried GEEE

out within the period of two months (Maljune 2017), with Stavl testo peéi na 30 minuta
each task group taking place on a singlg aiad taking 23

hours of direct student time. Each student was using an i
individual tablet of his or her choice (an Android, iOS or ] ) ]

Windows tablet) to complete the tasks. Figure 1.Left hand side: user interface of the CT tool

_ . _ presented in this study; right side: enlarged tooHanx
Multiple tasks per group were designed with the help of the extraneous element not to be used in completingatie t

class teacher, SO thaeynrelate to the courses taught in first (in red color).
grade of Croatian primary schools and make use more ) i .
contextualized and meaningful to the students. The tool was built on top of Blockly.js framework and its

user interface is composed of the following elements: the
toolbox (the surface with blocks available for use in the



current task), the working area (the surface on which
studentgprovide the solution), control button for starting the
current task evaluation process, control button for deleting
all blocks on the working area and the control button for
displaying or hiding the current CT task text (Figure 1; left
hand side, blue btan).

Since the participants were young and English was not their
mother tongue, the tool interfaces were developed in
Croatian language. Each student task attempt as well as the
sequence of steps undertaken in solving a task were recorded
(logged) (i.e.ypes of blocks she used, how did she connect Dodaj vodu
them, when did she use them etc).

4. USING THE COMPUTATIONAL

THINKING TO_OL ] ) ] Figure 3.An animation displayed to a student
The CT tool designed as part of this study is typically usedsq|iowing the choice of primitives and their placement and

by engaging in these steps: (1) the identification of suitable sequencing on the working area (task groiiprécipe for
computationalprimitives from the toolbox, (2) placement making bread task).

and sequencing of the primitives onto the working area, (3)

starting the solution evaluation via the control button, (4)Each task fronthesecond task groupad a dedicated animal
examining the evaluation (visualization or animation) Well known to the students. To correctly solve a task,
provided by the system, (5) modifyitige primitives choice ~ students needed to recognize which properties belong to an
via the control buttons and (6) using the control buttons tc@nimal set in the task, for instance how many legs a frog has.

open the next task (Figure 2). In .this task group, follqwing a wtlent primitives phoice, _
animal properties are visualized step by step (Figure 4) in
e ek the central working area, prompting students to examine and
" reiterate their initial object property choice if needed.
uccessiul
evaluation
Zaba
Identi itabl Pl imiti 1t Start th E ine th
Ce'P gl‘{n?lilgvise‘ ?ﬁ: sv!mir:\ée:g; . ev:luatioen E L :\E/];r\ltljr;ione Eeolneos 2 1
A 2 Tijelo prekriva:
Dom: _
Modify Posebnost zimi: . .
: placement of [€
rimitives §] ful . . . . L .
e e Figure 4.Choosing animal properties within aniraal

frog object representation (left hand side). A visualization
displayed to a student following the choice of primitives on
After a student identifies the suitable primitives in the step  the working area (task groupi degs and feathers as

1), and places blocks as part of the solution onto the working incorrectly chosen properties of a frog).

area in the step 2), and presses the control button to start the i

evaluation (step 3)), the tool automatically evaluates alll© Correctly complete a task frothe third task group

studet actions and data and provides feedback informatiorptudents needed to define the path a bunny should use to get
about the current solution in form of an animation or(© the goal. In this task group, feedback provided to the
visualization (step 4)) consisting of multiple steps to students, after they submitted their task solution, consists of

represent the chosen sequence of CT primitives. an qqimated bunny travqrsing the map accordir)ghm

primitives sequence provided by the student (Figure 5).
In thefirst task grouf(see Table 1 for athsk groups and the  Some of the tasks from the third task group had multiple
corresponding CT tasks), students were given sets of steg@als drawn, and the students needed to distinguish which
of certain well known algorithms, such as the recipe forgoal should their bunny reach based on the supplied task
making bread, as CT primitives, and were asked to placgext. The text specifiedwhether the goal was the
them in order. Some tasks had extraneous steps listed, whi¢irgest/smallest or left/right in relation to their bunny on the
students needed to recognize and eliminate from their finallisplayed map, which students needed to read, comprehend
solution (Figure 1, righhand side). Once CT primitives are and apply in their solution.

chosen and sequenced, the animation or visualization is run

to represent the solution proposed by the student (Figure 3Ihe fourth and fifth task groupsonsisted of mathematics
Itis to be natd that in the case of an incorrect step choice ofaSks where the studts were given a start value and asked

sequencing done by the student, the displayed animation wilP s_upply the correct sequence of steps corresponding to
reflect the incorrect choice (i.e. recipe/algorithm for makingdding or subtracting the peelected numbers to reach the

bread will intentionally be displayed in the wrong Sequencecorrect end solution. Although in this task group the students

and an indication tetudents will be give right hand side n€eded to reach the correct solutidy applying
of Figure 7). mathematical formulae, they were required to choose the

right loop CT primitive to reach the final solution. The steps
were selected by choosing the right blocks, where some of

Figure 2.The CT tool usage process.

10



the blocks were simple opeiBatANANYSISANDRESHICISe at e number
AAdd ,Sovhi e the others i ncfhedmadbl preRied i this ﬂ:fef‘a‘ﬂowéd%r detaileddR& P €
two timeso). The fourth tasgdfecthf dsUtPu denct!supd euds & hee Afld i g d rof
subtraction of numbers from 1 to 10, while the fifth group CT task group and its corresponding subjects and tasks. The
included the addition and subtraction of numbers from 10 tQollected data for each student for all five CT task groups

19. In both task grqus, animated visual representations of jncluded (1) the time students needed to complete a task, (2)
mathematical equation elements related to each solution stgRe total number of attenpfor a task, (3) the number of

of the calculation are shown to students (Figure 6). The righyccessful attempts for a task and (4) the number of
hand side the Figure 6 shows one of the expressions beinghsuccessful attempts for a task (Table 2).

calculated (1+1), currently chosenmber to be added (+1

in blue color), and the end result (=2 in purple color). Table 2.Overall statistics of the collected data for all
tasks across all five CT task groups.

Mean SD
Single taskcompletion time (per 6249 19.14
student) (seconds)
Task completions (attempts per 78 o5
student)
Successful task completions 35 12
(attempts per student)
Unsuccessful task completions 43 18

Zeko ide do cilja (attempts per student)

The analysis indicates that, amerage, students engaged in

Figure 5.An animation displayed to a student a single task for about one minute and, on average completed
following the choice of primitives and their placement and more than 70 tasks over the course of all 5 lessons and, on
sequencing on the working area (task groipgBidinga  average, had slightly more unsuccessful attempts than the

bunny towards the goal). successful ones, with the mean success rate héi0.46

(SD=0.11, N=23)The total time students spent on dealing
with repeated solutions attempts amounted to only around
15% of the overall task completion time.

Imate jos 3 blok(a).

G==E
o Table 3 indicates students spent most of time on engaging in
the Science subject and on qaleting science tasks. What
is more, in the Science subject students had the most
successful and unsuccessful sk attempts, with the
Figure 6.The animation displayed to a student unsuccessful attempts reaching high value of 2.48 attempts
following the choice of pmitives and their placement and per task. These figures come with large standard deviation
sequencing on the working area (task group 4 and 5  (SD) values indicating large betwestudent differences.
assembling a formula and providing its result).

Ponovi dva puta

On average students spent as much as 243 seconds on
In all task groups, after a solution has been visualized ocompleting CT tasks with object properties and only 68
animated to a student, a message about its correctnessssconds on completing problem tasks (the time includes all
shown to the student completing the task (Figure 7). If theattempts in completing a singkask). The difference is
task was solved correctly, student should continue with theotable in petask completion time as well, which is around
next task should one be available. If the provided solution iswo times larger in favor of object properties. The analysis
incorrect, student should choose to complete the task agairmndicates that the CT concept of object properties had the
largest values of successful and unsuccessfilassmpts,

with substantial SD observed. SDs both in the case of object
X properties and problem tasks were high.

Pogreska

When solving tasks related to the sequence and object

foct Ttk e e o

——— properties CT concepts a high number of successful and
I unsuccessful attempts was exhiditey the students. In the
case of recognition and removal of unnecessary steps CT
concept, SD for the total completion time was extremely
high, indicating large differences in student performance.

Figure 7.Feedback message after evaluating solution
proposed by a student (left hand side correctly
completed task, right hand siden incorrectly completed
task).
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Table 3.The analysis of totasompletion time, per task time and the number of successful and unsuccessful attempts for
school subjects and specific CT concepts (time is indicated in seconds).

Total Total Per task Per task Succ.  Succ.atte Unsucc. Unsucc.
completion completion completion completion attempts mpts  attempts attempts
time (mean) time (SD) time (mean) time (SD) (mean) (SD) (mean) (SD)

Croatian language 143.67 49.46 62.76 23.31 0.99 0.58 0.97 0.43
Mathematics 94.72 49.59 41.79 21.93 0.85 0.38 0.76 0.49
Science 208.19 88.50 65.18 33.49 1.19 0.54 2.48 1.75
Sequence 167.42 78.12 68.34 38.35 111 0.97 1.01 0.68
Algorithm 161.60 130.02 70.27 50.11 0.75 0.44 1.00 0.92
Recogn. and ren 137.46 154.92 53.63 48.24 0.87 0.63 1.17 1.70
of unnec. steps

Object properties 242.57 103.09 69.79 36.93 1.36 0.72 3.25 2.64
Problem task 68.28 62.00 33.76 23.23 0.85 0.35 0.64 0.58
Problem task witt 166.48 109.53 63.61 46.86 0.86 0.54 1.09 1.00
loops

In the remainder of the analysis, the time and the number afbject properties and problem tasks. Students with reading
successful and unsuccessful attempts were correlated wittifficulty had less successful attempts in algorithm tasks and
the studentsd skills i n mdakehnmonmtnieincanplaeing dbjedt frapertipsrandpioblem e a
difficulty variable to check how student academic tasks. Surprisingly, students with reading difficulty were
performance relates to their CT task performance. Themore succesful and took less time in problem tasks with
teacher was asked to assess studentsk n o wl e dlapps, howvéver this result warrants for more research.
mathematics on a scale from 1 to 10 prior to the study onse

The mean value for al |l st LédeDrﬁch§S|9ut hematics knowl edge

was M=7.91 (SD=1.62). Reading difficulty was indicated by Early primary school children participating in this study
the teacher in 6 out of 23 students. were very enthusiastic about solving computational thinking

tasks and were able tearn how to use the CT tool almost
The correlation analysis, mented in Table 4, shows that jnstantly. Researchers observed that children love the
students with good prior mathematics skills on general tak@garrative of a robot named Matko which was the main avatar
more time and have more successful attempts in solvingy the utilized CT tool. When solving the CT tasks, students
language CT tasks. On the other hand, students witgn average failed slightly more times thareythwere

identified reading difficulty are less successful in largia  syccessful, but they completed the repeated attempts very
task. For the Science subject, mathematics skills contributguickly and helped each other in the process.

to shorter completion time, while the students with reading o ) ) ) .
difficulty spent more time on Science tasks. Interestingly,On€ of the key findings of this study is the identified
there were no correlations of mathematics and reading skills € | at i onshi p between students

withthesu dent s 6 Mat hemati cs s u$KifiSeig complelings Ty tasksy QuRg. primary school
children are just beginning their schooling and some of them

In regards to the CT concepts, students with bettekti|| |ack reading and mathematics skills which is found to

mathematics skills are in general more successful imffect their performance in the Croatian language and
algorithms and have fewer unsuccessful attempts in solvingcience CT tasks.

problems tasks CT concept tasks. They spend lessdn

Table4Thecorel ati on of school subjects and CT concepts wit
Subject/CT concept Mathematics skills Reading difficulty
Croatian language Avg. completion time r=0.419" Num. of successful attempts-8:453*
Num. of successful attempts r=0.47
Science Tot. completion time=-0.521* Tot. completion time=0.438*
Algorithms Num. of successful attempts r=0.47: Num. of successful attempts-8:503*
Object properties Avg. completion timg=-0.501* Tot. completion time=0.564**
Tot. completion time=-0.638**
Problem tasks Avg. completion timg=-0.461* Avg. completion timg=0.435*
Tot. completion time=-0.547** Tot. completion time=0.481*
Num. of unsuccessful attempts-0434*
Problem tasksvith Num. of successful attempts r=0.563 Tot. completion time=-0.446*
loops Num. of successful attempts-0=463*

*p<0.05, **p<0.001
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Young primary school children need to have adequate presents an issue when young children are to process more
reading skills to interact with CT primitds used in courses complex CT tasks, warranting for contingency in terms of
other than Mathematics more successfully (this was teacher and peer scaffolding.rLg e vari ati on i
especially the case with the Science subject). Classroomperformance seeks for an approach in which CT tasks of
observations during the-itlass CT activities show students varied difficulty are used.

had less issues with using the tool interfaces and

understanding howo manipulate the primitives than with 8-. ACKNOWLEDGMENT . )
understanding and applying some of the used vocabularyThis work has been fully supported by Croatian Science

(i.e. the words up/down/leftright). This extended the Foundation under the project UBD1311-7908. The
studentso time in compl et i rygthors wquld ke to ek thestaff of Rrignary Sehgl Ty ¢ e s
more interactive forms of content represeptasuch as the ~ UJevic, especially Ines Falak, for their partnership in the
puzzles or board games might be suitable for young realization of the study presented in this paper.

students.. Nevertheless, the identifjgd gap proved as a greay  REFERENCES

opportunity for teacher or peer facilitation of student work,
whereby students get engaged in the task completion
process even are.

Brennan, K., & Resnick, M. (2012). New frameworks for
studying and assessing the development of
computational thinking. Annual American Educational
In this study prior mathematics skills are identified as an Research Association Meeting, Vancouver, BC, Canada,
i mportant prerequisite in yldap.migo:/doitoig/Nodll.@9%.6602 successf ul
timely CT task completion across all subjects. With almost | , 3. 3. & Fletcher, G. H. L. (2009). Thinking about
all CT concepts (algorithms, object properties and problem  computational thiking. ACM SIGCSE Bulletin, 41(1),
tasks) better mthematics skill was related to more success 260, hitp://doi.org/10.1145/1539024.1508959
in solving CT tasks, and usually in less time. Such findings . .
indicate conceptual similarities between the areas of Papert, S. .(1983)' Mmdstorm_s: Children, computers and
mathematics and CT skills and warrant an adequate powerful_ ideas. New |deas in Psychology (Vol. 1).
curriculum alignment of the Mathematics sulbjacd other http://doi.org/10.1016/073218X(83)90034X
subjects using CT. Resnick, M., Maloney, J., Moay-Hernandez, A., Rusk,
. East mond, E. , Brennan, K

Students _were fast and successt_JI In completlng Scratch: Programming for All. Communications of the
mathematics CT tasks, with the exception of mathematics ACM. 52. 60 67

problems with the double loop QT concept, which proved http://doi.org/10.1145/1592761.1592779

to be fairly complex for young primary school learners. The ] ) ) ) o

CT corcept of object properties caused misconceptions RomanGonzalez, M., PereGonzalez, J. C., & Jimenez
leading to most time spent and the largest proportion of Fernandez, C. (2017yhich cognitive abilities underlie
successful and unsuccessful attempts. Classroom computational thinking? Criterion validity of the
observations indicate students often reverted to trial and Computational Thinking Test. Computers in Human

error method of completing such tasks siticey found Behavior, 72, 678691.
them both conceptually difficult and challenging to read and ~ http://doi.org/10.1016/j.chb.2016.08.047
process. Ruthmann, A., Heines, J., & Greher, G. (2010). Teaching

The presented findings consistently indicate large computational thinking through musical live coding in

differences between young students in solving CT tasks. It '?’eccr:niga? Scymhp.osiui IonGCC(; n?piterﬁs élie?]ce Edrucoat?oﬁ edi
seems some students still struggle with basic language " S '
knowledgeand basic mathematics, even though they are in 351 355. http://doi.org/10.1145/1734263.1734384

the second semester of the 1st grade. On the other handyVilson, A., & Moffat, D. C. (2010). Evaluating Scratah t

some students are already doing well in language and introduce younger schoolchildren to programming.
mathematics, or were exposed to computer games and other Proceedings of the 22nd Annual Workshop of the
computational tools at home or in kindertga, leading to Psychology of Programming Interest Groupi, B3.

b(_atter CT task success. Such d_|fferences were aIIewated\Ning' J. M. (2006). Computational Thinking.

with a small amount of scaffolding from the teachers or  ~qmmunications of the Association for Computing

classmates, with all students being able to cafghexcel Machinery (ACM),49, 33 35.

and have inspiring ahmoments connecting previously i //doi.org/https://www.cs.cmu.edu/~15%10
unknown taslelements. s13/WingO6ct.pdf

7. CONCLUSIONS Wing, J. M. (2010). Computational Thinking: What and

The paper presented a study on computational thinking use Why? Thelink- The Magaizne of the Varnegie Mellon

in early primary school. The findings indicate reading and University School of Computer Science, (March 2006),

mat hematics skills play an lignRetieveddrom r ol e in studentséo
task performance. Mathematics skills are of great http://www.cs.cmu.edu/link/researciotebook

importan@ and they help students in completing CT tasks computationathinking-whatandwhy

in subjects such as language and science. Reading difficulty
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CT skills. (Buitrago Flérez, Casallas, Hernandez, Reyes,
ABSTRACT o ) . Restrepo, Danies, 2017). However it is also argued that
Computational thinking (CT) in education has beenygyng starters are easily frustrated and discouraged when
considered significant to future national competitive ress they have difficulties in programming syntax and concepts
development. Programming is seen as the most direct Wa)Costelloe, 2004 & PowersEcott & Hirshfield(2007).
to develop the CT Skl||.S. However, it is a!so argued thatFurthermore, traditional programming can be boring to
young starters are easily frustrated and discouraged Wh%ung students mostly due to its requirement of various
they have difficulties in programming syntax and conceptSsyntax inputs (Mannila, Peltoméki & Salakoski, 2006). Thus
Thus a programming eurse with adaptive visualization or 4 programming course with adaptive visualization or game
gamebased learning is considered a better solution tqyaseqd learnings considered a better solution to encourage

encourage higheorder thinking that benefits young pigherorder thinking that benefits young students
students. The unplug educational board game features loygysijlovsky & Spring, 2004).

selling price, intensive interaction among players,iamathle

to play without any computing equipment. It is therefore At present on the market, teaching materials to develop CT
attracting growing attention from schools and teacHers. skills can be generally divided intbreekinds of design: 1)
this study we designed a CT board game, Interstellar blocksbased visualization, like code.org and Scratch; 2)
Explorer, on the theme of space. Users play Interstellafeatrobot control, like mBot and Dash & dot; 3) unplug
Exp|orer by Contr0|hg onscreen Spaceship and defending educational board game with Cards, like Robot tUrleS, Klng
with obstacles to find the most residential planet in anof Pirate, Doggy code, Code master, Robot Wars Coding
animated outer space. Interstellar Explorer challenge$oard Game. Each dhe designs hasts advantages and
players to design and implement strategies to carefullyimits. The unplug educational board game features low
control the movement of spaceship and succesdfullg a  selling price, intensive interaction among players, and
defense. Thisstudycontri butes t o d elayiag vithoptary copputng equigment. It is therefore
logical thinking and problersolving ability as well as attracting growing attention from schools and teachers.

inspiring their imagination and creativity. The five boad games mentioned above are designed in
KEYWORDS accordance with programming elements.,Yeé elements

are incompletely considered due to age setting and game
mechanism. Thus, we try to design a CT board game based
on programming elements, allowing players ay age to

1. BACKGROUND develop and practice CT skills.

Computational thinking (CT) in education has been
considered significant to future national competitiveness ané)" DESIGN OF CT BOARD GAME AND

development ever since the notion of CT was reintroducedMALY SIS OF PROGRAMMING

by Jeanette Wing from Carnegie Mellon University in 2006. ELEMENTLS

In some countries suas America, England, Australia, and We design a CT board game, Interstellar Explorer, on the
Estonia have started including computing in the schootheme of space. Users play Interstellar Explorer by
curriculum and teacher training. controlling onscreen spaceship andefending with

. . . . obstacles to find the most residential planet in an animated
CT uses basic concepts of computing and information .
science to solve problems, design systems and understar%Iter space (see Figure 1)

humor behavior (Wing2006). Along with reading, writing Designed for players aged 8+, Interstellar Explorer
and arithmetic, CT isa requirement ofa part of core challenges players to design and implement strategies to
knowledge. CT consists of skills like induction, embedding,carefully control the movement of spaceshignd
transition, and simulation, which help to solve complicatedsuccessfully build a defense. This contributes to developing

problems in the way we are familiar with. pl ayer déds | ogi c a tsolMingabilitkaswe and

> MOTI VATION and PURPOSE as inspiring their imagination and creativity.

The change of trend in education and global realization tdVe create a set of cards to use in the game. Players place
the importance of CThas identified the significance of these cards in linearrangement in the way similar to visual
developing CT skills at a young agé other words, programming language learning. Players are also allowed to
programming is seen as the most direct way to develop thereate his/her own conditional environment and implement

computational thinking, programming, coding, board game,
interstellar explorer
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rules with blank cards where they can define clearly the4, CONCLUSION

condition and rules. Interstellar Explonerovides a game  promoting CT skills in education has become a global trend.
based learning environment to teach basic programming anlf#utroducmg CT concepts to yountparners is even a
CT skills including sequences, events, loops, conditionalgignificant step to develop problesolving ability and
parallelism, names, operators, and data (Bernnan & Resniclggical thinking at a young age. Thus, we design a CT board
2012) (see Table 1). game, Interstellar Explorer, based on programming concepts
to help young learners in learning CT concepts and skills. In
the future we will carry out a study to explore the
effectiveness of this CT board game, Interstellar Explorer,
using the computational thinking scale and the behavior
model.
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Yet, automated tools to provide a conveniant flexible
ABSTRACT o ) ] evaluation method are not available Unlike the
education support sys tressn whificti to ShRAnfize tHe eldafifc EffecP ofPJoffvere
real time was developed in order to observe how learnergqycation ina limited environment where the learner's
would splve complex problems in the coding e”V'rO”me”tprogramming is analyzed and theskaevaluation is
and a pilot test was conducted on elementary school StUde”ﬁ%rformed manuallyKim M. H., 2007).To overcome these
When the teacher used the developed system to teadfifficulties, studies onprogramming learning analysis
students, there was statistically significant difference in system, where the teacher can analyeelearning status
integra_tedregulation external regulation and introjt_actgd with an automatic and efficient method, give optimal
regulation among the suffactors of learning motivation  feedback and edgievaluate tasks of the learners, should be
compaed to the conventional classesAmong the sub  made. In this study block programming edutian support
factors of selefficacy, efficacy dimension showed  gystem based on kensitein distance algorithm, which is
statistically significant difference. designed to support theachingof the teacher and promote
KEYWORDS the motivation of Iea_rners in tha_efd of codlng educatign
was developed and it was applied to 10 units of classes to

Codin Education, Software educatign Learnin . X L
9 9 9 analyze its effects on learning motivation athek self

Motivation, Selfefficacy

efficacy of learners
1. INTRODUCTION
The core of Computational Thinki(@T) is to break down 2. BACKGROUND
a complex problem into familiar and easier gubblems 2.1, Algorithm Learning AnalysisSystem
(problem decomposition), solve the problems by applyingin the dgorithm learning analysis systerwhen a learner
algorithm, review how such problems can be transferred tgreates a solution to a given problem using a programming
similar problems, and decide whether to use computers tfanguage, the prepared source code is stored in the server,
solve them betterYadav, etal., 2016). In other words, and the analysis program repeats the execution several times
Computational Thinkings the ability of computer scientists while confirming the number of times the server code is
to solve problems by using computing technology as a wagtoredin the server at a predetermined time interval. Each
of thinking to solve problems, so CT plays an important roletime it is executed, data prepared in advaneatsredo the
in solving complex problems. program, and the result is compared with the value of the

Among the method® graft CTinto school education, there prep;argd antswer datteﬂ:e existing tgoythm Iearmtng
is automation. This element requires learners to connect {ghalysis systenuses textype programminganguageto

the computer. Learners can learn modeling and simulatioff°MPare strings, line, and_ compilation re_sults of source code
using computing technology in this learning environment.and _answercode according to a certain algorithm, and
These automation tools are developed énagh or in the provides error or score through message feedback.

local versions of Scratch so that programmers can learn CThese systems work well in environments that usetyeet
skills easily through the coding process. programming languages and have the advantage of being
able to feed back the results immediately. However, there is
Jo learning analysis system developed for the purpose of
performing such a function in the block type programming
language environment which iscurrently used at the
relementary andsecondaryschool level. Therefore, the
teacher should observe students roaming around the
classroom and it is difficult for a teacher to identify what a
learner thinks difficult

For effective programming learning, learneafsould have
interest and internal motivation and they should be provide
with the learning minod consideringhe level of individual
learners and intere@atai, Z.& Toth, L.,2010).However,
in reality, general programming education is conducted fo
a large number of learners in a classro&or. a learner to
get an appropriate feedback fronteacherm this situation
adequate time allowance as well as the ted@sheaching
ability is necessargyHan, K. W., Lee, E. K& Lee, Y. J, 2.2. Related Studies
2010). Accordingly, related studies such as scoring Kim (Kim, M.-H., 2007)designed and implemented a web
according to the efficiency of the algorithm for a given based programming task evaluation systeatallowedthe
problemor analyzing and evaluating the learndesirning  teacher toautomaticallyevaluate the performance of the
are actively being performegdangW. Y. & Kin S. S.2014).  program and easily check the style and plagiarism of the
program with appropriate feedbacKifh M.-H., 2007).
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Song (Song, JH., 2011) designed and developed a A AEO®
automatic scorindpased programming education system ! i Ad 94 s
thatcouldperformlearnercenteredself-directed learning by ) ' )
performing programming education more efficienthang !N this study, the progress of students’ learnings

& Kim (JangW. Y. & Kin S. S, 2014) developed a client calculated through individual block group agreement and

server based system by enforcing teachimgning Whole block group agreement.
functions of the exding Online Judge style system and ) | A g A Al QAHI BOOAADPAT 6 )
found its significant effect on programming learnidgong 0QULQE iLa'Q@&E 6 HE ©Q
(Jeong, JK., 2010)developed a system thatcan be used for P "™ P 55 i & o diio o fe® 00 6 QRE D6 Q
programming learning and evaluation of science high school
studentsunlike Online Judgesystemwhich is used for
evaluation incompetitions 7ET RRTGE DOOAADPAT O
= h VS . diesi found th Q0 Q¢ inae®& o v: dQ

rom the analysis oprew_ous studiesit was found that PTG & T 0 5 8 0OE B0
various automatic scoring systems for programming
learningand evaluatiomadbeen developediowever, there  In addition, if the block type is the same but only the variable
have been no studies related to the development of a systemn the block parameter is wrond, is considered to be
that supports block programming languages for elementargorrected 0.5 times rather than 1
and secondarychool students and teacharp to now
Therefore, in this study, a pilotersion of a system that
performs block programming language learning analysi
function was developedand the effect ofthe systemon
learning motivation and seéfficacy of learners through the
classes where a teacher uses the systasnverified.

The teachecan checlwhich blockeach learnehas used,
how the block of the learner has beenrgedfor a certain
S‘[ime, and whatthe degree of final achievemeigt The
teacher can alsprovide corrective feedback to the student
with low achievement level. The algorithm of the overall
pilot system through the above agents is shown inZ-ig.

3. SYSTEM DESIGN

In this pilot system, a learner can program using Eratry

block-type programming languagérough a web server, l 1
and click the save button to analyze the source code in real Leamer | | Instructor |
time. Save learner’s Save Instructor’s
programming Best Practice
source code Code
Teachers Chentry System | Students

] Mo Module ‘ Stored source
—> Teacher’s Student’s “—> ‘ u . code
Webpage Webpage .‘
Main Module | ; Run pilot system

IJ

Code Analysis

v L3
Learner’s source code | ‘ Best code READING

(
[ Code Structuring
(

)
)
Code Evaluation ]
Class Login Study
[ Info ][ Info ][ Info ]
Figure 1 Developed pilot system [#. Kim, et al. 2018] END
The system applied to this studivides the web agent into Figure 2. Algorithm of pilot system

a view agento which the teacher and learseconnecta
core agent that analyzes and structures the code, and a8 L € a r n e rE$fi€acy $1éDkveloped Pilot
agent that stores class information, account information, an&ystem Utilization Education
learning informationThe teacher opensdass by entering  The factors that affect programming education will vary.
the class name and the URL address ofitisvercode. Wiedenbeck (2005) presented programming experience,
self-efficacy, and knowledge organizat as learning
ctors for norprofessionals to successfully achieve
I’g:ogramming learning. In this paper, we have proposed
various learning examples for learners to gain programming
experience and consider learning strategies to enhance
learner's seléfficacy. To do this, we conducted a
programming education with a construetapproach and a
Levenshteindistances akind of edit distance technique that cognitive approach to designing teaching and learning. The
calculateghe minimum number ofedits such adleletions, learner was able to receive the feedback of the instructor and
insertions, or substitutions requiredthen a string is  confirm the achievement degree of each bilaced construct
converted into another strifgevenshtein1966). the cognitive processing through the metagnition.

The learneaccessethe system with his/her accoushtes
the URL address of the source code, and programs in Ent
environmentThe systenthecks whether the learner clicks
the save button at@re-determined time intervandsaves
accumulatd achievemerst using the Leenshein distance
algorithm when the save button is clicked.
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In order to verify the educational effects of ot system  4.2. Research Method

developed in this studgnexperimentwas administeredn In order tomeasurehelearning motivatiorof the students,
40 grade 5studentsin S elementary school in Gwangju, the motivation test tool foyouth developed by Lee M.
Korea. The experimental group and the control groupand Jungrl. Y. (2007) was modifiedor elementary school
received a total of 10 units of programming education usingstudents. The learning motivation téstl was composed of

a block type programmindanguage. In the case of the 26 questions itotal; specifically5 items of Amotivation, 5
experimental group, the teacleéentifiedthe progress of the items of External Regulation, 5 items of Introjected
learners with the developed system, intervenel Regulation, 5 items of Identified Regulation and 6 items of
appropriately, and let the learners compare their progresktegrated Regulation. Amotivatios the statawhereinthe
with the teacher's answeétor the control group, on the other desire to learn is not generated regardlesxigirnal stimuli,
hand,the traditional teaching method was used whbee  External Regulation is behavior control by external factors,
teacheroamed around the classroom to observe and advisktrojected Regulations to act through influence of past
the leaners experiencessuch as reward an@unishment, Identified
Regulation means thattegrated control asxternal factor

is changed into internal factaandintegrated Regulatiois

the motivation to create and achieve something on its own.
Table 2 showghe itemsand relidility of sub-factors of
learning motivation.

4.1. Program Design

The curriculum ofLO classeapplied to the two groups was
structured to learncomputer science subjects such as
sequene (SE1) repetiion (R), selectbn (SE2) simple
variable(V), list (L) and concatenation (C) included in the
software educatiorcurriculum of elementary school in

Korea.The summary of the curriculum is shownTiable 1. Table2. Reliability test of Learning Motivatian

Elements Quantity Item number  Reliability
Table 1 Curriculum for Programming education.
Time Title Elements Integrated 6 13,12, 839
Regulation 17,20,23
1 Basic programming languag C Amotivation 5 467, 674
manipulation 9,26
Use movement, shape block Introjected 5 11,16,18,19, 750
2 Create simple block C,R Regulation 25
application program External 5 5,13,14, 818
3 Make O6bears m C,R,V Regulation 15,21
Use repetition with variables Identified 5 2.8.10, 775
4 Make 6Bee sho C, R, SE2 Regulation 2224
Use selection Structures
5 Make 6Shar k A C, R, SE2 ) )
6 Develop games: C.R,SE2,V In order _to measure the selfefflca_lcy of students!n
Use Replication Blocks programming Iangyagethe self-efficacy _test toql in
computer programing language education environment
7 Complete the game: CRLYV developed by KimKim, K. S., 2014)was modified. The
Use lists and variables self-efficacy test tool is composed of 30 questions in total;
8 Make a gift lottery program C,R specifically 10 questions abdanguage 10 questions about
Use random number Efficacy Factorand 10 gestions aboUEff_ic_acy Dimension.
9 Make 6Produce C.R LV Languagerefers _to the challening spirit to develop a
Use Random  Numbers program by knowmghg gengral structgre ofa programming
_ _ ) languageand the terminologiesof variables, expressions,
Arithmetic Expressions control statements, operators, arragisd functions and
10  Draw a polygon C,R/F utilizing them. Efficacy Factor refers to whethéney have

direct or indirect experience with success or failkfécacy
Dimension is the learner'sperception on thelevel of
difficulty of a given task, the willingness to challenge more
In the experimental groufgarners were asked to check their difficult problems, andwhether togeneralie it Table 3

learning achievement through the pilot system constantlhowsthe itemsand reliability of sukfactors ofself-efficacy:.
during the 10 units of classe$he teacherchecked the

achievements of learners during the class and provided

Use perblock, basic functions

Table3. Reliability test ofSelf-efficacy.

corrective feedback tthe student who kept having low ~ Eléments — Quantity — Itemnumber  Reliability
achievementevel for quite a long time byanalyzingthe Language 10 12345678 575
causes of low achievement. In tentrolgroup,the teacher

gave a lecture judike in the conventionateaching method 9.10

and gavefeedback directly to the learners whileaming Efficacy 10 11,12,13,14,15, 874
around the classroam Factor 16,17,18,19,20
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Efficacy
Dimension

10

21,22,23,24,25, .835
26,27,28,29,30

4.3. Result

In order to verify the homogeneity of the experimental group
and thecontrolgroup, pretestwas administered to measure
learning motivation and seéfficacy of two groups As

Table 4shows, there was no significant difference, which

confirms the homogeneity of the groups

Table4. Homogeneitytest of group to measure
for Learning Motivation &SelfEfficacy

Area Group N M SD t P
Learning Experr 20 73.90 7.873 -421 .676
Motivation Mental
Total Control 19 75.16 10.658
L1 Experi 20 2250 4.274 432 .668
Mental
Control 19 21.79 5.903
L2 Expert 20 10.25 3.226 -934 .357
Mental
Control 19 11.32 3.888
L3 Expert 20 1220 3.122 -959 .344
Mental
Control 19 13.26 3.784
L4 Expert 20 10.95 3.900 -401 .691
Mental
Control 19 11.53 5.037
L5 Expert 20 18.00 3.356 .580 .565
Mental
Control 19 17.26 4.520
Self Expert 20 93.20 16.979 .165 .870
efficacy Mental
Total Control 19 92.11 23.949
S1 Expert 20 29.75 7.813 .024 .981
Mental
Control 19 29.68 9.310
S2 Expert 20 30.90 5.330 -.814 .421
Mental
Control 19 32.84 9.167
S3 Expert 20 3255 6.362 1.343 .187
Mental
Control 19 2958 7.434
zPb 8tu

L1=Integrated Regulation, L2=Amotivation, L3=Introjecte
Regulation, L4=External Regulation, L5=Identified Regulati
Sl=Language, S2=Efficacy Factor, S3=Efficacy Dimensior

The results of the posést onlearning motivation and self
efficacy are shown in Table 5. There were significant

elements of seléfficacy, but there was no difference in
Language and Efficacy Factor.

Table5. Posttest of group to measure
for Learning Motivation &SelfEfficacy

Area Group N M SD t P

L1 Expert 20 22.30 4.567 .2074 .044*
Mental
Control 19 19.33 4.902

L2 Experr 20 10.74 3.374 - 112
Mental 1.623
Control 19 12.43 3.529

L3 Expert 20 1257 4.660 -997 .324
Mental
Control 19 13.86 3.851

L4 Experi 20 10.78 4.680 - .069
Mental 1.863

Control 19 13.38 4.555

L5 Experi 20 18.65 3.688 2.308 .026*
Mental
Control 19 15.76 4.603

S1 Experr 20 33.35 7.352 .6511 .519
Mental
Control 19 31.86 7.844

S2 Experr 20 37.04 8.054 .650 .106
Mental
Control 19 33.24 7.162

S3 Experi 20 34.70 8.578 1.994 .050*
Mental
Control 19 30.05 6.659

zP 8tu
L1=Integrated Regulation, L2=Amotivation, L3=Introjectt
Regulation, L4=External Regulation, L5=Identified Regulati
Sl=Language, S2=Efficacy Factor, S3=Efficacy Dimensior

In order to analyzéhe difference of the seéfficacy before
and after the application of the systamthe experimental
group the mean anthe standard deviation were calculated
by dividing the test periodlable 6 shows thpaired ttest
results As presented in the tablthe sum of selfefficacy
after systemapplicationis significantly higher than before
the systenapplication In the analysis of sufactors, there
was a statistically significant difference inEfficacy
Dimensionand there was ndifference in Language and
Efficacy Factor

differences in Integrated Regulation, External Regulation

and Introjected Regulatioramong the suifactors of
learningmotivation but there was no significant difference
in Amotivation and identificationcontrol There was a
significart difference in Efficacy Dimension in the sub

25



Table6. Paired SamplesTest of group to measure effects on programming learning. journal of Korean

fqr SeIfEfﬁcacy. Association of Computer Education, 22(2), pp2tb
Area  Group  Paired Differences P Han, K. W. Lee, E.K.,LeandY. J. (2010). #
N M SD of a PeeiLearning Agent Based on Pair Programming in a
Total Pre 20 1410 28.10 2244  .037* Programming Coueso . | EEE Institute
Post Electronics IEEE transactions on education, 53(2), pp.318
S1  Pre 20 420 1191 1578  .131 327.
Post Jeong, J. K(2010). Design and Construct of Programming
52 Pre 20 660 818 3.606  .002* Assessment System based on "Online Judge"” for a Science
P Hi gh School student Natiomd st er
ost . . .
University of Education.
S3 Pre 20 330 11.32 1.303 208 , _ _
P Kim, K. S. (2014). Measuring and Applying the Self
ost . . . .
efficacy in Computer Programming Education. Journal of
] ot Q 8t v The Korean Assaetion of Information Eucation, 18(1),
Sl=Language, S2=Efficacy Factor, S3=Efficacy Dimensic pp.111120.
Katai, Z., Toth,L( 201 0) . AT e ndanistdallygi c a |
5. CONCLUSIONS enhanced muksensory computgprogramming
This study analyzed the effectiveness of learning motivation e ducat i ono . Teaching and te

and selfefficacyby developinga pilot system that supports ~ Pp.244251.
coding education using a block programming language fokim, J-H., Choi, J:H., Shadikhodjaev, U., Nasridinov, A.,

elementary school students and teachEng. results aras and Song, K.S. (2018) fAChentr
follow. Student s@ Prdgessr fori Bntry Education
First, in the verification of effects olearning motivatonand S0f t ware, 0 to be published i

seltefficacy, it was bund that the teaching method allowing SYStéms and Computing, Springer.

learners to check their achievements constantly and enablirigim, M. H. (2007). Design and Implementation of an
the teacher to identify students with low achievement from Automatic = Grading System for  Programming
time to time and to give them oteone feeebacks would Assignments. Journal of Internet Computargl Services,
give more interest to learners and enéthen to achieve 8(6), pp.7585.
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convenient learning environmeliv addition,it is necessary ; : .
to study a system that can integrate and manage the tasks anﬁé(;?;qnmmlIDnogctogljLtlj(':sstg)rrt]at'osﬁﬁgoo?rs'l fﬁ:f')e':g.?ed
achievements associated with the curriculum in conjunction Ing. ' on, gsi IVersity.

with CMS or LMS. Wiedenbeck, S.(2005). Factors Affecting the Success of
Non-Majors in Learningo Program. The International
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consider debugging as a type oftiiemoment problem

ABSTRACT ) ) i solving of progcts (not just code) with errors.
Debugging, a recurrent practice while programming, can ) . )
reveal significant information about student kmg. | N this paper, we inveslBigate

Making electronic textile (éextile) artifacts entails Years) debugging in the context of an eigletek long e
numerous Opportunities for students to debug acrosgextiles curricular unit that took place within three
circuitry, coding, crafting and designing domains. In thisintroductory Exploring Computer Scienceclassrooms
study, 69 high school students worked on a series of fouthereafte£CS Margolis & Goode, 2016). During the unit,
different etextiles prgects over eight weeks as a part of their students from three classrooms created a series of four open
introductory computer science course. We analyzecended projects of increasing difficulty. In order to
debugging challenges and resolutions reported by student§derstand their debugging more deeply, we studied the
in their portfolios and interviews and found not only a wide Problems that stients reported they had to debug. Using
range of Computationa| Concepts but also dbee|opment endof-unit written pOfthliOS and interviews where students
of specific computational practices such as being iterativé€flected on the challenges they encountered while creating
and incremental | fextilespuopasn t thed etexties I&r?%ft& Wweystudied the following questions:
In the discussion, we address the need for more studies ¥hat types of challenges did dents face, and in what
recognize other computational practices such as abstractigiphtent areas as they were making these projects? What
and nodularization, the potential of hybrid contexts for kinds of computational practices did students report in

debugging, and the social aspects of debugging. relation to solving problems that came up? What social
resources did they draw on to debug projects?

KEYWORDS

computer science education, programming, debugging,z- BACKGROUND

electronic textiles, making Debugging has been recognized as a key part of
computational thinking for many yeaf&rover & Pea,

1. INTRODUCTION 2013) As Papert (1980) noted,[ e] rror s benef i

Debugging the process to fix problems in code that preventthey lead us to study what happened, to understand what

a computer program from functioning as intended, iswent wrong, and, through understanding, to fix it ( p . 114

recognized as a key computational thinking practice inThe historical teaching of debugging strategies has focused
engineering and computing (College Board, 2017;on helping students discover their own syntax problems
McCauley et al., 2008). In addition to being arportant  (e.g., Robertson et al., 2004) or providing them with
practice, debugging can also illuminate various areas oftrategies for fixing and finding bugs (Carver & Risinger,
student struggle and provide opportunities for correction and 987) through avariety of methods, such as debugging
support (Griffin, 2016). This is evident in studiadiere  exercises and logs, reflective memos, and collaborative
novi ce programmers®o e r r assignmentd (@.y.,eGriffin, 2016 Résenrchies thave also
misconceptions about specifconcepts such as logical developed different technical supports in the form of
operators or understanding of contflolw statementge.g.  debugging tools. For instance, Tubaishat (2001Yigdel
Brown & Altadmri, 2014). tracing tools, while Thomas, Ratcliffe, and Thomasson
Yet, debugging is an issue not just in computer science b 004) offered visualizations and Robertson and colleagues

also in engineering education (e.g., Patil & Codner, 2007)! 004) investigated the timing of interruption tools. Nearly

Electronic textiles cestruction kits, that include sewable _aII of this research focused on-sareen programming since

microcontrollers, sensors, and actuators (Buechley, Pepple'rt, was common ininfroductory programming courses then.

Eisenberg, & Kafai, 2013), bring engineering and computel’a‘S McCauI_ey anql colleagues .(2008) noteq n their
science together and generat times interconnected comprehensive review of debugging research, it is unclear

problems for debugging. For instance, dgrihe creation of how findings and strategies developed from these earlier

an etextile project, problems can occur in the code, in thestleIes apply to visual programming anguages ‘.”"mm'y
construction kits such as-textiles which also involve

circuitry, and in the crafting and physical design itself, and )
students need to test and isolate problems, often fix multipl§0|I"’lborat've work.
co-occurring issues that add to the complexitynef project  More recently, scholars have started to identify
(e.g., Kafai, Fields, & Searle, 2014). Thus these hybridcomputationalpracticesin computer science education, a
projects provide an opportunity to promote deeper learningocus not just on what concepts students are learning but
of debugging in engineering and computing, especially if wehow they ae learning it and what thinking strategies they
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develop. For instance, in their examination of studentdn 2016, we codeveloped an -gextiles unit for theECS
learning Scratch, Brennan and Resnick (2012) identifieccurriculum and piloted it with two teachers, focusing on
four computational practices: being iterative andteacher practices of making (see Fields, Kafai, Nakajima,
incremental, testing and debugging, reusind eamixing, = Goode, & Margolis, in preg. We revised the unit in 2017
and abstracting and modularizéhgach of which can result and piloted it with three teachers, this time with a focus on
from rich programming experiences. Similarly, Sullivan student learning (the broader focus of this paper).

(2008) outlined seven types of scientific thinking that

student exhibited while thinking aloud about solving of a series of four projects: 1) a p d usig a simple
robotics problems: olesving the problem, isolating the circuit, 2) a wristband with three LEDs in parallel, 3) a

problem, generating a hypothesis, testing a hypothesis

controlling variables, manipulating variables, evaluating thecizzigzomg:ggnsmm:: g;glﬁﬁtncvgre;?atgg'rtsw oOfsv?/RJc%eer:Sto
solution, and estimating and computing. Together, thes& b P

: : : . computationally create four lighting patterns, and 4) a
studies suggest taking a broader view of thenkihig = R o /
processes that debugging involves. i human s e n stloat 0sed pwoo glumioum folil

conductive patches that when squeezed generated a range of
Several studies have shown thategtiles can provide a data to be used as conditions for lighting effeStsident
complex context for debugging. The hybrid nature of e artifacts included stuffed animals, paper cranes, and
textiles means that problems can occur in severalvearable shirts or hoodies, all augmented with theasn
overlapping areas of craft, design, circuitry, andimgd and actuatorsAll the students also documented their
(Kafai, Fields, & Searle, 2014; Lee & Fields, 2017). This projects in portfolios in which they summarized their
means that identifying underlying problems is potentially projects, shared challenges that they faced, and reflected on
tricky. However, prior studies of debugging intextiles  their learning during the-extiles unit.

have largely focused on areas of circuitry and physical craft'n Spring 2017, three high school thars, each with-82

with only elematary computing concepts appearing in . . .
studies of debugging (see Litts, KafaSearle, & years of computer science cl_assroom teac_hmg experience,
Dieckmeyer, 2016Fields, Searle, & K,afai 2016D_aci< of piloted the etextiles unit in theilECSclasses in three large
time may be’ a reason fo’r this sihce mem;)eiles projects public secondary schools in a major city in the western
rarely exceed 10 hours of time on projects amdrely United States. All three schools had socioeconomically
include more than one project requiring programmingcji.s""(j\/""r]F"’lged student; (89% of stqdents at each SC.hO.OD
sensors or actuators. In our study, one goal of Hextédes with ethnically nordominant popglatlons (|.e.., the majority
curricular unit desigmvas to engage students more deeply inOf. the §tude_nts at each school !nclude Alrican American,
computational aspects oftextiles for more time (roughly Hispanic/Latino, or southea_st Asian student_s). In School 1,
40 hours of lass time) with two projects involving coding. Angela taught 22 stamhts 6.9'“5 and 16 boysin .SChOOI 2,

Ben taught 36 student$q girls and 19 boysand in School
Further, we intentionally looked at whether students3, José taught 29 students (20 girls, 9 bo4#)the students
discussed getting help from others in their descriptions ofvere of 1418 years of ageAll names of teachers and
debugging in an effort to understand the collaborative naturstudents are pseudonyms.

of debugging.Previous debuggingtudies have focused
mostly on individuals as if learning to debug was solely an4- DATA COLLEC TION AND ANALYSIS

individual endeavor (e.g. Fitzgerald et al., 2008). yetData for thi_s project include all written portfolios submitted
learning in computer science does not happen in isolatiorPy consenting students (69 students from 3 classrooms) and
Kafai and Burke (2014) called for a reconceptualization ofintérviews with pairs of students from each classroom (16
computational thinking as computational participation,StUd?”tS tot_al) d|sc_ussmg problems they encountere_d while
explicitly recognizing the collaborative nature of computing. Making their etextiles artifacts. We began analysis by

As collaboration is recognized as a key computationafdentifying debugging episodes that students reported in
practice for learners to develop (College Board, 2017), som#€ir interviews and portfolios. We then grouped these
studies have noted theleaf others in problem solving with ~ €Pisodes studentise (69 students), combining two or more
computers or robotics. For instance, Deitrick andchallenges whenever a studishared the same issue, both
coll eaguesd (2015) analysi Dthgipterdew gnd the podfalion This gesulted in 219 totalp o
a sociehistorical lens uncovers the intricacies of debugging episodes.

collaborative contexts where students, teachers and toolg/e coded the debugging episodes in a number of ways,
play a definite role in computational learningurther,  drawing on concepts and frameworks from prior studies
Jordan and McDaniel (2014) found that peers serve as ghenever applicable. To begin, easisode was classified
resource for managing uncertainty during problem solvm_g.by content (crafting, circuitry, programming, and design)

Yet much more needs to be understood about collaboratiogng then suizlassified within more specific areas of these

with debugging, especially ifnformal or ill-structured  gomains. For instance, we subdivided circuitry based on
groups (versus pairs or small groups) codes by Peppler and Gl-osson

3. CONTEXT AND PARTICIPANTS textiles: Connectiqns, polarity, andd current flow. Fgr
The ECS initiative comprises a orgear introductory programming, we rew on rent

. . . . framework of computational concepts: data, events
computer science curriculum with a tyear professional sequence conditionaFI)s logic o erators;p and loo ,s We aléo
development sequence. This ingdirgsed curriculum & q ' »109IC Op . PS.

been successfully implemented with over 20,000 students'!m""d(ad syntax, an issue specific to teased

The revised unit took place over eight weeks and consisted
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programming language. However, with very little prior debugging episodes focused on code, 64% of included
research done to understand student challenges in designifigs i mpl ed i ssues that involved
and crafting, we needed to develop new codes to categorizar incorrect usge of constants. For example, some of these
these challenges, including sewing mechanics, physicabugs included fixing brackets in conditional statements and
construction, and thredimensional issues of design. f uncti ons, and mislabeling a
Multiple codes could be used for each episode, since areasf Al NPUT. 0 Whil e these are s
often overlapped (e.g., a problem involving both circuitry resolving syntactical and labelingdps such as these is a key

and code) . We al so i ncl ud egrdcticain ciding (MeQawdey ét al.s2008)c at egor y i

cases of vaguely described problems. However, 36% of the coding issues shared revolved around

In addition toanalyzing content domains, we looked at more complex computational concepts such as determining
computational practices students exhibited in theirmathematical expressions for ranges of sensor values and
descriptions of the debugging process. For this we used botmanaging multife conditional statements. Consider David
Brennan and Resnickoés (201ethod 1)a wmewhad difficalty detesnmiming ttha tmost n a |

practices and Sul |l i v arobem Efieatite haages fos hisbhdnmam sessor @nojectoThis project
solving with robotics (see Section 2 for descriptions).included two conductive patches that created a range of
Notabl vy, Brennan and R e s mumetcal wvaluess depehding dnt leow t hard gsomeoned

debuggingd as one comput at sqoerzad. Stydent bad fo create folt camgesvoetiese valubs |
problem solving their projects, students often reportedand program them to trigger different lighting patterns. As

practices such as beingriddive, so we included all practices Davi d expr essed, it was harc
identified by Brennan and Resnick and Sullivan in ourrange had to be so that it would actually react to how you
coding of debugging episodes. want i t tet he redlized Bis fikstf attempt at coding

ranges was inadequate, he iteratively tested the sensor, and
specifically what resources students used to resolv represented a sequence of readings on a number line. Many

P y . S . Students struggled with coding the ranges on their patches
problems, including _d|g|IatooIs (e.g., Afd“'r!o IDE error and took substantial time to fikem. Other more complex
message bar), physmal tools (e.g., seam rippers or CUrvVeg allenges that students faced included organizing multiple
needles), or social resources (e.g., peers, teachers). Few

gl . conditionals, especially if they involved two stages (i.e.,
students reported the use of digital or physical tools.u sing Aif_ , else. o inste

However, many ;tudents frgquently listed collaftion as a . _statements), using additional sensors (e.q., Iig_ht SEDSO
key resource while debugging. Below we share overarchm%_built functions (e.g., random number generator). The

findings from this analysis, focusing on computatlonalvariety and relative complexity of coding challenges

concepts, computauo_nal pr_acuces, and COII"’Iborat'vereported by students highlight the affordances-téxtiles
resources to debugtextiles projects.

to support debugging both simple and advanced
5. FINDINGS computational coding concepts.

In the following sections, weeport our findings under three Besdes struggles with coding, another new area of struggle
categorieccomputational concepts, practices, and theinvolved designing circuits on a thlfdernen3|qnal artifact _
collaboration that emerged from student portfolios angsuch as a stuffed animal or sweatshirt, especially common in

Finally, we considered the larger context of debugging,

interviews analysis. the human sensor project. These designs required students to
_ ) ) plan their circuiry two-dimensionally on paper but translate
5.1. Computational Concepts Involved in Debugging it onto a threedimensional item. This posed new challenges

In earlier studies of debugging withtextiles, crafting, to students. Thirteen of the 69 students (19%) specifically
circuitry, and simple computational challenges were thementioned this issue within their debugging. For instance,
primary areas of debugging (Litts et al., 2016; Fields etal,y h i | e making h iuffed animalgproject, Bi r d
2016). In this study we found similar reporting of problems Rodrigo (School 1) realized he had to change his circuitry
that arose in créihg and circuitry, but we also identifiedtwo g nce he st arted wor lkriadeghese n t h
other areas of debugging that were not discussed in earlighanges because it was difficult planning out a 3D model on
studies. First, students in our study reportedding paper and if | hadnoét nhede ch
challenges almost as often as crafting or circuitry and thif he paths would have crossed,
highlighted some key coding condsp Second, students hjs portfolios are visible in Figure 1, where he showed two
also encountered new challenges timeedimensional  sjdes of the stuffed animal as well as his final circuitry
design We describe these two areas in more detail below. giagram highlighting those same two sides (front and

Among the 210 total debugging episodes, concept@ou_om)- Though issue®f thre_edimensional circuitry _
discussed were almost evenly distributed across coding®Sign have not appeared previously in work on learning
(29%), crafting (30% and circuitry (28%). Within the Wlt_h e-t_ext|les in K-12_ edu<_:a_t|on_, it h_as come up _Wlth
episodes that discussed coding challenges and resolutionsUgiVersity students during clinical interviews (Lee & Fields,
wide variety of concepts were reported, ranging from simple2017), suggesting it may be an area of debugging tha
problems with syntax and labeling to more advanced issuegiudents face while working on more advanced projects.
with logical operators and contrlbw statements. Forty This z_ilso raises opportunities to consider spatial thinking in
three students across three classes mentioned codifgfextiles design.

challenges at least once: a total of 61 episodes. Of these
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wasnot touching. o Alexa and
source of the error as the shoircuit (crossed threads) and
hypothesized that the spatial placement of the Circuit
Playground (microcontroller) at the back of their Pacman
mat wa causing the short circuit. They were able to isolate
specific locations where these short circuits occurred and
plan their next iteration to fix them.

0/
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Figurel.Rodr i godéds Angry Bird project
clockwise): Upper view; bottom view (showing
microcontroler); Circuit diagram. Figure2 Al exa and Antoniobds P

to right

5.2. Computational Practices Related to Debugging Along with testing and debugging, being incremental and

In addition to content areas of debugging, we also sought tderative was another other key computational practice
better understand the process of debugging, analyzing thigvident in student narrations. Of the 35 students who shared
through the computational practices lenses. Out of 6%bout this, 29 discussed incrementally revising their project
students, 60 tmred at least one of the four standarddesign and 10 shared about repeatedly testing their sensor
computational practices suggested by Brennan and Resnistalues and adjustintheir project code to suit the varying

(2012) in their framework. Out of these four practices,values. (Note: we classifiegtpeatedtesting of a problem

testing and debugging was the most mentioned (4mnder iteration rather than testing and debugging). One of
students), followed by iterative and incremental pcast the key challenges underlying revisions was translating

(35 students). The two other practices, abstraction ang@roject plans from paper representatiotts physical
modularization, and reusing and remixing were rarelyartifacts. As previously mentioned, many students had to
discussed. This may be because of how the questions werevise their project upon realizing that their plan on paper
phrased in interviews and in the portfolio, which focused ondid not work when sewn in three dimensions. For instance
challenges students fateFor instance, in their focus on Al ma (School 2) expressed tt
problems, students did not mention remixing designsproject] we realied that everything was basically
although remixing and reusing dailse items such as backwar dso and had to substan
backpacks and soft toys was an integral part of theirhumanf each LED so to have ficl ean
sensor project. Further, though there were opportsriitie
applying abstraction and modularity (i.e., breaking down
project and/or code into parts), this did not seem to be
conscious way that students thought about this process WiRN
regard to problem solving. However, yet another
computational practice hat emerged from student So from my last project, it was a human sensor and my
descriptions was collaboration, which is also presented asas cal es wer eé pretty much wr ol
perspective in Brennan and oResmpiadké&s n( W0t Xk)emé&r h Mé wo Kk x
Thirty-six students reported on collaboration as an integral started testing out. So, | touched it. Okay, this is the

Besides design translations, the other major area of being
Giterative and incremental was in testing gemsor patches.
ere David (School 1) again provides an explanation for
hat iterative testing looked like:

aspect of fixing errors, leading us to suggest coliatian as values for a |ight touch, ju
more of a computational practice rather than a perspectve s queezed it harder . 6 [sic] |
developed, which we will elaborate shortly. i nputted thateé As | |l ooked at

therangefom this to the next p at
small. So | have to make it bigger so that it can be a bit
more sensitive.

Though all debugging episodes concerned students fixing
issues, in some instances students shared more specific
details about how they iderigfl, isolated, and otherwise
focused on understanding a particular problem. In these 4This encouraging example of iteration demonstrates the
instances, we coded for specific areas that Sullivan (2008areful way that some students had to work to program their
identified. The most prominent of these were observing thesensors. Often theifirst attempt would result in poorly
problem (46 students), isolating the problem $i8dents), thoughtout ranges, and, like David, students had to proceed

and generating a hypothesis about the cause of the probletiirough cycles of testing and adjusting the range of values

(35 students). As an example, consider how Alexa andorresponding to squeezing. Though only 10 students
Antonio (School 2) worked through a series of circuitry described this particular process, it is acfice that could be
problems in their Pacmahemed mural project (see Figure expanded on more intentionally in future iterations of the
2). AsAlexaexpressed i n her portf ol icariculuinfandinldeboggimg pédagogy moralgererally.n

we wanted the playground on the back of project. When wi . .

tried that, the conductiwv e%3nt e%"'r'i%ﬁéiﬁ?(” %gp(t:%{(tssegdeéa&dit%n[%aglu%gm% tw% gr % o
dealt with our problem by redesigning our project, so that P 9

the playground was in the front andetbonductive thread involved collaboration with classmates, partners and
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teachers. Most students (75%) explicitly mentioned helpobserving of how they actually solved them. This opens up
they received from peers or a teacher in at least one oftteh e need f or deeperthemanerd ar ¢ h
challenges they described (in 36% of the challenges overalldebugging to see whether studemntgage in other steps of

Unlike an earlier study that observed low pegliaboration  debugging such as manipulation of variables, evaluation of

in e-textiles (Litts et al., 2016), this analysis revealed studensolutions, and estimation of data.

engagement with different types of collaborators throughou
their etextiles debugging, from their immediate partners on
a project, to students at the same table, to the vidss
community.

tOne other key finding was frequent student collaboration
during problem solving. Students shared collaboration not

only at the level ofdrmal pairs and small groups but within

the broader classroom, turning the class into a community of
Students reported different kinds of supports that theylearners. The physical layout of the classroom with tables
received from peers and teachers across a range ofdssuesa n d shared supplies al ong wi
from identification of syntactical errors to understanding students to move between tables may haasoeraged this
concepts such as conditional statements. An example for #uid collaboration (Fields et al., in press). More so, these
simplesupport includes Et han 6 $indifgS call foroa rec8nceptuatization df collaboratioh ind i m
lights in his quilt project. His classmate helped him locatethese spaces to better understand the roles taken on by
and isolate the problem: missing a line in the setup sectiodifferent participants. A closer look at these types of setting

of the code that initialized the pin to OUTPUT. Students alsanay help us understand and classify different kinds of
mentioned gettindelp with more complex struggles. For supports students provide to each other. Such an analysis
instance, Allie (School 2) used her classmates to test theould also help us understand the supportive role of teachers
sensor s of her human s e n sir rcreating agll@orative classioomg, irffodming f tkeer e n-
people's pressureodo and c hadewlopmgnt df hesv padagogl approaches fon gtudentp r 0 |
Surprisingly, students rarely mentioned teagiagticipation  and professional development for teachers.

i i 0,
in debugging (close to 11% of challenges). The interdisciplinary nature oftextiles provided a unique

Coll aboration was ment i on e dppdrtungydosiidy tebuggirig m a lsybrid coptdditted r e p

of debugging although students were graded individually forthe ability of debugging exercises to develop computational

this unit. That so much collaboration was evident in thesghi nki ng and practi cesexplicit | ear

contexts suggestbat there is much more to discover aboutinstruction in debugging[to] be fundamental toany

unstructured peelo-peer debuggi ntextles n begudeantngd peg ogrammi ng cl asso

design processes and in debugging eopeted 2008).If debugging is a core area of computation, then as a

computational projects. field we need to look beyond deonly settings of
computation to hybrid settings (including but not limited to

6. DISCU_SSION _ etextiles) where students are introduced to debugging in

Our analysis of student challenges and solutionspore challenging situations which demand multiple

demonstrates that debugging omemtled eextiles projects jterations of revising and testing. Further, more studies of

can provide a rich context for students_ to experience a ranggepuging are needed in many contexts that look at it less as

of computational concepts and practices. Our study notegy, jndividualistic and more as a social practice, moving from

promising new areas of condepl struggles for ¢extiles  computational thinking to computational participation
students, specifically in the domains of coding and three K afaj & Burke, 2014).

dimensional design. We think this is because students were
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Korea and Malaysia have announced plans to introduce
ABS_TRACT programming as par.t of stude
This paper shares a school QspadThitd J087YAPEC) 20imbvRvel, iMflemenfig N t at
of a schooide programme for students to learn and apply programming as compulsory education and the integrating

computing over the years in school. The school leaders seecomputational Thiking into the curriculum is challenging
the value of having students learn computing and coding as(sentence an@sizmadia,2017)

it provides studentsith opportunities to understand how

techn0|ogy works and app”es to solve prob]ems in the In our context, we ﬁnd, teachers lack the content and
world. The school worked towards the design of a Pedagogical knowledge of Computing and Computational
programme that enables all students to learn coding. TheThinking to know how to integrate into the curriculum.
design of the programme i s Campgredtoestablipldfigldsphstudy i Sadepcesssdch ash e o
of Constructionism which postulates that students learn bestPhysics or Chemistry, the study of Computer Science-in K

when engaged in concrete experiences of creating artefacts12 is relative new as the computing technology is still

In imp|ementingascho{ymde programme that would span eVOIVing. Teacher training institution does not offer

over a student educational experience in school, the schooProgrammes to train teacher in teaching Compuéiaca

is Cognizant of iages of a packed school curriculum and SUbjeCt. Interested teachers do not have the Opportunities to
teachersd lack of exper i e nleagCompying andmedagogy pigteaching, @mpstiigh o o |
addressed the issue of a packed curriculum by structuringT€achers need to have a Computing background or undergo
time for learning computing in the time table and integrating €omputing training to teach Computing to students. The

with school subjects. Training partners wegngaged to lack of teachers with redmd skills and content knowledge

work with teachers in designing and integrating computing impedes the teaching of Computing and Computational
with the subjects to addr e sl§inkingifall stugeptkin asghoql arestebg @ygkt-Hecand,p e r
Teacherso6 capacity cont i nu &achingConputingang @ompugaiogal Thirkingiiss@lan g a
competence in computing. The school continues to improveemerging field of study in K2 education settirsy

the progamme for sustainability and richer learning compared to tertiary education. At the tertiary level,

experience for the students. students pursue computing degrees which provides
opportunities for them to learn the theory of Computing and
KEYWORDS develop the practice over the course of the study. Their
Coding Computing schootwide programmes programming skills and craft adeveloped when they work
Implementation. on projects and assignments in various topics like learning

programming languages, operating systems, artificial
1 INTRODUCTION ) intelligence, computer networks, data sciences and
Computing technology has changed the way we live, work yatahases. Computing covers a wide field of study with

and learn about the world around us. Beyoetg users of — ;oncents thaare difficult to introduce in KL2 settings.
technology, there is a need to understand how computingreachers need to know what topics are relevant and
technology works and apply this understanding to solve 555 qriate to teach the students ifLK schools. Lastly,
problems and innovate new ideas that would improve our yhere js ack of the curriculum time and space for schools to
lives. Computing technology is transforming manufacturing integrate the teaching of Computingda Computational
with the vision ofindustry 4.0 integrating Cybernetics, data Thinking. Students in Singapore secondary schools are
analytics, cloud computing, Machine learning and Internet required to take the core subjects of English, Mother
of Things to create Smart fapt_ories that monitor processesTongue, Mathematics, Sciences, Social Studies, and
and make decentralized decisions. The emergence of how,manities. In addition, there are Quirricular activities
various computing technologies are grated and utilised  \ hich all studentsre to participate as part of their holistic

is creating a demand for new skills and capacity to drive the g ,cation. There are school wide programs in niche areas
economy. Hence, there is a need for students to better

- of learning such as leadership, entrepreneurship, drama or
understand how computing technology works and hamessgironment science with programs. Even if schools want

it use to improve lives. Around the world, there is a growing  introduce Computing to all studentsis a challenge to

enphasis on introducing Computational Thinking and g the time to implement the teaching of Computing and
coding to students in schools (Brown, Sentence, Crick and Computational Thinking in a crowded curriculum space.
Humphreys, 2014). Countries such as England have made

the teaching of CT skills compulsory in the curriculumand Thi s paper documents a school
all students will learn programmin@fE, 2017) Japan, schoolwide programmei Coding and Computational
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Thinking infuUSed Cuiculum (CaCTus) for teaching pond. Following such an approach, students are participate
Computing and Computational Thinking. The school inthe process of identifying a problem, experimenting with
leaders and teachers worked together to implement avarious ideas, designing, constructing and testing a solution
schootwide curriculum that introduces students to the to the problem. Through these processes tah@models of
concepts of Computing and Computational Thinking over 3 the world around them and their nave scientific concepts
to 4 years ofheir studies in the school. The programme is can be constructed and refines. Computers and mobile
designed for students to learn and apply Computing phones are now part of everyday lives but they operate very
concepts through integration with school subjects that they differently from the mechanical devices with gears and

are learning in the classroom. levers. If studats are limited to being users of computing
devices, i.e.seeing only printed circuit board with chips and

2. _SCHOOL BACKGROUND ] ) ] LED displays, they will have nave mental models of how

Bukit View Secondary School (BVSS) resideshia typical ~ the devices actually function. Having primitiveor

surburban neighbourhood in Singapore. The studentincomplete mental models about computingides could
enrolment is 1005 with 61% Chinese, 18% Malay, 16% jmpede their learning about and with computers in future.
Indian and 5% Others (compared to 74.3% Chinese, 13.3%peye|oping codes and knowing how computing systems are
Malay, 9.1% Indian and 3.3% Otherationally) housed in  ¢reated to solve problems can help children to construct

25 classes in 2017About 45% ¢ the students speak  mental models of how technology and their different parts
English (compared to 36.9% nationally)# as their main gk together. Mo r e i mportantly, stu
Iangua_ge of communication at home with the rest using programs to understand their world, and manipulate their
their Mot her Tongue. The pgPfiide (oéuztdhiea|p’ar2e011tzs)o_ hjighe
education attained for Secondary/ITE, Riolytechnic goal is not for students to become Computer Scientists, but

and University are 46%, 25% and 25% respectively for gl students to better understand more abaaitwtbrld

(compared to 26.1, 14.6, 30.7 nationjlly around and their thinking processes as they use technology
BVSS has fiered Computer Studiess an GLevel subject in concrete ways to solve problems. It is through a
since 2006Since 2017, BVSS is only omé 19 schools in constructionist approach as Seymour Papert iterated that
Singapore that offers the new Computing syllabus. icomputers might enhance thir

access to kpet¥®BB®.dge. 0 (P

3. DESIGN OF THE CACTUS In the design of CaCTus programme, the following ideas

CURRICULUM _ quided us:
The school leaders and teacheasvihe importance of

learning @mputing as it has the potential to develop 1 Every student in Bukit View Secondary should
problem solvingskills for students in thevorld they livein. have access to the same learning experiences.

Also, the school leaders sawtrong connection of
Computing to other disciplines such as Mathematics,
Engineering, Science,and Design and Technology

I The learning experiences should be continuous
and connected over their stay in thacal.

Acquiring skills in computing can be applied in above 1 Students should develop®2dentury skills such as
subjectsAlso, using Computing can help solve problems in developing critical thinking skills, solving
the domains inhealh care, environment, business, and problems, collaborating with others and
engineering. Finding solutierto some of thee problens developing creativity.

requires computational skills and knowledg@bove

observations formed basis for setting out following goals of  Each studenshould have a rich experience in
CaCTus using Computing and Coding to solve probdeim

authentic contexts.
I To enableBVSSstudents to better understand the

fast evolving world due to digitalization 1 There is a diversity of learning experiences for the
students to learn, construct and apply their
T To improveBV SS st thidkegn skilsdin knowledge.
appling the concepts to solve problems in a
dSrl?gmi% way. P P Based on above ideas, the school leaders and teachers

worked together with partners in designing rich learning
1 To open doors to a host of opportunitiesBMSS experiencedor students to apply technology in authentic
students in the future, egardless of the career context to better understand their world.

path 4. IMPLEMENTATION OF CACTUS
The design of the CaCTus drsgs 2003 OGHE $choBl hall esBparat® fenrRingrie 1 t
idea of Constructionism (Paper and Harel, 1991). Based onprogrammes for students at various levels to learn coding
Piaget 6_5 constructionist 't hy§cR "ay [Scrdtch.© The lefrighmént ﬁ,ﬁgmggh\ﬁefee st
construct their own knowledge from their prior consolidated and reorganized as CaCTus in 2016 for all
understanding, Papert extends it by stating that studentssiydents in the school to have a contiuous learning
learn as they are engaged in meaningful concrete experience of Computing and coding from Secondary 1 to
experiences. These concrete experiences can beinaformoi A schoolwide approach was adopted. However,
designing, constructing and programming an artefact like @jmplementing a schoekide approals competed with the
robot or building a kit to mease the quality of water ina  gemands of curriculum and <@urricular activities. To

34



address this issue, CaCTus was structured into the schoolack the skills oexperience to teach the students. Secondly,
timetable with two 4@minute periods each week over a 20 with a packed curriculum schedule, it was a challenge to
week semester. A modular approach was taken so that alimplement a programme for all students. A typical student
students wre able to participate and experience computing in Singapore secondary school takes 7 subjects. In addition,
programmes. Efforts were also made to integrate the each student would also participate Co-curricular
modular activities with the curriculum in subjects such as activities during the school day as well as other schodé
Math, Science, Geography and Design and Technology. Forprogrammes such as the Applied Learning Programmes
example, Secondary 1 students were bhiaed to use  (ALP) or outdoor programmes such as the Outward Bound
Scratch and create a visual simulation of the Water Cycle in School (OBS).
their Science lesson. For Secondary 2 students, drone . 5w
programming was introduced to make them understand how ! 2 ',’ -
such technology can be used to study geographical features - ¥ g ‘

in their Geogaphy lessons. 5, Tos

Table 1 shows the various modules that were designed for
students in school from Secondary 1 to Secondary 3. '

Table 1.Cactus Modules
Programmes

Secondary 1  Scratch Animatiori Bio Water Cycle

IDA Lab on Wheels

Codingi Spheros Programmable

Robot

Hour of Code by Salesforce

Learning journey to Salesforce -
Secondary Scratch Coding National Education Figure 1.Sea Perch collecting water quality data.

Salesforce talk on Coding
Sea Percii Collecting data and To address the challenge of lack of computing skills among
analysis of water quality teachers, the school leaders and core teachers partnered with
Drone programming technology training vendors, experienced in coding, and
Coding workshop @lanyang government agencies such as the Infocomm Media
Polytechnic Development Authority (IMDA). The school leveraged on
Secondary 3  Learning journey to IMDA funding and resources from IMDA to design and run the
Advanced Elective Module programs. In the initial stages of the implementation, the
Coding workshops @ Nanyang training vendors designed the learning experiences with a
Polytechnic selected group of teachers. The teachers ensured that the
*IMDA 7 Infocomm Media Development Authority leaming experiences are aligned to the goals and ideas of

CaCTus. Working with different vendors and activities, the
teachers looked at how the various experiences are
connected and applied to the subjects. Efforts were made to
ensur e t hat s ésuatlee buitt ufon and per i

students collect water quality data from the pond and continued as they progressed from one grade to another. For
analyse the collected quality. It is through the data analysis yprog . 9 : '
example, students introduced to visual programming tools

that students find meaningful interpretations and understand. .
the chemical coent in the water that otherwise would not Sec_ondgry 1, continue to use thg to_ols such as Scratch
be obvious to them. They have the opportunity to observe and Microbit Blockbased programming in Secondary 2.

and experience how data is collected through sensors,|n the second year of implementation, school leaders

manipulated and visualized to determine the quality of engaged the training vendors to conduct workshops for all

water. teachers to learn and participate in coding and computing

experiences. During such workshops, teachers built games

with several rich authentic experiences in using computing such as TiTac Toe, and exploredarious ways to program

and coding to solve problems during their school years. The M'CrIOb't _t;oar(i] €.g. ldlsrl)laylrlg theltr r;am.?hw[thtrt]hek.LEllD)
student sé6 | ear ni n off mbceninua e rgl(s,p(%"?l%' Feners aqs%gamoagog algonthmic thinking by
to build on their prior experiences as they move tathe créating sequenced codes to control a robot and drone.

grade. To operationalize CaCTus, the school planners areCreatlng these experiences provided opportunities for

cognizant of the challenges in the design and teachersto equip themselves for introducing simple

implementation of the programme. First, there were not concepts of how these technologles function, to t_he
enough teachers to design and run the computing stk;Jdetn';]s. Eventualtl_y, the é:]oaldl_s for allgea_cft]ers ttodth.'rlk
programmes. Most of the teachers are subigathers in ?he?y tesg\rl]ifmoms?uub!ggt a:re;so S'Eghczr; '\7;{;1 elgﬁ:g eor into
Sciences, Mathematics, Humanities and the Arts, and theyHumanities gAIso JThe school worked witﬁ industr

do not know much about coding or integrate coding into ' h ' lesf | d. N y
their respective subject pé%?ﬁwn?r?]is%culaaéaesch,aé\/lﬁ)%ra%A aWﬁ]‘e%w

typicaly not buyin into the program if they feel that they echnic for learning journeys and-workshops.

The programmes were designed to provide students
opportunities to learn computing and coding to ustdad
the world around them. In the Sea Perch (See Fig. 1),

In the design of CaCTus, the goal is toyide every student
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exposure to industry and polytechnics is aimed to enthusefor their subjects. To better sustain the programme and

students in seeing the practice of conmuyibutside school. provide studentsd a richer I
pr ogr amme ai ms t o devel op

5. FUTURE PLANAFOR CACTU_S Computational thinking, design thinking, inquiry and

The school ds Applied Learmimnhg| Bmedrsdammg ngALF)wed Nilgpe

CaCTus programme were run as independent modules ovejoyrmey would provide some understanding in how schools

each semester since 2016. In 2017, the BVSS teamcan implement programmes in learning computingaib
reviewed the ALP and CaCTus programmes and saw gi,dents in the school.

synergies irboth. Consequently , the school has decided to
integrate both programmes and move into a -yewg 7. REFERENCES
programme for each level. The integrated programme hasAPFC (2017)Pr epar i ng Students for

been named a$¢ Junior OUtstanding Leaders in Egg Creative Economy: The Successes and Challenges of
for Sustainability (JOULES)nppgramme It is adistinctive Educational ReformRetrievedreb 13 2017,from
programme that focuses on Science, Technology, http://www.asiapacific.ca/researclport/preparing
Engineering and Mathematic6SSTEM) education. This studentssouthkoreascreativeeconomysuccesses

expanded 4-year programme provides students with pgioyn N. C., Sentance, S., Crick, T., & Humphreys, S.
knowledge and experience in design thinkargd coding (2014). Restart: The resurgence of computer science in

for environment and sustainable energy. UK schools ACM Transactions on Computing
JOULES emphasizes on STEM and environmental Education (TOCE)14(2), 9
advocacy to develop leaders of the future who will continue DfE. (2017).National Curriculum in England: computing

to champion sustainable development throtig use of programmes of studyRetrievedreb 132017, from
technology. Raising the innovation quotient amongst the https://www.gov.uk/government/publications/national
student population is another aim of thegramme.t is curriculumin-englandcomputingprogrammesof-

also hoped that the enriching experience of tBULES study/nationakcurriculumin-englandcomputing

programme will inspire theistudents to pursue relevant programmesf-study

S;—slz?tw/e(l:o?czsgii '2 g‘reelrazég?he; ngrtljgatlon, and contribute Guzdial M. (2012, May)21st Century Literacy includes
P y 9ap ' Computing for EveryongVideo file]. Retrieved

The student outcomes includbe following skills and from https://www.youtube.com/watch?v=mGc6clf_Wt4
dispositions:  problem  solving design  thinking &feature=youtu.be&t=16m33s

computatic_)nal thinkin_gscientific literacy and inquiryand Japan Times. (2017omputerprogramming seen as key
mathematical reasoning to Japanods place in 6fourth
6. CONCLUSION Retrieved Feb 13, 2017, from

This paper shares the experiences of designing and http://www.japantimes.co.jp/news/2016/06/10/business/t

implementing a schoakide approach foall students in the ech/computgprogr:_immmglndustryseenkey—lapans
school to learn and apply computing. The school leaders placefourth-industriatrevolution/#.WKG2P_[97b0
recognized the importance for all students to have Papert, S.& Harel, I. (1991). Situating

experiences in learning computing by structuring constructionismConstructionism36(2), ¥11.

programmes into the time table as a subject and integratingpapert' S. (1980Mindstorms: Children, computers, and
computing into subjets such as Mathematics, Science, and powerful ideas. Basic Books, Inc

Geography. Students could learn to apply coding into the , . o

subjects and teachers could better integrate computing intcS€ntance, S., & Csizmadia, A. (2017). Computinthe

their subjects. The school leveraged on training partnersto ¢ YT ri culum: Chal lenges and s
work with school teachers in the initighases to address the ~ PerspectiveEducation and Information

lack of computing experience. In the later stages, the school T€chnologies22(2)

sought to develop teachersd competence in using computi
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thinking is broader than coding, albeit coding is the essential

ABSTRACT . . . _ part of it (Shute et al., 2017).
Learning to code is claimed to be associated with

improvements in other cognitive skills, such creative  Although the discussion surrounding the transieitity
thinking, reasoningand mathematical skill#Although the ~ ©f learning to code on other cogué skills dates to the
claims surround this transferability of coding skills have 1980s and 1990s, the existing body of research abounds in
already been made in the 1980s 4860s, the existing body conflicting findings, and previous attempts to matalyse

of research does not provide clear insights into the transfehe transfer effects were flawed (Scherer, 2016). For
effects of learning to cod&he currentetaanalyticreview  instance, Liao and Bright (1991) extracted 432 effect sizes
shed lights on these effecWe retrieved an overall sample from 65 studies and summarized them to an overall transfer
of 105 experimental and quaskperimentalstudies with  effect size ol = +0.41. Although this finding indicates that
posttesionly or pretesposttest treatmentcontrol group  Positive transfer to other cognitive skills may exist, the
designs and extracted 539 effect sizes. Ardelevel authors neglected (a) the clustered structure of their data set
randomeffects modelingapproach revealed an overall (i-e., effect sizes are nested in studies), and (b) the possible,
transfer effect size af = +0.49. Differentiating between the differences in effects between cognitive skills. Later, Liao
types of cognitie skills (i.e., coding, reasoning, creativity, (2000) providedan update and presented on overall effect of
and math skills), however, indicated differential effects.d=+0.76, obtained from only 22 studies. Since then, the
Study and sample characteristics were further examined a¥itical question whtner learning to code improves
possible moderators. Overall, this study identifies positivecognitive skills has not been addressed explicitly in meta
transfer effects of learning twde on cognitive skills. analyses.

KEYWORDS The present study tests the claim that learning to code
transfers to the acquisition of other cognitive skills.
Synthesizing the empirical evidence wansfer effects, we
take two main steps: First, an overall effect size is presented,
1. INTRODUCTION and its variation within and across studies is quantified.

Undoubtedly, the rapid developments in technologySecond, possible moderation effects of selected study
have impacted many areas of society. Even in eduéation characteristics are explored to explain this variation.

field that is known for its slow npgres$® things are
changing: Educational systems around the world includé&-" . MET.HODOLQGICAL APPRO.ACH
his section describes the metaalytic procedures,

teaching programs that will help students to acquire skills . . .
beyond literacy and numeracy. Among others, these skillénd“_dlng the literature search a_nd_ screening, the sample
comprise complex problem solving, global cémpetences‘)bta'”ed from them, and the statistical approaches taken to

criical thinking, creativity, digital literacy, and summarize the transfer effects of coding skills.

computational thinking (Binkley et al., 2012; ICILS, 2018). 2.1. Literature Search and Screening

Interestingly, the latter has recently gained considerableRelevant literature was identified in existing databases
attention. Bill Gates, for example, established its importancéncluding PsycINFO, ERIC, IEEE Xplore, ACM Digital
by st atleaming tb e progfams stretches your Libraryd next to academic journalselevant tothe field
mind, and helps you think better, creates a way of thinkinge.g., Computers & Education, Computers in Human
aboutthingsthatt hi nk i s hel pful i nBehdvibr) ediging aeieWssand metarialgse.y. Aiadr®
that learning to codea critical step in the process of Bright, 1991; Liao, 2000; Shute et al., 201&hd informal
acquiring computational thinking skills (Denning@010;  resources (e.g., ResearchGate, personal contact with
Grover & Pea, 2013; Shute et al., 203 Tansfers to other  authors, publication lists of scholrghe literature search
cognitive skills, however, stands on shaky legs. Scherefvas constrained to studies that had bagsiighed between
(2016) concludes that studies examining transfer effectq965 and 2017After an initial screening of titles and
disagree in the extent to which these effects can beabstracts with respect to their topic fit (i.e., computer coding)
established for spectfi cognitive skills. Sala and Gobet and the empirical nature of the presented stablgtracts and
(2017) warn against the assumption that learning a specifigull texts were submitted to a more figeained screging.

skill improves other skills as well. The authors further This screeningvas based on the followirigclusioncriteria:
propose to examine hypothesized transfer effects -meta
analytically to synthesize the body of existingdence. At
this point, we notice that the concept of computational

Coding skills, transfer effects, mesmalysis, cognitive
skills

(a) Study desigand control groupOnly studies were
considered with anexperimerél or quasi
experimental design and at least one control group
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(i.e., a group of participants not exposedttie randomeffects model to a mixedffects model (Cheung,
coding intervention). 2015).

(b) Outcome: Only studies were considered with All analyses were conducted in tiie package metaSEM
performancebasedutcome measures. (Cheung, 2015) ghhstaeatdizedreffette d g e

(c) Study contextOnly studies were considered that sizerepresenting the transfer effects.

conducted the experiment or quagperiment in 3, RESULTS

an educational context. This section presents (a) the overall transfer effect size, (b)
(d) Sample:Only studies were awmidered with non effect sizes differentiated by types .of transfgr, (c) moderator

clinical samples, because clinical samples often@nalyses, and (d) analyses of publication bias.

involve participants with conditions that may 3.1. Overall Effect Size

interfere with their performance on cognitive skills The thredevel modeling approach resulted in an overall

tests effect si zge +@40, 95 @ g 08B 0.61],

(e) Effect sizes Only studies were considered that suggesting a moderate, positive, and statistically significant
reported effect sizes directly orqvided statistics transfer effect of learning to code on cognitive skills. This

sufficient to calculate transfer effects. effect size showed significant vation within studiest? =
0.20, 95% CI =[0.16, 0.25hnd between studies’ 0.28,
2.2. Sample 95% CI =[0.17, 0.39] suggesting the adequacy of the three

The initial literature search resulted in 5,193 publications.jeye| approach. Moreover, the overall test of homogeneity

As these entries were subjected to an initial screening anggicated that effect sizes varieg(538) = 29%.2,p < .001.
the application of inclusion criteria, more than®®f them

wereexcluded and no longer considered for further coding3.2. Mixed-Effects Modeling o _

and data extracti@gn overall, 105 studies were retrieved, and Given the evidence for significant variation of effect sizes
539 effect sizes could be extracted. Of these 105 studies, 8%r0ss studies (see 3.1.), we further examined the extent to
studies reported interventions implemented in regulathich selected study characteristics and the types of
classroom lessons, 8 stes reported interventions as part of cognitive skills measures explained thiariation. The
extracurricular  activities; all other studies reported resultant findings suggest possible moderation effects by
interventions outside of schools but in an educationacognitive skills measures.

context. The sample of studies spanned all educationaj 5 1 Study Characteristics

levels, ranging from préindergarten to adult edutan.  gygy design.Studies with a pretegiosttest contral
Concerning the c_odlng too_ls used in the interventions, both.oaiment group design exhibited a slightly higher overall
text-based and visual coding languages were used to helgeact size ¢ = +0.50, 95% CI = [0.13, 0.9D}han studies
students learn to code. All studies contained cognitive skillg, it posttesonly designs g = +0.47, 95% CI = [0.30,
measures that assessed either coding skills or skills outsiq%a)' This difference, however, was statistically
of the @ding domain. Among others, these skills include: insignificant ¢ = 0.25,p = .80).

Creative thinking (i.e., skills related to the originality,

fluency, flexibility, and elaboration of ideas and generatingRandomizationStudies performing a random assignment of
ideas), reasoning skills (i.e., logical thinking, intelligence, participants tahe experimental conditions exhibited larger
critical thinking, ad problem solving), and mathematical transfer effectsg= +0.56, 95% CI = [0.16, 0.9pthan those
skills (i.e., understanding mathematical concepts,without randomizationg = +0.43, 95% CI = [0.27, 0.58]
mathematical problem solving and modeling). yet, this difference was not statistically significafit(1.04,

2.3. Statistical Approach p=30).
Given the hierarchical nature of the sample of stédies  OthercharacteristicsConsidering further study and sample
indicated by the availability of multiple fett sizes for ~ characteristics, we did not find significant moderation
single studied the statistical approach taken to aggregateeffects by the

transfer effect sizes had to represent this nature adequately.
Although several approaches exist in the nraatalytic
literature, only few qualify for application in this study.
Becaise most studies did not report correlations between

Educational level of learners ranging from
kindergarten to college/university;

Type of coding language (i.e., visual vs. tbased

multiple outcome variables, we adopted a tHesel ~ languages);

modeling approach, allowing for withimand betweesstudy A Intervention length (in hours);

variation of effect sizesMoeyaert et al., 2097 This A Coding context (i.e., coding embedded in the
approach performs reasonably well the presence of curriculum as part of regular school lessons vs.
hierarchically structured datasets with effect sizes nested in coding as an extraurricular activity).

studies (Cheung, 2014).
( g ) 3.2.2. Cognitive Skills Measures

Besides focusing on an overall effect size, we furtherThe overall effect focoding skillswasg = +0.75(95% CI =
examined the extent to which variation in it could be[0.39, 1.11]). The overall effect for skills other than coding
explained by possible, moderating variabléntroducing  wasg = +0.47 (95% CE [0.35, 0.59]).

these explanatory variables extended the tleeel
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Differentiating between different cognitive skills, we found stronger benefits for creativity and mathematical skills than
positive and significant transfer effects oreativity (g = for other skills (excluding codingkills themselves). These
+0.73, 95% CI = [0.2,71.20), reasoning(g = +0.37, 95% differential benefits may also be traced back to the subskills
Cl =10.23, 0.52), andmathematical skill§g = +0.57, 95% involved in them. In fact, there are differences between the
Cl =[0.34, 0.80}. processes creative thinking and, for example, mathematical
L . thinking entail (e.g., Baer, 2015; Sak & Mak&Q06)
.?_f"azgggga&%n Erlszence of publication bias in the-met these differences may providg an explana'gion of this finding.
analytic dataset, we took several steps (Borenstein et aﬂ—o further explore glternatlve e_xplanatlons, our future
2009): ' dnalyses target possible moderation effects of sample and
: study characteristics, including the content domains of the
(1) Trim-andfill analyses No further study would cognitive skils tests.

have been needed on th? left side of the Ou'[EO'T":"OveraII, this metanalysis contributes to the field of
standard error plot to achieve symmetry.

computational thinking in two ways: First, it provides

(2) Ro s enb ewajedNsTo achievé null effects, evidence for the potential benefits of learning to éode
134,706 additional studies with negative effects activity critical to the acquisition of computational thinking.
would have been needeGiven the size of this This evidelce substantiates existing claims surrounding the
number, it seems unlikely that this many studiesemphasis of coding skills. Second, it encourages researchers
were not identified by our search protocol. to take a differential perspective on the transferability of

coding skills by consideringnultiple cognitive skills as

(3) P-curve TheP-curve did not provide evidence for possible outcome variablas the same time.

severe publication bidsa possible filedrawer
effect is therefore unlikely. 5. REFERENCES

(4) Moderationby publication typeComparing effect B2er. J. (2016)Domain specificity of creativityNew
sizes between published studiks( 6 2) and Y8 NYeAcgdemic Press.
literature k = 43 effects, including dissertations Binkley, M., Erstad, O., Herman, J., Raizen, S., Ripley, M.,
and unpublished research reports) indicated Miller-Ricci, M., & Rumble, M. (2012). Defining
significant effects favoring published studies, Twenty-First Century Skills. In P. @&fin, B. McGaw, &
Qu(l) = 19.9,p < .01 The transfer effect for E. Care (Eds.)Assessment and Teaching of 21st Century
published studies wag= +0.53, 95%CI = [0.31, Skills(pp. 1766). Dordrecht: Springer Netherlands.

0. 767, . for 6greyo 1| id erpgdnitdinem., HEdBeS, L.&/T, Highifist 3. PY. % RotHst@itY € T -
= +0.25, 95% CI = [0.15, 0.35]. This finding R (2009)Introduction to metanalysis Chichester,
indicates some degree of publication bias in the \yestSussex: John Wiley & Sons, Ltd.

data.
Cheung, M. WAL. (2015).Meta-Analysis: A Structural
4. DISCUSSION Equation Modeling ApproaciChichester, West Sussex:
This metaanalysis tested the claim that learning how to  John Wiley & Sons, Ltd.

code improves coding and other cognitive skills. To teStCheung, M. W. L. (2014). Modeling dependent effect sizes
these hypothesized transfer effects, experimental and-quasi yiih threelevel metaanalyses: A strctural equation

experimental studies presenting computer coding modeling approactPsychological Methods, 12), 211
interventions were synthesized. The raggted transfer 229 doi-10.1037/a0032968

effect size was moderate, positive, and statistically . o )
significant ¢ = +0.49). Unlike existing discussions around P€nning, P. J. (2010). Great Principles of Computing.
the existence of transfer effects from specific domains of American Scientist, 9869372.

training (Sala & Gobet, 2018)discussions that called into ~ 90i:10.1511/2010.86.369

guestin the existence of such transfer effects and thusGrover, S., & Pea, R. (2013). Computational Tiigkin
transfer of learning in genefalthe current study provides  K-12: A Review of the State of the FieEducational
evidence that other cognitive skills may indeed benefit from Researcher, 42), 3843.

coding instruction. This f i dodl0.812/001318xt2468051 Li aods and Bri
(1991) ear (2§00)daredmetanaysedd the | g (2018).International Computer and Information

topic. Our explanation for this supportive finding lies in the Literacy StudyRetrieved fromhttp://www.iea.nl/icils
very subskills coding requires: As Shute et al. (2017) note in [12 January 2018]

their systematic review of computational thinking, the ,

concepd which mainly comprises codiaglevant skill$ Liao, Y -k. C. (2000). A metaanalysis of computer
represents a form of problem solving. Even further, the steps Programming on cognitive outcomes: An updated
involved in coding (e.g., evaluating information, synthesisPaper presepted at th(_a Pro_ceedlngs of vyorld
representing the problem, testing code or code elementsconference on educational multimedia, hypermedia and
systematically) align with current models of problem t€lécommunications.

solving and even cregity (e.g., Scherer, 2016; OECD, Liao, Y.-K. C., & Bright, G. W. (1991). E#fcts of

2014). Computer Programming on Cognitive Outcomes: A

At the same time, our study showed that these transfer V€t&-Analysis.Journal of Educational Computing

effects are not uniform across cognitive skills. We identified
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To Improve the Computational Thinking of Elementary School Students by
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designers develop as they engage with the concepts, such
ABSTRACT. . . L . as debugging projects or ren
MOE (2016) will brlngComputatlonaIThlnklng ablllty Computational perspectiveﬁhe perspectm designers

into the National Basic Curriculums in order to promote form about the world around them and about themselves).
the studentsé problem solving ability is emphasized

many advanced countries. Although learning (Lahtinen et al., 2005) indicated that programming is not
programming design is an important way to develop an easy subject to be studied. It requires correct
computational thinking. However, learning programming understanding of abstract concepts. Many students have
involves many abstract concepts of program syntéxslt learning problems duéo the nature of the subject. In

hard for teachers to solve the problems in class one by oneaddition, there are often not enough of resources and
and provide individual guide which will result in poor students suffer from a lack of personal instruction. Also
learning aspiration and low learning achievement. the student groups are large and heterogeneous and thus it
Therefore, this study focused on providing a Scaffolding i s di fycult to desi gnldidehe in
Guidance System during the pess of solving problems beneyci al for everyoneout This
and aimed to explore the effect of the system design onfates on programming courses in the universities. At
computational thinking. The study was bases on quasi Present, there are many difficulties in teaching and
experimental design, and 48 students from two classes inlearning activities of programming languages in the

an elementary school in Tainan. The 24 students in theSchools. In the process, they enoter complex syntax
experimenthgroup were taught with the system design. instructions, how to implement ideas in programming

The 24 students in control group were treated by languages, and differences in student's level. (Robins et
traditional instructions. The experiment lasted for eight al., 2003; Lahtinen et al., 2005; Gomes & Mendes, 2007)

weeks and the data were analyzed with ANCOVA programming itself is a highly logical thinking course
statistical method to explore the differences in learning jitrerent from the learning of package software. The
efficiency between the system design and traditional o,rrent teaching methods will certainly not be able to meet
instructions. The results showed that: (1) There were o learning needs of each studémtaddition, due to the
significant differences between the experimental group consiraints of classroom time, the lecturers did not have
and the control group in learning efficiency; (2) After enough time to give individual guidan@nd provide

receiving the experimental teaching, tlmv level of immediately feedbacks about all students' questions.
student presented the most significantly different on \yhen students encounter difficulties, they often give up
computational thinking learning efficiency. because they (Gamed&Megdes2007Th e he
KEYWORDS Therefore, this study developed a "Scaffolding Guidance

System" for primary choolchildren. When students
encounter learning difficultiesof programming, the

system will automatically provide the appropriate
1. INTRODUCTION scaffolding guidance.

In 2006, "CT" proposed by Wing wamiversal attention 2 SYSTEM DESIGN

and recognition from many countries and scholams. . ] S
recent years, the connotation of various Computational The Scaffolding Gwdance System was b.u'lt.'n Linux
based server, running Jaweb-based pplication at

Thinking has also been proposed and discussed by

scholars, and gradually formed a consensus. (Wing, ZOOG;QDaCE)he T%thatl' an.d reco.r(rd]irllc? pqrtfouo with MySQLf
Wing, 2008) identifiedive core aspects of CT which are atabase. After logging with identity, the upper parts o

conditional logic, distributed processing, debugging, interface are links of programming tasks (including flying

simulation and algorithm buildingBfennan et. al, 2012) bat, unde_rwater world, mo_nkey bgnana, whacRole,
use Scratch (designed by MIT Media Lab) a and shooting game) druser information. Each task has a

programming environment that enables young people to S|mulat|on_an|m_at|on on Igft side, and a main functl_onal
create thei own interactive stories, games, and blo<_:k on right side, including coetmm_pa_rlson a_naIyS|s,
simulations, and then share those creations in an On"nepmjectcode of user, and prompt of similar projecte.

community with other young programmers from around Figure 1 shows the main interface of system.
the world -- to develop a computational thinking

framework: computational concepts(the concepts

designers ergge with as they program, such as iteration,

parallelism, etc.)computational practice¢the practices

Computational Thinking, Visual Programming Language,
Learning Efficiency Portfolio
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Figure 1.The main interface of system.

The purpose of the system is to parse the programming
task of students, and to produce guided scaffolding to
assist students learning in the system, which provide the
following two functional modules: 1) parsing antmpts,

2) linking with experience. At coding time, students
sometimes forgot or miss some vital blocks so that they
could notaacomplish the task. It's helpful that giving
suitable prompts when students fall into troubles. The
module of parsing and prongpwill reach the aims that

Visualizer
Blocks -
show
turn (N pick random ED to €D degrees
f move steps
if on edge, bounce
-
JSONIlist [ [ " whenGreenFl ag

[ "show"],

[["turnRight:
[ "randomF30o,m: 300]:]

[ "doForever

aps:!
[ "bounceOf f E
11111

[ "forward:
[ "wait: el

troubleshoot the above situations. This mechanism is set
by the teacher about how many blocks to complete the task.
When the critical blocks don't exist, what should students In additions,to link with expeience of students, we use

be prompted7able 1 included below figures out criic
blocks about the task.

Table 1 The fish of underwater world to prompt.
Agent &

Prompts While Missing Blocks

Necessary Blocks

ACosine Similarityo to judge
Becaus each task has several agents, we use agent as
basic unit to compare codémilarity. Table 3 included

below is for illustration of how to calculate similarity of

agents.

Table 3 The similarity of agents.

turn (N | pick random @D to € degrees

Agent

e

Fish1

The fish to swim randomly in the Blo

seabed, it must be placed "turn
right block" with "random
parameter" and "move block"
within a “forever block". Then
the fish can swim around.

turn (X @ degrees
move @ steps

Use Scratch's API

cks
when dicked
show

turn (N ' pick random [ -30]

move €1 steps

if on edge, bounce

S

(https://wiki.scratch.mit.edu/wiki/JSON)  to
Scratch visualizer blocks into JS@bkt-format, where

renchist

[whenGreenFlag, [whenGreenFlag,

each block is conveed to a specific JSON lisTable2 JSON doForever, doForever,
included below figures out how to map blocks to ‘JSON(Stepl) twrnRight:, r,(v);ﬁﬁggsed-fmm-
Table2. The mapping between blocks and JSt@t. randomErom-to: ' ' "
Agent . U nextCostume,
1 -
I/(\i;\il:'aerlgqsed'from' wrnRight:,
-elapsed: " randomFrom:to:,
Fish2 bounceOffEdge] bounceOffEdge]
Combine [whenGreenFlag, doForever, turnRight:,
(Step2) randomFrom:toforward:, wait:elapsed:from:,

nextCostume ,bounceOffEdge]
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Vector [A1,A2,A3,A4AsAs, [B1,B2,B3,B4,Bs5,Bs, game scenario there are two game agents (parrots and
Transform Az,Ag] B7,Bg] obstacles, as Figures 2) and a stage design. There are also
having procedural issues in the agents and the stage. For

(Step3) =1.1.1,1,1,101] =1111111.1] example, intie agent of obstacle, students are required to
Calculate || - use program blocks to solve the problem of "obstacle
Similarity generation and movement".

(Step4) oy |-

Thevalue is greater than 0.8 mean that these tw
agents are similar.

By comparing high similar codes such as similarity > 0.8,
students can observe or practice similar tasks to discover
the logic of their own programs.

3. EXPERIMENTAL DESIGN ) . -
This study designed a "Scaffolding Guidance System" to Figure 2.The evaluation of CT through practicing a
help schoolchildren of elementary to learn Scratch game.

programming. When they got stuck onogramming, 4. RESULTS AND DISCUSSION

system will provide_suitak_)le _scaffolding guidance for Table 4 shows that there was no significantedénce of
them. Fur_thermore, |nve§t|gat|ng furt_her to analyzc_e _the Group times Grades between two groups, that is, we can
effect of visual programming and the influence of raising 5ccent the null hypothesis and that meets the condition for
CT. homogeneity of regression so that we can continue to do
The quaskexperimental design was used in this study, ANCOVA.

which chose two fig-grade classes of a primary school in £ Table 5 the results of ANCOVA between

southern Taiwan to participate thi_s experiment. We experimental andontrol group showed that F = 7.062, p
random chose one class as the experimental group, and the 411 < 05 reached significant difference. That is, after

other.class as the control group._Students in the adopting different pedagogical methods to conduct
experimental group were enrolled in our purposed gyeriments, the results of CT test of students in
Scaffoldng  Guidance ~ System into the Scraich gy nerimental group and control group reached significant

Programming course; Control group performed a igerences, indicating that accepting the activities with
traditional teaching method. Each group were taught a"ScaffoIding Guidance System” have significant
total of 8weeks by the same teacher, each lesson 40improvement.

minutes, a total of 320 minutes. After the end of the
programming ourse, we performed peostst: designing Table4. The tests for homogeneity of regression.
a computational practice of game. In Additions, to realize
the responses of students in experimental group about
using Scaffolding Guidance System, we performed a
semistructured interviews with twgroups studest

separated to low, middle, and high level respectively Group*Grade  333.6 1 3336 125 .26

Sources Type(lll df Mean F p
) SS Squar
e

according their previousemester grade. s 2 9
About the instruction design, the teacher conduct the Error 117296 4  266.5
operation of Scratch interface at fitsto weeks, and then 4

the students of two groups have to implemfaré-tasks z
programmingdesignin the next six weeksespectively. pr<0.05 p*<0.01

The experimentagroup students will use Scaffolding Table5. The ANCOVA of two groups.
Guidance System to learn programming: viewing the
animation about the tasks first, then decomposing the Group Mean Sb NoF P
problems and describing the fewds of each role in Experimental 59.9583 16.10692 24 7.062 .01T
Scratch, and finally coding. When they got stuck in
programming, system would give them assistance. For the
controkgroup students, teacher use traditional instruction. p* < 0.05" p** < 0.01

Students involved in the experimental group must To further understand the impact of the scaffolding
complete the "flyng bat" and other five scaffolding guided  guidance system for students of different levels, the
program tasks, which are based on (Brennan et al, 2012)students in two groups separated to low, middle, and high
proposing CT framework including these two dimensions: |evel respectively according their previessmester
“"computational concept” and "computational practice”. grade. Only low level about ANOCVA achied

Finally, to assess the performance of CT, thislg used  statistically significant (as Table 6), whidghdicated that
game scenarios to test students' ability to practice. In this

Control 42.7083 24.14536 24
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accepting the activities with "Scaffolding Guidance can be directed towards the fields of automation of system
System" of low level have significant improvement. and adaption oftadents.

Table6. The ANCOVA of two groups about low level. 6. REFERENCES
Brennan, K., & Resnick, M. (2012, AprilNew

Group Mean SD n F p . .

_ frameworks for studying and assessing the development
Experimental 47.5000 1229402 8  8.437 .012 of computational thinkingin Proceedings of the 2012
Control 241250 15.81534 8 annual meeting of the American Educational Research

Association, Vancouver, Canagap. 1-25).

p* < 0.05" p**<0.01 . - .

Code.org. (2017)Computational ThinkingRetrieved
Finally, by semistructured interviews with twgroups from https://studio.code.org/s/course3/stage/l/puzzle/1
students and questions about statistic of missing blocks ofgomes, A., & Mendes, A. J. (200T)earning to
five-tasks, we found that some blocks learned on the nrogramdifficulties and solutionsPaper presented at
previous task, but when in a different scenario or agent, the International Conference ongineering
students still need to be prompted to complete the task. gqycatioiiICEE.
This phenomenon is similar to that of (Gomes & Mendes, . .
2007; Robins, Rountree, & Rountree, 2003): "Students Lahtinen, E., Alaiv_lu.tka,.K., & Jar\(lnen, HM. (2005).
are often confined to the surtaénowledge of programs A study of the difficulties of novice programmetaper

and canot apply what they hPEseBedatdhe AGMSIGCEEBUlRUny, o op| e ms.
MIT Media Lab,Scratch https://scratch.mit.edu
5. CONCLUSIONS P

This study from the CT and learning effectiveness, MOE (2016). 201&020 Generalriformation Education

different levels of students, and learning portfolio to  BIUEPrnt. Taipei City: Ministry of Education.
discuss the following conclusions: Robins, A., Rountree, J., & Rountree, N. (2003).

. . o Learning and teaching programming: A review and
,',:'rSt’ stu_dents yvho @epted tt'e teaching activities of discussionComputer science education, 13(2),-137
Scaffolding Guidance System" performed better than the 172

ones with traditional teaching. Secondary, for students of . .

low level achievement, this study provided an approach to Wing, J. (2006)Computational thiking

assistant them by using "Scaffolding Guidancet&y". Communications of the ACM, 49(3), &5.

Finally, teachers can analyze the portfolio of students to Wing, J. (2008)Computational thinking and thinking

discover the learning problems tra@ot b e f o u n ghout dorapditingPhilosophical transactions of the

the surface information. For the future works, researcher royal society of London A: mathematical, physical and
engineering sciences, @8.881), 37173725.
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Scratch is danguage designed for programming experience
ABSTRACT o ] for children ages 8 to 1&he feature is that it is easy to learn
Computational thinking is emerging as a core competencyhe programming language itself with a simple grammar, a
for creative and efficient resolution of complex pehb in - p|ock-stacking algorithmic representation, and a variety of

a rapidly changing society. In Korea, software education isyyjtimedia sub as graphics and sound.
introduced into the 2015 revision -curriculum and

emphasizes creative problem solving process through C#.3. SW education in Korea

and programming |earning_ In this Study, Scratch Wasln Korea, the term 'SW education' was used in the 2015
selected with an educational gramming |anguage suitable revision CUrriCUlUm, and the software education was made
for use in elementary school, and programming curriculummandatory for elementary and junior high school students

for improving CT was developed and tested by expert groupffom 2018.In the 2015 revised curriauin, elementary SW
education emphasizes rddié problem solving based on

KEYWORDS information ethics and attitude as a field within practical
Educational Programming Languagé&urriculum and subject for 17 hours a year.

Content Computational ThinkingProgramming Education
3. DEVELOPMENT OF EPL

1. INTRODUCTION _ _ CURRICULUM AND CONTE NT
As the role of SW in modern society grows, the necessity of

strengthening SW competency is emphasized. SW i§.1. Curriculum Development Procedures

recognized as a means of solving problems related to humathe EPLcurriculum to improve CT was developed through
higher thinking ability beyond SW functional aspect. As athe steps shown in Table 1.

result, CT is dtacting attention as a core competence for  Tapje 1 Proceduresf Curriculum Development

solving various complex problems in the future. T concent
. i . . i Analysis /:Software education direction required at elementary level
CT is to define a problem from the viewpoint of computing, RreEPL program study
to search for the solution to the problem, and to a resolve th . R
P : - Axtractcurriculumcomponents
prOblem throth eff|C|ent resolutlon pmdures. Design /Stepby-step learning topic and content selection

. L R
In Korea, awareness that comgtibnalthinking is the core [ Development | &EPL sontent composiion and development |

competency of the future, the contents of the existing =
informationrelated curriculum were reorganized into |Verifica1ion |/'ConductvalidationofthecurriculumandEPLcomentsforexperts |

software education contents through the 2015 i@vis )
curriculum 3.2.Developmenbf EPL Curriculum

In this study, the programming curriculum usiBgratch
Therefore, his study aims to develop and present costent was designed as shown in Table 2 to improve CT of
for software education usirfscratch in order to acquire CT  elementary school students.
through programming and to develop creative problem

solving ability based on it The elements of the CT concept consistedsatfuences,
loops,parallelism, events, conditionals, operators, and data
2. THEORETICAL BACKGROU ND usingBrennan and Resnick's CT evaluation framew®He

execution elements are also composed of incremental and
iterative, testing and debugging, reusing and remixing, and
abstracting and modularizing.

2.1. Programming Education

Programming is dechnique for implementing an abstract

algorithm in a specific computer program using a specific
programming language. The subject was designed to allow stutdeto access each

category of Scratch sequentially, but to be as close as

In the elementary school, the direction of programming ossible to the real life

education is to enhance the thinking ability of the learnerd’
logical thinking aldlity, creative thinking ability and The learning stage was divided into three stages and the
problem solving ability. difficulty level of the learning was adjusted so as to have

22 EPL andScratch hierarchy of learning step by stdfach stage was comged

The programming language to be used in elementary schO(ng six_phases and gradually expanding the command

software education should be a visual environment in which ategory of the Scratch related to CT.
the expression of grammar and algorithm should be simple
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Table2. Presentation of EPL Curriculum

i i CT Block [Contents of learing activit
LevelPeriod| Topic Concepts categories ] Y|
i [Controlling cammotion with
1 Driving EM ispecific keys
: IControlling characters with
2 Hide and Appear EM. L lhide and show blocks
3 Drawing shapes J_.J E,M, P, Draw a shape using a pen
1 : || IShow your dancing to your
4 Dancing E.M LS, berformance
PG E, M, L, S,C sJUse random numbers to foll
5 Catching insects random characters
; - [Create Paint with multiple
6 Paint ELPCS feolors as a condition
1 Send and receive § EL [Conversation using
conversation i broadcastindlock
- Representing animation effe
2 animation .M. LS. ¢ MG Baditional blocks
Express if the condition is
) 3 Jump E M, ° Ylsatisfied.
. IChange the shape using the|
4 | Rock Paper Scisso E, L alue of avariable
5 Compare the size off EL Using List to Compare
number ! Numbers
: E.M, L, Display two levels of difficult]
6 Running race S ith two characters running
: Expressing how fast you mo
1 Falling apples ‘ EMCS usﬁg variables and tl¥ner
IClock representation using
2 clock EMC S0 chrrent tﬁne block
Put a soccer ball in t! . |Using a video sensing block
3 3 EM © S Imove the ball
: ICreate patterns using variaby
4 Making pattern E, M, P X and y
Use cloning blocks to expreg
5 My body grows. E M, more and more appearance
Express sprite movement
6 Walk to goal M, S usﬂg background motion
ICT Concepts
sequences | loops parallelism events conditionals operators data
Block Categories
M L S P
Motion Looks Sounds Pen Data
E S M
Events Control Sensing Operators More Blocks

3.3. Developmenbdbf EPL Content

Students will experience Brennan aR&snick's practice

Table 4, and the validity of the total items satisfies the
minimum value of .62 according to 10 panelidtserefore,

it can be said that the content validity is secured according
to the curriculum contents and the flavf the example
contents.

Table4. Expert Review Results

Division CVR
Curriculum development direction 1
Learning level .9
Learning sequence Programming 9
9 seq cT 1
. Topic .8
Learning contents cT 9
. Programming 1
Learning method T 3

4. DISCUSSIONS

As part of software education around the world, there is a
strong interest in coding education, and in 2018, software
education is mandatory in KoreBhis is to enable students
to cultivate CT through SW and to efficiently solve various
complex and unexpted problems of the future society.

This study selectedcratch as an educational programming
language suitable for elementary level, and programmed it
so that CT can be extended through programming education.
17 hours allocated as regular curriculunuitsoare planned

to achieve the goal of software education by including
content other than programmingo, it is difficult for the
programming education to expand the CT within the regular
course time.

Therefore, the program developed in this study prepas
method to secure and apply sufficient time through club
activities, after school activities, camps, gifted education,

exercises through CT Opening, CT Raising, and CTetc.
Experimentation so that they can expand their CT.

In CT Opeiing, students usexamplefiles to identify and
explore the situationln CT Raising students learn basic
contents while leaing programming step by step, and
expand the project by using reuse and remixingCiio

Experimentat

ion

Table3. Example content

Level 17 15tperiod
Topic Driving
Activity Goals Let's move the car using the motion block.
CT Sequencesvents
Planspecific activities
Step Teaching and Learning Activities
CT Openin /:Using the example file to understand the content
P 9 Axplore blocks iimoation categories
Ahink of a situation where you move a set value by pressing a dire
key (up,down, left, and right) through a question.
Axperiment the script and check it.
CT Raising e I
move @D steps
omplete the script so the car can move in four directions by itse
Mraw a road with Paint, then write a script to allow the car to m
Ex erir?e—ntation over the roadio reachits destination
P AOptional Activitie§ Parking in the parking lot in reverse

3.4.Expert Validity Testing

Groups participated in this study were selected from a field
related to education professionals who have experience of
teaching the EPLTheresults of he CVR test are shown in
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Comparing with Scratch and Python in CT Concepts
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Dept. of STEAM EducationGyeongin NationalUniversity of Education
crossallover@gmail.conhan@gin.ac.kr

2.2. Loops

ABSTRAC_:T i ) In the sezueme concept, the principle of efficiency leads to
The expansion of software education has given learners thenetition naturally. Instead of using many blocks one by one,
opportunity to learn CT concepts related to CS throughsydentscan easily configure the program with several
block programming such &cratch. Howeverdue to the  pjocks. Python can easily configure bound loops and
nature of EPL, the concept of computer science is limitedongitional loopstoo. In particular, i has the advantage of

and inevitably the text programming language is learned t¢ejng able to configure the iterators that make circuit of the
expand CS thinking. In this paper, we will examine thedata, as shown in Figug

possibility of using the concept of prior learniafier block

programmig tools through comparison of basic grammar peat @ iteration = [‘apple’, 'banana’, 'cat’]
examples of Scratch and Python in terms of CT coscept move €@ steps printliy

0.2 =0
KEYWORDS - while s

print("Conditional loops")
1

£\ Loops! fora a=a+

EPL, TPL, Scratch, Python, CT Concepts

1. INTRODUCTION Figure 2.Comparisorin Loops Concept
Extensive expansion of EP[Educational Programming 5 3 Eyents

Language) education has resulted in many studentSggcaysescratch is also inteted to interact with the uset, i
improving their CTcompetencyand related areasn this ;565 evendriven programmingAnd this is a fun factor for

area, Brennan & Resniq012) divided the CT into thrée |g4rnersS50, Scratch supports various event handigvéile
dimensions by analyzing the results of Swatchoutputs  p ythonos shell itself functio
madeby the students. One of them was @heeps. These g ser, creating an interactive program is possible a little

conceptsthat can be transmitted in other programming |ater than the order of leany in Scratch. because It needs
languages, and it is common in programming languages {, jeam how to use functions and libraries in order to create

well. If studentexperience a certain level of EPL training, 4 practical program with events. Figueshows how the
they will inevitably go to TPL(Text based Programming pacic Ibrary handles keyboard events.
Language}o improvetheir programming skillgJun, 2012).

Therefore,From the perspective that transfer mechanism s =tgﬁ¥(TéfE§n$e?o
S. Itie ven
(Schwartz & Bransford, 1998)we want to create an - t = turtle.Turtle()

. - move steps -
opportunity to summarize éise conceps as TPL and to ~ 5 P T
utilize the student's prior knowledge on tethconcepts. An e oo — ISR B
example of TPL is Python, which has a high educational turn (4 €D degrees teonkeyup, )

. ts.onkey(left, L»:"T‘t
potential among text languagyéGrandell, 2006) e Esonkey(rishi, isht )
2. COMPARISON i e e e SRCICCIUN

2.1. Sequences Figure 3.Comparison in producing Event

In the Sratch, the sequence of blocks directs the operation 4 parallelism

of the object (sprite), so the concept of sequenceb®  gimjlary, the use of parallelism concept is easier in event
Iearned_ without _d|ff|culty(EIk|n et al, 2014) Likewise, based programming languagés.scratch it is possible to
Python is well suited for students to learn sequence conceRixperience the parallel form simply by generating the event
because grammar itself is not only a direct language, it alsQeyera| timestHowever, in the interpreted language, It's not

provides immediate and visual information as interpretedssficient. Python suports a module that handles different
languaggYeum, 2008). The sequence concept caBd®ly  types of threads in being, as shown in Figrt is onlyan

transmitted in text languagdie Figurel. example of a lowevel representation of related concepts
print("Sequence 17) thread
print{"Interpreted Language”) T
= W ps Drir:t(”f;eﬂ\J;ﬂEE 2" o }';ggum
S ot turtle payjosnd] on el Th[ead(ﬁabbite\ndmrtIe):
move € steps turtle. forward(100) Tl 16a<10) -
0.2 turtle. left(90) when dicked time.sleep(randon.randint(0,100)/100)
turtle. forward(100) pLqut(HabbltAndTurt\e,a)
sayforose(s turtle.right(90) 2 s
turtle. forward(100)  move @ steps _lhread‘start_new_thrsadEThread.E Rabb g)
tnmﬂ@du]ms _thread,start _new_thread(Thread, urtle”,))
Figure 1.Comparison in Sequences Concept ) input(“Press Key")

Figure 4.Comparison in Parallelism concept
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2.5. Conditionals 3. DISCUSSION

Because complex algorithms can presdiiticulties for | comparedScratchwith the Python language, focusing on
students Scratch provides aariousconditional block that  the sevenancepts that can be found$oratch.As a result,

can be combined with repetitive structure or eventjt can be seen that the text language can also be structured
monitoring, operators, sensors, etéAs 'shown below easily in terms of Sequencs, Loops, Conditionak,
(Dasgupa et al, 2016)In text progamming languages, Operatos, and Data. However, in terms oEvents and
students can learconditional grammars without difficulty  parallelism,| t 6 s h a rptecedence eoscepts glue to

(Milne & Rowe, 2002).In view, scratch is more (difference in complexity between EPL with TPL.
configurable, Figure 5 shows that basic structure is similar. .
Therefore, we propose to use tieatedcomputer science

when  clicked Cond = input({"lnput & or B : ) concepts learned in th&cratch as a precedent organizer
Cond == "4°: form when continuing the learning through the text
DEéEE(_E'? F'E,! tion A7) programming langage edcation course
print("Condition B") 4. REFERENCES
oy T » srint(*Conditionals”) Brennan, K., & Resnick, M. (2012, April). New
- S frameworks for studying and assessing the development
Figure 5.Comparison in Conditionals Concept of computational thinking. IProceedings of the 2012
annual meeting of the American Educational Research
2.6. Operators AssociationVVancouver, Canada (pp-25).

Scratchcontains arithmetic (including character) operators, B )
relational operators, and logical operators, which can b@Sgupta, S., Hale, W., Monrdyernandez, A., & Hill, B.
combined in various ways depending on the needs of the M: (2016). Remixing as a pathway to computational
learner.Surely, ommercial languages generally support all thinking. InProceedings of the 19th ACM Conference on
sorts of operations on operato Especially in Python, ~ ComputerSupported Cooperative Work & Social

almost all operator parts are easier to use because they arCOMPUtng(pp. 14381449). ACM.

grammatically simpler than other text languages. If doing eElkin, M., Sullivan, A., & Bers, M. U. (2014).

number of complicated calculations, the text language can Implementing a robotics curriculum in an early childhood

be configured more quickly and easily, ifiyare &miliar Montessori classroondournal of Information
with the grammaras shown in Figuré, Technology Education: Innovations in Practice, 183
169.
aD ﬁ;;ﬁ{]"‘i‘g ﬁnﬁr;j]/ 2+ 3 Grandell, L., Peltomaki, M., BacR. J., & Salakoski, T.
4 nunber = Arithmetic = -Unary (2006, January). Why complicate things?: introducing
Relational = 1 > B programming in high school using Python. In

aD Logical =

; Proceedings of the 8th Australasian Conference on
BitShift = bin(Ob1101 & Ob1001<<2)

Computing Educatiotvolume 5pp. 7180). Australian
Computer Society, Inc.

Jun. W.C. (2012). A Study on Correlation Analysis of EPL
2.7. Data and Programming Ability for the Gifted Children in IT.
Scratch provides variable and lékta typesin most of the  journal of The Korean Assocaition of Information
block basecprogramming, variables are used to implement Ecucation 16(3), 353361.

the scoring function. Also, there i® need to define data ylilne, I, & Rowe, G. (2002). Difficulties in learning and

types, which is one of the hardest parts of the student teaching programmirl views of students and tutors
(Piteira & Costa, 2013)In Python,Because Python is a Education and Information technologie€1y, 5566.

dynamic typestudentsio not need to set the data type like " .
Scratch. ThusScratch learners can easily learn this.dts  Piteira, M., & Costa, C. (2013, July). Learning computer

Figure 6.Comparison in Operators concept

easier to handle data than any other text lang(@gshed programming: study of difficultiesiilearning
& Ahsan, 2012).Figure 7 is one way to define and programming. IrProceedings of the 2013 International
manipulate data types. Conference on Information Systems and Design of

variable = “Data Tone- Communicatior{pp. 7580). ACM.
ariable = "Data Type
e ches [ R S Rashed, M. G., & Ahsan, R. (2012). Python in

t dict 2
SetDataType = set([1,2,3, "set Data Type']) : - ‘ : ‘ o
RG] ° § print(Variable[1:6]) computational science: applications and possibilities.
Lists append(”list2")

Dictionary[3] = "di

Internatioral Journal of Computer Applications, @®),
26-30.

Schwartz, D. L., & Bransford, J. D. (1998). A time for
for € secs telling. Cognition and instruction, 16(4), 4B223.

) Yeum. Y. C. (2008). Programming Learning Environment
— using a Textual EPin Informatics Educatiordoctoral
thesis Korea University.

Figure 7.Comparison in Data concept
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Studentsdé Attitude Changes through | nt

English Dialogue Learning

Xiaojing WENG
The University of Hong KongHong Kong
u3532170@connect.hku.hk

beenconducted in the context of CS subject. This&nly
ABSTRACT _ because i mprovi fgvingthinkidgskils s 6
Computational Thinking (CT), a problesolving skill  ang |earning programmi are the major elements of CS
rooted from Computer Science (CS), is gaining attention;oyrse(Lockwood and Mooney 2017MHowever, this seems
from computer scientists and-12 educators increasingly. o0 Jimiting. The ability to think computationally has the
Language communication skill, in the meanwhile, is onepotential to benefit students in all courses. Furthermore,
egsentla! skill developed thrqugh_thelz education, which  \yhile problemsolving skills and programming arerpaps
will continue to attact attention in the foreseeable future he most direct approaches to cultivating CT ability, they are
globally. There is the possibility for students to learn anpet the only important elements in CS. There are also still
effective communication skill while using orimproving CT  eqycation objective confusions as well as disagreements on
given that the interdisciplinary work of integrating language |earning content and the issue of whether CS should be a
learning into a CT learning actiyithas not been fully  compulsorysubject in the K12 curriculum(Armoni, 2013;
Q|scqssed in existing literature, this prellmmary study, Wh'ChHubwieser, 2012)Taking into account these considerations,
is going to be extended to a largescale work in the future, i§ pecomes obvious that CT should and can go further than

important from the perspective of both language andyg pe constrained to computimglated subjects.
computer teachers. As an initial step, this researemated

to obtain insights on developing CT in the context of EnglishTherefore, many researchers have been exgldow CT
dialogue learning by investigating the attitude changes ofan be integrated into other subjects, including Hh
students after they have experienced the integration of CPTEM (which refers to four subjects including Science,
into English education in Scratch programming Technology, Engineering and Mathematics) subjects and the
environment. To achievehis objective, pre/podesson humanities(Kafai & Burke, 2013; Lee, Martin, & Apone,
surveys were distributed tmine Hong Kong primary 2014;Lye & Koh, 202). As a matter of fact, language arts
studentswho attended the intervention class to studycan be used as a springboard for the integration of CT into
computer programming by using the graphical programminghe K-12 curricula, like what has been proposed by Barr and
language Scratch. The preliminary results show that primaryptephensod computational skills such as abstraction,
school students have positive reaction to the introduction oflgorithm, automation and decomposition tenapplied or

CT into English dialogue learning through graphical €nhanced when students are using rhetorical devices, writing
programming language. Students were more motivated téstructions, conducting story reenactments or planning an
learn English dialogue after the class under study; howevegutline for a composition in a language class.

their attitude towards leamy graphical programming jany researchers connecting CT to English start their work
language become less positive after the intervention by utilizing mocels found in writingrelated workshops like
KEYWORDS composition, journalism, literature or poet{Burke &

Computational Thinking, English dialogue learning, Kafai, 2012; Nesiba, Pontelli, & Staley, 2015; Wolz, Stone,

Scratch, K12 Pearson, Pulimood, &__Switzer, 20117his_ strategy is
reasonable because writing for programsadding in CS,
1. INTRODUCTION and since writing and coding are both types of expression

The idea of computing, which refers to all the activities thatbut with different carriers, young people can come to learn
require, benefit from, orreate computer¢Shackelford et the significance of sequence, structure and clarity of
al., 2006) first gained attention from the public as a result of expressior(Burke & Kafai, 2012)from both of them. It is
Seymour Paperto6s wdlodkwoodns Minspiring B see that ther® @ergany positive outcomes of
Mooney, 2017) However, the concept of CT becamet hese practices in terms of
increasingly popular ever since it was refined by Jedan however, the depth and breadth of this infusion in the context
M. Wing in 2006(Grover & Pea, 2013)Wing argues that of English can be extended further.

CT is a universal attitude and skill that can be applied byl'hough it seems that no researcher has spebjfica

everyone; it is not limited to computer scientig¥ing, conducted an experiment exploring CT ability in English
2006) dialogue learning, the literature on English dialogue is
A huge proportion of CT development programs for younginsightful in showing us the possible ways in which English
students in schools, colleges or afterschool clubs havéialogue learning could embrace CT. For example, the
literature on Second Langge Acquisition (SLA) indicates
that when exposed to questions and answers in
conversations, people understand how different parts of a
sentence works as a unit and can master the vocabularies at
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the same tim¢Hatch, 1978) Furthermore, students can be The onesession intervention class was designed under the
more creative when they are engaging with topics in anguidance of constructionism as shown in figure 2:
openended, free manner instead of planning the

. . . TmeMins Teaching Activity
conversation ahead of tinfAndersen, 1983)Besides these
: - (Guide students to review what theyhave kamned in the last Scratch class, remind students
benefits, many other elements of CT can also be employed 5 |5, 2 s imvacterses, dsbeue and sequeree operatons & Sersch
in English dialogue learning (as showrfigure 1).
1. Chssmom leading-in.
CT Concept & Capability | Language Arts English Dialogue Little Squirrel Semt & studying Seratch and English in his class. One day, his English
Data collection Do linguistic analysis of sentences Receive Information teacher keft a homework 3_“1 asked them to present a set of English dialogues they have
Data analysis Identify patterns for different sentence types Understand information 3 [arned. I'ﬁ} teacher promised the best presenter can get anacorn as a reward, howcan
- - - - Serat obtain the reward?
ita st Jtpceeec pseons of GHfTvend sotenca YS! EEfseios 2. Asic students to think about the possible ways for Serat to display the English dialogues
Problem Decomposition Write an outline Listening and thinking (perform short plays, make small videos, ete.).
Abstraction Use of simile and metaphor; write a story with branches | Define topic 3 Lead fo the idea thut students canuse Seratchasa toolto disphyEnglih dalogues.
Algorithms & procedures Write instructions Take tums Task 1-
e Use a spell checker Language checking Apps 1.3 to 4 students forma learning group, and each group needs to writs a set of English
- dialogues.
Parallelization Digital storytelling Eng]i;hdi.abgl.le requiremets:
Simulation Doa re-enactment from a story Syntax and vocabulary Between the two roles;
Creativity Open-ended answers 10 No less.Lha.n o n‘mnd.s. .
2. Modifi the English dialogues between diferent groups, then the teacher confirms the
i i . dialogues and process to the next step.
Figure 1.Bridging CT, Language ArteBarr & Dialogue checking crietia:
H ; H No speling mistakes;
Stephenson, 2018nd English dialogue learning. No grammatical erors
ezt the dialogue requirements set out in task 1.
Our research closely connects CT with the graphica Task 2
programming |anguage SCI’atCh in Ordel’ to giVe answers to 1. Open the edit area and demonstrate how to create a chameter byusing Scratchi's role
. . sample library.
the fOI | owin g q UeSUO ns: 30 2. Demonstrate how to use Scmtch's background sample fibraryas background to change
the stage background.
RQ1: What attitude do students hold towards using 3- Demonsirate how to drag and drop program modules info the prgramming area to
. . . . . mple ment conditional exg and dialog question fi
graphical programming language in English dialogue
learni ng') 10 Task 3: Invite students to show their works through auto-playand look inside the projects,
: then encourag them to discuss how to improve their creations.

RQ2&3: Are there attitude changes of students toward ] ]
both English dialogue learning and graphical programming Figure 2.Lesson Design
language learning after studemtsperience the integration
of grgphical programming language English dialogue 5 5 geratch as the CT tool
learning? As a graphical programming language, Scratch is a popular
The paper will then be organized as follows. In Section 2product of the Lifelong Kindergarten Group at the MIT
the research methodology will be introduced, data collectiodedia Lab. It provides the platform for young children from
and data analysis will be presented in Set8, in Section4 8 to 16 to program different forms of projects, including
results of the research will be given, discussion of thisstories, games and anin@is (Resnick et al., 2009)
researchwill be presented in Section &nd future research Research has concluded that S
fields in infusing CT into English Education are suggestedcreativity, study outcomes and problswiving abilities

in Section 6. (Chang, 2014)therefore it is well accepted by the public. In
2015, Scratch welcomed its tenth birthday with entran
2. METHODOLOGY 3,500,000 users and more than 6,000,000 shared projects

(MorencLedén & Robles, 2015from over 150 different

2.1. Constructionism as the Theoretid Framework . :
gountries and in more than 40 languages.

Constructionism describes the process of gaining knowledg
as fAbuil di ng k n(@apdrtelddd)dmongt r QTc was defised as a threkmensional framework by

many renowned scholars in constructionism, Papert is onBrennan and Resnick with respect to Scrgtennan &

of the most significant representative figures in this schooResnick, 2012)this framework suggests understanding CT

of thoudht. He stresses that people gain new knowledge byrom different angles, including computational concepts
engaging in doing and making artifacts, no matter what kindsequences, loops, events and so on), computational

of the learning circumstances and working entities. Frompractices (experimenting and iterating, testing and
this perspective, constr uc tebugging, semsing and remigirgtc.)rand compatationgl € o p |
personal conversation with theown representations, perspectives (expressing, connecting, questior{iRgsnick

projects and products rather than the general developmentat al., 2009)With this kind of supporting theories, therefore,
rules(Tokoro & Steels, 2004) Scratch was employed as the CT instrument to facilitate
According to constructionism, the participants of this studer €s g aRr b? h ez(r) S lc}lﬁurk;e()?i@fs:,rZ@;El\:gtj?Bos tgn
are assigned to finish a digital artifact individually by A(rer?wr(])ni &Boene:r’i 201’2) oft, » Meerbaurbalant,
adopting the graphicg@irogramming tool Scratch. This is an ' ’

example of constructionism practice since by programmingGaining experience from reviewing other experimental
in Scratch students are practitioners of the constructionismesearch, the researcher in this study chose to take the
principle--fil ear ni ng by maki ngo. grhphical phogrammmg Isinguage tSeraich astthe CT taohas
build their CT and English language kwledge structures.  well.
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An example of the artifacts in Scratch is shown in figure 3However, there are minor differences in the-fgst and the

and figure 4. posttest--besi des exploring studer
English dialogue learning and Scratch learning, the-fasst

al so explored studentidudingatt it
class (as illustrated in figure 6).

Students’ attitude towards
English dialogue learning B
Pre-test Students” attitude towards P
CT infusing class ost-test
Students” attitude towards J
Scratch learming

Figure 6.Differences in Préest and Pogest

3. DATA COLLECTION AND ANALYSIS

3.1. Participants
Figure 3.Project Example (Scratch visuals) A local aided wholeday coed_u_cationgl pri_mary school in
Hong Kong agreed to participate in this research from

February to July 2017. Students in this school can have an
wrhen clicked extracurricular interesoriented CS class weekly. In this
ask PG and wait class, students from gradme to grade three will start

ey — learning elementary computer operations; for students in
grade four and above, the CS teacher adopts graphical
== o programming platform Scratc(Resnick et al., 2009)o
teach them how to program. There were 9 students in the
interestoriented class took part in this research, their gender,

want apples or orange?

J age and grade information are shown in figure 7.
Ok !
== - N Gender Distribution Age Distribution Grade Distribution
= Male = Female mAge 10 m Age 11 mdms

Figure 4.Project Example (Scratch coding blocks) ‘J ‘.

Figure 7.The gender, age and grade distribution of
students

2.3. The Attitude Tests

In this research, the attitude tests were adapted then3
TUM (ThreeTier Technology Use Model) by Stgheng
Liaw (see figure 5) to investigate user perceptions toward.2. Data Collection Process

information and Internet technologies. According to the 3 The researcher reserved fifteen minutes with all theestis

TUM, there are three different tiers for evaluating attitudestaking part in this study before distributing any
toward information technology: the tier of individual questionnaires. During this period, the researcher introduced
experience and system quality, the tier of affect andhe research objectives, background, and process to all the
cognition, and the tier of behavioral intentigiaw, Huang,  participants. Brief information about the peest and the

& Chen, 2007) Therefore, the pre/post surveys cover posttest was prod e d , and studentsdé r
guestions addressi ng siffeatsl e partisigantspveere sdesariadd ag well. eStuileats wesesthen
and behaviors in terms of English dialogue learning andjiven enough time to finish the ptest before the
Scratch learning. The surveys were designed in this study biptervention, and the same length of time was offered to
using the fivepoint Likert scale in which respondents are students for the posést after the intervention. @litative

asked to evaluate each statement by choosing a number franterviews will be conducted to gain further insights in the

one to five,where 5 = Strongly Agree, 4 = Agree, 3 = future as the next step of our research.

Neutral, 2 = Disagree, 1 = Strongly Disagree. 3.3. Data analysis

Both the pretest and the podest data were gathered in
The first tier: the tier of The second tier: The third tier: Microsoft Excel to provide an overview of the research
individual experience and | theaffectiveand [ 7| behavioral results. The datavere then Compared to see if the -CT
system quality cogaidve tier intention tier infusing class caused any attitude changes among students.

Figure 5.The threetier use model (FUM).
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4. RESULTS

As introduced in the methodology, the surveys were
designed by using the fiyaoint Likert scale. Students
needed to evaluate each statement in theegury choosing
the strength of their agreement from 1 to 5, therefore eac
item got a total mark ranging from 5 to 45 points based on ¢
studentsd responses.

4.1. Pretest and Postest Results for RQ 1

RQ1: What attitude do students hold towards using
graphical programming language in English dialogue
learning?

6
5
4
3
B Students
2
1
0
1 2 3 4 5 6 7 8 9

Figure8.St uden't
Scratch

Five-point Likert scale

responses to
hel ped me create

6
5
4
3
2
1
0
1 2 3 4 5 6 7 8 9

Figure9.St udent responses
experience of learning Englishi al ogue

B Students

Five-point Likert scale

t t

t h

o}
Wi

According to the collected answers from the questionnaire
issued after the intervention, 78% of the students strongly
agreed that Scratch helped them create English dialogues.

B a
affection towards English dialogue learning developed in a

As shown in figure 8, all the students held a positive
perception towards the role of Scratch in their English
dialogue learning. Furthermore, 67% of the students
strongly agreed that they enjoyed the experience of learnin
English dialogue with Scratch. No student gave neutral o
negative feedback about theperimental class experience

(see figure 9). Thus, it is apparent that students held

positive attitude towards using graphical programming
language in English dialogue learning.

4.2. Pretest and Postest Results for RQ

RQ2: Do st udent teviardsaBnglisht dialdgeies
learning change after students experience a class in whic
graphical programming language is infused in English
dialogue learning?

4 B

| think learning English dialogue helped | |think English dialogue helped me to pa
me to improve my expression ability. rticipatein collaborated learning.

37 40
40 41

WPre-test
WPost-test

Figure 10.Total Likert score across students for the first
tier of indivi dualeedpérienced t t i t uc

| think | am good at learning English dizlogue.
18
35

EmPre-test
®Post-test O
Figure 11.Total Likert score across students for the second

tier of individual 6s atti

| often ask others for help when | come 2 | am willing to spend more time in Englis
cross an English dislogue problem h dialogue learning

41 36
40 40

tud

®Pre-test
WPost-test

Figure 12.Total Likert score across students for the third
tier of individual 6s.attitu

A

sed on studentsdé responses,

ore positive direction after the intervention class (see
gures 10 and 11). What is more, they were willing to spend

more time learimg English dialogue than before (see figure

2) as a result of the intervention. However, it is noticeable
at students became less willing to ask others for help when

coming across an English dialogue problem (see figure 12).
Overall, after the interveni
more positive towards English dialogue learning.

on student sdé6 at

.3. Pretest and Postest Results for R@

Q3: Do student so attitudes

programming language learning change after students
experience a class in which graphlicg@rogramming

anguage is infused in English dialogue learning?
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as 5. DISCUSSION

This research has achieved gizal to provide some initial
insights on the integration of CT into English education, and
therefore benefit students from CS beyond the CS class.
Students welcomed the novel practice of utilizing Scratch in
other courses. One of the biggest challengdsanhing k

12 students is how to hold their attentiersince Scratch is

| think Scratch coding helped me to | | think Scratch coding helped me to | | think Scratch coding helped me to

improve my expression ability. | improve my collaboration ability. - imprave my problem-solving ability. desi gne d to cater to student s
s - - 2 interest, students can absorb the knowledge of other courses
being taught through Scratch in a subtle way and they will
Figure 13.Total Likert score across students for the first not feel bored in this process. It is obvious from thetpse
tier of individual 6s .att ighd fostest cdmpafisory thgt Ustudlent® betadne i nfore C € )
motivated to learn English dialogue after the intervention.

o Scratch enables students to do visual programming by
themselves, presenting themmith colorful Sprites and
offering them the chance to take part in the dialogues
interactively in the simulated environment. As such, Scratch
makes English dialogue learning interesting and different
from what students have experienced in their ordinary
English dialogue learning classes. Meanwhile st udent
attitudes towards graphical programming language became

| think | am good at Scratch coding.

mPretest 57 less positive after the intervention. Since the intervention

W Post-test 37

only lasted for one session, not much differences happened
Figure 14.Total Likert score across students forthe second N st udent sy§ dddiinsg raebaislointab I
tierofi ndi vi dual 6s attitudes seffevaliator towardseScratehgodiagoagililyirampined the
same in the pre/post surveys.
a5 efforts and willingness to study more about Scratch coding

40 after the intervention have great enligtitey significance
35
30
25
20
15

for the instructional design of the CT infusing clasahen
students6 attention was dr awn
the infusing class, it is easier for them to get frustrated if the
programming tool goes wrong compared with the pure

programming class in which they only have one focus to

=

: concern.
- | often ask others for t‘e.lpwrer lco |1 am willing to spend maretime inScr i i i i . . .
. me '“t; coding problem ”41 However, limitations exist in this researchhis research
EPre-test 9 . . . . .
Postest 34 = only has a samplef mine students, which makes it difficult

to generalize any information collected from the-fgrt and
Figure 15.Total Likert score across students for the third posttestto the average student. Furthermore, the researcher
tier of individual 6s. att iadkdtdhe Samé dudehtd ArhoStdhdd qudstibisenbbtth 0 n )
the pre andost surveys (the only difference was that the
Student so attitudes t owarpgst e skl aPHR ER! abPUQ g rsatnid endt 6 s
language were much more complicated compared to thefhxfusing class while the prest did not). Without a control
attitudes towards English dialogue learning after thegroup, this means that some of the changed effects in attitude
intervention. In the tier of personal experientteey were  might not be due to the intervention but rather due to
less likely to feel that graphical gmmming language st udent s bei n g-subveyrWhaiisthdre they t h
helped them with their expression and collaboration abilityintervention class was too short to make anfjuential
after the intervention; however, they thought their problem¢c h ange s of studentsd CT and
solving ability improved while learning graphical capability, though this research only involves the
programming | anguage (see geisgkéttive@spdctol the particigadts, mbrd iRsigrasfwodde t i
towards gaphical programming language remained at thehave been achieved if the intervention were longer.
same level before and after the intervention (see figure 14).
However, in the behavioral tier, students became less WiIIin@- FUTURE WORKS
to ask others for help when coming across programmingd-uture studiesn how to integrate CT into English education
problems and less willing to spéntime coding with are needed from various perspectives. While this study
graphical programming language after the intervention (seé o cused on studentso attitude
figure 15). Generally spea¥epfugher agd applyesamesvalid angd reliable) stales tot o v
graphical programming language became less positive aftét S S € S s ®drning @erformad inl both CT and
the intervention. English as a result of infusing classes. With these kinds of
studies, we can have a better vision of what happens to
students when they undergo these infusing lessons and if
students can benefit from tH&arning.
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In this research, the searcher adopted Scratch as the CTHubwieser, P. (2012). Computer science education in
instrument in the infusing class, however other graphical secondary schoolshe introductiorof a new compulsory
programming platforms including Alice, Game Maker, subject. ACM Transactions on Computing Education
Kodu and Greenfoot can be used to promote CT (TOCE), 124), 16.

development in KL2 education as well. Therefore, Kafai, Y. B., & Burke, Q. (2013). Computer programming

rege_arghes on théeasibi!ity of different CT tools in goes back to schod®hi Delta Kappan, 98.), 61-65.
facilitating English education can be an important branch of

both CS and English education research. Lee, I, Martin, F., & Apone, K. (2014). Integrating
compuational thinking across the-k8 curriculum.ACM

Addi(tjipngl,l_ integrating (rjmT hwithI Eﬂglish lgdgcztilc?n is an |nroads, §4), 6471.

interdisciplinary topic which only has a limited literature | . i i

support. The work of putting forwards any framework to ng\lljvr’vef/i.r%’ irl;'sl:r.iljrclzgtlér F;J\r/]ld Igarncgrena’lttigaDe's (tzoc\)/a:rllj o

guide the following practice in this field is highly needed at learning.Computers & Education, 48), 10661080,

this stage.
. ) Lockwood, J., & Moonr\?\% A. éZD?). Computational
Teacherso professional develfiRdHe tubicatich:WhereCdBeT MEIB A by¥em&id

practice on how to teach CT are significant factors that literary review.arXiv preprint arXiv:1703.07659
cannot be ignoredResearch on how to better prepare

teachers is bound to have great impact on the classrooky® S- Y., & Koh, J. H. L. (2014). Review on teaching and
effect of the CT infusing lesson therefore should be learning of computational thinking through programming:
What is next foK-12?Computers in Human Behavior, 41

enhanced.
51-61.
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Promoting Computational Thinking and Collaborative Skills

in Primary Robotics Classes

Hyungshin CHOY', Jeongmin LEE
LChuncheon National University of Education
2Ewha Womans University
hschoi@cnue.ac.kr, jeongmin@ewha.ac.kr

students as final research subjedtsrremoving incomplete

ABSTRACT . responses. The participants weBd(52%) boys and
This current study reports our attempt to design ancgg9s) girls.

implement a cours® promote computational thinking and

collaborative skillor primary schoostudentsn KoreaWe  2.2. Measuring Instruments

have incorporated Wedo 2.0ifmu r t h gr ad e r dneorderdorinvegstigaie theneffects of the robotics class we

in various real world pr0b|em So|ving contexidis paper look into two main areas: Cognltlve and socia. measure
reports the studentsd acti®@Qdnietsi va egakhl hg gwpmpiigtionaks ejdn
of computational thinking and collabative/communication  thinking and incorporatedebras tas{www.bebras.orjy

skills. The Bebras tasks consisted of authentic problems used to
measure studentsd CT ftomtensf er
KEYWORDS Korean Bebras pilot test conducted in 2016 (Park & Jeong,
Computational thinkingBebras tasks, Collaborative skills, 2017). In addition, to measeisocial skills we concentrated
Robotics Classes, Primary Education on collaborationand communication skills. Collaboration

skills weremeasured usinthe 5-Likert scale by Yoorand
Kim (2011). The instrument consisted 8f items and
coefficient alpha is .780Communication skills were

1. INTRODUCTION

As computational thinking(Wing, 2006) is widely
recognized as the core competency in softveambedded  noqred using communicationthe SLikert scale
sodety, various educational attempts are being made tQ actionnaires by .Chaind et al. (2013). The instrument

promote primary studentso GAmMBGbLEifkhs afdtéeticieht Apna & Bk 9 ski 11 s

Korea. These efforts include educational programming such _
as Scratch programming, physical computing with robotics2.3. Data Analysis
and microcontrollers, and ulygged activities. SPSS was used for the data analysis. First, we conducted a

. . . o matched pairt-test to dscover if robotics programming
It is claimed that computational thinking can be promotedg § , c at i on i mproved studentséo

by com_puter programming because it provides kids Wit,hcollaboration,andcommunication skill.

debugging and troubleshooting chances where they receive

quick feedback (Bers, 2018). Furthermore designing and2.4. Robotics Class Design

programmingrobots to function offer tangible objects for As Table 1 indicates, we designed the robotics class
kids to play with and observe so that debugging becomeiicluding 7 modules,and eachmodule took2 hours The

more visible. It is often neglected that however, —modules were designed to helpgraders solve problems in
computational thinking is a problem solving skill and authentic scenarios such as earthquake, rescuing people,
therefore students should apply computationahkinig ~ recycling, and food deficiency situations. The primary
skills in authentic problem situations while collaborating students act as researchers in a future disaster research center
with their peers. whoneedtos| ve t he i-wocrulrdd@ nmr odbrleear
each module, students were urged to work together as a team

: S , . of two acting one as a designer and the other as an engineer.
implement a course irprimary education in Korea. he gesigner designs the robot and the engineer creates
Specifically weaimed to investigate how the current course programs to sqlve the probleniEhe team members were

designofpr i mary robotics acti VehdhraGed to swidh the rbies balkhind forththfbifh ther?

computational thinking and collaborative/communication v, pe aple to perform two roles. In addition, as students build
skills. collaborative robots they work as a team of four members,

2. CONTEXT & METHODOLOGY and combine two robots into one or synchronize ekt

behaviors.

This current study reports our attempt to design and

2.1 Participants andResearchProcedure

In the currenstudy, 75 Koreanfourth gradeschool students
participated inthe robotics classefkobots programming
classes were designed as a subject integration project. The
same modules were carried out in four different clafsses

the 2nd week of September to the 1st week of December
2017. The preCT Bebras tests and pretests of
guestionnaires were giveébefore the first module and pest
tests were given after thé" Tnodule. We haveelecteds9
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Table 1 Roboticsclassno d ul e s 6
Module
1 Disaster Robots Introduction

Themes

Designing Rescue Robots

Future Food Problem Solving Robots
Building Earthquakeesistant Houses
Recycling Helper Robots
CollaborativeRobots

Designing Future Robots

N o o~ WON

A
Bl B

Figure 1.Collaborative rescue robots

3. RESULTS

3.1. Cognitive : Computational Thinking skill

A paired samplestest showed a statistically significant
increase in computational thinking frgme-testM= 1.85,
SD= 1.06) toposttest (M= 2.47,SD= 1.24),t(58)=3.636,
p<.05.

3.2. Social : Collaboration/Communication skill
Collaborationskills significantly increased fromre-test
(M= 3.79,SD= .51) toposttest M= 4.03,SD= .48),1(58)=
-4.247,p<.05. In addition, communicatioikidls also
significantly increased fromre-test(M= 3.46,SD= .61) to
posttest M= 3.76,SD= .58),1(58)=-4.425,p<.05.

fourth gr ader s o

t h e mg s CONCLUSIONS & FUTURE STUDY
This research reportsur design and implementation of
r ob ¢ot pronmote théiras s e ¢
computational thinking and social skills. As our findings

indicate, the robotics programming classes positively

i mpacted primary

low the posttest scoreswere significantly improved. In

order to investigate

skills, a series of desigmased research will be conducted.

student séo
Although the preest results of Bebras tasks were relatively

In addition, the robotics programming classes positively
st u
collaborative/communication skills. The robotics modules

i mpacted on pri mary

(module 24) and four (module 6) to solve authentic
problems. This provided the students with opportunities to

work together and communicate dchieve the goal.
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ABSTRACT fupctions, variables, and (_jata handling) firsd)p:ased by

] o ) Wing (2006) and others, risks disconnecting what students
The growing ubiquity of everyday devices connected oveliearn from how they might apply it in their own daily lives.
the Internet, knowgenerally as the Internet of Things (I0T), Thjs separation of learning from contexts threatens to make
has opened up new avenues for students to explore thaikamers feel that they do not need to learn computing,
worlds_ and thmk and create_ computationally. Combiningpecayse thecannot see how it will apply to lives or their
loT with mobile technologies (such as smartphones)fytyres, a challenge commonly faced in math and physics
enables students to move their designs and catipoél  eqycation (Williams et al., 2003; Flegg et al., 2012). It
thinking out of traditional classroom settings and into theiherefore becomes critical for education designers to
real world. This article outlines a desighased 10T  nderstand what current issues mayfiaterest to learners,

curriculum that connects Taiwanese studentth the  5nq how they can develop educational interventions that can
personallyrelevant issueof air pollution The curriculum  connect them to computing education.

employs studendlriven smartphone application design

usingMIT's App Inventor with Wi-Fi enabledoT devices ~ For instance, air pollution has become a rising problem in
(Linklt 7697 Wi-Fi/BLE MCU board) This paper reports on  Taiwan recent years. This problem is keenly understood by
changes to the curriculum based on a preliminary pilot an@veryone in Taiwarand is the topic of science and other
observations of student engagement during the neasint disciplineswithin K-12 education. One source of data for

enactment understanding the air pollutiostatus in Taiwanis the
readings provided by government air quality stations.
KEYWORDS However, even within a small geographical regide
Computational Thinking, App Inventor, Internet of things, T&iwan, the air quality can vary significantly, and the
Curriculum design, air pollution government stations alone are not robust enough to capture
the variances. The increased availability of low cost loT
1. INTRODUCTION devices and peripherals, coupled with Internet connectivity

offers new opportuities for the public to design and build
their own sensors, and to collectively share that data to

Empowerment for Learners ; :
As Asoton (2009) so clearly highlighted, the increasingpubllc or private servers (Chen et al, 2017). The
convergence of personally meaningful context anddost

ubiquity of our everyday objects connected through the, . . y
Internet, commonly termed the Internet of Things (loT), istechnology provides the ideal context for desig
changing our daily lives in profound ways. This persistent
connectivity is even reaafy into our home. From our
refrigerators, to our lightbulbs and thermostats, even oud.3. Reducing Barriers for Computational Thinking

home entertainment systems are all increasingly connectéd/hile engaging students in lefbcused computing

to the Internet and controllable through mobile applicationscurriculum may provide new ways for making computing
Smart hubs like Google Home or Amazon Echo, ategc personally meaningfulit is not without challenges. Most

as "digital assistants" thatllow you control your home programming languages require arcane syntax and grammar,
appliancesby simply talking to them. However, most of which is a significant barrier for young leams wishing to
these systems are black boxes to us®esdo not know how engage in computational practices (Maloney et al., 2004). If
they work, what they do with our data, and generally cannobur goal is to have students feel empadeto develop
customize them foruwr own needs Similar to the call for computational solutions to rewalorld problems and become
computing education to embrace mobile computing as a&xcited about their ability to do so, we need to reduce these
means for empowering studerds creators and not mere barriers to entryln responsgresearchers have devedop
consumers of our digital futures (Tissenbaum, Lee, et al.block-based programmingenvironments, in which users
2017), there is a growing need to consider howfecgvely assemble programs by snapping "blocks" of code together.
integrate 10T into educational designs. These blockdbased languages have been shown to support
novice programmers to more easily develop relatively
complex programs in the domains of games (Brennan and

1.1. Internet of Things: The Next Sphere of Digital

computational curriculum that can engage students in a
personally meaningful way.

1.2. Making Computational Thinking Meaningful
The continued focus of computing educatigith learning
the fundamentals of computing (e.g., loops, conditionals,
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Resnck, 2012), 3D animations (Dann, Cooper, Pauschus to envision more complex and engaging educational
2011), and computational models (Begel & Klopfer, 2007). designs.

MIT's App Inventor is an example of a blodiased 2.3. An Authentic Problem: Taiwan'sAir Pollution
programming environment that allows users to build fully The design of this camp is focused on the current air
functional native apps for Android phonesdatablets. pollution problem in Taipei, which has become an
Because App Inventor is focused on mobile applications, iincreasingly serious health threat to everyone living there.
allows the programs that young learners build to move offAmong all pollutants, fine particulate matter (PM2.5
their computer screens and into their lived lives. Whenparticles that arkess than 2.5 micrometers in diameter), are
coupled with sensors and other 10T devices, App Inventoparticularly serious as they can penetrate the alveoli (the gas
can open exdilg new possibilities for students to exchange regions of the lungs) and even pass through the
experience, understand, and interact with their physicalungs to affect other organs. PM2.5 have been shown to
worlds. While the promise of youth developing cause serious illness and increamecer rates and is directly
transformational interventions using 10T is exciting, the related to a range of serious health problems, such as asthma,
technical complexity required to actually develop thesecardiovascular disease, respiratory diseases, lung cancer,
interventions is a clear barrier. and premature death (Chen, 2017). According to Taiwan
Environmental Protection Administration (2018), aqua's

2. METHODS respiratory system can be seriously affected when the PM2.5
2.1. Developing a Lowbarrier 10T Curriculum for | evel is above 50 &g/ m3. Giyv
Taiwan through App Inventor problem, and its direct connection to the population of

In response to the challenges of designing a personalljaiwan, the subjec_t matter was one we believed participants
meaningful computational thinking curriculum for Would be able to dectly connect to.
Taiwanese students that does not regabmplicated pre  2.4. Participants and Setting

existing programming knowledge, we developed new loTThis work was designed as a summer camp taking at three
extensions for App Inventor. Below we discuss the different hlgh schools in the same week. Each camp has 30

development of the new loT functionalities for App Inventor students randomly separated into 12 to 15 groups

and the successive iterations of our air quality curriculum. disregarding gender or prior programming experésn The
camp took place over five-ifour days (9:30 to 16:30 each

I . . day). In each camp, one expert instructor conducts the
There has been significant prigvork focused on using g .
Bluetooth to control robots or devicesldumoud et al curriculum and three TAs are present to work with students

2014. However, compared with \AKi, the rangeBluetooth and collect observations. At the end of each day, the
can cover ismuch smaller making it mainly suitablefor instructor and TAs dmiefed together to exchange
spaces abouthe area of a classroorhen it comes to information about interesting and unexpected events.

larger spaces,such as a playground or even a campus, )

Bluetooth d@s not have the range to support communicatioré-5- Data Collection _

between devicesin this curriculum designstudents' air OPservations during camp sessions were collected by the
quality monitor systemsould be 50 to 500metersaway instructors and TAs, debrief sessions with the instructors and
from each otherwell beyondthe rangeof Bluetooth or TAs, and the students' final products.

Ethernet cable In these caseswe recommend using

development boardthat areWi-Fi enabled(such as the 3. CURRICULUM DESIGN

Linkit 7697 used here) This curriculumwas implemented using a desigrased

. . . research approach, whiemploysiterative cycles of design,
While there are many prototyping boards options, &lbé e 0ument, observation, and redesign (Barab & Squire,
boards - boards that have all the necessary parts for2004)_

controlling other devices already built into them (Barr &

Massa, 2006)- are particularly useful for educational 3.1. Linklt 7697 Wi-Fi/Bluetooth MCS Board

purposes. Embedded boards are significantly cheapeFor 10T connectivitywe used theinkit 7697, which is an
smaller, more portable, and lelower power consumption Arduino compatible development boa2D(8. It supports
that full-fledged computers. It is also fairly easy to power Wi-Fi and Bluetooth Low Energy connectivity. With its
prototypes developed using embedded boards using smatlative affordable price (about 15 USD) and the support of
portable power sources (e.g., AA batteries or power banksihe open source community, Linki697 board iselatively
(Tseng et al., 2017). easy for beginners to get started with. Students can quickly
build and testheir designsvithout any complicated setup.

2.2. Why WiFi not Bluetooth

By coupling these embedded boasd with mobile
technologies, we can extend their capabilities in ways thatn this camp, we combined the Linkit 7697 to a PM2.5
would be prohibitively complex on their owRor instance, Sensor as a prototype for students to collect PM2.5 data and
voice recognition is relatively simple tanplement with  to furthe explore the physical world.

smartphonegsimilar to Google Assistant or Apple Siri)

However,this kind of functionality iextremely difficult to

implementon embedded boardsoale Combining the two

naturally complements the affordances of each and allows
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color LEDs to indicate the air quality. In the afternoon, they
presented what they had built and learned duringnvisek

to the larger group. As a followp reflection, students were
asked to discuss and write down what they could add to
make their projects to make them better. Some of this
discussion was/will be used to improve subseqjtenations

of the camp.

The pototype of our air pollution monitor systeasesa
Linklt 7697 MCU board, extension board and an air quality
sensor (can detect PM10, PM2(B)gure 1).

Studentghendesigned their own interfacémsed orwhat
Figure 1. Prototype of the air pollution monitor system, they learnedverthe first three dayssachgroup came up
including Linklt 7697 with different ways to present their datene team used
Google Chart API to visualize the hourly PM2.5 status
updates while otherssimply showed theeadingson the
To make the hardware setejsier we used an extension screen (Fgure 3).
board to connect the air quality sens@moving the need
for studentdo use abreadoard andnessy wiresThis was
a suitable approach for a camp, but for a loAgem

intervention it might be betterfor students to have more DM AN
handson experiences building breadboard circuits. AN
3.2. Curriculum Content AL
Below we describe each day of tiime-day camp. w7 o
(PM109)
Day 1. Basic Understanding of Mobile Programming. (PM2.5)
The camp started with an introduction to the App Inventor (‘:g‘o;;,
platform and having students install the Android emulator (NO2 2)

on their PCs. Using a set of tutorials, students developed i (03 28)
basic understading of the AIA environment and its

components (e.g., Buttons, Textboxs, Images, Webviewers)
and how to build apps to complete certain tasks (e.g., to hav
users input two numbers into Textboxes to calculate the are

of a rectangle, and how to show ermessage if either one _ o
Textbox is empty). Figure 2.Examples of student representations ofjaiality

Day 2. Get into Mobi |@ D&h ot e ®BSERYATIONALSTUPY i es .

2, using the premise of game design, students learned hofduring the oneveek camp, almost every group of students
to integrate multimedia, and sensing functions in their appsrom the three high schools finished building their air
Students had to make a virtual ball ¢me screen roll pollution monitor systems, sent data to the server and

according to t he p honeds revigued ad the air qualdyrsensgr datai installedi within thet h e

orientation/accelerometer sensor). We also introduced theampus. From our observatis, about half of the students

Map and location sensor components, having students buileesisted or paid less attention at first because they felt that

a locationbased app to detect their location. mobile and loT programing was too difficult to learn.
However, with the help of AIA and the eamtconnect

Day 3. Basic Understandag of Circuits ar_1d MCU_ hardware, these students began to explore moresdhliy
hoards. On day 3, students began workmg with the Linklt functionality on their own. This exploration was clearly seen
7697 MCU board to control several electrical components;, ey final project presentations. All the students were

such as LED.S’ po_tennometers and bu_ttons._ln the afterr‘00'§}isibly excited when they successfully sent data to the server
students built a lightontrolled LED, in which the LED 54 \yere able to view their surrounding campus' overall air
intensity was affected by the ambient light condition usingg, ajiy. Many students expressed the idea that this data was
the photoresistor. really meaningful and impacted their perceptions of the need
Day 4.Receive Data from MCU Board to Show on the to understand and care for the environment in the future.
App Screen.On day 4, students built the main componentsAfter the camps were over, wandomly selected several

of their air quality monitoring systems. Students learnedstudents from each campdquoted their feedback below:
how to controlthe MCU board through their mobile phone
through WiFi, how IP connections work, how to send their
air quality sensor data to the server, and how to retrieve da
from other devices and show it on their phone's screen.

Day 5. Demo, Share and Feedbaclon the fifth and last N
day, students finished their monitor system and tried to addn €
more functions to it, such voice control or using different

s really exciting when
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The results of this first full implementation of the camp wasBarr, M. & Massa A. J. (2006). "Introduction".
extremely encouraging and will finer design iterations for Programming embedded systems: with C and GNU
yeartwo. development toolsO'Reilly. pp. 12. ISBN 9780-596-

5. DISCUSSIONAND FUTURE WORK 009830.

This paperdescribedhe design and development obiae ngel, A'. & Klopfer, E. 2007. Starlogo TNG:. An
week 10T curriculunwith high sdool studentsvhich aimed introdiction to game developmerlournal of ELearning
help them in developing theidentitiesas computational Chen, L.J., Ho, Y.H., Hsieh, H.H., Huang, S.T., Lee, H.C,,
thinkers This iterative work built on a previously piloted & Mahajan, S. (2017). ADF: an Anomaly Detection
version of this camp held acrassee high schools in Taipei  Framework for Largescale PM2.5 Sensing Systems.
city, Taiwan. By reviewing the observatory resuéted Accepted tdEEE Internet of Things Journal.

student 6s gaw that ©wefals studemtavere  cpen) J. Ho, Y.H., Lee, H.C., Wu, H.C., Liu, H.M, Hsieh,
motivated and connected to the wdskcause theopic was H.H., Huang, Y.T., & Lung, S.C. (2017). An Open

connected to their dailjves. Framework for Participatory PM2.5 Monitoring in Smart
Building off our current run of the camp, we have some Cities.IEEE Access Journab, 1444114454,

thoughts on how to extend and improve the curriculgor Flegg, J., Mallet, D., & Lupton, M. (2012). Students'
students who want to exploferther, it might be fruitful to perceptions of the relevance of mathematics in

provide them withopportunites to try outother making  engineeringIntl. Journal of Mathematical Education in
skills that connect to this topic, such Bsw to use 3D Science and Technology3(6), 717732.

girrlntlgﬁug&asrﬁgﬁ;:g;ng t;:inbr;gateroavr; deethggéfasrgtfeogﬁtgﬁ'rLee, C. H., & Soep, E. (2016). None But Ourselves Can Free
b Y b P * Our Minds: Critical Computational Literacy as a Pedpgo

Another .C.)ptIOI’I for student explorqt!on could include of ResistanceEquity & Excellence in Educatiod9(4),
opportunities for students tadd additional sensors to 480492

expand their device's functionglitFor instance, thegould _ _
add temperature, humidity and windirection sensors to Linkit 7697 Development platform. Retrieved from https:/

providea more comprehensive analytics resulisey could /docs.labs.mediatek.com/resource/linkit7@dduino/en
alsoadd multicolor LEDs to indicate different air quallty Location Aware Sensing System_ Retrieved from
conditions orextend their mobil@pps toprovide a pogpup https://pm25.lasset.org/

notification when the air quality condition is bad. Maloney, J., Burd, L., Kafai, Y., Rusk, N., Silverman, &.,

Building off these insightdan future camps we will design Resnick, M. (2004, January). Scratch: a sneak preview
more inquiry activities for students tesign and build with [education]. InCreating, connecting and collaborating
AIA and loT devices allowing themto explore their through computing, 2004. Proceedings. Second
surrounding environments through computational means International Conference ofpp. 104109).

Future iterations of this cap will also involve more  p\;5 5 concentration indexes and activity advices. Retrieved
students and wilemploya pre/post survey to collect more 4 http:
detailedquantitative and qualitativBndings .Through this . lltagm.epa.gov.tw/tagm/tw/fpmi.aspx

work, expect to have a more comprehensive understandin

of how students become computational thinkers throughSéng, C.H., Wong, C.C. & Kuan, W.H. (2017).

participation in thiscamp, and hovit may affectstudents' ~ Mplementation of a map route analysis robot: combining
computational thinking skills, eventually thdirture study an Android smart device and differentdive robotic
and career pathway choices platform. MATEC Web Con®5 (2017) 08005

Wagner, A., Corley, G. J., & Wolber, D. (2013). Using app

6. REFERENCES . inventor in a K12 summer camgRroceedings of the 44th
AlHumoud, S., AlKhalifa, H. S., AtRazgan, M. & Alfaries, ACM technical symposium on Computer science
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The Use of Computational Thinking to Advance Learning

in the Pre-university Subject of Digital Literacies

lldiko VOLCZ
University of Technology, Sydney, Insearch
ildiko.volcz@uts.edu.au

courses. The role of the Digital kiacies subject in the
ABSTRACT ] ) rogram is to equip students with the technical conceptions
This paper describes how elements of compu_tatlonagnd skills to become efficient users of digital and online
thinking are employed to advance student learning angesources. The subject employs a number of computational
engagerant in the Digital Literacies subject of the thinking principles and elements ranging from simple
Foundations Studies of the University of Technology, coding activities to complex projettased collaborative
Sydney. This study does not focus on enhancing techmc%aming assessments. This paper will describe how

coding skills, rather it takes the conceptual view oncomputational thinking is applied in this subject.
computational thinking and investigates howexdp of it

can be used to further st uddeCOMPUBATKINAMTHINKINGI | s and de
their abilities to solve complex problems in collaboration

and with the use of technology. 3.1. Definition of Computational Thinking

There are numerous definitions edmputational thinking

This paper will al so r eveallCT) dns ofshe widkly appliedbdegcreptiop lny dJearette Mo f
of computational thinking eteents in projecbased Wi ng (2011) states: Acomput at
assessment. processes involved in formulating problems and their
solutions so that solutions are presented in a form that can
KEYWO.RDS o o . _ _ be effectively carried out by an informatigmocessing
Computational thinking, Digital Literacies, projdwhsed 4 gent o. Hemmendi nger (2010)
learning. computational thinking, however is something else; not to
1. BACKGROUND lead people to think like W which is pretty varied anyway.

The UTS Foundation Studies Program is offered in AustraliaIHSte."’K.j’ Itis to teapﬂnem how to think like an economist, a
hysicist, an artist, and to understand how to use

by Insearch to international students; the academic entr . .
level requirement is completion of Year 11, with an English o_mputatlon to solve their problems, tq create, andhto
language requirement of IELTS overall 5.5 and a minimum?_hI S (a ?. ver nhe tV\; que ?[ tl (I) n Skki that
of 5.0inwriting. Thce our se i s designed f’% eépgo\l/ﬁsespgg?_ hé?‘ttc léa\li'%n% %"rll db}SS
academic and language skills to prepare them for 0 beyond Computer Science and can be applied te non

: . : computing subjects. DeSchryver and Yadav (2015) argue a
university education. ) e ; :

that computational thinking skills (as strategies for problem

The student body represents a diverse population in terms @blving in datamediated, technologsich learning and work
gender, country of origin and also use of technology. Ther@nvironments) coupt with the use of new literacies skills
is great fluctuationn the composition of nationalities from (strategies to negotiate, generate, and communicate meaning
semester to semester: in some semester there #@mong myriad encoded digital forms) enhance creative
approximately 40% Chinese and 40% Nepali students, inhinking skills (cognitive activity comprising various
other semesters, 75% of the students are from China. Theubsets of these component thinking skills #ratmediated
rest of the student population is generally from Ind@es by the more aesthetic components of traditional creativity).
India, Korea, Laos, Malaysia, and Vietnam. Therefore, theThere are various calls for opening up CT elements to
curriculum has to be flexible enough to cater for studentdearning that is not computer dependent.
with different skill levels while aiming for consistent

learning outcomes. The heightened need for including computational thinking

in K-12 curriculum that isupported by government bodies:

The composition of the cohort that provided information for England added Computational Thinking and Computer

this paper consisted of 75% students from China, 7% froniProgramming in the national curriculum of primary and
Indonesia as the second biggest group of students, 2% frosecondary education (Department for Education England,
Korea and 2% from Hong Kong; the rest of the students wer@013), while Australia puts emphasis on STEM (Science,
from Nepal, Myamar, Pakistan, Nepal, Malaysia. Technology Engineering and Mathematics) subjects in their
curricul um, as Chang (2015) s
echoes successful programs implemented in the United
States such as Code.org and
support of Google and Microsoft, includinget United

2. INTRODUCTION Kingdom who introduced coding in primary schools last

The aim of the UTS Foundation Studies is to providey €ar . o As CT s ki |-I2s edusatidnl ad
preparatory education to international students for university

The cohort represented 55% mad% female students;
55% studying Business, 13% Communication, 10% Design
6% Engineering.
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university preparatory courses will also need to incorporat@ f Coded t asks: Mi necraft as

elements of CT. code.org and to understand programing logic they use the

. S lighbot.com mission. The Hour of Codarge is used in the

?uzst as EﬁiﬂegtrseO;Ergénsplét:ﬁ'rmggh;gr?;%m utational subject to inspire students and raise awareness of the
P importance of programming, but not to teach students

Thinking, there are also a wide range of ideas on tht% . . i
. echnical coding as concluded by Du, Wimmer and Rada
components of it. Gouws, Bradshaw & Wentworth, (2013)(2016). Lightbot.com is applied in the course as a sound

developed a Computational Thinking Framework (CTF) ©resource to teacktudents conceptual skills and abstraction,

assist in developing educgtlonal _materlals. Acco_rdlng toas assessed by Gouws, Bradshaw & Wentworth, (2013)
their framework, the followings skill sets are required for

I 0,
computational thinking: Processes and Transformationl'IghtbOt has a 74% overall CT score, although, the program

Models and Abstraction, Patterns and Algorithm, Tools andS weaker in the areas of recognising patterns and creating

Resources, Inference and Logic, Evaluations anqalgorlthm.

Improvements. The levels of these kskihre described as: 4.1.1. Feedback from the stuehts on these activities
Recognise, Understand, Apply and Assimilate. 55 students completed an evaluation survey of the lesson and
gpe majority of the students (83%) enjoyed the activities and

Weese (2017) describes the elements of computation L te them 4+ stars.

thinking as: Algorithmic Thinking, Abstraction, Problem

Decomposition and Control Flow. B :  EUTETR
_ PO  Lesson ratings >

According to Barr and Stephenson (2011) the core B

computational concepts are: data collection, data analysit il i

data representation, problem decomposition, abstractior - 1%

algorithm and procedures, automation, parallelization anc
simulation.

Garci-Pefialvo and Mendes (2018) describes computatione d8%
thinkingasian active problem sol
the students should use a set of concepts, such as abstracti
patterns matching, etc., to process and analyze data, and
create real or wvirtual art

Code.org (2014) illustrates the process of contprtal Figure 1.Student rating of Houof-Code lesson
thinking in 4 steps: step-decompose, step-datterns, step

3- abstraction, step 4algorithm. The word cloud below servesasasumnyga of t he st

comment on the lesson.
Reviewing the definitions and descriptions of the

components of CT skills one can deduct that some commo formation . Useful
: - : ! : clasgpriraen 0
ingredients are: problem decompositipafterns matching, CCAUSE clear joroponains L] @ W
abstraction and algorithm creation. : Sy G e
interesting [l computer
4. COMPUTATIONAL THINKING IN & kfh(f)\;\yl moke | BAMES caser e
advance similar ., concgptno ices
THE SUBJECT OF DIGITAL LITERACIES l'kd praiong 1 v i literacies”” .
. thinks = A .

The aim of the UTS Foundat IKE LN | SAPYY veabte zex teraci

. . . . . friendly everything thingsyouss skills ficas
subject is to equip students with the skills and knowledge tc casy e padlet kind [AINES one thi
become efficient use of digital devices and applications for el tedSSZ)tnpﬁP helpful studers pm-cem
academic purposes. The subject employs the components subject 1€ pases iR Tl
computational thinking to technologl™e reeteq cher knowledge ities
tackle complex issues and solve projeased problems in theories "4PPY learned

collaboration with others. Other than ieical capabilities, .
the main skills that preniversity students develop in this ~ Figure 2.Student comments of Howf-Code lesson

course are conceptual skills and problem solving abilities. 42 Projectbased assessment details

4.1. The development of CT skills Once students have completed these activities, they progress
In the Digital Literacies subject students first complete anto the assimilation level of the CT skills and are engaged in
unplugged activity developed around the four elements oft 6weeklong projectbased learning assessment. In this
computational thinking (problem decomposition, assessment students need to employ their CT skills to
abstraction, patterns matching and algorithm creation). Theecompose the complexity of the task, recognise patterns to
main aim of this learning acily is to enable students to find similarities within and among tasks, use abstraction to
become familiar with the concepts of CT. Through thisfocus on the main issuend create an algorithm to identify
exercise students develop their knowledge to recognise ari@gtails of the process.

gn(ljlers_tandh_the ;I)roce(sjs O.f. co_mpur':atlonal th'nlé':r_}_g'The assessment is a collaborative task where students create
oflowing t '3 unp u99€k ?C(;'_V'_g/' II? the nextltwoh 7 a5minute movie that tells an inspiring story around a digital
activities students work individually to apply their o acies t(igc. ThIe Eroject has three deadlines that are set
sist stu

knowledge to practical exef,¢tefi§ efitY to keBp"BR trafk'whih tHe PrBject” H ©
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in week 2 they need to submit a story brief that includes thén the movie assessment students are required to use
elements of their short story, in week 4 they do a movie pitctabstraction for their movie brief and gitdn the movie brief

to build anticipation and create excitement about their filmthey need to outline the main parts of the story, using the five
in class andn week 6 they submit the final, edited movie. elements of a short story: setting, characters, conflict, plot
Concurrently, students will acquire skills in the areas ofand theme. They are not required to work out the plot
visual literacy incorporating camera angles, shots andtructure in details, rather to provide an overalpiession
staging; in audio editing to record and combine audio track®f their story. This abstraction provides the students with
and in movie editing to comply &art video. two main benefits: form the main idea for their movie and to

43, Computational Thinking Process in Project be able to express themselves in a prompt format.

based assessment In the movie pitch the group needs to present their movie
Students are required to use the process of CT to completdea and a traite(advertisement of their movie) to the class.
the assessment. They need to apply the components of CT Tde aim of the movie pitch is to generate anticipation and
create the collaborative project. This experience willshssi interest in their movie. The groups are required to use
them in developing their conceptual understanding andabstraction and present their idea in a way that provides
teambased problem solving skills. enough information for the audientteunderstand the story
without getting into lot of details. Creating a trailer for their

#ﬁélﬁrstzfecovrcﬁeo: Igtg"c\rtt?r:a I;rr? l;l;asr? nment s to break it dowf. ovie is an excellent example for students to develop an
P 9 9 gderstanding of abstraction.

into smaller, more manageable tasks where each part can b
solved hdependently of each other. Consistently, that is theAbstraction as well as problem decomposition teaches
very definition of decomposing the problem (Weese, 2017)students to gain an ol view of an issue and develops
To provide scaffolding to students in the decomposingtheir conceptual thinking skills. However, these two
process, the projedttased assessment has defined deadlineslements of CT differ. With problem decomposition one
to meet, such as the storydfrand the movie pitch. These breaks through the complexity of a project and creates
deadlines create the skeleton for the project and assisimaller, more manageable tasks, while with abstraction one
students with breaking the assessment into smaller tasks aigdins understanding by removing unnecessary details. For
allocate those to group members. Students need to decide emample, when a student is assigned the role of an actor in
activities that need to be completed as a graugh assign the group that is problem decomposition, but when that
tasks to individuals to contribute to the final product. student is trying to understand the personality of that
cparacter is abstraction. Bflecting consciously of the
imilarities and differences between problem decomposition
and abstraction students are supported in developing a better
understanding of both.
4.3.2 Recognisng Patterns 4.3.4. Algorithm

During the decomposition stage students will come acros . . .
tasks that are similar in nature. According to Code.orgi‘Igorlthm refers to solving a problem by developing a set of

(2018) pattern is a theme that is repeated many time steps taken in a sequence to achieve the desired outcome
pattern =P y Katai, 2014). The projediased assessment does not focus
Students in this assessment are particularly encouraged

. . ™ developing technical stdyy-step instructions for
look for patters when they create their shot list, so Scenescreating a movie, rather it aims to provide the students with

that are similar can _be organised accordmgly. Identlfylngthe steps to confidentlyndertake any future projects in their
patterns can be applied to most of the technical parts of th&niversity studies

project, such as audio and video recording and editing.

This part of the assessment provides the students with gre
learning value in developing their conceptual skills and
understanding the steps in starting an assignment.

Another examole for pattern reatition in the proiecbased At the end of the project, students are required to reflect on
P P g Proj the process, identify and evaluate steps that they took in

assessment is the use of camera angles and shots to undergljgating their final movie. This assessment hopes to provide

the tone of a scene. For example, to convey emononaﬁe studentsvith thﬁ aI%rithm of success ulg solving thF .
student s use cl ose up Shocﬁqeﬁlengﬁo s o ros aci

T a'C
expressions; or to illustrate that a character is infdhiey s of complex, grou% nglgnr%ent
use high camera angles. This kind of pattern of shots and.4. Feedback from students on the use of CT elements
angles are used throughout the movie to support the story.115 students filled in the final survey after the completion of
. the project. Their response on the use of CTisski the
4.3.3. Abstraction

Abstraction refers to the general representation of a com le[))(rojec'ebased learning was very positive, approx. 85% of the
robl em A cgc or dFi) 0 to Wi pnstuder;rt]s ag}r egNﬁr str%ngi%a%reedt at t ef/ ha};/e alcquired

process— decidiﬁ what details we nee% to highlight and skills a% g)y fll use at uni ersi@/, Siils thdt i he%

P . 9 . ; gniigt them in to do well in other subjects, and skills in problem

what details we can ignore underlies computational d "

. : R . ecomposition.
thinkingo. The abstraction proces
better understanding of the problem they are faced with. It
allows them to investafe the core of it without focusing on
unnecessary details. It helps them to concentrate on the main
idea see what the more important parts of the project are.

s allows students to g
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End of project survey results https://www.gov.uk/government/publications/national

il use the skl | learnt at curriculumin-englandcomputingprogrammesof-study
& Uniersity Deschryver M. D., Yadav A. (2015).Creative and
" m The skills | learnthelped me to do Computational Thinking in the Context of New Literacies:
belterinothersublects Working with Teachers to Scaffold Complex Technelogy
2 I gained skills to identify and carry Mediated Approaches to Teaching and Learnidlg.of
ol out smaller tasks in a project Technology and Teacher Education (23), p431.
ml Du, J., Wmmer, H., & Rada, R. (2016i Hour of Cod
- Can it change studentsdé atti

04—

Journal of Information Technology Education:
Innovations in Practice, 15, 52. Retrieved from

Figure 3.Student feedback on the use of CT elements in http://lwww.jite.org/documents/Vol15/JITEv151IPp053
projectbased assessment 073Du1950.pdf

a-Pefalvo, F. M A. (2018). Exploring th
5. CONCLUSION Garci-Pefalvo, F. and Mendes, (2018). Exploring the

) et . ) . computational thinking effects in preniversity education.
Computational thinking skill development exercises being Computers in Human Behavi0, pp.407411.
incorporated into KL2 Australian curriculum. Therefore, ’

Gouws, L., Bradshaw, K., & Wentworth, P. (2013).

university preparatory courses dedo provide similar ' o . X -
Computational thinking in educational activities.

opportunities for international students to gain knowledge ’ >
and skills in CT. Proceedings Of The 18Th ACM Conference On Innovation

And Technology In Computer Science Educatidticse
Computational thinking components are being used iR non '13, http://dx.doi.org/10.1145/2462476.2466518

STEM subjects. In this paper, a case of using CT elemen .
in a projectbased assessment is presentets found that tﬁfnrpc:gigdmger, D.  (2010). 1é)plea for modeslﬂyCIXI

many elements of the CT process can also be applied for . ", :
projectbased learning. Feedback from the students who htt;?.//dx.dm.org/lO.1145/1805724.1805725 o
completed the assessment favours the incorporation dfatai, Z. (2014). The chiange of promoting algorithmic

Strongly Agree Agree Neutral Disagree Strongly Disagree

computational thinking into curriculum. thinking of both sciences and humanitiesriented
learnersJournal Of Computer Assisted Learning,(8j1
6. REFERENCES 287-299. http://dx.doi.org/10.1111/jcal. 12070

Barr, V., & Stephenson, C. (2011). Bringing computational

thinking to K12. ACM Inroads 2(1), 48. : . .
) : 12 and higheeducation(Order No. 10271485). Available

http://dx.doi.org/10.1145/1929887.1929905 from ProQuest Dissertations & Theses Global.
Chang, O. (2015)Australian schools are scrappingstory (1925537965). Retrieved from

and geography and replacing them with coding classes http://ezproxy.lib.uts.edu.au/login?url=https://search

Business Insider AustraliaRetrieved 24 January 2018, proquest

from  https://www.businessinsider.com.au/australian  com.ezproxy.lib.uts.edu.au/docview/1925537965?accoun

schoolsarescrappinghistory-andgeographyand tid=17095

replacingthemwith-codingclasses20159/ Wing, J. (2011). Computational thinking2011 IEEE

Code.org. (2014)Code.org:Anybody can learfonline] Symposium On Visual Languages And HusGantric
Available at: Computing (VL/HCCQ) p3
https://studio.code.org/unplugged/unplug2.gécessed http://dx.doi.org/10.1109/vlhcc.2011.6070404

24 Jan. 2018]. Wing, J. (2008). Computational thinking and thinking about

Weese, J. L. (2017Bringing computational thinking to-K

Department for Education England. (2013)ational computing. Philosophical Transactions Of The Royal
curriculum in England: Computing programmes of study ~ Society A: Mathematical, PhysicaAnd Engineering
key stages 1 and Ref: DFE00171e2013. Rdeved Sciences, 366(1881), 37173725.
from: http://dx.doi.org/10.1098/rsta.2008.0118

71


http://dx.doi.org/10.1145/1929887.1929905
https://www.businessinsider.com.au/australian-schools-are-scrapping-history-and-geography-and-replacing-them-with-coding-classes-2015-9/
https://www.businessinsider.com.au/australian-schools-are-scrapping-history-and-geography-and-replacing-them-with-coding-classes-2015-9/
https://www.businessinsider.com.au/australian-schools-are-scrapping-history-and-geography-and-replacing-them-with-coding-classes-2015-9/
https://studio.code.org/unplugged/unplug2.pdf
https://www.gov.uk/government/publications/national-curriculum-in-england-computing-programmes-of-study
https://www.gov.uk/government/publications/national-curriculum-in-england-computing-programmes-of-study
http://www.jite.org/documents/Vol15/JITEv15IIPp053-073Du1950.pdf
http://www.jite.org/documents/Vol15/JITEv15IIPp053-073Du1950.pdf
http://dx.doi.org/10.1145/2462476.2466518
http://dx.doi.org/10.1145/1805724.1805725
http://ezproxy.lib.uts.edu.au/login?url=https://search-proquest-com.ezproxy.lib.uts.edu.au/docview/1925537965?accountid=17095
http://ezproxy.lib.uts.edu.au/login?url=https://search-proquest-com.ezproxy.lib.uts.edu.au/docview/1925537965?accountid=17095
http://ezproxy.lib.uts.edu.au/login?url=https://search-proquest-com.ezproxy.lib.uts.edu.au/docview/1925537965?accountid=17095
http://ezproxy.lib.uts.edu.au/login?url=https://search-proquest-com.ezproxy.lib.uts.edu.au/docview/1925537965?accountid=17095
http://dx.doi.org/10.1109/vlhcc.2011.6070404
http://dx.doi.org/10.1098/rsta.2008.0118

Kong, S.C., Andone, D., Biswas, G., Crick, T., Hoppe, H.U., Hsu, T.C., Huang, R.H., Li, K.Y., Looi, C.K., Milrad, M., Sie|&iih,
J.L., Sin, K.F., Tissenbaum, M., & Vahrenhold, J. (Eds.). (2@&®)ceedings of the International Conference on Coatpmrtal Thinking
Education 2018Hong Kong: he Education University oHong Korg.

i Scratch M = D DI né
t 'vY¢d WY esly "k °
19 M Oe€ o) . ¥n'H
2 n s 0]
yangcw@ maihtcu.edu.tw chenghsuanli@gmail.comkbc@mail.ntcu.edu.t ian@wedtech.com.tw
~ Data Representatid?h N ® Yy ¥ y Decompositorin )y
. ) Parallelizationk P, )y Pattern Generalizatioh<
AV_J no . SAL . ¢_4 " $cratch|'| = 0 y y Pattern Recognitiof n y y Simulation
DY un° € MY D |fLA il oy Ty
I My # A Wzt Scraichh wn Q §Y pgrennan & Resnick2012) p TDIAY threedimensional
X A an oYKW Aoco U intergratedY n £ * 4, =Yun t 1. Ed wy
= A 20l ykpyuny ny 1y N2 o
- 1T 7y yagn .y y
=~ | Scratch D . | o]} qu .y oo oL 3. he Y
y | Zhongy Wang/ Chen & Li(2016) p B>
1. > p TDIAA] Y TDAGC ttv, =YTs N
T3 W EYL, 2Zv y, 4na° Yunt 1 EDQLY " V' wy %
A ov OBgTZMGC = " A0 YZ Py Uy Juy 'y NJ 2 oo
M h =  Computational Thinking + 3, vV o 0y o quny"~" \
0AC " | =8 A3 YUl oy L3 b ® y
T NA 2 Yrgpeéedy z A (Wing, Wy L
2006)Y [ p C A=sYT'HYW z A o'H VY = 1¢ 0=5 A f
A 2vY "Hr AR =¥ A3 € T Y. H "'H pABAX-_ T A GY
= Y Computational Thinking A E | Avn 0 1 XYy M oey,n L
Wing H A = 1 773 T H3 Y oyQ AT " - A DYu &P L
T3> AW n = 2 A ny 22. "o N ., Scratch
n TAW ¢ = 2AG,. GnYLlye& Scratchy O v LI AY MIT Media Laby
Koh, 2014 Y n . KW "n = A TKZ Y Lifelong KindergartenGroupy "H
s & fA 2Ye Ey y Y A o 0n . \4 P+ Y Scratch
201 Y KW N Yo A = Kw tvmn” A~ =8 YXN A P u
EYBXY . ANA 0 | q MY oyKA ~ , W(MIT, 2007, 35> BX _ @ Scratch
1077 gy &z oy yA y P Av¥nY s« Y2008 Wn 0Q °
164 A Y Schoolnet2015¢ | m Scratch Y 0 WA f 26&
K6 -~ AW OMz T “ RV _23 . c L Cald,er(2010) _+_ Scratch c
- VCGRt n Y 3>p8 BY f ?_YF ) EL Tanr!kulu Sch_agfe’r‘ %0_1];%
N A D’H-"-‘r A VT 2z Avn Q_ycbscrgtclz APOﬂyE: 0on|
ST o A Qu1 n [r..|€oY o A Yvrr_1 YZO%C?L
Ch ~ 3 v BA. W y Avwn Scratch p n', Y t ]
n . to | Avn W = £ n M = EL
DY Lzvia MT M Scratc u P 3. ¥vn CGA
Y M Scratchlm = D |fLA '
i 3.1 . ,
Avnn CIAL > L \% t
2. n M e 3y ny A t 49WYZMXi
21 ~ 5 A 45WY i A 4WY Fx Yé
Googler 2014 + = tA YZH 36% Ay A Y(l)oo "'/L )Ly | > L P ¢
1 "& Nnéy X' AE YHT -
Ay~ p YK n0O™HX A ) Googleu 3.2.vn |z

= ut 1194 'EdAbstractiotf "I oy y Avn nA . né t SPSS(Statistical Product
Algorithm Desigrv A . ¥y y Automation(s o)y and Service Solutions) 180 QA | WD AT
Data Analysis( Nu € )y Data Collectioly N yy Wt  CAYaWné i

72



3.2.1. Scratch i

Avn n y I M Scratcky Scratchy S
J SEAHVERIED
v QA & QA YoC 1 otod 5 e
A a - Y KW v i Scratch p o H % (DB TSR R  ERRT -
® nAduyy g BAYPK | AW
;mibGz3ngvt (°  Y2014)
ScratchA €f Qu+t 104 nd Wy ULy 1
y ay 1y y y y NyB.
€ YAvun ScratchA u IEF P N
Yu M P = L
3.2.2. = D . 1 b
Avnvias A = DY DBAv®] , . ,
Scratth"t+  L1zYQ Xv4 a¥zZ o B 2 Ed UL P P2
zr =~ EbMQLY' wy § Uy EY yYu PaM L
|y A.L O oA Scratch Y 3. Fn dQXtTMI L Yunt FY oy
" K MY = A E| PeA W o6 iQYmn B vl
Dt anA YeCd a' wut QU oy vy o lyuy A
5 Wi Y 1 & 10M o bom gy fo n A AYP t
a v+ A nj
1. o 0 AN oW =
Mi Y% Q NW-» n wni =sY .
Wi n L (10 min) 3
2. 10 aA = EY Wy’ scratchM
A n K] (10 min) ‘
3. Scratchu . & Apztvn VY v & ‘
b z ¢ o° K nYqO - .
Fr Y F JuyYru BA'!
o . Y w fL Apn Y w
2H Av in” | (60 minY L
W)
4. T ao P A 1
(10 min)
5. L y =] (10 min)
W a3 UmtWY1r aw Y Loopsy t
= o YN bW MA Toyey
M A Wy Vv oM A GWi Y
El
B _ @ E%mmaamw,\m Bl -]
% G v W IN ' p A n Y W A y ® 6.‘.\‘\@33:‘;0‘*~F5!‘Wl:¢ﬂ-¥$5lﬁﬂi
scratchA f ny
~L/ PA aAn Yutii: Umy £y
Fru y& Ju L A
1. + OUma T P2 Y QJy )

73



n o YTOL LY'™HXA N

fF CG DQ wYsn ° ' BXKse
e C——— : A uz ® 2Y. A
B NX®Y 1 1
B8 e B BARERITE-R . T 4' vn -\1 a 031 Y A nmwna -\1 v 1
VIR A Ry x X Y ° . Q . A Y
8 - -] ° e - B : -
= B J = E 2i@Y B tx1¥
- 9 aAWKwuy A = | w
o % YK zxB Adi |
= == 5 °
H T3 1062511:S-142-005-MY3 CA
B ¥in tR=YWwy d n Avinvan
- A" WMo QL
nAs MYonR Af 6 N
. Yu . Y o
vy 3'HY | vm (2013) CI .Scwratch n MI/I ::‘ ‘|
o > N nl W n | t W], Wnn
3 NA aAi Y 9(1)Y 1-15,
PA aA H=l o Ey y Y 201% | w
3.2.3. = Uz n v W y fu > M
AvinviA Uzt a = L 1 P Yo=Wy YT o n Y
(International Challenge on Informatics and Computationalr w 1 u O n€ Y GCCCE?201g Y
Thinking) = Yo L A, 25 Yt F &1
EAZ, Z A El?x BAMA = o Y2008 | Scratch n T
He A b 2y f eu 2A ] Xl U
4. v¥in 0 o€ o] Hh B B
1. AwnA QYviod AT Gué nl
L. @1y 62y O® 2Ko it 0.014Y ~ ¥ 2014 |, Scratch , noW |
b ;oYx T X A X o 6]
Scratch = D YbzxX 20l Brennan, K., & Resnick, M. (2012). New frameworks for
&1 N studying and assessing the development of computational
. — xd A thinking. Proceedings of the 2012 annual meeting of the
X d L ] ' American Educational Research Association, Vancouver,
Canada.
> M 51.¢ 45 18.65 2.7 Calder, N(2010) Using Scrathc: An Integrated Problem

Solving approach to mathematical thinking. APMC,
2010, 15 4 914

Google(2010). Exploring Guoputational Thinking [Web

L wu 55. ¢ 45 16800 2.89

D 2D At oo :
" message]. Retrieved
% d =0 n fr(_)mhttps://www.google.com/edu/computational
> - / t - Y thinking/
f
L y Lye, S. Y., & Koh, J. H. L. (204). Review on teaching and
4.5 11.9 2.5 44 014 learning of_ computa_tional thinking through .
programmingWhat is next for KL2?Computers in
i ¥ Py <0.05* Human Behavior41, 51-61.
2. m Scratcht Wllz Y s A = Papert, S. (1980). Mindstorms: thldr_en, computers, and
DV 7 A ~ EY. QLY powerful ideas. New YOfk, NY. Basic Books_, In_c. Wing,
C WY N ve AS0K~ Y1 D J. M.. Computational Thinking [J]. Communication of the
y - ACM, March 2006/Vol.49, No.3: 334
Ch v = A K ¢ ) )
il Schoolnet (2015) Computing ofuture: Computer
programming and coding Priorities, school curricula and
3. FA 1N p o AYEDC3A N initiatives across Europe. Retrieved from
0 N CIgTunA wY & http://fcl.eun.org/documents/10180/14689/Computing+ou

74



r+future_final.pdf/746e36b&1a64bf1-8105 Zhong, B., Wang, Q., Chen, J., & Li, YR016) An
ea27c¢0d2bbe0 Exploration ofThreeDimensional Intergrated

; Assessment for Computational Thinking. Journal of
Tanrikulu, E., & Schaefer, B. @2011). The users who ; )
touched the ceiling of scratdRrocediaSocial and Educational Computing Research, 53(4)58D.

Behavioral Scienceg8, 764769. MIT (2007)Scratch: imagine, program, share. Retrieved
Wing, J. M. (2006) Computational thinking. Commun. from https://scratch. mit.edu/
ACM 49, 33 35.

75



Kong, S.C., Andone, D., Biswas, G., Crick, T., Hoppe, H.U., Hsu, T.C., Huang, R.H., Li, K.Y., Looi, C.K., Milrad, M., Skk]don
Shih, J.L., Sin, K.F., Tissenbaum, M., & Vahrenhold, J. (Eds.). (2@t8reedings of the International Conference on Computational
Thinking Education 20184ong Kong: he Education University oHong Korg.

Computational Thinking and
STEM/STEAM Education

76



Kong, S.C., Andone, D., Biswas, G., Crick, T., Hoppe, H.U., Hsu, T.C., Huang, R.H., Li, K.Y., Looi, C.K., Milrad, M., Skk]don
Shih, J.L., Sin, K.F., Tissenbaum, M., & Vahrenhold, J. (Eds.). (20®ceedings of the International Conference on Computational
Thinking Education 20184ong Kong: he Education University oHong Korg.

A DSML for a Robotics Environment to Support

Synergistic Learning of CT and Geometry

Nicole HUTCHINS', Timothy DARRAH, Hamid ZARE, Gautam BISWAS
Institute for Software Integrated Systems, Vanderbilt University
Nashville, TN USA
nicole.m.hutchins@vanderbilt,edu, timothy.s.darrah@vanderbilt.edu, hamid.zare@vanderbilt.edu, gautam.biswas@vanderbilt.edu

design studio, and conclude with case studies from a
ABSTRACT usability study.

Synergistic learning of computational thinking (CT) and
STEM has proven to be an effective method for enhancingg. BACKGROUND
CT education as well as advancing learning in many STEMIo implement a setfdearning tasks, while assuring well
domains. Domain Specific Modeling LanguagesSHIL) formed model realizations (Jackson & Sztipanovits, 2008),
facilitate the building of computational modeling we conducted a thorough analysis on the DSML design
frameworks that are directly linked to STEM content, thusrequirements in combination with the curricular needs of a
making it easier for students to focus on concepts andniddle school mathematics classroom. Here we rctiug
practices. At the same time, teachers can more easily relatepic areas that directly relate to our research.
curricular content to the odel building tasks. This paper . .
discusses the design, development, and implementation of L Computa}tlonal Th|nI§|ng (CT)

ol l owing Wingbés call for the

robotics DSML o support a middle school geometryin classrooms (2006), significant work was completed

curriculum. towards an applicable definition as well as an outlinkegf

KEYWORDS concepts and practices that can be used to assess learning

DSML, robotics, STEM, geometry gains in CT. The Roymbrocgssci et
of recognizing aspects of computation in the world that

1. INTRODUCTION surrounds us and applying tools and techniques from

Recent developments show how computational toalssh  Computer Science to undeastl and reason about both
influenced research and practices in mathematics andatural and artificial systems and processes ( Roy a |
science education (National Research Council, 2012). 'foci et vy, 2012) . I n Grover an
parallel, rapidly evolving educational technologies have(2013), the authors listed essential CT constructs and, for the
influenced pedagogy and curriculum development,purposes of our work, we have focused on flow of control,
primarily by integrating computation&bols into the study decomposition, efficiency and performance constraints, and

of STEM disciplines (Grover & Pea, 2013, Hutchins, Zhang,debugging.

& Biswas, 2017). While the limited availability of skilled To facil CT and th I f basi kil
teachers, financial constraints on educational institutions, o facilitate and the acquisition of basic geometry skills,

and the inertia in changing current curricular practicas appropriate Scaffo"_’?”g must be inco_rporated if“c_’ the de_sign
impeded the introduction of Computer Science (CS) coursegi g]_[? DSdI\gLT.ES'\;lgg_lflc_a?t sucEess Vr\]"ﬂ;] synerg;sgc Ieardnmg
into middle and high school classrooms, curricula supporte an isciplines through the use of bibase

by educational software that exploit the synergies betwee SMLs (Hasan & Biswas, 2017) has supported increased

STEM and CT and integrate with currentl® curricula integration of this style of programming at thelR level
have found succesBdsu, Biswas, & Kinnebrew, 2017: and we seek to extend this effort through the use of a DSML

: : reated in a modddased desiy environment such as

;gggft' al., 2014, Sengupta, et. al., 2013; Weintrop, et. ag ebGME. In our platform, CT provides the framework for

building computational models or algorithms to define and
In the past, moddbased design has been employed todebug the movement of robots. The metamodel and model
facilitate a necessary convergence among physical processpgilding visualizer described in Section 5 provide a level of
and software control design, thus sugiimg many Cyber  curricular abstraction that eliminates many of the burdens of
Physical System (CPS) applications (Jackson &text-based programming. In addition, our mobaked
Sztipanovits, 2008; Jensen, Chang, & Lee, 2011). In thiglesign environment is supported by a necessary utilization
paper, we extend this design process to Open Endedf CT constructs, such as debugging and problem
Learning Environments (OELEs) and focus on the desigrdecomposition.
and integration of curricularcaffolding in OELEs to

support student learning in STEM and CS domains. Furthermore, our robats platform provides multiple

representations with the utilization of a physical robot (as
This paper outlines the development of a WebGME desigropposed to a virtual sprite), a physical coordinate plane, and
studio centered on the application of a domain specifia bir ddés eye view of the gri
modeling language (DSML) for robotics to support a middle(e.g., movement traces, lines, points, et&bstraction is

school mathent&s curriculum. To do so, we analyze the provided in the model building visualizer that the student
literature and establish curricular and software requirements;ses to construct their command sequence. As pointed out
describe the design and development of our WebGMEabove this combination of representations and abstractions
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is desired so that a student is fully capable of systematicallfhe benefit of developing a DSML is the affordability it
processing their solution or debugging a problem utilizing acreates in curricular implementation and expansion.

CT approach (Basu, Biswas, & Kinnebrew, 2016). Studenésprasns iland devel op sol
of abstraction of the target domaindbuild programs that

are concise and setfocumenting 0  aenifg andivalidate

odels and results generated from the madels( Has an &
Biswas, 2017). This provides a highly structured
environment that enables the student to experiment with
arious solutions ira selfdirected manner. This structure
pmes in part by how the model building environment is
%resented to the student (visualizer), how the model blocks
themselves appear (decorator), and how the model is
%ecuted on the robot (communication plugin), te b
étailed in Section 5.

2.2. General Robotics Courses
Many schools offer after school programs or summer camp
using VEX® or LEGO Mindstorm8 robotic kits. These kits
come witha substantial amount of supporting information
and resources including forums, tutorials, and fully
executable curriculum sets. Hendricks et al. (2012) an
Panadero et al. (2010) report an increase in computation
thinking activities and learning outcomebken students use
these kits. Other robotics courses offered as summer cam
have been successful in increasing student engagemen
motivation, teamwork, critical thinking, and problem
solving (Darrah, Kuryla, & Bond, 2018; Goldman, Eguchi, Jackson and Sztipanovitz (2008) highlight three applications
& Sklar, 2004 Ansorge & Barker, 2007), all directly related of DSML syntax: model transformations, corrbgt
to the application of CT constructs in a STEM domain. construction, and design space exploration. In the context of
an educational setting, students engage with a robodies]
design studio to learn mathematics and CT concepts by
eéfonrmin ta%kF valith th(?irorob%s. Thﬁ S ntzLx gur RSML
m&st’ &0 ely suppgré is® tRe"notiol B de ign ‘space
é|afti on. Thé | expressveness naf e s

2.3. Robotics in Mathematics

Barreto & Benitti (2012) noted that activities which integrate
robotics into a mat h passessac
high-level of structure that helps the robot to correctly guidee <0l o
the activities and the students throughthetn and- t t}n%[{) asnelae i n g consty afihosopr ai

directed a ct iproidtei e gersonatizada to . . A
. : 802 Y havidfal properties on the syntactic lavel ( 200 8) . (
comprehension of STEM concepts through experlmentxauonrobotiCS DgME SUPPOItS modyel building ar(1d problenz

:‘hO\;\(/)eadChsilgr:;:ilgzrgms;?ﬁzessgs;d nasddaecde Z)l:plrc))cr);tticf)cr)\ragﬁ\r/it solving with robotics in a way that students can seamlessly
bp gn sp P earn domain and CT concepts and practices.

Our DSML has been highly scaffolded as a means o
supporting these robotic integration requirements. InAs it relates to our DSML delopment, we aimed to

addition, the experimentation requirement is furthersimplify the interactions between the robot and the students,
supported through the display of curricular feedback so they may focus on learning the required mathematics and
following the execution of a robot sequence, to be describedeometry concepts and applying them to planning and
in Section 6. problemsolving tasks. An added goal is to provide for easy

exploration within the domain, so that the opamded nature

Two recent studies were carried out by researchers fro N .
NYU that explored the use of a robotic agent to teacgafthe learning is retained, and students can learn through the

. _direct application of CT practices such as model
geometry to middle schoolustents (Muldner, et. al., 2013; . .
Girotto, et. al., 2016). Their environment consisted of aconstrucnon and algorithm development.
projector, a LEGO Mindstorrfisobot, and two iPods for Finally, as an educational product, it isperative to
communication. These studies highlight the effectiveness ofinderstand the ramifications this implementation has on
a tangible learning environment (TLE) in termglefivering  teacher curriculum development and productivity in the
a much richer learning experience than traditional classroomlassroom. In Tennessee, the licensure and examination
methods. Moreover, TLEs have found considerable succegzrocess does not require any assessment of computer science
in fostering creativity (Goldman, Eguchi, & Sklar, 2004), a or CT knowledgdThe Praxis Study Companion, 2017). As
benefit to our design space exploration approach, while alssuch, we assume limited CS experience of middle school
increagng motivation (Windham, 2007). mathematics teachers. To account for this, our DSML can be

. o . tailored at the classroom level to account for the capabilities
2.4. Domain Specific Modeling Language (DSML) of .the teacher. This_flexibility easdhle trangition from .

Van D eursen defines a __dao_ m%a'trnri]ng tl’?e%y%tgrﬁ t6 I('aa?ninglth% hritfolaF matéridl the'
programming language or executable specification system delivers

language that offers, through appropriate notations and
abstractions, expressivpower focused on, and usually 3. CURRICULUM DEVELOPMENT

restricted to, a particular problem domain ( 2 0 Ogfhderstanding how students conceptualize, acquire, and
Typically, DSMLs are developed to facilitate the work of retain geometric concepts must be understood in sufficient
domain experts in application tasks. But they can also playjetail before desiing a curriculum in conjunction with a

an important role in helping learners focus on domainT|E. Burger and Shaughnessy (1986) concluded that there
corcepts when building models and solving problems inthea r ¢ f i ve maj or stages to stud
domain. In our work, the DSML developed allows a studentconcepts: visualization (pure visual reasoning), analysis

to define a set of instructions for a robot to solve middle(hased on visualization), abstractionn@erstanding the

school mathematics problems that are centered on concepigoperties), deduction (formal reasoning), and rigor

derik\)lled from coordinate genetry and solving path planning (comparing different systems). Students are not typically
problems.

78



exposed to deduction or rigor until a high school geometrystudent or a teacher to track the rohe it moves along a
course. path and verify the correctness of the path.

We focus primarily on visualization, analysis, and 4.1. Robot

abstractn by introducing a new concept with a description, When activated, the robot starts a TCP server to
graphi c, and how t his t opdommunicate withahe &/eb&SNhE pluginnand apens & seréthle n t
everyday life. Then we provide a set of problems in whichport to communicate with the Arduino MCU. It manages
the student must give the robot the correct information so ithese processes on separdhreads. The main thread
can achieve its goal. Geomietproperties and definitions manages the various modes the user can utilize to control the
are introduced with their respective problems, and studentsobot, such as manual mode, sequence mode, or GME mode
are required to not only demonstrate mastery by generatinffhe mode used in conjunction with this paper). The MCU
the correct command sequences, but also with summativeins one program that takes input from 3 IR tx/rx mesdul
assessments at the end of each module. Below isplesa  (line following sensor) and its output controls the motors. It
curriculum outline that is well suited for middle school communicates with the SBC as well to provide feedback for
geometry: received commands and for mode switching. Figure 2

1) Coordinate Plane (Axis definitions, Points) provides an overview of the modular system architecture.

2) Lines (Properties, Line segments, Slope, Midpoints) The robot communicatesith WebGME using the cross

3) Shapes (Properties, Squares, Rectangles, Triangles) platform socketiolibrary. The plugin generates a JSON

4) Path Planning (Shortest path reasgni Manhattan formatted string that is parsed within a minimal Flask web
distances, Straight line distances) server running on the robot. Upon receipt, the Arduino MCU

. ) . ) ) executes the command sequence and signals to the RCM
As described in the introduction and requirements, our goalyhen it is finished.

with the development of a robotics DSML was to provide
the basis to enable an engaging, applicable curricular unit for
a middle schoomathematics classroom that connects the

computational modeling task to modeling and problem
solving in geometry. Our new learning environment
promotes knowledge acquisition through a hamlsvisual
feedback approach that is consistent with the desighle$
(Darrah, Kuryla, & Bond, 2018) and linked to the

visualization, analysis, and abstraction stages of geometry. ya e onsrers
understanding described by Burger and Shaughnessy. Ouy; [ e «noes
development of a model via WebGME (given the abstraction

afforded in the DSML) with thadded benefit of watching a Figure 2.System Architecture
reatlife robot complete the programmed paths allows for

easy applications of CT and geometry constructs an®. META-MODEL

students will be more motivated by the experience. As previously described, the utilization of a DSML provides
. . ) _ ) ) curricular benefits in that it is constructed at a suitable level
As it pertains to CT learning gains, our curriculum is most gpstraction to allow the learner to focus on what is

applicao | e to the assessment Quiyorgnt, BlabdirdcSalvay bifleP ¥ dBt&il9 @.g. Byt
abilities in implementing algorithms, understanding a”dconcerns). Through the analysis of geometry and CT
addressing efficiency and performance constraints, a”‘f‘equirements, our metaodel (Figure 3) was developed
debugging. These practices, as defined by Grover and Pgased on the implementation of four goals:

(2013), are utilized in each curriculaisk designed to target 1 folded icular dri h that f

the elements provided in the curriculum outline, above, as *- ; usc(j;:mth?oﬁscg:\r[[%léacron(rzlt\elg'zs?%%riﬁgca | drgssgglfses
students are required to use our scaffolded DSMLs in a e o ) : "
sequential order given physical and command constraints of 2~ & Simplified integration of robotics and mathematics

. Student builds command sequence
. Runs plugin

Sequence sent to robot

. Sequence is parsed and deployed

. Robot moves

U oB W

the robot in order to complete each task. We surmis¢ttaat that makes it easier for the teacher to follow the student
repetitive use of these practices to solve geometry problems ~ Work and assess it; _
will enhance students CT abilities for these practices. . scalability in the classroom context; and
4. a systematic, stable connection bedéw the robot
4. ENVIRONMENT environment and modeling environment that is easy to

With the establishment of our system requirements, the understand.

second step in our process was to design and develop ogry ¢ 5t y d e rsohéNg tagks (@b, budlding shapes,
system envbnment. Our robot operates on a 7ft by 7t fo|lowing paths) are scaffolded, as exemplified through the
platform that has been sectioned into a 10x10 grid. The roba}y,; available commands. The reduced set of commands

is equipped with sensors that allow it to track its location ongjgys students to focus on the planning and computational

the grid. As such, if itis told to move forward by 3, the robot components of their activities. In addition, the organization

will travel forward wntil it has reached the third black line o * { he commands and sequence
that is perpendicular to the direction the robot is moving. Apotential scalability and easd-use for the teacher.

video camera saip is centered above the grid as shown in

the figure. The video feed generated can be used by the
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then parses the sequence and executegdimmands as
detailed above.

6. Implementation

Following the development and design of the robotics studio
and accompanying geometry curriculum, we had three
middle school students complete the designed tasks as a
means of testing the system and getting faekllon ease
of-use and system benefits or drawbacks. In this section, we
present an application of our system in a classroom
environment and demonstrate the use of the robotics design
studio as a tool to complete a sample path planning module
at the middleschool level.

Figure 3.Robotics Metaviodel 6.1. Sample Problem Set
A subset of the curriculum described in Section 3 includes

5.1. Decorator
. . L . three general problems:
The target audience for this activity includes middle school g P

students that may not have any programming experience. Ak) Identifying the axes and positive or negative values
such, the visual component of the environment may play &) Plotting points givendfuy and deriving ¢hw) from a
role in the motivation and buy of students, regardless of set of points

their capabilities, which is directly linked to positive 3) Path planningwith multiple points, calculating the
learning outcomes. A Decorator is a component of the  shortest Manhattan distance

WebGME Design Studio that alters the way a node in thg:i

model | ooks i n compositiohn lorss W n St U Igntchs Vi ew) .
. . - Instructions for e task along with thie overhead webcam
Figure 5 provides a zoomeéxd image of relgant decorator

components. Students can select the next command in thefFfeOI In conjunction with the WebGME design studio. In this

sequence via a dregiown menu located on the current node assignment,students are tasked with finding the most

Wﬁen a command is selected, the transition between the t\'Nefficient path the robot can take ensuring stops at the police
. . ’ s sﬂation, the fire station, and the courthouse prior to ending

nodes is automatically created. In addition, each nodé

contains he command name, attribute value, and an image 1ts trip at the post office. Typically, this type of assignment
X ) . A 9€ at the introductory levek distributed as on paper, limiting
not only allowing for multimodal learning acquisition, but

. . . ; : e multtmodal approach to learning that may benefit
also easing the debugging process described in Section 2.%1”&” students.

= T ==
O H» H‘“ = ». . .
Move
Start =K
Stop.
: 73 .

gure 6 iIIustratgsF]the visual interface that, provides the
c

Figure 5.Model Decorator

5.2. Plugin

The final component needed to configure our WebGME
design studio is the plugin that coordinates the compilation
and delivery of the sequence of commands implemented by
the student to be executed by the robot. In other words, the
JavaScript plugin sends the visually represented sequence o
commands to the ralb in a machingeadable format. In the
making of the plugin, we defined three requirements:The direction the robot is facing, its current location, and
Parsing the student defined command sequences into raumber of spacesoved are displayed at the top of the
standard structure, validating the sequence alongsidanformation section which helps the student during the
reporting the errors, and finally, sending the commands solution construction process. The problem is given below
the robot. that, along with various hints that are given at predetermined

Upon starting a session, the plugin connects the editotr'mes'

environment with the robot using the parameters defined inn the scenario shown in FiguretBe student first identified

the AConnection Par amet er s the eoordinates o dll lostionssthe aobdh mustwigitd Whet r o |
a oneto-one socket connection, which remains open untilall points are correctly located, their coordinates are shown

the user rds the session. To make sense of the visual chaiaon the video feed. From the image provided, it can be seen

of commands the plugin starts by querying the sequence tihat the student then completed a shortest pedblem in

find the start node. It then records this block and its relevanivhich they generated the correct command sequence for the
attributes. Next, the outgoing connection is followed torobot to visit all locations, starting at the Amazon warehouse
similarly parse the nextlocks until the stop commandis (ch¢). The automatic feedback |
reached. This information is then stored in JavaScript Objeds showni demonstrating the successful completion of the
Notation (JSON) format and sent to the robot by emitting atask

submission event that the robot is listening for. The robot

lf:igure 6.Virtual Interface forExample Path Planning Problem
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In Figure 7, the solution to the above problem is shownhow we ascribed the challenge in order to be as clear as

Upon closer inspection, the distance values can be seen psssible on how each student should define his or her

well. Sequences can become significantly long, making theesponse.

debugging process difficult should an error occur in the

robot 6s pat ty of tiehcemmand aame anol i i

attribute value as text on the node as well as images ofblocl%'?mf'cantly from the pre:haAIIenge. In Part 1 of the pest
challenge, S2drewherrobdds shortest path

ggz\avg;‘girnznpfgséirsanaIySIS of the complete path during theéjrid provided, with dots along the grid indicating that she

was counting various path options (an action she commonly
Ce—— =TT did with her finger via the virtual interface during the
=0 B geometry assignments). While her new path fedld the
expert model path between a few specified target points, a
T e o gl S Pl S P Pl = few subpaths were significantly different than the expert
model path. However, her final path was shorter than the
given problem to debug and one away from the shortest path
_ _ possible. Giva her searcivased, debugging approach in the
s o» B postchallenge, it can be seen that her utilization of CT
constructs improved.

26s approach t ochakenge tchanged o f

(4]
¥
5]
¥
8]
¥

Figure 7.Student Solution to the Path Planning Problem .
6.3. Case Study: Geometry Gains

6.2. Case Study: CT Gains Our final student, S3, reported significant experience with
For our usability study, students were asked to complete Block-based programming environments liker&ch and

pre- and postchallenge. The challenge contained two parts:Netsblox. S3 achieved a perfect score on the CT related
the first included a debugging task in which they were aske@uestions of the prehallenge. A key point here should be
to analyze a given robot sequence and improve the efficiencyhade- S3 is younger than both S1 and S2, who report no
of the sequere while also ensuring the end location was experience with DSMLs, and outperformed them both on the
correct. This challenge component was designed to assepge-challenge, spporting our hypothesis that DSMLs are
student abilities in the CT constructs of flow of control andjinked to the utilization of CT strategies when solving
debugging. The second task involved the development of groblems. During the geometry tasks, S3 initially struggled
sequence that would allow the robotdraw a given shape with the coordinate plane unit, including the identification
with the minimum commands possible in the grid spacepf quadrants and moving the robot to idesscftopoints on
depicted in Figure 1, thereby assessing studenthe plane. However, this student made use of the system
understanding of efficiency and performance constraints agedback given. After repeating similar tasks, the time spent
well as another application of flow of control. Thispa&d  solving coordinate plane tasks decreased. Based on these
post natureof the challenge was implemented to identify observations, it can be seen that while learning gains in CT
potential improvements in applying these CT constructs. could not be measured due to the perfectohalenge

S1is a 13/earold middle school male student and S2 is aSCOre; abilities in geometry improved.
14-yearold middle school female student. Both students7  Results and Future Implications

identified as having little to no expence with the listed  hig naper details the theoretical and systematic design and

geometry concepts and practices and both identified a§eyelopment process of a robotics DSML for use in a middle
having some previous programming experience using blockscnool nathematics classroom. Through an analysis of

based programming languages. For the purpose of this cagg ricular and software requirements, our group

study, we will focus on student work in part 1 of the jhjemented a robotics design studio using WebGME that
challenge. allows for an applicable and scalable robotics activity to

In the prechallenge, S1 and S2 failed to debug the givensupport CT and STEM learning. In addition, ourtitity

path in Part 1 in a manner that provided the fastest path foitudies indicate potential CT learning gains acquired
the robot to complete the th®ughkthe completiog ef the geemetry curicylum insour a n
robot sequences could not make the robot arrive at thenvironment. The potential benefits of integrating robotics
correct locationjndicating that both students struggled to into other STEM classrooms has not been actualized to the
debug the entire algorithm. However, S1 and S2 were abléxtent that it watheorized by renowned educational theorist

to identify two of the five identified errors indicating that Seymour Papert (1993). The application of this highly

they had a preliminary understanding of flow of control. ~ scaffolded DSML in a middle school classroom may allow
) . for a fruitful analysis on the level or extent of programming
Following the geometry assignmen®], and S2 completed peeged to not only advance CT learning anderstanding,

the robotics posthallenge. This time, S1 was able 10 b g50 ensure the successful delivery of relevant STEM
identify three of the five identified errors and the final .yntent.

sequence allowed the robot to finish at the desired location.

It should be noted that the student drew a path on the give8. Acknowledgements

image of the grid that accounted for the two missing errordVe would like to thank Patrik Meijer, Tamas Kecskés, and
in the algorithm, but those errors were not identified in theother collaborators from Vanderbilt University for their
algorithm. As S1 was able to identify the most efficient pathnumerous contributions. This researchuppmorted by NSF

in the image, we believe it may be necessary for us to asseggant #11S 1735909.
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p.20) and equipment being more available, VR could be a

ABSTRACT o , ) _ . conduit for teaching computational thinking practices within
Computational thinking is increasingly important within 5 yariety of subjects.

modern socigt It is essential that K2 students are
introduced to the powerfitleas of computational thinking In this paper, we argue that VR can serve as one potential
and given opportunities to develop their computationalway to introduce foundational computatghinking ideas
thinking practices. Virtual reality (VR), a technological tool and practices to learners. We will discuss the benefits of
with increasing prevalence in societpd schools, has the incorporating VR intahe classroom and explore ways that
potential to widen computational thinking exposifoe  such inclusion could serve as an opportunity for the
students not only in STEM environments, but also across théevelopment of computational thinking. We will present VR
curriculum. Virtual reality is an engaging medium that hasas a mechaism for students to engage with computational
been shown to increase student learning. In this paper, w&inking through examples of lessons that have been taught
argue that virtual reality can serve as an effective means fosing VR and potential computational thinking practices that
helping students develop computational thinking practicesan be developed using similar lessons. Data from students
related to systems thinking, data practices, and modeling. Teeporting their impressions ¥R will also be presented. The
do this, we present virtual realibased lessons used in a importance of computational thinking education is clear, our
classroom andhow how they promote the development andfocus must now shift to methods through which
use of computational thinking practices. These lessons aréomputational thinking can be brought into the classroom.
accompanied by findings regpo i dentsdéd i mpression
virtual reality use within the classroom. The contribution of . BACMO@ND‘
this work is in showing how virtuaeality can serve as a 2.1. Computational Thinking
possible means to integrate computational thinking withinwing (2008) defines computational thinking &t a ki ng a
existing classrooms, thus giving students added exposure #pproach to solving problems, designing systems and
these essential practices. understanding human behaviour that draws on concepts
fundament al (p 3717k Ibforpsaston hompd
KEYWO_RDS . _ . _ only computers, but also humans can think and solve
Computational Thinking Virtual Reality, Computational 5 ohlems, specifically detailing the concepts that are used in
Thinking Across the Quiculum problem solving and interactions, not the software or
1. INTRODUCTION hardware that are develop@d/ing, 2006) Computational

The focus on computational thinking has expanded over théhinking shifts the fo_cus O_f computing from emph_asi_zing
last decadeWhile the central ideas of computational COMPUter programming skills to focusing on the principles

thinking have been around for decad@Xapert, 1980) of computing(Wing, 20(_)8).This shift in emphasis does not
Wi n g(2086 call for the importance otomputational seek to _redefln.e the discipline of computing, but rather to
thinking has renew enthusiasm for the idea. In response tgelp clarify the |mpor_tance of cpmputln_g and the knowledge
this call, educatorsat all levels have increased focus on °N€ needs to effectively usellt, drawing 't.“m a focus_
computational thinkingboth within computer science solely on computer programing and mak|_ng connections
courses and in other subject areas. With the acknowledge etween the_ existing pnnup_les of computing anq themes
need for further computational thinking education and thethat exist within current curriculgHenderson, Cortina, &
expansion in the number of subjects that can incorporatgv'ng' 2007)

computational thinking, new learning opportunities are Computational thinking is ubiquitous in the modern era.
being conhuously developed. As the number of jobs According to Henderson et a[2007) fcomput at i
requiring coding and technology is expected to increase ovegasoning is the coref @l modern Science, Technology,

the next decade, a growing need to educate students iBngineering and Mathematics (STEM) disciplines and is
computational methods has emerged, especially withinth¢ nt r i nsi ¢ to al | other discip
Science, Technology, Engineering, and Mahatics changed the way that work is completed, no matter the field
(STEM) fields(Weintrop et al., 2016)At the same time that  (Barr, Harrison, & Conery, 2018nd these changes create
computational thinking education is increasing within a need to introduce computational thinking into classrooms,
schools, virtual reality equipments i becoming more preparing students to be a part of the modern workforce
affordable (Greenwald et al., 2017and, therefore, more (Weintrop et al., 206). Although the number of
available to schools. Researchers have long found benefiitdergraduates who are exposed to computational thinking

to using VR and virtual mvironments including increased has already increased, bringing computational thinking in
interest, motivation, and learnin@imniou et al., 2008)  the K-12 realm would have a greater impact on the number
Withitsabi I ity to @i mprove | egfrstdertsswho ard irebhchdS¥ttle tef al.,a20Bbriz i n g
probl ems and expl oraétalg2006e wexpesard to Computativnal(thihidng early will help students
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to have greater success when taking later computer sciendd72). There are many different types of VR: virtual

and computational thinking cours@Srover & Pea, 2013) environmets include those on desktop computers controlled
Computational thinking a c tby mide trid &eyboard$, projestionfbasednVir systanisithatn a |
representations to make significant shifts in the way studentgroject on an image at room scale, and head mounted visual

| ear n, t hink, and pr a¢artonc edisplays @reenwaldaehal., 261&;tLimeion at al.,c2808)

et al., 2016 p. 706, making thenmextremely important for ~ Many have discussed the potential and success of VR due to
K-12 students. The growing importance of computationalits engaging nature and ability to transport students to
thinking is signaled by its inclusion in the Next Generationlocations where they cannot physically travel, whether due
Science Standards and points to the connection betwedn physical, time, or wney constraints, to rare experiences,
mathematics, science, and computafid®SS Lead States, or to gain access to exper(&reenwald et al., 2017)

2013) Barr et al. (2011), argue that computational thinking Especially since VR has had previous success in education

is essential skills across-K2 curricula. They describe the and taining environments, the increased availability of VR
importance of data collection, analysis, and representatioin the internetage is only expected to bring it further success
within social stdies and language arts for the analysis ofand new users and creat¢@eenwald eal., 2017)

historical events and linguistic patterns, algorithms ano\/irt | reality h h tential t nable learnin
procedures for the writing of instructions and decomposition ual reaiity has the potential 1o enable fearming

supporting the development of outlines, and simulations ~Pe€NCEs not pos&blg W'th Othe'f' feh methogjs
enabling reenactments for learningass the humanities. It (Greenwald et al., 201.77his abiity provides students with

might often be associated with STEM fields, but an immersive experience in an environment with which they

computational thinking can be applied to any content, a$an react, giving virtual environments the potential to lead

udents to, knowledge. constructiqiVinn indschitl,
ar gue_d by _Or ton _et_ al. ( ZOSP}rugaer{]] ’,&I?eg, Zd%%%l\?luYti[')Ie s%.ldiess a[{/gévs%cr)]v&n %hatempI
these practices to various problems in diverse content areas

we can einforce the broad applicability of these skills while participating in VR activities ineases student knowledge.

both providing students <co ﬁén‘:ﬁ%”}p's’ Ia|e1ré|10H tetga&zqo )dep%nstrgt%qcotprogg% t he
(p. 710) mistry an e observafion = of molecules at
participating in 3D animation environments within a reom
Within this paper, we will use the contational thinking  based VR projection led students to better comprehend
taxonomy developed by Weintrop et #2016) In this molecular structure and changdsased on chemical
framework, computational thinking is broken into four reactions as compared to students who used a desktop based
separate, yet interconnected categories: data practiceD animation. The VR experience allowed students to
modeling and simulation practices, computational problendevelop a better sense of the volume of objects within a
solving practices, and systems thinking practices. Thespace. A second example can be seenMaithant, Goetz,
taxonomy acts as a guide for teachers as they incorporateifuentes, KeeneKennicutt,and Davig2014) who found
computational thinking into clasooms, allowing for both a that games, simulations, and virtual world were all
deepening of content understanding and an authentisuccessful in increasing learning outcomes. Even desktop
environment in which to learn computational thinking virtual environments, although they are not futlynersive,
practice{Weintrop et al., 206). This paper focuses on three enhanced learner engagement. Pan ¢€2@06)describe the

of the taxonomybs cat egor i suscessful ase af vigualaealityi irc & sumbemod difeererit n g
simulation practices, and systems thinking practices. Dataontexts including the use af/nthetic characters to train
practices include the collection, creation, manipulation,students in group work, simulate peace keeping missions,
analysis, and visualization of data. Modglend simulation  and promote and enable storytelling. In all, participation in
practices consists of using models to understand concept¥R can lower the cognitive load that users are experiencing
find and test solutions, and assessing, designing, andecause the simulation is so real, enablingenbearning to
constructing models. The category includes working withoccur (Huang et al., 2010)Virtual environments can also
both models that others have generated and student creatsgpport experimental and constructivist learning. Students
models. Sgtems thinking practices pertain to the are drawn to VR because it provides them with the
investigation of a complex system as a whole, examining thepportunity to have firsperson experiences. Students report
relationships within a system, thinking in levels, feeling as though they are insidee phenomena being
communicating information about a system, and definingstudied. This allows students to build their knowledge based
systems and managing complexity in order to examin on personal experiencegLimniou et al.,, 2008)
individual parts of the system and how the system function€onstructivist experiences occur by students situating

in its entirety (Weintrop et al., 2016)This taxonomy is themselves within a real situation and doing a realistic task

useful for this work because the taxonoilds g o a | iinteradiing avith objects and events within virtual worlds,
radically change the existing practices of experiencecand using characters and avatars to learn through role
teachers; insteadé[it] ser paihgHuangstal.a20l0e sour ce f or augme

te ;(] : f] L : 2 g (Mﬁnteradmzt%ilo é}@i@ ofégn d cur ot tﬁeupbrﬁlosn% of this EJaBe?, W withé o}isgutssﬁné) tﬁeaulse

v ' ’ of a stereoscopic, head mounted VR system. This means that
2.2. Virtual Reality users useVR goggles that block out the classroom
According to Huang, Rauch, and Lia{2010) Aviretnuvailr on ment and Aprovide to
reality (VR) is understood as the use of 3D graphic systemdifferent images, representing two perspectives of the same
in combination with various interface devices to provide theobject, with a minor deviation similar to the perspectives that
effect of i mmersion i n an ibotheges raturally reeeivevin bindca k' @(lingniowed ©® me n |

84



al., 2008, p. 585)The use of full immersion increases the
benefits of VR by elevating interest and motivation while
encouraging observing from various perspectives, active
participation, and the asking of questions (Limniou et al., ;
2008). This leads @i mmersed stu =
noni mmer s ed studentso (Wi nn et
Immersed students also feel as though they are more
Apresento to t heleadimgadhemtotmlge envi r
longer to complete the task and to say more as they are

working. The immersion is especially beneficial when gigyre 1.Mattel ViewMaster headset with Asus ZenFone 2

encountering concepts that are suppofligdhe ability to on the Google Expeditions platform
look around and examine the surroundirfgéinn et al.,
2002) 4. INTEGRATING COMPUTATIONAL

THINKING AND VIRTUAL REALITY
Within the classroom, VR has the potential to engage
students in computational thinking. Due to the unique
gerspre%ti\{e% fi\n%l igteratcticc)er%b{ed b(}/ Vlﬁ, stgdents are
able to view places and mteract with o%jec‘s hot typically
accessible to K2 students, creating opportunities for
developing important computational thinking practices. In
mission of the schodhcludes servingmmigrant families this secti(_)n, we _deFaiI pential ways to integrate VR and
resulting in a diverse student body with% of students computational thinking across the curriculum. We conclude
with a brief report of student perception on the use of VR in

iy e Sero0T  Ji classrooms. Whle VR technology wased v
9 gy year, udents throughout the school year and in a vanéty

) . . ; i 5
to complete questionnmais asking about their experiences . . .
with the technology. Altogether, 65 students participated inSUbJeCtS’ here we present lessons from the science, Spanish,

the study: 22 8grade students, 29" grade students, and 14 an social Stuﬁ 1es clasésrooms. 'I('jhese Iess.ons are |r_1tr(1a_nde: to
8h grade students. emonstrate how students used VR equipment within the

classroom and the computational thinking development that
The lessons that students participated in were taught bgan occur throughhese lessons. This is not an exhaustive

multiple teacheracross subjects including science, Spanish Jist of potential ways to integrate computational thinking via

social studies, and religion. Virtual reality was used within VR but serves as a demonstration of what it could look like
the existing curriculum to enhance understanding of topicgo blend the two.

already present and gave students proficiency both ag | Computational Thinking inScience Class

participants in Iesgons and actingfas guides leading other VR was used to investigate botletbells and systems of the
students on VR trips. A subset of these lessons are presentggdy during a 7 grade life science course. While studying

in this work. For teachded activities, the lessons generally the parts of a cell, the teacher guided students on a virtual

took pl_aqa during a single 48inute perl_od while student tour of the cell through thimto the CellGoogle Expedition
led activities were usually part of larger jgcts that allowed ; . ;
. ) . Figure 2). Each student received a VR device and was able
students more time to find their VR component and presen :
to look on his/her own as the teacher led students through

it to the class. While computational thinking was notafocusthe series of computer generated images. Students were

:;ni];iégszf\r#dc?j%z’igIr?o::)h;;?)rtz?][i)t?ers \a')i trr:ilg?rl:tgerSra?cg[r?mlal asl_<ed to identify various parts of the cell as the teacher
) pointed them out and the class together discussed cell
Stuwdents used handheld Mattel ViewMaster headsets withiunctioning. Students were given time to use their devices to
Asus ZenFone 2 devices (Figure 1). Most VR experience$ok around the image and work on their own to explore how
were facilitated through the Google Expeditions App, butthe various parts of the cell come together and exist in
students also participated in a few activities facilitated byrelation to each other. Intker classes, the teacher referred
Google Street View and YouTubé&fter multiple exposures back to the VR experience, giving students the opportunity
to the VR technology, students completed an end of the yedo recall their observations and apply them to their learning
survey detailing their impression of the technology and theithroughout the unit.
learning from it. The survey that students completed was
hosted online and students were asked to comiplasepart
of their end of the year activities. Students were aware that
their teacher would see their responses and that aggregate
data from the survey would be shared with the grant agency
that funded the purchase of the VR equipment for the school.

3. METHODS

Alongside exploring potential instructional opportunities
around bringing computationahinking into classrooms
through VR, hispaper presents dat
experiences of using VR in their classrooffibe data was
collected by a teacher in the middle school of akiie8
religious school in the Northeastern United StafBse

Figure 2.Into the Cell virtual expedition.

This lesson demonstrates a possible use of virtual reality to
engage learners with modeling and simulation practices
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including using computational models to understand amportant parts of systems thinking (Weintrop et al., 2016).
concept, using computation models to find and testOverall, systems thinking learning can be enhanced by
solutions, and assessing computadiiomodels (Weintrop et  studying hose systems through VR and the unique views it
al., 2016). Although students are not able to create modelsnables.

within the virtual environment, they are able to think . L . :
critically about the bounds of model, assess what is include .i.iIeCOsTudetiitlor;ﬁleTTr]rt(elzrr]% ;?1 Sgic\'/ﬁl ?/;[/L;?Ieagé]?gg&
and excluded, discuss how the technology represenged th ying ’

) ; - o
phenomena, and answer questions through scientific inquiriﬁ;%f:tin'?n {2? ilﬁigraAdelalrJ]?:t(ijo:iE at(ljar\gl% i:ng;g?éd
gaining information from the model. Within this specific ginia. A p

. that grows a single crop. In the United States during this
lesson, the use of models in VR allowed students to bette%]me’ slaves were the primary form of labor on plantations.

visualize a cell while discussing the various parts of cells an his virtual field trip allowed students to explore a

their interadons. The ability to examine cell structure _from 8Iantation as part of their learning about life in the South and

size in a way that is not possible through basic imagesslavery. Prior to this field trip, students had spent time
. Studying the development of slavery in the United States and

Further, students were better able to examine th‘?ife in the northern United States

relationship between parts of a cdl. this way, the VR '

context enabled new ways of learners engaging with th&Jsing the Google Street View platform, students were given

computational thinking practice of using computationalf i ve mi nutes to @ womlakdomakear oun

models to understand a concept. As one student statedbservations. After the time spent investigating the

Al virtual real ity] hel ped prastation éndividoally, stuelents shared tweh eiscovavies r e

straight fromt he text book you c¢ an Wit theckss hnd the entireclasa Was given timdta find the

you are reading. However now with the virtual reality you locations discovered by classmates. The following day,

can. 0 Another student c 0 mmibesd obstrviams wele ased a¥ fRe ciass e€dntineed to tal&

see the world in a diff er e raboutlif@on plantatioes\are studentstiweradble tp referaneew

was inside a cell, but [with virtual aéity] i felt like i was  the physical landmarks of the plantation they saw as well as

living a part of that wor lthd differentes besveen theé plantatienlhguse anal the cathing t i

models were pedagogically useful in their ability to explainand quarters visible fronhé roads.

the relationship between parts of a cell and allowed studen

to use and interpret scientific models t§ince the taxonomy was created for use with pratitics

and science courses, we diverge from it slightly while
In a laer unit, students used VR to study the systems of thealking about social studiefut it still serves as a useful
body. Students were responsible for working in small groupsesourcewith regard to discussing computational thinking

to complete an iiepth study of one body system and across subjds, especially with respect the treatment and
present it to the class using VR to demonstrate their findingsanalysis of dataNew technologies have enabled not only the
To conduct their researchtudents used the VR devices and collection of data to change, but also how those data are
the Google Expeditions platform. The expeditions thatviewed and the connections that are made with them.
students selected used computer graphics to demonstrate tBeidents need to learn to draw meagrfrom data rather than
various body systems from inside the body and used imagesxpecting the data to come with clearly visible patterns or
to move through the system. Some of the expetitihat  conclusiongLehrer, Giles, & Schauble, 2002)Visiting a
were selected also allowed students to demonstrate how thgtantation through immersive digital representations as seen
body system worked by demonstrating functionality basedn VR allows for an extension of concepts andadat
on their purpose, such as showing the spread of viruses. Thigeviously presented through less interactive forms like
activity provided opportunities for students to engage inlectures and textbooks. This new context allows students to
systems thinikag practicessuch as investigating a complex experience and engage with a new representation of data that
system as a whole, understanding the relationships within they have seen previously. The context of VR can enable
system and thinking in levels (Weintrop et al., 2016). new ways to maniputa, analyze, and visualize data, all of
which are valuable computational thinking practices. As a

by studying the systems of the boalyd their interaction is S f) 3 d g 2 ;{1 p Z ; Ie ld ' é 2 € W iu ts ﬁ tor]: e VrRe
possible through other methods, VR acts as an exce”e%/ttudents to experience data )iln ac y different wa
conduit for this knowledge. Systems thinking practices P et y

include the ability to both view a system as a whole rathe'gZSeIgeipecnoéhi:at?;r?;}getmﬁzitn Wlthrallzti(;rehsls r((ea)l(aﬁ)tigent%e
than simply as individual parts as well as to think in lgvel b b 9P

and move between different perspectives on the same syste'rnnter"’lCtlng with, communicating about, and drawing

(Wilensky & Resnick, 1999) Virtual reality excels in rr:ez?mng from data, all mediated by a technological
supporting such practices as it allows for both addpth platiorm.

study of a system as a wholedastudies of individual pieces A second computainal thinking in mathematics and
and how those pieces interact. As with the use of VR in the&cience taxonomy category this lesson links to is systems
study of cells, VR allows students to enter locations theythinking, although in this case, we are exploring a social
would not be able to such as inside the lungs or the middlgystem rather than a scientific one. Asking students to
of the digestive system. With their 360 vieoteach of  explore the plantation was part of a larger ingfanal goal
these parts, students are able to look at individual elementsf helping students understand Southern society during that
separately to investigate the behaviors they promote, twperiod and the role of slavery in the culture. Through

Although the ability to develop systems thinking practices
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immersive experiences such as these, students coul@questing the use of VR more often and in more classes.
investigate different dimensions of the culture and exploreGiven thisreaction to the use of VR in the classroom and the
the relationshigpetween slaves, slaxmvners, industry, and opportunities for it to serve as a context for the development
the economic factors that contributed to the Civil War,and employment of computational thinking practices, the
viewing the various levels of the system and gatheringpartnering of the two provides a productive means by which
information that can be used to discuss the relationshipto introduce students toomputational thinking across
within the system and the system as a whol contexts.

4.3. Computational Thinking in Spanish Class 5. DISCUSSION

In Spanisttlass students usedR to visit Spanish speaking virtual reality has the potential to be a powerful tool for
countries throughout the year. Classes visited Hispanigringing computational thinking into the classroom, both
neightorhoods in the United States, Latin American wjthin and beyond STEM subjects. The unique views that it
countries, andSpain. While completing a Spiah culture  ajlows, along with the incread engagement and learning
unit that included study of the regions of Spain, 7th gradehat the environment brings, create a medium with great
students had two opportunities to 0&R. First, the teacher potential for computational thinking. The lessons in this
usedVR in a series of stations that introduced some of thegrticle demonstrate a few of the ways in which VR can be
bestknown landmarks of the countryhe class concluded ysed to situate computational thinking across the cuurcul
with afull class discussion of the similarities anéffeliences This work aims to he|p start the discussion regarding VR as
between the sites themselves and between the sites and teconduit for computational thinking. By viewing social
United States. Later, studergeeated a presentation about Systems through a Systems th|nk|ng lens and using three
oneregionof the countryand selected one major landmark dimensional models as a context for learners to explore ideas
that represented tivegion to share vi&R. After working  and engage with da, students have the ability to develop

on the project for a week, students shared their presentatioggmputational thinking practices, no matter the subject they
with the class in a gallery walk fashion, leaving their gre studying.

presentation and VR destination for other students to ) ]
discover as they walked around the classroom Virtual reality demonstrates the breadth of computational

thinking and shows how it can be experienced beyond
The opportunities for computational thinking within this computer science classroonfirther, the flexibility of VR
lesson are very similar to those experienced in the socigb fit across the curriculum provides a mechanism to show
studies lesson. Students are able to utilize data practices w computational thinking can serve as a set of eross
making connections between what they had learnegutting practices without disciplinary constraints. Given the
previously, viewing it rpresented in a new manner, and possibilities for incorporating computationairtking in the
potentially treating the images that they are viewing as datfymanities, more work needs to be done on defining what
themselves for data analysis. Additionally, students argomputational thinking looks like in these contexts and how

experiencing a social and cultural system, employing thet differs from the presentation of computational thinking
systems thinking practices to understand relatigys and ‘practices in STEM subjects.

think in levels. The presentation of these computationa ] o ] )
thinking practices in Spanish class serves as yet anothéfthough VR is becoming increasinglgeessible, there are

context for learners to develop these skills. still limitations to using it within the classroom. The cost of
. . _ the equipment has decreased, but it remains out of reach for
4.4. Student Impressions of Virtual Reality many classrooms. Additionally, the availability of VR

Students recognized VR as a productive legyool within - programs limits classroom activities and most teachers d

their classrooms. Using a fiymoint Likert Scale, 94% of not have the skills to design their own VR programs. With
students agreed or strongly agreed that VR helped thefhe development of VR mainly driven by consumer

learn, with a mean score of 4.33 out 080)(64). According  electronics and technology companies, teachers need to be
to one student, fAit made mjwakeNof B ednéniicdmofivationodf VR Plforis s € ¢
becaise we didndt have t o hecgrisumé Bphiods ofisich pkitforniedtiets Shoufd@iso t h e
place ourselves. 0 Al ongsi dgeakaliofthe &ffect thafnovel Ban hafedh stubtiehtsd and! t i
studentsd reported i ncr ea syeofnévete€chnblédy@sSand®hsureetihltife Gubstehidelofaar
connections with course material through the VR|esson is not missed due to being distracted by the novelty
environment. Ninetywo percent of sfents agreed or of a learning tool. Lastly, especially with head modnte
strongly agreed that they felt more engaged in classegevices, physical discomfort can be experienced by users.

because of VR (Mean 4.48 out of$D).64) and 97% agreed Some students require adjustments to use the technology
or strongly agreed that they made connections between whabmfortably.

they were seeing the viewer and what they learned in class

(Mean 4.9 out of 5,SD .56). When asked how VR helped 6. CONCLUSION

them learn, students highlighted the engagement that thegomputational thinking ian important skill forll students

felt using the technology. Students stated that they weré¢o developWith the eveigrowing number of fields titrely
ireally engaged because it onweomputatiork and wae ingreasirgly rtechnical world,h e i
it was very i mualereaktyd helpaddnie] astudentsirugtibe prepared through diverse exposure to
become more focused and i nceroputatiendl thinking tasks| Vigtgakreality offers sne walye n t
also showed enjoyment from using VR calling theto enable such exposure. Students are drawn to the
experiences Atruly awes omeigchmlagy anggan denefil frgn theangagement leagning, wh i |
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and connections that it offers. Wit¥fR and computational and higher education: A megaalysis.Computers and
thinking working together, students will have the Education 70, 29 40.

opportunity to experience computational thinking in not NGss Lead States. (2013). Next Generation Science
only STEM fields, but also in the humanities. There is a great giandards: For States By States. Retrieved from
need for computational thinking in modern society &Rl http://www.nextgenscien(’:e.org

is a tool that will help develop this essential mindset. . ,
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A Developmentof a SW-STEAM Education Program using theFlipped Learning
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goska9997 @naver.cqgrhan@gin.ac.kr

Therefore, this studytilize MOOC- basedlipped learning
ABSTRACT ) which uses pre developed teachinglearning site lectures
In this stidy, we developed SW STEABUucation program  |earn thepre-productionvideo by using the extreurricular
that can be provided by usifigpped learning. To do this, I time. By using this method, we intend to condu@w
appliedflipped learning to a class of 4th gte elementary  sTEAMlesson onnect with subjec{&orean, Mathematics,

school in Gyeonggi Province, progrelse bnline course site  gciencg. During class, students can create a scratch project
related to SW educatioat the same timeAfter that,we  hat fits their subject matter.

applied a program that combines the existing textbook theme

with scratch This will help students improve their 2. BACKGROUND
Computational Thinkingand motivationlIn the future, it is
expected that SWETEAM education will be activated in
elementary education field by usifigpped learning.

2.1 Concept ofFlipped- learning
'Flipped is a name given in the sense of reversing lectures
and homeworkin other words, it is a class that overturns the

KEYWORDS traditional way of teachingn terms of studying videos at
Computational Thinking, Flipped Learning, SW Education, home and conducting classroom activittessed on what

STEAM, STEAM Education. they have learned

1. INTRODUCTION The concept oflipped learning can be defined as follows.

In the 21st century society, more people need to be able ll(:)hppedlearnmg ISa Iearnecre_ntered approach to sth_dy
think convergentlybased on knowledgeather than those of core knowledge to '?a”_‘ In th? ho_me or schcmik_lng
who memorize and understand simple knowled@eis the_ netwo_rl_<,_ communlce_ltmg \.N'th friends _condJctmg
change in social paradigm fso fast to catch upvith the  Projectactivities, group discussions, and quizzes.

existing knowledgebased lecture educatioklvin Toffler 2.2. Concept o8W Education

diagnosed this as a "educational delayld called for a Software educatio is expanded from ICT educatiovhich
change to a creative a8I EAM education teaches the functions of information devices such asl wo
jprocessor. Software educatigmovided computer theory,
and ability to think through procedural thinking andvso
problems by using softwareWith the 4th Industrial
Revolution, production methods in all sectors of the industry

Flippedlearning is emerging as a teaching method that ca
effectively cope with this educational crisis and raise
talented people capable of fused thinkifiggachers can

create and distributgideo aboutthe core contents of the . . o
curriculum to be delivered so that students can study atre changing, and software IS at the ceffibe ab!lltyto d_eal
home.In the classroom, learning is organized by learner with softwarg, and the a_b|I|ty to _solv_e various el
centered activitieslt is not a passive class that receives Problems using software is becoming importuftware

knowledge, but a class that worries for oneselfsolve education is rapidly spreading in educational fields around

problems.In this process, students can naturally develop® World.Korea is also taking a step closer to change by

fusion thinking skills. strengthenin@W education in the 2015 revision curriculum
O?W education aims to develop creative talents who have the
ability to solve problems by collecting data and analyzing
information on the basis of thinking rather than nurturing
students as programmers who siraply coding.Therefore,

it is not a ondime coding education, but relifle problems

are solved through algorithms and programming in a
On the other hand, as the 4ihdustrial revolution is practical subject.
accelerating, the need for software education is increasingz. . . .

.3.Flippedlearning of theSW Education.

The Ministry of Education and the Ministry of the Future ; X
y y Students can learn basic functions necessary for SW

revised the curriculunso that it enphasize the software q 'on beforehand h - :
educationNow, study to software is essentiblo one can education beforehand at home In t ?""*;‘“”'”9 stage
through video.Beyond simple videoviewing, teachers

deny that SW education is necessaryffoure social talent ; - .
should provide opportunities for students to share their

training . . !

thoughts in a quiz or mind map.
As the need folSTEAM education and SW education is SW ed . | . b EPIEM ional
increasing, practical learning programs are needed in" education, learning about EP[Educationa
elementary schoolsElementary SWSTEAM education Programming angu@e)_llke scratchbasic functl_or_13 IS
should enable the learner to be able to participate activel ssential, but there are limited class hours and difficulty for
while mantaining interest andoncentrationlt also need Sr\l/\e/ tzach?_r to proi)eemlere;otﬁ, the.d'ﬁ'glljlty Of applying
to be presented by the easy way to acweisis topics related education can be solved throujpped learning.
to curriculum.

Although many educators agree on the effectiveness
flipped learning, it is difficult to apply it in schoolsThe
reason why it is difficult to applylipped learning to the
school is 'difficulty in using the device' Secondly,
'‘production burden of prlearning video' may be the reason
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3. RESEARCH METHOD

3.1.Research P®cedure

In this study, we have found subjects and theme that can
apply SWSTEAM educationAmong the 4th grade subjects,
they were selected as 'talking' in Korean, 'polygon' in
mathematics, and 'change of state of watestiance After

the selection of the topic it was subdivided and refined to
implement the learning objectives to scratch without
modifying the existing curriculum contentn order to
increase the applicability in the field of elementary
education in the fure, we seleted topics that can be
connectd with SW education among existing contents of
textbook rather than modification of curriculum contents.

In addition, the selected online teaching and learning site
allows students to study at home the functibthe scratch
programby flippedlearning. At the school, based on the
functions learned at home, we conducted mind map and

discussion learning

3.2 Application

A total of 19 students were selected, including 8 boys and 11
girls, in the 4th grade of K einentary school in Gyeonggi
Province.There is one student with an intellectual disability,
and that student isexcluded from th application group
because that studertbkes special classes in Korean
language and mathematidhere are no students whave

been exposed to scratches in advance, and there are no after
school computer attendants, and there is no SW education

experience.

4. DESIGN OF SW STEAM PROGRAM
4.1.Learning Model of Flipped Learning

The flipped Learningnodel to be applied in this studs
based on thécore activity process dlipped learning based
instruction moddl from the perspective of using scratch, a
tool for SW educatiorwas modified accoiidg to research
characteristics, ith reference taDevelopment offlipped

learning irstruction model based on smart educdiion

Table 1 Leaning model of flipped Learning

1Objectives
Recognition .
. Golvable Problems

-Provide )

o by Cooperation
Motivational data

among students

-Curiosity
inducing

TUnderstanding the

Knowledge
And providing
Feedback o ,

OConfirm textbook
-Explore And Formalization of
individual knowledge.
information Aindividual
activity structured data
-Individual
Knowledge
Organization
Activities
1 Seeking
application QUtilize project
examples for subject topics
knowledge OMaking a plan
production and | ghecifically for what
reconstruction

learners should do ta
-Team cooperative solve problems

learning OConsider cognitive
-Professor and pee and social interactio
evaluation

1 Learning
outcomes cleanup

OAnnounced creative
activity outcomes
Oreacher's facilitator
activity

-Sharing and
presenting

Gelfreflectionwith
Writing reflective
journals

1 Learningtheorem
and Reflecthn

1 Providing the . o
@roviding the

Deepenin
After class Iearrrl)ing a%d Deepening activities
Supplementary based on students'
(outside of| learning g;ea;;\i/étgtigrough
classroom) _sharing activity, kng\medge

Interactive activity

Process Core Activities Rule
_ _ (Presenting pre
Before | 'TriorLeaming learning tasks by
(watching the Mind-map, Scratch
The class| : S
. video) quiz, postit quiz
(outside of| v~ 6 contents Wpload to classroorm
classroomn | - subject site after creating the
reviewing project
@rior knowledge
check
Qdentify the
Inclass | {Readinessheck | individual level with
pre-learning

assignments and
reviewing project
analysis

4.2 Application of Flipped Learning

In the conventional flipped learning class, the teachetdha
prepare and provides the class related vidtmwvever, in

this study, the video is already produced and distributed on
line, So that the burden on the user can be reduicdtis
study, Junior SW site (koreasw.org) was utilizédl. of the
lectures on this site were produced by teachers and agreed
with the curiculum and were suitable for flipped learning of
learners within 8 to 10 minuteBased on the contents that
students have heard from the onllearning site, teacher
suggested prior learning so that students can share their
thoughts with each other.
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Table 2 Application plarfor flipped Learning

Class
time

Subject

FlippedLearning Activity

1 Introduction

0 Introduction to Online
Learning Site
0 Join Scratch site

| Let's be the| 0 Watching a vide¢Pre

2 | main learning assignment)
charactett o Createmind map
| Let's move | 6 Watching a vide¢Pre

3 | the learning assignment)
charactett 6 Write new points on post
| Letd s 0 Watching a vide¢Pre

4 Decorate

learning assignment)

aquariumg 0 Unravel the quiz
0 Watching a vide@Pre
5 | Dance learning assignment)
Party 0 Summarize the contents of ¢
lecture
0 Watching a vide¢Pre
learning assignment
6 | Fireworkd J g )

6 Write Lecture Notes

In this study, it is aimed to reconstruct with SW STEAM
Education using MOOC based flipped

learning,

presenting redlife problems, pursuing connectivity with

other subjects, stimulate students' interest and naturall

develop communication skills and problemlving skills.
4.3. SW STEAM HlucationProject Production

1) LANGUAGE ART
Table 3. SW KOREAN STEAM education Contents

Making
polite
conversati
on
Collection
S

Clas| Presen .
. Create a polite
S ting the .
g . . conversation scratch that
time | situatio |
1 n Anyone can easily see
- Think about Situation of
conversation with adults
- Think about the manners
Clas| Creati | you need to talk to adults
s ve - What blocks do you nee:
time | Desig | to make the scratch that
2~3 |n seems to be talk?

- Using scratchMaking
polite conversation
Collectionst

Clas

time

Emoti
onal
experie
nce

(Experi
ence of
success

)

- Uploading the project to
classroom site

-Creating a
conversation Collections '
by collecting all of your
projectsr t ¢

- writing a comment

Watching each other's
projects

2) MATHEMATICS
Table 4. SW Mathematics STEAM education Contents

by

Class Presen
; ting the | Create a tool that
time LI
1 situatio | accurately draws a Square
n
- Think of the square
| features
Class VeCreatl (Rhombus, Parallelogram,
time .| Rectangl§
2-3 Desig
n - What blocks do you neel
Square to draw a square accuratel’
maker A
Emoti _
onal - Draw a rectangle using
je | scratche ¢
Clas | €xperie ' .
s time | M€ - Uploading the project to
4 classroom site
(Experi | . writing a comment
ence of | watching each other's
success projects
)
3) SCIENCE
Table5. SW Science STEAM education Contents
Prese
nting Let's play with your friends
Class )
X the by creating a game that you
timel | . . .
situati | need to survive on the moor
on
- Think abouthe difference
) between Moon and Earth
reatin
Creat cl . Creat | _ Why can not &reature
ga ass| jve .
time live on the moon?
dMoon 2-3 Desig -
survival n - Designing the game
gamé situation t
- Exploring the block
Emot ;
. - Makinggame
ional 99 .
Class| experi | @oon survival
time 4 | ence gam@’ AL
(Exper | _ Game with friends
ience
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of - Share each other's rules
succes | and games
S)

of the program on learning meétion by tests divided into
pre and post motivatiomndanalysis thesatisfaction surey.

It can be seen that SW STEAM class using flip learning
gives a very high learning motivation than traditional lecture

4) Implementatiorof SW-STEAM Class
Table6. Picture of clas

: I
SW " e ot
KOREAN =
STEAM
SIS ’
SR i g
SW
Mathematics
STEAM
SW Science
STEAM

5. DISCUSSION
The developed SVBTEAM educationapplied to 4th grade
studentsThe purpose of this study is to investigate the effect

class.

Table7. Result oimotivation test

Analysis Corres | Average SD t p
pondence

Attention Pre 3.4722 | .74206 | -2.536 | .021
Post 3.9444 | 78850

Relevance | Pre 3.0889 | .49573 | -3.194 | .005
Post 3.5444 | 52156

Confidence| Pre 3.4889 | .91065 | -2.279 | .036
Post 3.9667 | .81818

Therefore, when SW STEAM class using flip learning is
applied to students, it can positively affect students'
motivation for learningEspecially, it showed improvement
in atention, relevance, armnfidence among theub- areas

of learningmotivation
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A national study, S&T Human Capital: A Strategic Planning
ABSTRACT o ] } ) Towards 2020 inAcademy of Sciences Malays{@015)
Computational Thinking (CT) is being considered as aconfirmed that the country will need one million S&T
critical skill for students in the 21century as it is \orkers by 2020, of which 500,000 will require at least a
increasingly valuable in education and workplace settinggjiploma or university degrees. At the same time, it is
with the economy grows more dependent on digital literacy prgjected that a ratio of 70: 10,000 research pevsbto
Given the importance of CT, Malaysia has been integratingyorkforce would be needed. Hence, the underlying

CT into Malaysian syllabus since Jaryu@017. However,  giatemenindicatesthatMalaysia stilldoesnot have enough
integration of CT into the Science curriculum is still a tz1ent.

challenge. This study therefore aimed to develop an

interdiscip”nary module namebBrain_based |earning, The implementation of the first National Science and
|nquiry_based aproach and Computationa| th|nk|(|B|C)_ TEChnO|Ogy Enrolment POllcy of 60:40 since 1970, which
Science Moduleln this paper, we first present the needs of guaranteed that 60 memt of students would be enrolled in
the module to Malaysiabds e &ignca wihdhe remaigingt 4R erceny rneadte is tsiilln g
approaches oBIC through the Conceptua| framewoWe unachieved with the ration stood at 21:79 in 2015. Regarding
then propose activities that can jointly foster the the latest statistics on mean score in Program for

development of computational thinkiagdelaborae on the ~ International Student Assessment (PISA) and thedsen
instructional model to develop the module. Finally, we International Mathematics and Science Study (TIMSS) 2012

discuss the benefits of our module for future research. ~ Whichassess a variety of cognitive skills such as application

and reasoning,Mal aysi ads science a
KEYWORDS achievement still ranked below the average mean score.
Interdisciplinary, Brairbased learning, Inquiry,  Therefore, Malaysia edation system aspires to be in the
Computational thinking, Primary Science. top third countries of international assessments such as
1. INTRODUCTION ;g\{lfl\,/l)s and PISA in 15 years (Mistry of Education

In August 11th of 2016, the Prime Minister of Malaysia has
announced that computational thinking and computedn order to achieve the national goals, this paper prabose
science will be added to the curriculum of primary andthe interdisciplinary module that supports thevelopment
secondary schools in Malaygibas 206), whichaimedo 0of studentso6 scientific exper
provide Malaysian students with the CT to be globally curriculumin which computational thinking are not taught
competitive. The Prime Minister highlighted every studentas separate topic but are interwoven with learning in the
from Primary Oneo Form Fiveshould be taugh€T and science domain&ringing computational tools and practices
coding languages to give them a good foundation ininto science classrooms gives learners a more realistic view
preparing them for future digital economy jobs. of what sciencdields are and better prepastudents for

STEM careers (Augustine, 200®sman, 2018 These

The implementation of CT has been rolled out as part of the 5 rtices are also central to the development of expertise in
new Standard Based Curriculum for PrimailySSR) and  ggjentific and mathematicalisciplines (Basu et al., 2012).

Standard Based Curriculum for Second@SSM) which " agtaplishing this framework, we first propose the
has been started in January 2017 that will benefit up to l'?ollowing three components:

million students across 10,173 schools nationwifleas,

2016) The integration of CT, problesolving and a. Relationship betweeBIC and Science Learningn
technology for te primary school curriculum will be across section 2.1, we explicitly identify the synergies between
all of their subjectsMeanwhile, the integration of CT for BIC andscience learning

secondary school curriculunis through their elective b. Fosterirg CT withBIC-ScienceModule In section 2.2,
subject These initiatives are spearheaded by Ministry of ~ we provide examples for the integration of CT in the

Education (MOE) and supported by Malaysigital selected topic that are amenable to our technology, but
Economy Corporation (MDEC) and aimed to participate 1.3 ~ at the same time illustrate the generality of our
million students participating in ecurricular activities and approach;

digital productionhubs with 260,000 students groomed for €. Instructional design oBIC-Science Mode!: In section
future digital economy jobs, e.g. data scientitsl game 2.3, we elaborate thdorison, Ross and Kem{MRK)
developer(Ng, 2016) instructionalmodelfor developing the module.
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2. DEVELOPMENT OF MODULE

1991). In BICGScience Module, evergcience lesson is

structured intoseven stages accamdg to Jensen (2008)

2.1. Relationship betweeBIC and Science Learning
In order to comprehend the continuous development in the
discipline ofscience, students should be aware of the basit
science terms and they should gain the science skills
throughout their schooling process (Fogarty, 2002) which
can be achieved through interdisciplinary approach
presented ithis module. Interdisciplinary aabe defined as

a knowledge view and curriculum approach that consciously
applies methodology and language from more than one
discipline to examine a central theme, issue, problem, topig
or experience (Jacobs, 198Bjgure 1 shows the conceptual
frameworkthat shows the key concepts in developing the
module.

Computer science element focused in this module is the use

of computational thinking as the skills to solve problem
systematically in the lesson. Meanwhile, the science

learning will be focused on theurricular contextsn the ii

topic ofiMatte®  w his diffibult and important curricular
topic at Year 5 levelResearch reports some of the ideas

students have about the particulate nature of matter as

misconceptions, preconceptions, naive conceptions, or
alternative conceptions (De V&sVerdonk,1996).

Figure 1.Conceptual framework.

BIC model is adapted from the model proposed by Cheah
(2016) as an effective pedagogy that should consist of:

a. structure: Brairbased learning; Vi

b. approach: Inquinbased approach; and
c. skill: Computational thinking.

The structure is the brailmased learninghat recognized the
need for constructing knowledge, prior conceptions into new

Brain-based Inquiry - CT
Planning (Jensen, based (CSTA,2012)
2008) Approarc]:_h Decomposibn,
1. Pre-exposure é?grécel: Pattern
2. Preparation 2008) ' || recognition,
3 Initiati d Abstraction, iV
- Initiation an Algorithms
acquisition i
4. Elaboration
_ — BIC-
5. Incubation and Science » CT
Memory Module
Encoding
6. Verification | v
and confidence Morison, Ross, and Kemp
check model (200)
7. Celebration
and Integration

Vi.

namely:

Pre-exposurds the stage which provides the brain with
an overview of the new learning before really digging in.
Preexposure helps the brain develop better conceptual
maps.Example: Students can use their prior knowledge
abou different types of materials around them to help
them to understand the nature of different states of matter
that can exist as solid, liquid and gas.

. Preparationis the stage at which curiosity or excitement

S created. 't i s seit@i lbairt
further in preparing the studeni&xample: Students are
instructed to put their hand into three closed black boxes
which contain different types of matter separately. Each
box may contain ice which represents solid, water which
representsdiuid and smoke which represents gases.

. Initiation and acquisitionis the stage which provides the

immersion. Students are flooded with an initial virtual
overload of ideas, details, complexity and meanings. The
students are allowed to be temporarily overwhelmed.
This will be followed by anticipation, curiosity and
detemination to discover meaning for oneself. It builds
on what the learners already know and understand and
helps them assimilate and integrate new information.
Over time, the students are able to sort out the
knowledge. Example: Students are allowed to do
experiment to describe that water can change its state
through several processes.

. Elaborationis the stage for processing which requires

genuine thinking on the part of the learners. This is the
stage to make intellectual sense of the leariimgmple:
Stucknts discussed openly the algorithm they
experienced in changing the states of matter in water into
solid or gas. Teachers and other students may ask
guestions to improve the algorithm.

. Incubation and memory encoding the stage for the

importance of dowtime and review time is emphasized.
Example: Students write the key points about the
"changes in states of matter" in the form of thinking map
in their journal.

Verification and confidence checkfor the students to
confirm their learning. Learning iseBt remembered
when students possess a model or a metaphor regarding
the new concepts or materialExample: Students
answered short quiz regarding the subtopic learned.

. Celebration and integrationis the stage which engage

emotions. This stage instills ghallFimportant love of
learning. Example: Stickers are given to students who
perform well and actively throughout the lesson. Top
presentations are selected to be presented during Science
Week.

knowledge through questioning and readjusting knowledgeyhile brainbased learning develops deep learning of
to fit with realtlife eXperienceS (Gardner,1991 in Mangan, Sciencephenomenon as a process, |nqmased approach
2007). This can be achieved through the Seven Stages dfffers the ability to do the scientific processes and the
Brain-based Planning that can be applied in scienc&nowledge about the processes through stucentered

c | as s r acoess the vast fpotential of the human brainexploration. Students are encouraged to raise questions and

and, in very real sense, improve education.( Cai ne

&hinke @ritidalfy - throughout the exploration of lesson
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activities which also will provide opportunity for students to
learn by doing. Tie national performances in TIMMS and
PISA proved that our students are still lacking in inquiry
skills. Therefore, thelesign of activities inthis module

be developed from the basic which is structured inqtairy
guided inquiry or open inquifNRC,2000) BanchiandBell
(2008) differentiate the four levels of inquiry (confirmation
inquiry, structured inquiry, guided inquiry and open inquiry)

based onhte amount of information and guidance the teacher

provides the studentsThe information and guidance
provided in the module will be minimized as the inquiry
level shifts from structured inquiry to open inquiry.

CT will equip the module with relevant sldllaccording to
the science activityThe term fAcomput at
education was first used in child educatiorAapert1980)

with reference to Logo, a computer language designed fo'

children who believes that certain uses of very powerful
computaional technology and computational ideas can
provide children with new possibilities for learning,
thinking, and growing emotionallyAccording to Curzoret

al. (2009), computational thinking is the 2&entury skills.
This is an idea explored by JeanieeiVing from Carnegie
Mellon University:

Computational thinking is a way of solving problems,

Pattern Students classify the materials/obje!
recognition  in the classroom into solid, liquid an
gas.

Abstraction  Students use abstraction to explain
changes in states of matter during 1
heating of naphthalene ball.

Algorithms  Students explore logicalrganization
and sequencing when animate the
movement of particles in solid, liquid
and gasising visual programming
application; Scratch

2i3.g1§trac|tionatl

sigh fE}I(‘rs igncg Mpdule
Morison, Ross aﬂg Kerr%ﬂRK %gdel provide flexibility

manifesting the cyclical process of instructional design
Morrison et al., 2007) in the development of this module.
This circularity is achieved by viewing the nine core
elements of the model as interdependent rather thaulaing
and independent. This allows instructional designers a
significant degree of flexibility because they are able to
begin the design process with any of the nine components,
rather than being constrained to work in a linear fashion
(Akbulut, 2007). Evey aspect of the module design and
learning process is taken into consideration. This model

designing systems, and understanding human behavior th@cuses orthese nine core elements which will be applied in

draws on concepts fundamental to computer science.
(Wing, 2006).

In this study, CT skills are neededpieparea lesson for the
learner in a systematimanner Four concepts of the CT
skills (CSTA, 2012)efined inTable 1will be utilized.

Table 1 Four concepts of CT
Definitions (Google, 2015)

Concept

Decomposition Breaking down data, processes,
or problems into smaller,
manageable parts

Pattern recognition Observing patterns, trends, and

regularities in data

Abstraction Identifying the general principles

that generate these patterns

Algorithms Developing the stepy-step

instructions for solvingroblem

2.2. FosteringCT with BIC-Science Module

The longterm goal of this study is to support the
development of CT throughout he Primary Science
curriculum. BIGScience module is designed to promote a
specific set ofCT skills for the topic.Table 2below shows
exampleghat incorporates CT skills ithe module.

Table2. CT Concepd Explored withBIC-Science Module

Concept Examples

Decomposition Students decomposed the changes
states of mattewhich occurduring the
phenomena of rain.

this module

identifying instructional
specifying relevant goals,
examining learnecharacteristics,

identifying subject content and analyzing task
components that are related to instructional goals,
stating instructional objectives for the learners,
sequencing content within each unit to sustain
logical learning,

designing instructionatrategies for each learner to
master the objectives,

planning instructional delivery,

developing evaluation instruments, and

selecting resources to support learning activities.

design problems and

= —a

=a =

1
1
1

3. CONCLUSION

The development of BKScience module will be the
foundation for a longeterm learning progressioro
integrate computational thinking into the science
curriculum The design of science lesson activities using
brainbased learning, inquifgased approach and
computational thinking will be able to provide a student
centered, systematic and meaningful learning environment.
With computational thinking s growing i
preparing relevant talent in digital agpis paper is a call to
action for more re=march to integrate computational thinking
in other disciplines and in the different level of education.
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2. THINKING ABOUT THINKING
Thinking is generally seen as a cognitive process that
fall ows humans to make sense
model the world they experience, and to make predictions
about that wor | dnéntalakléadsdokan 201
acquisition of knowledge, a develment of thoughts, and a
formulation of reasons (Presseisen, 1991, p. 56). Besides,
thinking generates fhigher pr
solving, or conducting critic
p. 56). A huge emphasisthinking skillsis onreasoningas

maj or coghni tcognitonnsakdcdountforfi al t
several ways that something may come to be krioasin
perception, reasoning, and i
p. 56). One of the involved thinking skills getting more and
more notce in discussions on possibilities to equip students
with skills enablingLife Long Learnings Computational
Thinking (CT). CT is defined in the following Sec. 2.1.
Through cognitive processes like thinking, complex
rel ati ons h maysbhe intefcanretdd tofi an
organized structure and may be expressed by the thinker in

ABSTRACT

Thinking in parts and wholes is a basic principle in
Computer Science. Breaking down complex structures,
objects, and systems into its componential parts and
figuring out how they make the whole what it is, is an
essential thinking skill that forms undestings on the
functionalities on how these things work. But this skill,
which is defined and presented Rart-Whole Thinkingin

this paper, is also applicable to grasp -ptiysical ideas
such as concepts, processes, and definitions. Either way
PartWhole-Thinking is an often subconsciously happening
cognitive process that forms knowledge representations.
The contribution at hand aims at working out in which way
PartWhole-Thinking belongs and relates @mputational
Thinking By reviewing literature osuitable definitions of
the involved terms it is shown that R#¥holeThinking
plays a huge role in Computational Thinking processes.
Afterwards, it is argued that a more vigorous inclusion of
this essential thinking skill iIiComputer Science Education
improves the overall understanding of Information

Technology avarietyofways ( Pressei sen, 1991, p
’ Presseisen classifies the essential thinking skills involved in
KEYWORDS these cognitive processes and identifies the detection of
PartWhole Thinking, ComputationlaThinking, Cognitive ~ Pat-Whole-Relationships as one of th§Rresseisen, 1991,
OrganizatiomComputer Science Education P. 58) The involved ab|||ty to think in pal’tS, WhOIeS, and
their relationships to each other is describeBasWhole
1. INTRODUCTION Thinking(PWT) in the following Sec. 2.2.

The term Computational Thinking(CT) is increasingly
being used in discussioaboutLife Long LearningLLL)
recently. However, since Wing was the first to use the term
in educational contexts in 2006, many authors defined this
term differently in their work. We argue that CT is not only
thinking like computers/computer scientistbl-devices,
etc.; more importantly it is a skill that enables thinking and
reasoningaboutthe way these devices work. Since it is a
well-known fact, that breaking down problems into parts is p
a basic principle of Computer Science (CS), the core aspect
of Part-WholeThinking (PWT) must be considered when
discussing about pursued inclusions of CT skills in
educational contexts. In this paper, the role of PWT in the
context of CT is discussed and presented.

2.1. Computational Thinking

SinceWingint oduced the term ACompu
for the first time in 2006 (Wing, 2006), there has been a

huge confusion about its exact definition (Selby, 2015,
p.81). Thus, it is no wonder that many different authors
define this term differently in their pubhtions. Many of
these definitions fisuggest t
rogrammi ngo ( Sh «Ctarke, 2057) By, an
resenting three publications of Wing and two of authors

hat discuss her definition of CT it is shown that
Afconsideknowgi €d hew to progr a
and AsbeliClarke, 2017) definitelys too limiting. Instead

of CT skills just being needed by programmers and software
developers, all pupils should acquire CT skills in school to

A literature review on suitable definitions for ttesms CT act responsibly in théigital Age in both their future

and PWT is presented in the following Sec. 2. Afterwards, working and everyday lives.

it is discussed how PWT; CT, and Computer Science .

Education (CSE) refer to each other in Sec. 3, before a\zl\ﬁ]'lé \aVIngV(VZiO(:]G, 200\?\/':(3310),[ he first to oo
summary is given and an overview on work to be done in 9

the future is presented Bec. 4. Considering these aspects, Th bn k n Ig IO in her ¢ a rdt Ih cle of K
the contribution at hand aimspesenng the massive role orrtgirnally presente er wor
that PWT plays in the context of CT a universally applicable attitude and skill set everyone, not

just computer scigni st s, woul d be eager
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(Wing, 2006, p33). According to her 2i.B8. Bhte, 8uhand AsbedClarkef (2017)

Computational Thinking ifbstractom ( Wi n g, 23h0t8 Sun,mnd Asbelllarke worked out five cognitive
3717), which fifocuses on mpooeleissgst e mpmorrekntnsgsofofCTa t
compl ex problem/ syst eGlake,( Slywtad, oSuws ol andgApbebl ems ef fi
2017, p4). It involves (Wing, 2008, as cited in Shute, Sun, Sun, and AsbelClarke, 2017, p. 3) as stated by Wing

and AsbelClarke, 2017, p3): (2006)for their part:

(a) abstractiorin each layer 1. problem reformulationi Ref r ame a prob
a solvable and familiar
Asbell-Clarke, 2017, p. 3)

2. recursion iConstruct a system

(b) abstractioras a wholeand

(c) interconnectioramong layers

The abstraction process-is theadsmadstoni mpecteanmngandf di o
level thought procas i n computational t h Ashek-Clarkg, 2017, pWB n g ,
2010, p. 1) to her. As Wing ct n
the power to scale and deal % §qﬂbfe%@e&ﬁ1gosﬂi%rﬁi?é£€ ﬁgsprgths
. g . . -5 0
p. 1), while fAit is defined as ar&ezo 31)
of a problem are importantandwithe t ai | s can be
(Wing, 2008, as cited in Selby, 2015,84). Thereby the 4. abstractlon f Mo del the core aspe
il ayers of abstraction [€é] redpcebt bkbes| eovels yosft ecrosnop | €St
a problem or a representation (Selby, 2015, p. 81). Clarke, 2017, p. 3)
Wings definition ofabstractionin the context of CT is very 5. systematic testingfi T a kugposgdul actions to
close! to the one of (problem) decomposition(cf. derive solutionso-Clarkhut e,
Sec.2.1.4.), whichis another aspect being part of CT 2017, p. 3)
gccordlng to many authors as presented in the following 2.1.4. Comparison and Summary of the Definitions of
ec. 2.1.2. and 2.1.3. X o
Computational Thinking
2.1.2. Selby (2015) As this very brief literature review on profound definitions
The definition of CT Selby presents includes of CT already suggests, a huge part in CT skills is derived
. . . t the deco osmon of Whole systems into its
1 decomposition wh ich is f#dibr r’np'&n% t| (% Mhe la “ §Omp055 frequired
smaller [€] partso (S & de h Iardé)robl complex systems, or

§ abstracton which is fthe abcpmplex@shstdsﬁé@yde 2@ARt p. 81).
details of a problem are important and what details parts are not random pieces, but functional elements that
can be ignoredd (Wing, c2bbecthvelcytedamphi se|blye wh
2015, p. 81), Sun, and AsbelClarke, 2017, p12). The parallels teWT

_ ) ) . are more than obvious at this pomt But additionally, core

1 algorithm designwhi ¢ h  fii s r el at egspebidof PWTEcarl BESRINd 9nfthe understanding and
procedur al thinking -[é deﬂ[utibr'i‘d?abﬁr&:tﬁohwﬂtr?e%dntex@o? PWAT, whith&hie
by-step set of instructions that can be carried out second aspect that each of the presented § ublications (cf.

by a deviceo (Nat ional ﬁ@?l?s%éa%é?paf@? q’ﬁ‘e%lbllliytcabsﬁr tin&u»desp

§ generalizaton whi ch i somponefitmfo ng"‘f g igformation str u@larker eo (
problem solving [é] [ an4P} Paldsamengspothers. Agaig, this qu'rr't'm'%/vew 0
express a problem sol udoFo the; quer%a@qgngplPeNTQSémmnlgé
(Selby, 2015, p. 81), and following Sec.2.2

2.2. Part-Whole-Thinking

The almost endless variety of objects and living things in

our world forces us as human beings, which are only

I evaluation wh i cthe aliliy tofevaluate
processes, in terms of efficiency and resource
utilisation, and the abilityto recognise and

evaluate outcomeés (Lo Heur eux, equpgeld with Ilmgeﬁl tiognmve tesources, to map cognitive
cited in Selby, 2015, p. 81). ategor.i . 'Tthgery systesnk is to provitleh e s e
ma X i mum |nformat|on wi t h t he
According to her, these s k({Rbsths1978rpe28)iiSineectie pisieats iy thefworfd asane p |
the tools of computer science tmderstandinghe world perceive it are in any ways

around uso @B®el by, 2015, p .decisive aspect of our thinking is the ability to detect
similarities and differences between these various elements
and then cognitively grouping them based on their
di fferentiations and classi f

1 Especially the separation between abstraction in each layer,
abstractioras a whole, and the interconnection among laigers
very close to the basic idea of PWT (cf. Sec. 2.2).
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(Tversky and Hemenway, 1984, as cited by Pancratz andBesides, many Information Technology (IT) devices,
Diethelm, 2018). These conceptual hietdes are systems, and concepts makeseu of ParWhole-
organized by subconsciously identifying, which parts the RelationshipgPancratz and Diethelm, 2018

respective objects are made of (Tversky and Hemenway,

1 The Internetconsists of many different servers,

1984). :
clients, and rowrs.

AThe-whadte relation plays an _important ro,le_ﬁlé(]]‘e_in
knowl edge processing, e.g. é]agwqteﬁsl%aveap gegsing Wik gtaphic £ydsy e
and Pribbenw, 1995, p. 865), and beyond: Generally, Part motherboards, and storage units.
WholeRe | at i ons h e ' p _ﬁ under st and ingosithm8alel cBripbséd of aSfiite hifinBEs of
processes, definitions][,] a n d ellCd€fiRed Stdps. S O (Pancrat z anoc
Diethelm, 2018) by Aidentifying the parts that constitu
whole, the function of each individualag and its 1 Relational Databasesonsist of various tables and
contribution to the function o€latonshe whol ed (Rao, 2005,

174). Views on the functionaliies and principles of Thege two listsan easily be stretche@enerally speaking,
complex objects and systems are developed based on thg ; ayhate relations often play a fundamental role in the
knowledge about the single parts and their relationships o, g e | i n g of i nformation syst

each other (Gerstind Pribbenow, 1995, p. 867). In the .4 Vieu, 1996, p. 257).

context of our research we define this cognitivand often

subconsciously happeniiigprocess of partitioning @2art- As depicted in Sec. 2.1, nCor
WholeThinking (PWT). It is significant for many reasons: Solving problems, designing systems, amterstanding
iknowi ng the parts ars ar@a umanbehavior,Hy diawing prethe goncepts fundamental
determined, how they are related, and what they do is ato computer science. Computational thinking includes a
crucial part of wunder st an dranggof mentl toaishthat reflect thie breasith ef the field of a4 ¢ |
and Hard, 2008, p. 437 f.). comput er (Wing,i2@06, p.e33)As the just given
examplesshow, many CS concepts make use of PWT
Therefore, CSE could provide the perfect showcase to equip
students with this essential thinking skill. Thus, it is quite
criticizable that the focus of education in schools lies on

{ fWholes:How are wholes determined that is, conveying cont e nitsteafl dfweaching t o

how are they distinguished from backgrounds? ¢ r i tical thinking skills (fho
173), though thinking skills like CT enable us to acquire

1 Parts: How are wholes partitioned into parts, and further knowledge on our own amongst other things (cf.
on the basis of what kind of information? Parts Sec. 2.1). Rao for example noticed an improvement in
may be further partitioned into sudms; do the learrer s O cognitive l earning pI
same bases for partition hold for the subparts?  teaching them to use CT skills like PWT in class (Rao,

1 Configuration: How are the parts of the whole 2005, p. 177).

arranged? PWT can especially be found in two of the core concepts of
CT: While the definition of(problem) decomposition
obviously fits very welto the core concepts of PWT, even
the ways in whichabstractionin the context of CT can be
understood imply the close role that PWT plays in CT (cf.
Sec. 2.1.1). In the end, CSE provides the perfect platform to
1 Perceptionto-function: Are there relations include the fruitful skill of PWT.

between perception and appearance on the one

hand and behavior and 4U§QMM%RWYA8\IPFIYJ-FIL!§REWQRgY7O

According to Tversky, Zacks, and Hard (2008) the
following questions need to be considered when discgissin
and analyzing PWT processes:

1 Composition:Each whole entity has a set of parts,
which may be parts of other wholes as well. How
does the entire set of parts get disttéd to
wholes?

(Tversky, Zacks, and Hard, 2008, p. 437 f.) We are more and mosairrounded by IT devices that rashly
change and massively influence the Digital World we live
3. HOW PART-WHOLE -THINKING, in. Therefore, it is becoming progressively important to
COMPUTATIONAL THINKING, AND obtain further knowledge by oneself in order to succeed in
COMPUTER SCIENCE (EDUCATION) o n e 6 sonalpamd working life. Discussions about this

topic include the terniife Long LearninglLLL) recently.
The possibilities of CT for LLL are obvious. In this paper,
the massive role of PWT in the context of CT is presented.

REFER TO EACH OTHER
Breaking down problems into parts is a basic principle of

CS. Typical exampleare(Pancratz and Dietheln2018:
To the authors of this paperTGs not only thinkindike a

 the programming paradigfbject Orientation computer (scientist) to solve problems, but also to become
f the algorithmic strategpivide and Conquer acquainted with théasic principles of Cand IT devices
and thereby grasp objects, systems, processes, definitions,
f the logical @rtitioning in software design called and concepts of the most different disciplinesd(aot only
Modularity CS). Since a massive amount of CS principles makes use of
PWT aspects, we suggest to always have the underlying
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PartWhole-Relationships in mind when discussing, Kisak, P. F. (2015)Categories of The Thought Process
planning, and applying CT skills in educational contexts. North Charleston, South Carolina (USA): CreateSpace

With this in mind, it isremarkable that according to Selby ~ '"dePendent Publishing Platform

decomposition is the most difficult CT skill to master L 0 H eux, d, 8oisvert, D, Cohen, R and Sanghera, K.
(Selby, 2015, p. 84According to her, @2.HEwemsSolving Aniinplementation of
that leamners struggle with implementing the process of Computational Thinking in Information Technology.
decompositionod (TBereabopsor this0 1 5 Procgeding gf ghy 18 Annual Conference on

fact finclude a lack of experience, incomplete Information Technology Educatio@algary, Alberta,
understanding of the problem to solve, and the order of Canada: ACM, 18388

teaching programming ( Sel by, .ZTBoldgh,  Nutional R&s¢arch Council (201&eport of a Workshop
students seem to understand the concept of breaking a on the Scope and Nature of Computational Thinking.

problem down, theykate [iéb I\/\mmgq;n BIG: The Ndtiéhal Academic §5e
successfully in situations where they already know the

solution or understand th $%Etlar}gD\?thelml(201q)c|ud|ngEa$ %%”9
b 85) ' Sel by p ol n; s out L{se%olilhttl B|tsln?EqEI§@ dbal En%meFrlﬁlq,n o5
[é] is a prerequisite for catlonéonference(EDg design
evalud i ono ( Sel by As sadhlitbmust pe gu)

mastered, to some extent, before the complexity of the Presseisen, B. (1991).Thinking Skl”S- Meanings and
fol owi ng |l evels can baeb)acces adesyeisited b Arthyr L. Costa,jeditoDeyeloping

Minds, Volume 1, Alexandria, Virginia: Association for
The fact that decomposition is a prerequisite to the other Supervision and Curriculum Developmes; 62
aspects of CT already answers oneghaf challenges that

Wing posed in 2008: AWhat W8aK (@003 lgfusing,Criical Thinking Skillgintq, g e r j n
of [CT] concepts in teaching children as their learning Content of Al CourseSIGCSE Bull., 37(3), 14377
ability progresses over t h ®ossheEa(l938Pancidled/of cagegoriz2tidrh &gschp . 37:
The authors of this paper assume that an early on teaching Eleanor and Lloyd, Barbara B. (E)) Cognition and

of PWT has huge potential to improve the outcomes of Categorisation27 48.Lawrence Erbaum Associates,
education. Another <chall eng #lilstéienNgw Jk@ey,d978.bes i s that dwe
not want people to come away thinking they understand theSer C.C. (2015 tlonsh|ps computational

ela
concepts because they are P ol[s]o
(Wing, 2008, p. 3721). She clarifigisis challenge with the g&ﬁ‘]é) |5eda§’g 4p' PPo Ej mnti th an

- X taxonom}/ln Proceedm softhe Workshop |n anaa/
exampl e of fifusi ng a calcula§1 ry Ltlbqn& Iehrrgf1 'EQiQJc
arithmetico (Wing, 2008, Nev??\?o?klNNACI\ﬁgo%Jl t oOWwWS

importance of CSE in thBigital Age The imagination of

people being surrounded byShte¥4d.nSun G andfshbelarkeac(20L7). t hey do
understad simply is alarming. A proper knowledge in CS ~ Demystifying computational thinkintn Educational

is becoming more and more important. With the paper at Research Review?, 142158
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Examining a Secondary School Computational Action Curriculum Using App

Inventor and the Internet of Things
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education into the real lives of learners we can heip fleel
ABSTRACT empowered to use computing to effect change and to pursue

This paper outline§ a study !n Whi?h_We integratecareer paths that employ computational problem solving.
computational actioi a pedagogical shift in computing

education towards educational designs that focus on studenf¥e have termed this shift toward educational designs that
learning about, and creating wittpmputation in ways that focus on students learning about, and creating with,
connect to their lives and communitiesnto engineering  computation in ways thatonnect to their lives and
and design classes at a |arge urban h|gh school. This pap@@mmunitiescomputational actionTo understand how to
also outlines methodological approaches for understandingesign and support learner engaging in computational
how a computational action curriculum can change studei® action, we suggest it comprises of two key dimensions:
perceptions of their computational identities and digitalComputational identity and digital empowerment

empowerment. (Tissenbaum et al.2017). Computational identity is a
person's recognition that they can solve problems using
KEYWORDS computing and may have a place in the larger community of
computational actign computational thinking digital ~ computational problem solver®igital empowerment is the
empowermentcomputational identitymobile computing belief that a person can put that identity irgotion in

1. INTRODUCTION meaningful and impactful ways

Current approaches to computational thinking havgely 3. SUPPORTING COMPUTATIONAL

foll owed Wingos (2006) moACSTION WATHI M APP INWERPORR d  f or
teaching computing with a paf §StheOchallehde$ fadkd Whed anPRrfehtdd & 0 ¢
programming, such as loops, variables, conditioréd$a  computational action curriculum can be attributed to where
handling, and parallelism. However, subscribing to only thisihe |earning takes pladetraditional computer lag) which

approach threatens tecbntextualize computingducation  are far removed from their everyday lives. With the
fromtheread i ves of [l earners, magkpo§ve gréwhditholil€afd ubidulloBstconlpliting!(eSgh © t
something they need to | eaghd nterkedf TRNGS Mof), suldiéhts ndMOHRRthe € € d
use it in the futuré a problem regularly faced by in math 556rtunity to take what they build out into the world. This

and physics (Williams et al., 2003;efg et al., 2012). In ¢reates opportunitieto contextualize what students can

response, our work suggests an alternate framing oOfreate, and perhaps more importantly, why they create it
computing education that focuses @mputational action (| g et al, 2016).

Computationahction positghat young people should learn N )
about, and create with, computing in ways that provide thenin addition to environments that allow development for
the goportunity to have direct impact in their lives and their mobile and ubiquitous devices, we also need environments

communitiegTissenbaum, Sheldon & Abelson, submitted). that allow students to quickly Bd, test, and deploy their

_ _ ) creations, and that provide powerful abstractions to harness
Below we outline the theoretical foundations fory o gayes incredible computing

com_putational action and outline the des_ign of a high SChO%reViOUS experiencépp Inventoris one such environment
curr!qulum that usescomputational action to empower 4 plockshased programming language that allowsrees
tradltlona_llly undgrrep(esented st.u_dents to use computing tg; pyild fully functional mobileapps App Inventor employs
have an impact in their communities. a draganddrop designer interface that allows users to
2. COMPUTATIONAL ACTION layout the frontend (user facing) elements of their apps,

While approaches such as probteased learning (Kay et abstracting away much of the complicated code usgally
al., 2000) have attempted to situate computingation in required. App Inventoalso allows users to h_arness a wide
reakworld contexts, they are often generic (e.g., designin%ange of software and hardware logic, including creating and

supermarket checkout systems) and fail to connect t toring data locally or in th

studentsdé personal interes 3Ny 9%3 _r «?'88608”.‘ functiorecause It supports
creation of mobile apps, can conn¢atloT devices, and

While important for all students, the need to feel their workallows those new to programming to quickly access these
has the potential to have a@mpact in their lives and and other powerful computational features, while not the
communities, is particularly critical for young women and only option, we believe App Inventor is particularly well
groups traditionally underrepresented in computing andsuited for supporting computational actifatused learning.
engineering (Pinkard et al., 2017). By refocusing computing
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4. DESIGNING A COMPUTATIONAL problems. Using a combination oklil notes, classroom
ACTION CURRICULUM observations, and regular individual interviews and focus

{ groups throughout the intervention, we are developing rich

To study how a computational action curriculum migh . . o
y P g se studies to reveal how students identities changed over

support students as they begin to recognize their capabilitie%a
for making a real impacts in their lives using computation, Ime.

we codesigned, with two teachersCITE) a 10week 5 RESULTS AND DISCUSSION

cgrriculum for gradel0 students at a large urban American ag this work is currently werway, this poster will report
high school. on our early findings and will aim to engage visitors on
The students would come from two classrooms, taught byritical discussions around the role of computational action
our two cedesign teachers. The two classrooms wereas a new framing for computing education. We believe this
particularly interesting for a computational action approachwork represents an important shift in what thealg of
One class was an engineering design class, and the othecamputing education can be and how we motivate students
traditional computing class. In the computing class, theto be the empowered computational creators of the future.
students would normally learn the basics of JavaScript

HTML, and a light introduction to Java. Additionally, the 6. REFERENCES .
computing class had amteemely diverse population; nearly F1€99, J., Mallet, D., & Lupton, M. (2012). Students
half the students were English language learners (ELL). The Perceptions of the relevance of mathematics in
teachers recognized that these students traditionally felt €ngineeringintl. Jounal of Mathematical Education in
outside of the computing culture (i.e. did not have strong Science and TechnologyB(6), 71#732.

computational identities) at the schoohus, the teachers Lee, C. H., & Soep, E. (2016). None But Ourselves Can Free
wanted to revamp the computing class to help these studentsOur Minds: Critical Computational Literacy as a
develop their computational identities. Pedagogy of Resistandequity & Excellence in

In discussions with the teachers, they identified an issue that Education 4%(4), 480492.

was of interest to many of the students at the school: the loc#lay, J., Barg, M., Fekete, A., Greening, T., Hollands, O.,
river was polluted and the students wanted to develop Kingston, J. H., & Crawford, K. (2000). Problenased
solutions to clean it up. The local river was ideal context for learning for foundation computer science courses.
supporting students to engage in computational action and Computer Science Educatiat((2).

for them to engage in digital empowerment. Pinkard, N., Erete, S., Martin, C. K., & McKinney de

To situate student s dextsp the | e Royssm, M.n(201F)u Diditel nyduthc Divas:o Exploring
engineering design class developed |0T approaches for NarrativeDriven Curriculum to Spark Middle School
capturing and exploring river data. The engineeringstudents Gi r | sd | nt er est i nJouthalofphat at i
then became the ficlientsoO o LeampiagrStioneegjstacedpted).he computi ng «
presenting their designs and asking the computing :studen§nOW E., Shear, L., Rutstein, D., Wang, H., lwatani, E., Xu

to devel@ apps that could work with and enhance their Y. Iéaéu, S. T’ate’, C. (Sept’em'ber, Zoaaa{olThink@JC!Z ’

designs. To facilitate the design process, we adapted the Evaluation: Baseline Repomdenlo Park. CA: SRI
Stanford BSchool 6s design pr Oceslﬁternat\&r‘?él. P8 % THeV e opég "a

set of design documents to help the students break down

(decompose) their designs into more nuyeable sub  Tissenbaum, M., Sheldon, J. &amp; Abelson, H.
components. The paired groups met once a week in feedback(Submitted).  From  Computational ~ Thinking  to
sessions to coordinate and refine their designs. The Computational Action. Communications of the WNC
curriculum will culminate with the students presenting their Tissenbaum, M., Sheldon, J., Soep, L., Lee, C.H. Lao, N.
work at an annual work fair held at the school, which is (2017). Critical computational empowermeEingaging
attended by stuehts, administrators and city officials. youth as shapers of the digital futuRroceedings fo the

In order to understand changes in students computational |EEE Global Engineering

identities, digital empowerment, and computational problemEducation Conference Athens Greece, April, 1705
solving skills over the course of the curriculum, we adapted 1708Weintrop, D., & Wilensky, U. (2015). To block or
several measures based on our ownrpriork, and other not to block, that is the questioRroceedings of the 14th
established identity measures. To understand changes ininternational Conference on Interaction Design and
students computational identity and digital empowerment, Children- IDC '15.

we are using a combinationyffns &N siinlddet Ml Sl kSBfeY el 2!

(2017) validated multiple choice tool for measuring changes Dick 2003).Why aren't secondary students

. . . on, D.
instuknt sé6 CT per s paendet irefleetise, X : - .
statements that previous research (Authors, submitted) hasij}’n%ras'{eqOIHOp ))g|csl?hy3|cs Educatior8(4), 324.

shown to reveal important changes in students perceptiond/ing, J. M. (2006). ~Computational  thinking.
of their ability to use computing to solve real world Communications of the ACM, @), 3335
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The Application of Minecraft in Education for Children with Autism

in Special Schools

Wenwen MU, Kuenfung SIN
The Education Uniusity of Hong Kong Hong Kong
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creativity and imagination, and enhascgher important
ABSTRACT ) o ] skills such as seliwareness, setfontrol, flexible thinking,
This paperaims at identifying the use, benefits and 4ng planning & organization (Kulman, 2015). Hollett and
challengs of integrating Minecraft iteaching studentsith Ehret (2015)stressedhat Minecraft help childrenexpress
autism Classroom observations, studentsated manifests 5nd control their emotions, build strong social teshance
and .interviewsvx'/ere conductgdn two Chinese;peaking peer engagement apdomoteteamwork. Ringland (2016)
special schools in Hong Konlg is concluded thalinecraft  stated that autistic populationay possiblypractice awide
does have positive impact on how children with ASD learn.yariety ofsocial skillsin Minecraft. FurthermoreMinecraft
Students were morengaged in class, showed improved may be consideredas a kind of Computer Mediated
collaboration and communications skills, developed deepegommunication. For example, within Minecraft, useray
relationship with their classmates and the teachers, and wWegg mmunicate with each other by sending text through a chat
more motivated to learnrSome potential challenges and yindow or talking with the help of modified accessories
concerns are discussed. The Minecraft spacénks tightly to other social platforms

such as YouTube, discussion forums, and Wiki software
KEYWORDS (Pellicone & Ahn, 2014) that helps the social
communication amonigdividuals with ASD They need not
1. INTRODUCTION to face with the difficulties assocted with faceto-face
Autism spectrum disorder (ASD) is defined by two core social interaction that requires nonverbal social cues such as
featuresthat arerestricted and repetitive behavior and €ye contact, facial expression, and gestures (Mazurek,
interest and impairment in social interaction. Both can Engelhardt & Clark, 2015).

negatively affect the academic performance, welhg and o5 have been made to promote the use of Minecraft in
social engagement. Researchers have acknowledged that thg,,51s in Hong Kongin 2014, over 550 local school
simulation techniques used in computer/video gan®dd  ,iimary and secondary schogigrticipated in acontest
provide S|gn|f|cant results  for mmatlc_)n anc_j organizedoy HongKongCyberport.The City University of
comprehension, promote engagement and active learning f‘?—ﬁong Kongcompleteda casestudy to explore the teaching

students including those with special learning needsand learning of Chineddistory in Minecraft in Hong Kong
(Habgood, Ainsworth & Benford, 2005; Mohammadi & seconary schools (Zhu, 2017).

Fallah, 2007; Ke & Abras, 2013). Meanwhile, computer and

playing video games arelways the favorite learning 2. OBJECTIVES OF THE STUDY

activities for children with ASD (Eversole2016). To  In Hong Kong, there are 61 aided special schools with about
accommodate different learning styles and to maximize the,800 studentswith special educational needél of these
learning effect for students with ASD, educataggamine  schools are for students with intellectual disabilities
the appropriateteaching strategies andcontent delivery  classified into mild, mild tonoderate, moderate and severe
mechanisms that meenostly the individual preferencesf  grades Education Bureau, 2017)While Minecraft is
ASD. popularly used in teaching and learning in mainstreaming
Minecraft and its use in education fschoolds,there_ IS I|nj|t|edhres§al1rqh on th\A/h-l}/l|neCrBfUSr?d

Mi n e c r aHreedimeasional LBghike environmentin or students Irspeciaischoos. It is worthw |eto_stu9t €
which the wuser can build aLf’?eq a_r]d nstff%ct&lv%ngg? ho Mp%rafta E_{yt‘cqja Iyu g]ef. h W (
(Bos, Wilder, Cookb56&Accdibp nﬁr §9IFs, be g2 ,chapenges in teaching students wit
to ZeddaSampson (2013pbout40% of kids with ages 8 to SD In special schools.

10 play Minecraft. The graphics of Minecraft are 3. METHOD

intentionally pixelated and blocky, which make them ag 3 pilot study,wo teachers, one principal and 15 students
appealing to children, especially those with ASD (Kulman,yith ASD from two local special schoolsrfstudents with
2015). mild intellectual disabilities in Hong Kong werevited in

Minecraft has arrently emerged as a tool that has clearthis study. All students were male, attending classes from
educational values (Mark, 2015). Many educational9rade three to grade seven.

activities based on Minecraft have been developed to teach semistructured intervievwas conducted for examining
studentsin subjects includingHistory, Language,Arts,  the use of Minecraft in classroomaching The guidelines
Science, Math, Engineering, Architecture, andComputer  yereprepared with reference to the past work on exploring
coding (Overby & Jones, 2015). Minecraftsgarkh i | d 1 g,&,8e%f Minecraft in education (Smeaton, 2012imed

Minecraft, Autsm, Special school
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at examining how teacheusedthe game and incorporating Minecraftcan seldom be built by a single student. It requires
it into their existing teaching practicésurthermoremore  a team of at least-@ students, working seamlessly together
data was collected from tldassroom observatispweekly  to complete
diary for afterclass Minecraft interest cluand ¢ u d e n tﬁ %?
Aidi gi t al.Thedwenfnedted tvawkoin Minecraft
and studentmanaged Minecraft servers were trackegd
using the screencaptures and recorded videdhe data
source from thénterview data, observation notes, student
created Minecrafivorks helped thehematic analysis. When working togethein Minecraft, students havenany
opportunities to discussith membersf their own teanor
4. FINDINGS otherteams Building is a truly collaborative effort.

4.1. Theuse of Minecraftin special schools Réduring constructi on,hedihen

udent s ¢ h oraes lmsedt dnetheir owa wn
expertiseand interestFor examplesomestudents are good
at building railways,some aregood at building Redstone

devicemandsomearegood at crafting bui

o
M.inecraftwere used in teaching different §ubjscsuch_ aS  not haveenough space, heould proactively proposeto
Visual Arts, Computer,Langua_\gel\/I athematlpsand Social another studersind ask for more spate
Study. Teachers reportedopics with architectural and
storytelling elements were particularly suitable for usingEven when they are not working togethen the same
Minecraft. Topicswith animak, space and historyere also ~ project the students arstill playing in the samevirtual
reported. environment, trying to ignore distractios and avoid
. . conflicts from the outside worldIn schoo| teachers can

The shools supported the use of Minecraft by Settin®up teach the studentiow to work together effectivelyby
private Minecraft server in sch(_)ol with rgstrlcted accesSpanning, building, and presenting Minecraft project
iny students who ha\_/e been givilee permission can log togetheras a group.
in the server to play. Since no one else can access the server,
studentswill feel free and saféo socialize and work with  Improving social interaction and developinglationship
each otherTwo serversrespectively for the new users and Lack of socialcommunication and interactiois a core
experienced playemsere set upStudents whovere new to deficit of students with ASD, anals a result, most of them
Minecraft use the server for beginners to play and have difficultiesin developing and maintaining relationship
socializel with their fellow classmates. with other peopleWhen working together on Minecraft

. i ) ) ) project,the studentsnust learn to express their needs and
In addition to using Minecrafin classroomteaching  gpinjons, make suggestion, ask for help and negotiate with
teachers also ganized the afterschool interest club and ipars.
workshopsA teacher organized a Minecraft workshop with
the theme "Smart Home" in the summer vacation. A grougiA parent shared with me that hehild never caléd his
of about 6 students with ASBorked together tdesign and ~ classmates at home. Bubw wherhe facedwith a problem
build a smart home for the elderly inside Minecraft. in completinga task in Minecraft, he would takethe

o ) . initiative to call his classmates fowelp.”
The Principakttempted t@xplore the effectiveness of using
Minecraft in his school and highly encourdgdss teachers ~Studentsare willing to talk and share their interest
to use the tool in the classroom. He started an-afteool Minecraftwith peersand teachersA common interest helps
interest group that met oevery Friday. Students worked develop newvfriendship anddeepen theelationshipamong
together to learn Chinese, Mathematics and Socibjests ~ teachersand students.
through Minecraft under thieacheguidance. i Wh e n seehtreiy classmates building something
Minecraft providel an interesting way for students to learn interesting, thewill go over andaskthemhowthey did it
the3-dimensional modellig. With some software toole(g.  Thereisastrongmot i vati on to interact
d\/_lineway@ , aandfopemes_eu_rce program for exporting 5 1, ere are WhatsApptheptudenisps b e
Minecraft models for 3D prl_ntlng), St“de”mfe _able 0 aswell asimong thestudents themselves. And they regularly
export what they fabuilt in Minecraft for 3D printing. exchange information about Minecraft. Manytieém would
It was observed thauistic children often hadifficulty in ~ report on their tasks and shatheir creations in Minecraft
expressing their thoughts in words. Minecraft ae a  With me | amgetting closeto my students 0
language for them to communicate with others. When thginecraft is a social gamemong all the lyers The desire
studentswer_e bundlng in Minecratft, .theyvere actingouta completing and sharing their work in Minecraft
story in their own ml-nd. And t.hemlght tell that story by encourags students with ASD to practice communication
using screensits of different Minecraft scenes. and social skillsThe active social interaction and develop
4.2. Benefits deeperrelationshipwith their classmates
Enhancing collaboration and teamwork Becoming active learners
Working with other people is probablyne ofthe most  Leaning through Minecrafencourages the students to be
challenging aspestof school life for students with ASD. active learners and to take full responsibility of their own
Effective teamworkequires thestudents to learskills such ~ learning They have the freedom to choose what to learn and
as negotiating, active listening, following directions and how they are going to learn it
accepting criticism. Plagg in Minecraft offers a lot of AThey wi ll go online (nfl o r e

opportunities to develop these skillargescale creatioin solutiors. Even if the video is not in Chinese, thdl/find a
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wayto understandhe materials. They are learning hdav
learn independentlywhich is a important 23 century
skill. o

fi Hearning is notjust a oneway instruction from the

teacher. Instead, students find the answethéd questions
by interacting with othersand develop the spirit of inquiry
along the way 0

Whencreating storiegn Minecraft, studentsnust find their
own contents that made up the stohy the process of
creationthelistening, speaking, writing and logical thinking
skills of the students amgreatlyenhanced.

4.3. Issues and challenges

Online addiction and safety

The online addiction and safety are the concerns. It wa

noted thateachergedricted the playing time of Minecraft

to prevent addiction. Teacher A set the school Minecra

servers to be available fromam to 11pm. Teacher B and
the Principalonly allowedtheir students to use Minecraft in
school undeteachersupervision.

Teachersneead to prevent cyber bullying before it
happeed TeacherA decided to seup herown private
saver to protect the studenfsom potential harassmeifty
strangers. Teachers and studgaitstly setup playingules,
such forbiddingthe use offiTNTO, killing of animals,or
bullying each other, etc

Detailed nstructional design

It is not an easy task integradMinecraft in classroom
learning. Teachersreported tospend alot of time on
instructioral design andmaterial preparation.This was
espeially true in the beginning when the teachdid not
have a lot of experience in using Minecraft

fil once conducted a project of buildiagi s m achdob in

Minecraft. Firstly, Ineed to guide thstudents to discuss
what should be built and whenhat information they need
to find out, before

In projects that requireooperation among the studertte
teacherhad tohelp the discussioninstead of leaving the
students on their owrSometeachers also udethinking
tools such asnind map to help students discube project
approactandwork allocation Teaches also needdto have
good time management skilland kept remindng the
students of the timmanagement

fiThey need to think about who the protagonist is, witret
the story happensetc | need to give themenough

instructionsor they willgetstuck in some parts of the story

and neglect the resto

When ecreating a story in Minecraft based on the story "pig

nose elephantthestudentdiad tofully understand thetory
andthenanswersomeimportant questionbeforéhand

AWhen a chicken suddenly
world, the students all got excited and joked larn the

chicken. | immediately explained why we should not d

that o

Sometimeghe students' reactiowas observed tbe fierce
and brutal Educators musteize theopportunityto tell the
studentdiow they should properly behaviéheseare allvery

ft

they ¢

challenging tasks that require a lot oéxperience and
wisdomfrom theteachers.

Homeschoolcooperation

Parents arethe important stakeholders in learning and
understanding Minecraft with their childrellany parents
worried about their children gettingddicted toMinecratft.
But someparentswere willing to explore how to lay the
game with their children.It is very important to gethe
understanding and support frahe parents.

AWhet her vy o wrnbtahey willlplaymyoydordty
know what they're doing if you dowgét actively involved
Parents will see that thehild is not just playing game,
he/shas doing homework assigned thyeteachersShowing
the products made hize students to their parentelps 0

As teachers ame to understand the benefits o8ing
Minecraft for learning, thepegn to sharehis information
with parents.Teachers and parentsorked together to
determine the proper us# Minecraft. Eventually, parents
undersbod that gamébased learning underoperguidance
really helgedtheir children learn

5. DISCUSSION AND CONCLUSION

Using Minecraft as an alternative educational tool

Minecraft has been used as the main, optional or
supplementary educational tool in many mainstream schools
(Petrov, 2014). One major difference in the approach taken
by the special schools is the exteatwhich Minecraft is
being used. In these schools, Minecraft is more likely to be
used as an alternative teaching tool for students with special
needs to express their understanding because these students
vary a lot in both their capability and their irgsts. This is
consistent with the philosophy that special education should
respect individual differences and emphasize individualized
learning.

In the case studyhe use oMinecraft is not mandated to the
yhele glassBothppperendy \yorkphgets ang other digital
tools are alsaavailable tostudents. Students with ASD,
however prefer touse Minecraft over other means. But even
for those who have chosen to use Minecraft, they are using
it in many ways. Students with loweormmunication skills

may choose to use just screen captures and voice recording
to present their work

Student learning and teacher competency

The two schootasesstarted their Minecraft journey very
differently but they achieved the positive outcome in
sypporting the learning of studentsith ASD. Teachers
reported thathey recognizechow their students reacted to
the use of Minecraft and the impact that Minecraft had on
behavior, motivation and learning. They d$éinecraft for

the benefit of the studesnt

While playing Minecraft, the students are often the experts.

a pgrQigg withyang from stydenaigiys ing Yydersiig bey, j ¢

the center of learning. Previous research and experience

Jising Game Based Learningeahown how useful a Game

Based Learning approh can be in creating student
centered learning environment (Motschiigrik &
Holzinger, 2002). Teacheraho use Minecraft in their
schools must maintain a studentided mentalityfor the
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best outcoméPetrov, 2014). In this researdhe teachers Connolly, T. M., Stansfield, M., & Hainey, T. (2011). An
may rot be the experts in using thMinecraftbut they allow alternate reality game for language learning: ARGuing
students théull autonomy in managing the school Minecraft for multilingual motivation.Computers & Education,
server and structuring their learning experience. With this 57(1), 13891415.

approach, studentdevelopselflearning skills, take more Cosh, J. (2015). Minecraft's massive landscape for

responsibility for tleir own learning and have more freedom learning.Primary Teacher Update, 20048), 2622.

to choosewhatthey want to take. o .
Dodgson, D. (2017). Digging deeper: Learning and re

Even though students can learn by themselves, teachers playearning with student and teachdinecraft communities.
an important role in facilitating arslipportingthe learning TestEj, 20(4), EJ, 2017, Vol.20(4).
of the students. Technology provides many learning_,,. T "

. . o2 Ellison, T. L., & Evans, J. N. (2016). "Minecraft," teachers,
opportunites that are both engaging and motivating to the parents, and learning: What they need to know and

students.However, it will work effectively if teachers understandSchool Community Journal, @9, 2543,

integrate itappropriatelyin the course design.
. . Eversole, M., Collins, D. MKarmarkar, A., Colton, L.,
Somestatedthat teachers must be familiar with the contents Quinn, J. P.& Karsbaek, R., et al. (2016). Leisure

of thg video games so that they can tlsem tosupport activity enjoyment of children with autism spectrum
teaching (BarboyrEvans & Toker, 2009)On the other  gisordersJournal of Autism and Developmental

hand, Smeaton (2014) argudt instructiorexperience is Disorders, 4§L1), 1020.

an even more important factor because experienced teachers ,

would be able to deliver knowledge more effectively. Gallagher, C., Asselstine, S., & Bloom, D. (2015).
Students with D demonstrated grat motivatiowhen Minecraft in the classroom: Ideas, inspiration, and

using Minecraft to learn, but they also required strict Student projects for teacheierkeley, CA : Peachpit
behavior management from the teacher. One of the reasond”"€SS-

why computer games such as Minecraft fails as a teachinglabgood, M. P. J., Ainsworth, S. E., & Benford, S. (2005).
tool could be due to the lack of preparation and Endogenous fantasy and learning in digital games.
understanding by the teacher. The experience of the teacheiSimulation & Gaming, 3@), 483498.

is a crucial factarAccording to the research findings, the Hol l ett, T., & Ehret, C. (201

familiarity with Minecraft is not adecisivefactor. The crafting affective atmospheres of gameplay, learning, and

caring of the student.s and the design of the learning activitiesC are i a _c hNew Madia &ﬁosifetyr,] ospital
are much ma i mportant t han thg7(11t)§8ql§1%bg.ros persona

interess and skilkin the game. ] o
Holzinger, A., & Renate MotschniBitrik. (2002). Student

Conclusion centere teaching meets new media: Concept and case
It was concluded that the use Mlinecraft does help the study.Educational Technology & Society(4J, 160172.

learning ofstudents with ASD. fie result associated with .
this practicewas positive. Students were more engaged in Ke,_F., & Abras, T'. (2013)._Games_ for engfiged learning of
middle school children with special learning needs.

class, showed improved collaboration and communications _ .. .

skills, developed deeper relationship with their classmates British Journal of Educational Technology(2), 225
and the teachers, and were more motivated to |IBaspite 242.
the benefitsof using Minecraft some major challges and  Kuhn, J., & Stevens, V. (2017). Participatory culture as
issueswere also identifiedThe cases presented in this study professional development: Preparing teachers to use
suggest thaMinecraft can be a valuable educational tool in Minecraft in the classroorffESOL Journal, @), 753
special school and inspire mareidencebasedpractice and 767.

further research. Overby, A., & Jones, B. L. (2015). Virtual LEGOs:
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Evaluating Computational Thinking in Jupyter Notebook Data Science Projects

ClaraSORENSENENi MUSTAFARAJ*
Wellesley College, The United States
csorense@wellesley.egemustafaraj@wellesley.edu

problems that are new and challenging, but also meaningful
ABS_TRACT . i . . to exploré® something that motivates learners. Concretely,
The interdisciplinary field of data science requires a §tron i the examples analyzed for this paper, the esitalwere
foundation in computational thinking (CT) concepts and gpje to work with a variety of reavorld datasets ranging
practices. In this paper, we describe the use of qualitativgom their personal email inbox to the web server entry logs
and quantitative methods to study data science projectgy the courses offered in our computer science department.
completed by undergraduate students who are learning dafinding answers to questions about these datasets was not
science but have alreadgarned computer programming. trivial, To be more efficient, students had to learn new data
The projects are stored as Jupyter notebooks: documents thafctures and new operators. There was no established
store code, as well as its output from execution, formattecédgorithm for coming to a solution, thus, they needed to be

text for selfexplanations, and graphics. Our analysis of thecreative, work incrementally, and iterate often, all practices
notebooks discovers two kinds of studenttitedes:  jnnerent to computatiohthinking.

explorers, who work iteratively, and goal accomplishers, . . .

who work incrementally. Despite varying attitudes, we find N this paper, we begin by providing background on Jupyter
that students often fluctuate between the two learner type0t€P0Oks and some previous methods for assessing
depending on their computational goals for a givencomputatlonal thml_<|ng that_ were helpful in framing our
notebook. Moreoverwhen students practice the explorer work. We then continue to discuss the data and methodology

approach, they often engage more actively with many C-la‘or our notebook amyses and the variables that we created

skills such as pattern generalization and communication of ©M the raw notebooks. We discuss our findings from the

results. Finally, we propose ways to utilize these findings tdt@ analysis including our uncovered learner types

encourage CT practices in future datascéecurricula. (gxplorgr and goal accomplisher)_and gonclude Wit.h a
discussion of how we propose to integrate computation

KEYWORDS thinking practices in data science education in the future.
computational thinking, data science education, Jupyte&. BACKGROUND

notebooks, learner types )
yp We shaped our work with both the nature of the Jupyter

1. INTRODUCTION notebooks and previous methods to assess computational
As we are still debating the theoretical and operationathinking in mind. In this section, we provide some historical
definition of computational thinking (CT), it is worthwhile background and previous research on both these topics.

to engage in thguestion: how can we observe, describe, andz_l_ Jupyter notebooks

guantify its expression in learners, if at all possible? Such a3 e choi f ing | -
exercise has the potential to shed light into the kind of e choice of a programming language and its integrated

thouaht in which | read development environment (IDE) impacts what can be taught
i o_ugt proc::‘sses LE whic ajtlaarr}e_rs a reily en?hage ohr alhd how it can be taught (Pears et al., 2007), especially when
rying E)tr_nas e(r;fis ?ﬁ' ?? =0 vmfgdpfrfo eTS rougd eaching novicdearners. The rapid adoption in recent years
diferent stages in their learning willdisplay different levels 01212Ckbased programming environments such as Scratch

; . .~ "~ and App Inventor for teaching programming is due in part to
of understanding, we need to study a variety of situation bp g prog 9 b

q Py di tatitminking ?heirabilityto allow learners to focus on what is imporant
and groups ot learners engaged in computatiinnking to- -y, computational concegtswhile avoiding the struggle
arrive at a more complete picture.

with the syntactical details of the underlying languages (Bau
Our focus in this paper is undergraduate students who havet al., 2017). Similarly, teaching data science benefits from
already completed at least two courses in computer sciencenvironments that allow for frequent data exploration,
an introductory course in Python to learn computationalincremental problem solving, and easy access to previou
concepts such as sequencilogps, and conditionals, and a results of analysis. For these reasons, the Jupyter notebook
second course about data structures in Java, which providésa strong candidate for teaching data science at any level of
opportunities to engage in CT practices such as prograrthe curriculum. Furthermore, Jupyter notebooks have
design, testing and debugging, and accessing and writingecome the environment of choice for many computational
documentation. After completing these two coursbs, scientists (Kluyver eal., 2016) because they encourage
students enrolled in an introductory data science courseeproducibility in science, a practice that is important to
taught in Python that utilized Jupyter notebobks its  foster in students early in their data science endeavors.

environment for learning and practicing data science. :
g P g The Jupyter notebook traces its roots to {tlRython

Data science, with its current focus on large amounts ofinteractive Python) extension for the Pythongyesnming

automatically captured dat provides a rich context for |anguage(Pérez and Granger, 2007 rom its inception,
observing CT in practice because it offers a wide range of

L http://jupyter.org
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IPython was designed to augment the Python interactiveommunication in the sense of explaining computational
shell with features that go beyond the usual +®amluate results is one of the six practices found to complement the
print loop (REPL), common in most interpreted languagescontent knowledge of computer scientibis The College

The evolution from Bell interaction to the notebook (as a Board (D14). Despite the undisputed importance of these
single document that captures all aspects of a programmindata science elements of CT, we find that their evaluation
session) was inspired by the existence of notebooks fohas been explored to a lesser extent than that of other CT
teaching Mathematics in proprietary software such agractices (abstraction, design complexity, etc.) in the
Mathematica and Maple. By making the Jupyter bot&k  assessments described above.

opensource, wethased, and languaggnostic (i.e., it can
be used with many different programming languages in thég- DATA & METHODOLOGY

backend), its community of developers has created a0 this study, we focus on assessing and evaluating
platform with broad appeal for educators and practitioner£omputational thinking in the context of data science
alike. The fact thattiis also used by practitioners makes it 1€arners. We analyze student work in the form of Jupyter
appealing to undergraduate students who preferwedt notebooks from students who took an introductory data
development environments (where they learn by doing) tg¢ience course at Wetdlley College, a female population, in

pedagogical one@blinger, 2004). either Spring 2016 or Fall 201k total, weanalyzed132
notebooks created by 37 students from the two times the
2.2. Assessment of CT course was offered:he notebooks ranged in focus, utilized

For our purposes, we adopt the terminology preeskin  different (but often similar) data sets)caworked through
Brennan and Resnick (2012), who define computationathe data science process (Figure 1) in one way or another to
thinking as a composition of computational concepts.solve a problem. Since problem solving through
practices and perspectives. More specifically, computationatomputation is becoming a popularized manner of
concepts refer to the concepts students engage with whefympleting a data science workflow, each student notebook

they program (e.g. iterian and parallelism). Computational emphasized various CT ik while working to answer a
practices refer to the various practices students develop afestion.

they engage with the concepts (e.g. being incremental and
iterative in design). And, lastly, computational perspectives
refer to shifts in perspectives abobetworld around the
student (e.g. by expressing and connecting their work).

Ask an
interesting
question.

Past research on both measuring and assessiage
computational thinking skills has focused primarily on

developing assessment material for-potlege programs. Get the data.
Brennan and Resnc k 6 s wor k speci fical

concentratedon young students working with Scratch,

described a variety oflifferent assessment approaches Explore the
including project content analysis and artifbessed data.

interviews.Boechler et al. (2012fpok a slightly different
approach in that they calculated a variety of metrics as
evidence of CT skill development in Scratch applications. Model the
Specifically, they calculated the number of scripts, number data.
of blocks, number of variables, number of child scripts, and
the nesting complexityf student Scratch projects. More
recently, Morene_edn et al. (2017) obtained quantitative Communicate
measurements of seven different CT dimensions in Scratch and visualize the
projects using a static code analyzer, Dr. Scratch, in order to results.
cluster projects based on CT complexity.similar block
based programming enwronmemudents CT sklllsave_ Figure 1.The data science process by Pfister and Blitzstein
been assessday way of analyzing student programming (2013)

actions intheirlog data(Grover et al., 2017)n this instance, '

researchers designed specifimgramming tasks to draw Jupyter notebooks are automatically stored as JSON
out CT skills to make for easier evaluatiohikewise, (JavaScript Object Notation) files, a format common on the
Bienkowski et al. (2015¢reated design patterns for major Web. This allows foran easy analysis of the notebooks,
CT practices as a way to assess how learners may lespecially to extract the input cells that contain the code
applying such skills as they develop a deeper computationantered by the students, the output cells that contain the
understanding. result of the code execution, the Markdown cells (special
text cells that can contain formatting siahheadings, lists,

In light of the specific assessment of CT, many . !

. S ....° emphasized text, formulas, etc.) that contain -self
computational thinking researchers have explicitly ; N

: . . . explanations or other useful commenty¥Ve donot
emphasized the importance of data and information as a coré

CT practice. Barr and Stephenson (2011jclude data manipulate the Jupyter notebooks to collect data beyo_nd
. : : what the notebook itself stores. Moreover, we wrote a script
collection, data analysis, and data represém as three of

e o to extract 15 diffeznt metrics that encompass computational
their nine core concepts and capabilities of CT. Further, .~ . . o
thinking skills and computational complexity in one way or
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another from each notebook in JSON format (Table 1).
These metrics aim to quantify CT skills such as problem — mmCod=Celis
breakdown, pattern recognition, and commumdicat We eanLinesCodeCel
then calculate descriptive statistics for each of these metrics

L
I
in order to better understand how they vary in practice. numMkdnCells |—[|:’—|- . .

Table 1.Calculated metrics for a given Jupyter notebook. . @ | I | I TP
Variable Definition
F i - "
numCodeCells total number of code cells rumrunctions I[I
mumMkdnCells total number of Markdown cells )
numLinesOfCode total number of lines of code meanFunctionUse -
meanLinesCodeCell mean number of lines of code in a code cell T
numMkdnWords total number of Markdown words 0 0 @ &0 &0 100 120
meanWordsMkdnCell — mean number of words in a Markdown cell
numHeaders total number of Markdown headers i L i i i
munlmages total number of images (plots, diagrams, etc.) Flgure 2.BOXp|Ot depICtIng the distribution of selected
maxExecution highest execution value features calculated based on all student Jupyter notebc
executionRatio ratio of the maximum execution value to the
* ) total number of code cells .
. range of the lowest execution value to highest somewhere in between these two extremes. We observed
executionRange . .
exceution value that students who declare more functions often are-over
meanExecutionPerCell  mean number of executions of a code cell : . A
numFunctions total number of functions created dECIarlng n the sense the y arenot aA
numFunctionCalls total number of calls to functions from ot her pac k a ges and t he y C
meanFunctionUse mean number of calls to a function similar functions. On the other side of the spectrum, students
who donot decl ar e any funct

We further discover that from the information in the manipulate their data with codbat is copypasted from
notebooks it is possible to identify two distinct types of their earlier codé@ suggesting a potential weakness in both
behavior in these problem solving scenarios that weheir pattern generalization abilities and knowledge of
qualitatively label as "goaccomplisher" and "explorer”. In  existing software tools.

brief, a goal accomplisher is a student that works
incrementally toward the desired outcome, while an explore

entga_?es gf rﬂ‘:'ﬁ'pl\]e mirauor;sbang solrret;n;em links directly to the communication abilities of these data
activities. Draltthe Jupyter notebooks collected, science learneys. Since students were encouraged to utilize

71 notebooks (44 fngoal ac CI\ﬁ’aFQ(PthvnI t8 oﬁnﬁwu%icaf%,ne aludte, and & I.aﬁnI r&slit§ ' o

from 19 stu_dents in the second course offering based %fom their code, we found that this feature dikecorrelated
manual review of each notebook. Because nature of thﬁ/i h a studentos ability to c

assigned projects differed between the two course offering%vith others. Specifically, students stronger on the

we qhose to only Iabethotgbooks in the second COUrSE s mmunication front had more Markdown in their Jupyter
offering to reduce a potential coursased dependency in notebooks

our metrics when comparing the learner types. We went on

to plot the trajectories o0 f2 eaptotersestQoa Acnomplisherm ot eb ook e x e
in an effort to visually depict the learner &pf a given In addition to utilizing our JSN scraping script with the
notebook. We also used the labeled notebooks to determirsgudent Jupyter notebooks, we classified the notebooks into
which of our extracted CT metrics are critical int wo groups based on behavior
differentiating the learner types. With this, we also looked toapproach to the data science cycle, trends that visually stood

see if certain students are prone to practicing one of thesaut in the trajectory of their notebooks.

learner aproaches more than the other.

Another notable feature with a great range in values was the
ean number of words inrarkdown cell, a variable that

Our 6 e g p | a@iype aconsidted of students who
4. RESULTS behavedmore iterativéy in their approach to a given data
4.1. Features to quantify CT behavior in notebooks science task. These students woaften find something
We defined 15 different variables (Table 1) in an attempt tgnteresting in their analysis then go beydniuilding on
properly assess student computational thinking ability withtheir conclusions by modifying their ifal analysis and
our JSON scraping script. After calculating thessrins for ~ taking it numerous steps furthérdditionally, these students
all 132 student Jupyter notebooks, we found that thevereeffective in their use of text explanations throughout
distribution of values for all the features varied greatlytheir notebooks in aler toexplain and discuss both their
across the notebooks (Figure 2). Based ontesbserved thought processand their computational approach to the

how some students were stronger in particular CT skills tha@nalysis. They also provided ideas as to how they could
others. extend their analysis and conclusions even further.

More specifically for example, the maximum number of ON t he ot her hand, our figoa |
self-declared functions in a notebook (a metric relating toféatured students whose notebooks focused on answering a
both pattern recognition ability and knowledge of existing SPecific scientific question with éhintention to reach a
software tools) was 27 as compared to the minimum of Q:oncl_ugon to thatque_stlon and t_hus end their analysis. Once
self-declared functions. Becautiese students are taught to identifying and planning out their approach, these students
utilize existing Python packages to manipulate data, wevould spend most time cleaning the data before going on to
found that computationally stronger students wereUse this cleaner data set to answer their initiabaech
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guestion. Though these students generally had a shorter d¢ Goal Accomplisher
exploration period within a given notebook, they were
particularly strong at identifying a major takeaway or trend
from their analyses. @

I n our fexpl(Fgure]d) the studeatried toe »
analyze her email behaviday creating newquestions to
answerthroughout the course of haptebook. Sa started

by importing the data andrganizing it into aDataFramé
with some slight data cleaning and exploring. However,
early on she reimportethe data, presumably because she ?
wanted tause theoriginal data for deeper analyg8). A bit 0
later in the notebooghe defines a functioto label the day

of the week an email was received to explore daily emai °

Exgcution Order

variation (B). We see that thisunction is executed much ‘ ° Cooe ot umber ©
earlier than surrounding celisthis is becausshewentback _ .
to rerwn old cellsbut never neededo update thefunction Figure 4.Example notebook of a goal accomplisher.

itself. Then, after some initi@nalyzing and visualizinger
email behavior on aaily basis, shevent onto see trend
variation on a monthly tineecaleand between her various
social groupgC). Generally, herehie studentventback and
forth between cells when skecided to modify her analysis
as she developed new interest in the various contex
(temporal andgocial) of the data

4.3. Differentiating learner types
We wanted to determine whether our learner types were
differentiable with our variables extracted using our JSON
scraping script. After labeling 71 of the notebooks as
Afexplorero or figoal asamepl i s
Brests tocompare all our metrics between the two groups
(Table 2). We found a significant differenca € 0.05) in
Explorer the number of code cells, the number of Markdown cells, the
A c number of lines of code, the number of Markdown words,
the number of images, the maximuexecution, the
execution range, the mean execution per cell, the number of
0 function calls, and the mean function use between an
explorer notebook and a goal accomplisher notebook. For all
these variables, explorers had a significantly higher average

Execution Order

20 valuethan goal accomplishers.
B Table 2.Results of twesamplet-tests comparing CT
100 metrics between explorer and goal accomplisher
notebooks.
Explorer Goal Accomplisher Results
0 Mean Std.Dev. Mean Std.Dev. t-stat p-value
Q o 2 0 40 50 numCodeCells* 49.2 26.1 24.7 15.9 4.92 <0.01
Code Cell Number numMkdnCells*  23.1 19.1 137 126 249 0015
. numLines- 245.4 151.3  132.0 1189 351  <0.01
Figure 3.Example notebook of an explorer. OrCoder ’ ’ ’
ines- 5.2 2.5 5.5 3.8 -0.31  0.760
Qur fdAgoal gFigare Aledan ehnetebook by Sodecen ’ ’ a '
. . . “pe . . =4 =4 | =4
defining functions specific to formatting her data in a way Zumitkds- 627.3 5301 2508 L5 416 <001
appropriate to answer her meanwords 20.1 198 219 157 169 0090 ar €
. . MkdnCell
emailsfromad how does this chan, ... 13.8 162 92 115 140  0.166
she had successfully validated the cleanliness of her dat summages 6.6 6.1 1.7 40 416  <0.01
having categorized individual emails using her initially maxExecution*  260.9 268.1  102.0 1148 346  <0.01
- . . . + . =4 A A A =4
defined function, she immediately went on to analyze theexecutionRatio 5.3 7 43 430940351
executionRange* 244.9 252.2 72.6 80.9 4.21 <0.01

categorized emails as a function tohe and plotted the 0 ... 1740 23120 623 97.6 283 <0.01
result (B). Continuing on, she further subsetted herpercen*

categorized emails with modified functions and replotted the=r <" l‘é'(l) 22’2 2)3 ‘;3 ;Zr; gbog?
result once agaéh determininghat most of her emails were  cans h ) ’ ‘ ' ’
ﬁ We I | es | e y E ma | I S C) W| t h p e;}lses:lFunction— 2.7 2.0 1.3 1.7 3.05 <0.013 c | f |

points of the semester (C). In particular, throughout this

notebook she worked on the same question with impeccabladditionally, we wanted to evaluate these behavioral

focus and continued to smoothly progress until shepatterns across students and see if students tend to favor one

successfully found her answer learner type over the other in their notebooks. We found that
most students had notebooks in both styles (Figure 5). This
suggests that students work differently depending on the

2atwo-dimensional labeledata structurgéhat organizes a
dataset into columns of potentially different (data) types
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purpose of a given notebook. Furthermore, with this itopposed to undergoing a full project that seeks to deeply
appears that studentgdlexible in many of the CT practices uncover something new. As this is the case, however, we
that we quantify with extracted features from the notebooksencouragedateci ence i nstructors to
In particular, explorer notebooks typically featured a higherappr oach i f theyo6re concurren
number of images (or data visualizations), a metric thatevelopment and practice of CT.

directly exhi bietnci;effmttosvisual'(tenlttési sabaillsiot Yossible that the
their data and communicate information to +experts. This P , R
metric, however, varied greatly across notebooks for ar% ©c a young computer s ¢ il es_nnte Ir
individual student, often depending on the learner style of é':\pproach. When exploring a student nee.ds to be flexible as
particular notebook (Figure 5). This suggests thastmo compared to when they have a goal n '.””'”d .aer thgy
students have already developed many of these CT skills bgte_nerally already know how to accomplish it. This idea is

that they selectively apply them, naturally, in situationschesr:' I:i\ :r rseest trfci)el d itn Te?ms gfea)itgrnes rvv;elrezsea ef
where they are more useful. play P

novice player sees it as a list of the positions of all the pieces.
The expertise here comes with familiarity of the data and
= eppiprel notehook knowledge of the tools available to work with it efficiently
goal accomplisher notebook . . .

and effectively. Since computscience students are often
used to completing assignments with concrete instructions
and purpose, working in the goal accomplisher manner may
be more intuitive for new data science students. With the
greater discomfort that may come with the explorer
appoach, students may be naturally practicing already
developed CT skills as they iteratively work through a
problem.

= = [
[=] L [=]

Total Mumber of Images

L

Notebook behavior also likely depends on both the
2 I I e o e e e el individual and the type of task. Though most individuals
1234567 89%501N1131KMI51171819 (68.4%) exhibited both learner typbehaviors in their
tudent notebooks, 31.6% of students only featured one learner type
in their notebooks (15.8% of students were explorer
exclusive and 15.8% of students were goal accomplisher
exclusive). Students whose notebooks focused more heavily
5. DISCUSSION on data teaning tended to favor the goal accomplisher style.
In this paper, we presented our findings from both aln contrast, student notebooks that were more focused on
quantitative and qualitative evaluation of student Jupytetunderstanding the data in a variety of ways, often including
notebook projects for an undergraduate data science cour§@me sort of modeling aspect, favored the explorer style. We
in the context of computational thinking. We developed anoticed this trend in Ener type based on notebook focus
script to scrape the JSONrmattednotebooks for various ~particularly in the email inbox analysis project in which
metrics that relate to the computational ability and efforts ofstudent analysis was less structured and more up for student
a student. We further found that we could classify studentnterpretation than some of the other projects.
behavior into two groups based on behavioral trends in theiAdditionaIly, it is important to note that a binary

notebooks, a classification that could be visudépicted by classification for a given notebgok may not always be

the trajectory ~of —a st uggpidSrorolirPrfode Reelt thGtth€ Fotebobks We-
Furthermore, utilizing our extracted metrics we found thatjabeled ﬁit well into one of the notebook styles_based on a
students practicing the r?nea)h%aqrerre%ié?‘\ﬁp&f)a‘faeisntuEIQﬁ{E
notebook often engaged in greater CT habits than thosg, e statistics of thmeasured CT metrics for each learner
practicing tpld sheoal aapco@enensufifal the is & Great range in CT expression
explorers are more iterative by our definition and thatinin hoth styles so a binary classification may not be
iteration is a CT skill on its own, it appears as though many, o ,jicapie in all cases. We believe it is important to further

CT practices correlate and perhaps promote one another. explore the idea that there may exispactrum between the

Though we found that the Wpleanentypesehsesvedheset ebooks wer e

typically more iterative in their data science process anzyen more, since data science requires individuals to solve
more thorough in their utilization of CT skills, we believe complex problems with computation it also requires
that both learner types are important to data SCienceqntinyous learning. Here, we looked at the work of students

Workflows. Since it was apparent that_very.few students,aw to data science but notweo computer scienéethey
practiced only one of the twapproaches in their notebooks 4 paq previously taken at least two other courses. Based on

(68'4% of students had at qust one notebook of each Iearn lr feature extraction, it appears that some students are more
type), it makes sense to consider the !earner types as erx_lb xible and willing than others to adopt new tools and
measures that depend on Ehe desired goal of a prOJeEtraC ices that are taught (e.g. copsider . thectfan

r~1 otebook. N A fgoal acrto rar|[~) I etlar&idnCand ' use g]@tﬁcrslzh Thi{‘ sﬂu%léntJ rBsjstance to
fiexplorero but rather a ggahde h&rSRTEY babnhé tddls Gvhen thd) Belidvd M€

be seeking something specific to glean in their notebook aﬁ1ey already have the tools to solve a problem) we feel can

Figure 5.Number of images in a Jupyter notebook based
on student and learner type.
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hinder CT and instructors need to be conscious of this thinking practices in secondary computer science: A First
problem. With thiswe think our metrics should be utilized Look. SRI International2015

in a cautionary manner for instructors to use to evaluatgy achier. p. ArtymC., Dejong, E., Carbonaro, M., &
student flexibility and effort in learning new material. Stroulia. E. (2014 J[Hy). Corﬁpu'tational Thin'king,; Code
6. CONCLUSION Complexity, and Prior Experience in a Videogame

Learning data science requires students to utilize a variety of BUilding Assignment. Iidvanced Learning

computational thinking ancepts and practices. Here, we 1 echnologies (ICALT), 2014 IEEE 14th International
developed an approach to convert Jupyter notebooks into aConference oripp. 396398). IEEE.

series of metrics that might be associated with certain CBrennan, K., & Resnick, M. (2012, April). New

skill s. These metrics i nc | frathewprks forustudyirey arel asdessing the méveloprdent t o
number of functions creatdda feature that may géet signs of computational thinking. IProceedings of the 2012

of pattern generalizatiénand the mean number of lines of annual meeting of the American Educational Research

cod® a feature that may correlate to algorithmic efficiency. Association, Vancouver, Canagap. 1-25).

However, more research is necessary to connect all oyt over S. Basu. S.. Bienkowski. M. Eagle, M., Diana, N.
metrics with concrete CT skills and practices. Further, we g Sta'mp,er 3 (’201’7)_ A Framework for Us,ing' Y

find that wren these metrics are compared across various pyynqthesisDriven Approaches to Support Deaiven
students, it becomes easier to assess how students arEearning Analytics in Measuring Computational
performing in relation to one another and perhaps helps to Thinking in BlockBased Programming

identify weaknesses in certain CT areas of individual gnvironmentsACM Transactions on Computing
students. Education (TOCE)17(3), 14.

One advantage of our findings B8 A mi ni mu mglugvérfTQ RagarKelley, B., Pérez, F., Granger, B. E.,
approacho that can be used Basgonrieh B.t Fredeid, ,1. % Iviihbw A @OLE, Mdyr € T
for a sophisticated research infrastructure. Jupyter has anjupyter Notebooka publishing format for reproducible

online version, JupyterHub, which makes it easy for students computational workflowsin ELPUB (pp. 8790).

to upload thglr work online. Over time, this s_hould mgt_kg i MorenoLe6én, J.. Robles, G., & RomdBonzalez, M.

easy for an instructor to observe student skills by utilizing (2017). Towards Dat®riven Learning Paths to Develop

our learning analytics. However, to be successful in practice Compljtational Thinking with ScratclEEE

our approach relies on students following instructions about Transactions on Emerging Topics in Computing

storing everything in their Jupyter notebook by considering '
it exacty as a personal notebook where they recordOblinger, D. (2004). The next generatioineducational
everything that happens during their learning and not as ae€ngagementlournal of interactive media in

polished, final product to submit for a grade. Additionally, education20041).

we will continue to develop these metrics and ideally go onpears, A., Seidman, S., Malmi, L., Mannila, L., Adams, E.,
to produce a type of teacher dashrd in which a teacher  Bennedsen, J., ... & Paterson, J. (2007). A survey of
can see data about the progress of their students. We alsgjterature on the teaching of introductory
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process for which we are then trying to find an algorithmic
ABSTRACT ) ] ) _ solution" (Denning P. , 2010)To create an operatial
With the neWCS.Cu'rrlcqum in thg Repuk?llc of Croatia, {efinition of CT, the ISTE and CSTA organizations
Computational thinking (CT) has finally beeniroducedn  gnalyzed feedback from about 700 surveyed teachers,
the educational process. In addition to the benefitsGfiat  ggientists andCS researchers. The result was formulated in
conceptsbring to CS educatlt_)n, the questlorj of evaluatlng the operational definition o€T for K12 educationas a
CT and programmlng Ieafnlng outcomes is also openln.gpromemsoh,ing process which inatles formulating
The purpose of this paper is to present a model of EVa|Uat'0Broblems, logically organizing, analyzing and representing
of CT concepts hsed on the learning outcomes of the gata with abstractions, automating solutions through
Croatian G Curnculum_ us_lngthe Evidencecenter design _ algorithmic thinking and generalizing the problswiving
approach. The model is independent of the programming,ocesgISTE & CSTA, 2011)When talkirg about teaching
tool or enwron_ment and is intended for use with students;q learningCT, perhaps the most interesting is the role of
who areCSnovices. programming. How much programming, if any, is needed to
KEYWORDS adoptCT? There is no unique answer, but practice points to
different levels of programming involvement. Some define
CT asa fundamental ubiquitous problesolving tool and
suggest several activities and projects which add@¥ss
1. INTRODUCTION (Astrachan, Hambrusch, Peckham, & Settle, 20@her
New trends in technology development have a great impadpproaches suggest various ways of incorporating
on our daily lives. Technology entet®e fabricof our lives ~ programming ind teaching and learning @T, from those
regardless of the occupation area, but also regardféke ~ in which programming is the fundamen@ skill to those
age of the uselVe hear more demands for changes in K12that integrate€CT through various general education courses.
education. Also, regardless of the type of technology.
students use and the occupations they are being educated for CT IN THE CROATIAN PROPOSAL OF
they are increasingly expected to possess some genert S CURR|CULUM o . ]
competencies suctsability to solve problems in everyday N May 2016 Croatian Ministry of Education published
life, disaggrega complex problems to simpleones Proposal of CS Curriculum for K12 educat_lon.The proposal
generalie solutions, etcThe fundamental question today is Was a promising hope for CS teachers since most of them
how to respond to such challengesaders oCSeducation ~ Were restrained l_:)y the old and_ outdated curriculums.
increasingly emphasize the need to modify existi@p  Moreover, CS curriculum proposal finally acteghCT to be
curricula and to include the development dhese & significant part of the CS education in genef@foatian
competenciesleannette WingWing J. M., 2006points out curriculum sut_Jjec_t domains ar_eS@ciety, Di_gital literacy
that besides the standard types of literacy, such aand Communication, I_nformatlon and Digital technology
mathematical, engineering and reading literacy, students a@d CT and Programming Br o L' a n a &6). The tole a |
expected to have the ability to solve problems. She define§f CT and programming domain in CS Curriculum aims to
CT ash éhe process of formulating problems and their Make stydents to be involved in logical thinking, _modelmg,
solutions, but in ways that solutions are presented in a forrabstracting and problesolving because solid ICT
that enables them to perform effectively with some education, based ofT and creativity, should enable

Computational thinkig, evaluation, programming novices,
evidencecenter design.

information processing agehfWing J. M., 2010) understanding and taration of the world around us
( BrolLanac,.CE€learnmd outcomes@re 6rgated
2. COMPUTATIONAL THINKING from the beginning of primary education starting with

There is still a lot of confusion over the very definition of elementary pupilsage 67, through middle school puil

the concept of computational thinking, anthany age 1114, and finally high school studentsage 1518
surroundingguestions and challenges need to be addressed Br oL anac, et al , 2016)

It is consideredb be the universal competence of every child

that would, together with analytical skri)lls, be the foun)(/jation4- HOW TO ASSESS_CT? o )
for each child's school learnif@/ing J. M., 2006)Denning ~ Everyone agrees that learning programming is hard, but it
(Denning P. J., 2009iscisses whetherCT belongs ~ S€ems t_hz_i'F evaluating new kr)owledge th_rough _evaluatlng
exclusivdy to the field of CS Guzdial (Guzdial, 2008) new definitions and programming commarid far simpler
describe<CT like a 2F century literacy that is necessary to than evaluating the way students apply computing and
a whole series ofaculties. It is often discussed ho@T  Programming language to solve problems and to design
differs from algorithmic thinkingandDenningaddsthat "... ~ different computer work. To asse€q, it is necessary to
CT means interpreting the problem as an informationfind evidence of a deeper understanding of the problem
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solved by the studeror to find evidence of understanding CS educabnal work and requires a more serious approach
how the student created his coded solutiSimce CT than finding individual sol
concepts includgfor example abstraction(ISTE & CSTA, One proposal ofE T evaluation will be presented in the next
2011) it means thatwve mustfind ways to evaluate how paragraphs. It uses ECD as an orientation towards multiple
student applied abstrig@n in his solution while trying to  activities necessary to @t useful documentation like
solve a problem. As there is very little agreement about thelomain analysis, domain modeling, construction of
CT definition, it is even less known about the tools for framework and assessment implementation and delivery
assessing such thinking. However, there are approaches f¥lislevy & Harertel, 2006)

evaluating the development GfT that are currently in use
or are still in development. They could serve as a soli
foundation for developing a general approach for evaluatin
CT. Brennan and Restk propose a valuation method that
includes project portfolio analysis, documdatsed
interviews, and development of design scenafBennan

& Resnick, 2012) Such approach estimates the fluidity of
computerbased practice of testing and debugging,
experimenting and repetition, abstraction and modulation

and reusig and remixing/scaling. Expertise is assesseoﬁer potential. It provides flexibility and gives freedom to the

through three levels: low, medium and high. The evaluatior‘{eachers in designing the learning and teagpiocess. The

approach of student's documentation consists of buildin X . . : .
creative projects from students but also of creating visibkg){JISIC goal of the domain analysis layer is to find and explore

traces of their work on the praje Such traces could be all relevant materials concerning the target learning

. ; - L : outcomes. In this article, we will use the sixftadeCT
achieved in the form of paper or digital diaries. Also, it could . X o
be achieved by using Scratch's commentary capabilities folfammg outcomesstudent age 12 (http://bit.ly/2018cte
[

05.1. Domain analysis

ppropriate pedagogical practice, emphasizing the
onstructivist approach to learning and putting students at
the heart of the learning process, should develop the
competencies  like  independence, selhfidence,
responsibility, and entrepreneurshifs curriculum created
according to the learning outcommstead to the prescribed
content enables the realization of learning and teaching
irected at each student level and the development of his or

explaining some project's features and screen views that wi ggﬁngﬁghgl‘j‘f rlr?g;gmgc?g;?izref\la?itgrgl frgg]ucz(ii\ger:gll
graphically present the project, its intent the main y

research datto validate this approach. Dorling and Walker definesthe way in whictCSis involved in Croatian primary
specifically study the practice of teachingT in the secondary and higher educatid@oatian CS Curriculum

classroom environment and propose a framework for : :
evaluating the ComputingProgression Pathway that andCSTeacher Standards defs€S learning outcomes at

recognizes the major areas@® and offers specific levels each educa}tional Ievell with its adoption Ieygl §pecification
of adoption (Dorling, 2014) Within the PACT project ~ Every learning outcomes expressed in detaikithin Bloom
(Principled Assessment ofT) general CS practice is t@xonomy, through different adoption levels: satisfactory,
represented through some desigrtaras which emphasize 900d, very good and exceptional leffettp://bit.ly/2018cte
application and reviewing of design skill while solving the Table 2). These learning outcomes are a basis for our
computational problem rather than evaluating the@Ssessment processn following sections, we will try to
knowledge of the concepts necessary to apply such skillilentify more design patterns that will help us create
(Bienkowski, Snow, Rutstein, & Grover, 2015fhis appropriate evaluation.

approach is based on Evidermentered design (ECD) 52 Domain modeling

(Hendrickson, Ewing, Kaliski, & Huff, April, 2013Jor  pomain modeling has the task to identify elements for
creating a structured description of the domain eV'de”CQies:ribing the domain we want to evaluate. According to
argument and highlights knowledge and skills coxipfeor  Ecp approach, Domain modeling is organized into five
other features or behaviors that should be valued. The ECRategories: fundamental and additional knowledge, skills
approach is usually represented through five layers: domaignd features, possible working products, variable feature and
analysis, domain modeling, conceptual evaluationpossible observationgBienkowski, Snow, Rutstein, &
framework, evaluation application and delivery. SRI Groyer, 2015) An example of domain modeling f&@T
Education group, within thePACT project, proposed sixth-grade learning outcomesan be found

application modes for every layer to create the practice opersonal pagénttp://bit.ly/2018cte Table 3).
CT assessment. Also, it is possible to find several published

computerbased or papegencil tests that differ in context, 5-3. Assessment &mework .
intended for the age of those who are importartesting CT_ evaluation is _h|g_hly dependent on the context within
and reevaluatingWerner, Denner, & Campe, 2012Jhis ~ Which the evaluation is performed. Is it necessary to conduct
paper offers a framework faissessing T demonstrated on CT assessment using some programming tool or
Croatian Learning Outcomes oET and Programming €nvironment? The question of the connection between

Domain based on ECD aACT evaluation proposal and programming must be deftheegarding the context of
the applied evaluation. There are different approaches to

5. PROPOSAL OF CT ASSESSMENT incorporating programming into the process of teaching and
Despite the advantages of introduci@d into the new thus the process 3T assessmentWe differentiate them

ut

on

curriculum, we candt i gn o raecording t she tlef@rogchmrhirgiareT inthe eogrse a n d

problems that arise from this new approach to teacB®g  curriculum (Astrachan, Hambrusch, Peckham, & Settle,
Evaluation ofCT becomes a new challenge in the present2009) In this paperassessmenif CT is achieved through
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the approach that is not dependent on the programming todlodel of evidence

or environment. This approach could sefimeevaluation of ~ Design and application of higuality assessment are very
adopted learning outcomes in real classroom situations atemandingand also timeconsuming. According to ECD

some stage of education. Precisely, the independence of tlagproach(Hendrickson, Ewing, Kaliski, & Huff, April,
programming tool or environment enables wider application2013) our assumptions and hypothesis represent evidence

of the evaluation tool and highlights the concepts ofabout the way studentds abili
evaluaton rather than the syntax of a programming tool orSuche vi dence shoul d reveal stuc
environment possibilities. For the same reason, sitol outcomes. Each algorithm solution is always difficult to

could be used with students that have no programmin@valuate automatally. Evidence analysis helps us in
background. According to ECOHendrickson, Ewing, creation of evidence model for similar taské/hile

Kaliski, & Huff, April, 2013) evaluation frameworkaimsto anal yzing possi ble studentds
assist assessment designers while they validate their taskhich computational concepts are evaluated with the default
model. Every assessment designer should validate his worlask (http://bit.ly/2018cte Table 4). Evidenceof student

with questions regarding construct relevance, specificitywork variesf r om t he situation wher
and scalability and questions atdd to item statistics and even try to do anything, further through several partial

item complexity. This evaluation framework should provide solutions and finally to a fully correct solution
information about evidence, students model and task mode(http://bit.ly/2018cteTable 5).

observable characteristics, measurement models and test

specificationsFortestng this model of evaluation, similar z . Action Labyrinth:
measuring instrument adapted to Python programming £ se’:.ffep_fnu/mberwng; ’ S
language was conducted during 2016/2017 school yeaf. =l while not (Flower_up O flower_right repeat:
Evaluation instrument was applied after 12 weeks (6th " 1N i

H H Action walk:
grade) or 14 weeks (7th grade) of leaming and teaching Task 8. Dangerous ““smie vor osstocie up
process on a sample of 15 studeot 6th grade (8 female) frogs appearedn go_up_jumpover_frog s
or 10 students of 7th grade (3 femal&he positive and | different places in £ wor ;"ifej'“?f:r:__“umberbvl
promising results of probe evaluation encouraged the the latyrinth. Frog 2o 1 step riaht
creation of this evaluation model, independent of the | wants to stop Maja Increase Step_number by 1
programming tool and the programming environment. on her way tathe e £ NOT obstacleeft:
Model of studers yellow flower. So, go 1step left 4mm

Increase Step_number by 1

Given that the evaluation is intended for use in middle ang N order to help
secondary schools in the Republic of Croatia where there isMaja ~ we Wil action go_up_jumpover_iog:
a big diversity in applied programming tools and languages| 2/loW her to jump L
an evaluation that is not dependent on the programming togl0Ver the frog whenever she encounterwhée going up.
could be widy applicable. Programming tool or | W€ applythenew rule:if Maja encountesthe frog on her
environment independence emphasizes @h concepts way up, shenayjump over it by doing two steps at ond
rather than the ability to work with specific tool or | Write your own commands in the form of neAetion

environment. Also, if it is crucial for the actual CS | 99_UP_jumpover_frog for Maja moving up ajunping

curriculum to use certain programming tool or anl OVverthe frog

environment,these tasks could be easily customized and Figure 1: Example ofessaytask question
constructed in it. Model of measurement
Model of tasks To complete domain analysis and modeling, it is necessary

Evaluation tasks are created for students with little or nd© define the model of measuremefur the task example in -
programming knowledge. Each represents one puzzle usédd- L the possible evidence is presented according to its
to help the main character in solving problems. Puzzles ar€omPplexity If the student does not offer any response or his
supposed t@sses®ne or moreCT conceptsCT concepts, ~ answer has no links to the task itself, such answer should be
concealed in puzzles, v been selected and aligned with "ewarded with zero point§Vith each of the following
the expected learning outcomeBr o L anac , ang t E4dENce, it hagbees ecngzed a higher level of adoption
detailed domain analysighttp:/bit.ly/2018cte Fig. 2)  from the previousne {ttp:/bit.ly/2018cteTable 5).
Assessmentool should be implemented in the form of 54 Assessmentimplementation/delivery

online knowledge test consisted of 10 questions. The type$he realization of the test assessmenbpted for Python
of questions that will appear in the evaluation tool are:programming tool and conducted during the 2016/2017
multiple choice questiongmostly used for identification of = school yearwas performedas online assessment within
some fundamental misconceptionsumsustainable mental | oomen Learning Management System (LMS). The
mode), short answer questiongssayquestions sed for  assessment consisted of eight tasks (one pairing task, four
student's authentic algorithmic solutipng-eedback for  myitiple choice tasks, three essay tasks) and was conducted
multiple choice questions should be defined automaticallyduring a 45minute regular school class. The students
while short answer questions and essay questions should Bowed gresatisfaction by conducting online assessment
manually evaluated by the researcher or teacher. instead of standard papeen assessment even though it was
their first real encounter with such form of evaluation. The
assessment task discrimination analysis showed that as
many as six tasks proved to beebent (task discrimination
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index > 0.35) while two of them were discarded from furtherenvironments in the teaching processo, it could serve as
modeling due to the negative index of discrimination. As forthe basis for making similaassessmentools. The real
the task difficulty, two of them have proved to be extremelypower of the tool, its validity, and reliability, but also its
simple (0.93), but they have already beemiised fromthe = weaknessewill be able toreveal through its application,
further modeling because of their extremely low which is our next step.

discrimination. Two tasks had recommendétculty (0.5 7 REEERENCE

0.6) and four task acceptable difficulty index ¢0.3). Astractan, O., Hambrusch, S., Peckh 1., & Setle, A, (2009)
H H ; racran, O., Hampruscn, S., Peckham, J., ettie, A. .
Further application of the assessment tool will be used to te The present and the Future of Compuitational ThinkikgM

the validityand reliability of the measuring instrument and 9781-605581835/09/03, pp.  54%50. Chattanooga,
will help in creating this newCT assessmemrnodel. O Tennessee. USA.

assessmenmodel proposed in this paper will also be _. ) ,
Bienkowski, M., Snow, E., Rutstein, D., & Grover, S. (2015).

organized in the form of online testing within the Loomen Assessment Bﬁmgattems for  Computational Thinking

L MS . .S t .u dent s o 6! CCe 9 ena.‘bled L Bréedles h se y CWpdteL Science: a first |ddénlo
through their unique user data, provided to every middle and Park, CA: SRI Education.

secondary student in the Republic of Croatia. In that way . .

the authenticity of the r ;§n§ag,tj<.g&hR;ehsrB§lé, 'ﬁl't(z?laf‘gﬁf:ﬁnﬁf‘q%kﬁﬂs %}"Pga Wi
preserved. In the phase of pilot research, it is expected the nd assessing the'deve opmgn or compdtatiohat thinking- ]
involvement of 5660 students with the purpose of testing B o lcanaP. ., Bubica, N., Kralj, L.
the clarity of task texts and detecting potential ambiguites R4 P! 1. M., & Sudar eGomduter S@ence( 20 1
or some other problems. Also, several CS teachers will be Et?t'f;/rmukﬁ'ﬂcﬂlfurm Err;\),\?osal'Remeved from kurikulum.hr:

invited to evaluate the assessment tool as valuable corﬁ)fent/upioads/201é/03/|$1formatika.pdf

practitioners with attentiomn measurement model. After Denning P. (2010). The Great Principles of ComputiAgierican
defining the final version, thessessmembol will be applied Scien?i,st. Vol 98§tr 369372 P puling

to as many 1dl2year old students as possible who are just i T i o )
encountering fundamental concept€& In addition to the ~ Denning, P. J. (2009). The Proffesion of IT Beyong Computational
evaluation tool, the students wile previotsly asked to fill Thinking. Communications of the ACM, vol.. 52, no.pp. 28

out a questionnaire that aims to collect some personal ="’

information interesting to the research like general data sucRoring, M. & (2014). Computing Prograssion Pathways
as gender, general academic achievement or some datgctieved . from
related to programming knowledge. Also, evaluation tool ttp://community.computingatschool.org.uk/resources/1692
will be appied even with some number of high school Guzdial, M. (2008, August). Paving the way for the Computational
studentsThe results of the research should reveal the power Ninking. Communications of the ACM, vol. 51, na. i&. 25

of the tool itself, but also could explore if there is a

difference in the results among participants who have somgendrickson, A., Ewing, M., Kadki, P., & Huff, K. (April, 2013).
programming experience from those avhave noneand Evidence - Centered Design: Recommendations for

: : ; ; Implementation and PracticeJournal of Applied Testing
further investigate whether there are differences in gender o .
related to results and so on. Techology, JATT, volume 14, Assosiation of Test Publishers

Interdisciplinary Computational Thinking (2017, July 11)
6. CONCLUSION Retrieved from Teaching London Computing: A RESOURCE
Many teachers are increasingly emphasizing the need for aHUB from CAS LONDON:
stronger involvement of th& T concepts irCS courses, but https://tea_lchingl_on(_joncomputing.org/interdisciplinary
it is also noticed within some other sciences such as biology, Computationathinking/
physics, mathematics, chemistry(Interdisciplinary  ISTE, & CSTA. (2011). CSTeachers. Retrieved from
Computational Thinking, 2017)he purpose of this paper ~ Computational _ Thinking resources:
was to present one approach to assessig CT adapted to https://c.ym_cdn.comltes/www.csteachers.org/resource/resmgr/
the actual classroom situation. The proposed assessment tootMPThinkingFlyer.pdf
was developed knowing that thexgeseveralprogramming  Mislevy, R. J., & Harertel, G. (2006). Implications for evidence
tools and environments used in CS education in the Republic centered design for educational assessmétducational
of Croatia, but alsacceptinghe fact thatCSis an elective Measurement: Issues and Practice, 820.
subject in elementary/middle schools where programming igVerner, L., Denner, J., & &npe, S. (2012). The Fairy
only minor part of the subject curriculum. The new CS Performance Assessment: MeAaSl_Jring Computational Thinking in
curriculum  proposal introduces the concept of MlddleT School. S| G C S ERaléigh, North Carolina, USA:
computational thinking, and thus opens the question of COPYNght 2012 ACM.
evaluating its concepts. The proposed eatibn model is Wing, J. M. (2006, March). Computational thinking.
based on defined learning outcomes from @€ and Communication of the ACM, . 49 vol., ng. 3335.
programming domain of the new CS curriculum proposalwing, J. M. (2010, November 17). Retrieved from
and offers the possibility ofassessingCT concepts www.cs.cmu.edu:

independenﬂy of app“ed programming tools and https://www.cs.cmu.edu/~CompThink/resources/TheLinkWing.
pdf
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manipulation of those data in functions. Generalization
ABSTRACT refers to the ability to create adaptable solutions that are
The current paper proposes a gbased approach 10 rgysaple for a wider range of problems. Evaluation is the

conduct cross comparison analysis of multiple gpjlity to select the best solution for a given problem, as well
Computational Thinking (CT) activities, which could be 45t identify and correct errors.

used to better inform decision makers and policy makers in T . _

education about the exact CT activities which they mightThe following is an overview of various CT assessments that
like to consider selecting for the learners; regardless ofreé useful for assessing the suitapildf individual CT
whether these CT activigeare screebased blockased activities for Iearners, prior to dOIng a Cross comparison of
programming (such as Blockly or Scratch), or deased ~Multiple CT activities using the proposed giwgsed
programming (such as using the Python, or Java, or C#Pproach inthe current paper.

programming language, et cetera), or unplugged CTy 5 cT assessments of screbased CT activities

activities, or physical computing activities (such asgcreembased CT  activities  involve  blodbased
programmaltg  robots, or circuit boards with noqramming using dragnddrop graphical elements.
microcontrollers such as Arduino and the BBC Microbit). Examples of bloctoased programming include Scratch
Further, this greyoased cross comparison approach can beyjice, "and AgentSheets. A seminal assessment framework
used regardless of the rubric or test being used to assess e3§hp|ock-based programming is the Systems of Assessments

individual CT activity (for example,_ GProfile, PECT, ¢, Deeper Learning of Computatial Thinking for K12 by
PACT, Dr Scratch, CTt psychometric test, ACTMA, CT gover (2015)

St em, or Bl oomds Taxonomy, or SOLO Taxonomy) .
Potentially, this greypased approach of cross comparing 1.3 CT Assessments of Unplugged CT activities

multiple CT activities could be useful for anyone who is Unplugged CT activities teach computing concepts without
interested in pulling together aif the analyses for different screerbased devices. They include those offered by CS
CT activities into one coherent medaalysis of multiple CT ~ Unplugged(Bell, Alexander, Freeman, & Grimley, 2009)

activities. Code.org, and CAS London. Assessments for unplugged CT
activities have been propnded byRodriguez (2015and

KEYWORDS also byTakaoka, Fukushima, Hirose, and Hasegawa (2014)

Computational Thinking, evaluation, multiple comparisons, . ) o

Greybased approach, assessment 1.4CT Assessment; of PhyS|caI_ Computlng activities
Examples of physical computing in eddoat include

1. INTRODUCTION Arduino, Raspberry Pi, and the BBC Microbit. Assessments

. o for computational thinking in physical computibased
1.1 Computational Thinking activities include (ACTMA) Assessing Computational

Griffin (2016) points out that it is important for novi_ce Thinking in Maker Activities, and the GBtem taxonomy
programmers to develop a mental model of a notiona

machine( d U Boul ay, 006Shwhchis® MemngPetay gy,

rudimentary model that describes the instructions of al.5 Research Problem

computer program. Strong interest in how the noviceAlthough there is myriad of CT assessments, almost nothing
programmer could develop this mental modal/ds more  exists in the extant literature which looks at systematically
precisely elucidated this mental model of a notional machingerforming comparisons in a transparent way across
into what is now known as Computational Thinking (CT) multiple CT activities, which could be used to inform
(Wing, 2008) The constituents of this mental model of CT educators and policy makers abthe developmental level
include decomposition, algorithmic thinking, abstraction of of CT skills involved in each activity, thus enabling them to
data, abstract of functionality, evaluation, ands el ect those activities that
generalization. Indeed, CT isdispensable to problem skills development needs.

solving in the real world, and is considered to be essential i
educationWing, 2008) According toGouws et al. (2013)
decomposition refers to the process of breaking down
problem into multiple steps in order to solve it. Algorithmic
thinking refers to the repetitive execution of patterns of
instructions, which might involvdoops for iteration or
recursion. Abstraction of data and functionality refers to th
notion of representations in data storage and the

h assessments, there are usually four types of measurement
scalesi nominal, odinal, interval and ratigAnderson,
61961) A nominal scale assigns numbers that can be utilized
to categorize itemsFor example, a CT activity might be
assessed according to whether it is a schesed activity,

eor an unplugged activity, or a physical computing activity. It
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does not compare whether one category is superior tdecision makers might find themselves in when evaluating
another, and vicegersa. different CT ativities offered by different people for their

. . : . . learners.
An ordinal scad uses variables of increasing or decreasing

values to provide meaningful information for comparing Using a greybased approach, ratings of CT attributes
categories of items. For example, a CT activity might bedescribed by qualitative linguistic variables from different
assessed according to whether it is-lewel, mediurdlevel, CT Assessments can also be expressed in grey numbers (see
or highllevel in terms of difficulty. Table 1), after consenshss been reached by the decision

An interval scale provides precise information on the rankmakers. To illustrate the point that the grey intervals agreed

order of the item being measured, with equidistantUpon by the decision makers do not even have to be strictly

Rspacingd however the int uirdi_f,/tan Advgnged,'(A%hasaa slightly wir(]jergreyi ter\</ale
P 90, . . compare% o therestof th devel%p tevels Of'CT sKils
absolute zero point. For example, a CT activity might be

rated on its agappropriateness yb assessors, which in this suggested example of a grey interval table. This

; ' ; roposed greypased approach is not a rigid framework. It is
normally does not include the point of birth (age at absoluté?)ntendeol to be flexibly adapted by the CT evaluators.
zero number of years).

a

The ratio scale provides the most amount of information; noir0 ensure faimess in the assessments, each of the decision
S > P ) ' . makers would be independently assessing the CT activities
only is it equidistant, it also has an absolute zero point

Examples that utilize the ratscale might include the length blind"; unaware of what ratings the other assessors might

i L ive. There would be no need to address how agreement or
of time that a CT activity takes, or the amount of money thaﬁisagreement between the assessors was hagdled in the
a CT activity costs.

procedure. Hence, interrateliability calculations between
Hence, it can be challenging to compare multiple CTthe assessors would be unnecessary.

activities. iPoor i nformationo or Ai ncompl eteness of
i nformationo i <k of coksensus whkn e

comparing multiple CT activities, each of which might have Tab}e 9:scile ofl c¥ skills attribute ratings using intervals

utilized a different measurement scale, or even multiple of grey numbeAG
measurement scales. Incompleteness in information is the Scal I is of
fundament al me an(Deng 198%whibhe i n g level o skl ntervals o
. . . L grey number ®G
is also what makes comparison of multiple CT activities

challenging. Therefore, we proffer that a gimsed Very Rudimentary (VR) [0, 1]
approach is particularly suitable for comparing multiple CT

activities. Rudimentary (R) [1,3]

In the present paper, we proposgray-based approach of Rudimentary-Intermediate (RI) [3, 4]
cross comparing multiple CT activities. The rest of the paper

is organized as follows: in Section 2, Grey The(gng, Intermediate (I) [4,5]
1989)will be briefly discussed with a more specific focus on )

grey-based (MADM) Multiple Attribute Decision Making Intermediate-Advanced (1A) (3, 6]
(Li, Yamaguchi, & Nagai, 2007) which forms the Advanced (A) [6, 9]
foundation upon which this proposed method of a grey

based approach to conduct cross comparison analysis of Very Advanced (VA) [9, 10]

multiple CT activities is built on. In Section 3, a worked

example will be used to apply the proposed draged cross

comparison approach to a sethypothetical data from six 3. APPLICATION AND ANALYSIS

CT assessments. Finally, the implications for education ofA grey-based approach for the comparison of multiple CT
this proposed cross comparison of multiple CT activities willactivities, which could include but are not limited to

be discussed. activities that are scredyased, unplugged or physical
computing, is proposed as follows: in this worked example

2. GREY-BASED APPROACH (see Table 2), let us suppose that there are six CT activities

Following Liu and Lin (2010, p. 15)we use the conceptual s (i=1,2,...,6)selected for coparison against five CT

notion of i b | ta colmletelyt onknowe p dkifs aitibutes Q(j= 1, 2, .. . ,53.The CT skills attribute

? nformat ' on, Awhiteo to QE Pepr&sénts NAbstraéti®n M) e;ﬁéséhtls YAlgofithin® W N
information, and figreyo t OThirkifig? Qe répReBehts Petdnipdsifioh, |, Yeprdséh@ wn  a
partially unknown information. A grey number is defi~ned as Generalization, and £epresents Evaluation respeeliy.

a number with uncertain information and is denoted &s

(Deng, 1989; Liu & Lin, 2010; Liu, Yang, & Forrest, 2016)

A grey-based approach of performing cross comparison of
multiple CT activities is proposed in this paper, because it
excels in comparing multiple entities in sitios where
there might be a diversity of characteristics in the various
entities, uncertainty, scarcity of quantitative data, or
incomplete information; situations which educators or
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Table 2 Attribute rating values for Computational

Q S
CT Sun CT Activey

Q
CT Acevity |
Abntraction CT Activity 2
CT Activity §
CT Acsvity 4
CT Acsivity §
CT Acsivity 6

CT Acavty |
Algorithmie  CT Acsivity 2
Thinking CT Acsvity 3
CT Acuvity 4
CT Acsvity S
CT Acsivity 6
Q
CT Activity |
Decomposition  CT Acsivity 2
CT Acsvity 3
CT Acuvity 4
CT Activity §
CT Activity 6

CT Activity |
Gesenlision  CT Acsvity 2
CT Acsvity 3
CT Activity 4
CT Activity §
CT Activity 6

CT Acsevity |
Evaluason CT Acuvity 2
CT Activity 3
CT Acsivity 4
CT Acsvity §
CT Activity 6

Thinking Activities

D D, D,

D,

Decion Decnion Decision  Decision
Maker | Maker 2 Maker 3 Maker 4
A IA A A
A A A 1A
I 1 1A A
1 IA 1A I
IA 1 I 1A
A IA IA 1A
A A A A
A IA A A
I 1 ¥ I
R Rl Ri R
RI Rl R Rl
Rl R W R
A 1A 1A A
A A A A
A A I 1A
A A A A
A 1 I 1A
I 1 A I
1 A A A
A A I 1A
VA YA A A
A IA A A
A IA A A
A VA VA A
A A 1A A
A A A 1A
A IA I I
1 IA 1A !
A 1 I A
A IA 1A A

20,
Grey
mserval

[5.75,825)
1500, 6%0)
[675.628)
[450,5.50)
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[5.50,7.50)
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be referred to as Decision Maker4,D2, D3 and D4 has

A committee of four CT activities assessors, who can also|.:
0.4
0.3
been formed to express their preferences of CT activities fon’ II I II I I
the learners. Examples of CT assessors or decision maker °
could include, for example, teachers, heads of departments;

school principals,
Step 1

The equation for calculatinthe average of the lower and

or researchers.

upper bounds of the grey intervals respectively is:

I
®GU=Eﬂ®GL+®G%+~-+®G$

in whichA"O s the average value of the attribute ratings for

1)

each CT Activity, wheréQd phch8 a riQ pleh8 fe

Step 2

Normalize tle grey decision matrix (see Table 3). The
normalization method is utilized to preserve the property

that the ranges of the normalized grey number belong to,

that is [0, 1].

Table 3 Grey normalized attributes for CT Activities

S Q
(CT Acuvity) Abntraction

CT Activity | J0047, 1 000}
CT Activity 2 10606, 0.758)
CT Activity 3 10.576,0.758)
CT Activity 4 10.545,0.667)
CT Activity S §0.545,0.667)
CT Activity 6 0636, 0815]

Q Q
Alporsdmc Decomponition
Thanking
05 1000) 0687, 09%0)

U733, 1000) 0697, 1 D00}
0433, 0600]  J0636,0579)
0267,0867)  J0.687,0.909)
0.333,050] 0545, 0.545)
0267.0467)  J051S,0634]

Q

Generaluason

(0456, 0.955)
10,724, 1.000]
10.553,0.700)
[0656,0913]
0775, 1 000)
|0.553, 0.700)

Each normalized gremterval is expressed as

~

®G}; =

Step 3

G;‘j
(G max ’ (G max
J J

Evalsation

(0247, 1 .000)
[0.606, 0.T38]
10.576,0.758]
(0545, 0.647]
(0,545, 0.667)
(0636 0.818)

)

As a suggestion, perhaps we could consider taking the more
fconservativeo | ower val ue
corresponds to each CT skill (see Table 4).

Table 4 values of the lower bound in gréyervals

CT Aotivity  Abstraction  Algorithmic  Decomposicion  Generalization  Evaluation

CT Activity 1 687 0753 (56T (656 ssT

CT Activigy 2 .05 0,733 597 0,724 0505

CT Activity 3 576 04X il 0553 0376

CT Activigy 4 545 0.267 557 L6346 0545

CT Axtiviey $ (r545 0333 545 0776 0545

CT Aciivity & ha3s 267 513 0443 1)
Step 4

Comparison of the six CT activities that are being

consi dered for their suitab

developmental needs can be accomplished using, for
example, a bar chart (see Figure 1) or a box and whiskers
chart (see Figure 2).

Comparison of CT Activities

m Abstraction W Algorithmic ~ m Decomposition  m Generalization ~ m Evaluation

CT Activity 1 CT Activity 2 CT Activity 3 CT Activity 4 CT Activity 5 CT Activity 6

Figure 1 Bar chart comparing multiple CT activities

Comparison of CT Activities

Il Abstraction Il Algorithmic Bl Decomposition

1 Generalization [l Evaluation
0.9
0.8 x
07 Higx 'S =
0.6 HooK % K .
0.5
0.4

03 X *
0.2

0.1

CTActivity 1 CTActivity2 CTActivity3 CTActivity4 CT Activity 5 CT Activity 6

Figure 2 Box and whisker chart comparing multiple CT
activities

4. IMPLICATION FOR CT EDUCATION
Researcherésuch as Bers, Flannery, Kazakoff, & Sullivan,
2014; Grover, 2013; Portelance & Bers, 20&8hcur that
CT developmental activities ought to be aged grade

appropriate. Il nstead of relyi
feel o or the words of -pamtye mar

CT activity training provider to gauge whether some CT
activitieswoul d be suitable for t
learners, a grepased approach has been proposed in the
current paper for the cross comparison of multiple CT
activities. Different combinations of CT skills development
offered by each CT activity couldebused to inform the
decision makers in educational institutions about the
suitability of each of the CT activities for their learners. For
example, CT Activity 6 (see Figure 1) might involve a lower
developmental level of Algorithmic Thinking; howeveristh
type of CT Activity might be more ageor grade
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appropriate for beginner learners of CT. Conversely, CT Journal of Grey Systert, 1i 24.
Activities 1 and 2 might involve higher developmentallevelsy , Bo u | a y B . O6Shea T. &

of CT skills, which suggests that they could be more suitable . inside the glass box: presenting computing concepts to

for learners who need toe engaged with something more  yices International Journal of MasMachine Studies
challenging. Further, in situations where multiple tipatty 14. 237 249.

training providers approach educational institutions to offer

their CT training services, this proposed approach could b&0UWs, L. A., Bradshaw, K & Wentworth, P. (2013).
used by the stakeholders (for example,inistry of Computgtlonal thinking in educational act|V|t|e§.
Education, principals, vieprincipals, heads of departments, ~Proceedings of the 18th ACM Conference on Innovation
and teachers) of the educational institutions to document the@"d Technology in Computer Science EducatibinCSE
cross comparison process of multiple CT activities offered 0 1 B0. https://doi.org/10.1145/2462476.2466518

by these thireparty vendors, thus contributing to increased Griffin, J. M. (2016). Learning by Taking Apart:

transparency in the educat Deonstrlcting rCedei byu Reéadinys Oraciogy rapd r a |
governance. Debugging.Proceedings of the 17th Annual Conference

on I nformation Technoll48gy Ed
5. CONCLUSION 153. https://doi.org/10.1145/2978192.2978231

The focus of the paper is on the lack of tools that show what . . .

CT skills are addressed and to what extent across various CF7OVer; S. (2013). Using a Discoustgensive Pedagogy
activities, especially when there is no consensus @ thie and Android 0 s AppSighte7@d | e Sc
CT skill of Algorithmic thinking means, for instance. The 728. https://doi.org/10.1145/2445196.2445404

tool is useful when dealing with such ambiguity by Gr over , S. (2015) . ASystems ¢
averaging the inputs of multiple evaluators. Until now, Learning of Computational Thinking in -K2. Annual

although there are many frameworks for assessing Meeting of the American Educational Research
individual CT activities (as mentied earlier in Section 1),  Association (650).

there is no approach in the extant literature for performinq_i’ G., Yamaguchi, D., & Nagai, M. (2007). A grdased

the cross comparison of multiple CT activities, which could decisionmaking approach to the supplier selection
be used to transparently document the selection criteria by problem 46 573581,

multiple decision makers. These decision makesid https://doi.org/10.1016/j.mcm.2006.11.021

include teachers, heads of departments, school principals, )

researchers, or the Ministry of Education. The transparency!¥» S & Lin, Y. (2010). Grey Systems: Theory and
of this greybased approach could potentially contribute to  APPlications Berlin: SpringeVerlag.

the democratization of the selection process of CT activitiesliu, S., Yang, Y., & Forrest, J. (2018prey Data Analysis

as the mput of each decision maker is taken into serious Singapore: Springeverlag.

con5|derat|on._ A workecj .(_axamp_le of Cross compansonp g ajance, D. J., & Bers, M. U. (2015). Code and tell.
between multiple CT activities using hypothetical data has Proceedings of the 14th Internatial Conference on
been used to illustrate a proposed goaged approach. This Interaction Design and Children | DC , @774,

proposed grepased approach is eeasonably €asy 10 pune.idoi org/10.1145/2771839.2771894
understand, easy to calculate, and easily implementable CT

evaluation tool, which we hope would be considered byRodriguez, B. R. (2015pssessing Computational Thinking
decision makers in educational institutions for performing i Computer Science Unplugged ActivitieSolorado

cross comparison of multiple CT activities when they need School of Mines.
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of these aspects can be evaldaie an automated way,
ABSTRACT through analysis of the source code developed by the

Develqp'ment of pomputational Thinking (CT)'is an area ofjgarners (Morend.e6n et al., 2015), thus supporting the
many initiatives in the last years, due to the importance of y ycat or in the assessment an

having CT skills. There are many environments that allow

learners to develop such skills, for instance Scratch and MIfurrently, there are some tools that perform the assessment
App Inventor, h a visual and intuitive way. As in ©Of CT aspects through the static analysis of projects
professional software development, assisting tools that helgeveloped by learners, such as: Dr. Scratch
and guide learners are starting to appear. In this paper, wéttp://www.drscratch.org/ CodeMaster
discuss the current status of these tools, based on an analy§itp://apps.computaonaescola.ufsc.br:8030/  Quizly

of what stateof-the-art CT assessent tools, such as Dr. (http://appinventor.cs.trincoll.edu/csp/quily/ and Ninja
Scratch for Scratch and CodeMaster for App Inventor, offer Code Village hittp://ik1-32522639.vssakura.ne.jp/ncv4x/

We report their limitations and envision and discuss futureamong others.

enhancements. This type of assessment presents some limitations, first of all

KEYWORDS because the tools generally work on the source code,
pically only after the learner has finished his/her work.
his focus on the source code also lintis Assessment, not

covering essential CT practices like creativity and

1. INTRODUCTION collaboration, and sometimes does not provide valuable

Theinclusion of computer programming and computationalsupport for the learner.

thinking (CT) skills in the school curriculum is one of the goals of this paper are following: (1) to review the

main trends in the_educational Igndscape worldwide. Thi% rrent state of computational thinking assistatools, and
movement has motivated a deep interest among scholars a to propose future enhancements for them

research institutions, whoeaanalyzing and comparing the
approaches and plans of the different initiatives. The reviewd he paper is structured as follows: In the next section we
on the state of CT in education that have been performedill introduce the state of the art in assessment of CT skills,
coincide in three main, fundamental aspects that requir@nd focus on two CT assessment tools (Dr. Scratch and Code
urgent attention from academia: assessment ofsKills, Master). Sectin 3 reports the limitations and deficiencies
transference of CT skills and factors affecting CT skills. Thethat the aforementioned tools present, while Section 4 offers
topic of this paper is related to assessment of CT skillssome enhancements to address those limitations.
although its reach is beyond that specific topic. Conclusions are drawn in Section 5.

There are many initiatives fostering the development of CT2, ASSESSMENT OF CT
skills (Lye & Koh, 2014), such as tools where learners camssessment of CT skills is a topic that hasigdiattention
acquire programming skills by means of using visualof the research community in recent years. Besides, Dr.
programming languageSome of the most commonly used Scratch (see Section 2.1) and CodeMaster (see Section 2.2),
tools to support CT learning are Scratth  many other research efforts have been devoted to it, such as
(https://scratch.mit.ed)/ MIT App Inventor  Quizly (Maiorana et al., 2015), Fairy Assessment (Werner et
(http://appinventor.mit.edu Code.org littps://code.org/ al.,2012) and REACT (Koh et al., 2014).
Snap! fttps://snap.berkeley.eduAamong others.

2.1. Dr. Scratch

In the teaching of CT in schools, practical activities arepr. Scratch (Morend.eon, Robles & RomagGonzalez,
typically carried out where learners develop programs usinQ015) is a free/libre/open source tool that analyzes Scratch
these tools. The resulting projects need to be evaluated iprojects to assess their level of development of CT skills by
relationto the extent to which they reached the pedagogicajnspecting  their  source  code.  Dr. Scratch
goals and also in relation to other aspects, such aghttp://www.drscratch.ory/is inspiredby Scrape (Wolz,
fundamentals of algorithms, use of variables, flow control,Hallberg & Taylor, 2011) and is based on Hairball, a static
modularization of complex tasks, etc. (CSTA, 2017). Most

computational thinking, tools, assessment, Scratch, Ap
Inventor

129


https://scratch.mit.edu/
http://appinventor.mit.edu/
https://code.org/
https://snap.berkeley.edu/
http://www.drscratch.org/
http://apps.computacaonaescola.ufsc.br:8080/
http://appinventor.cs.trincoll.edu/csp/quizly/
http://ik1-325-22639.vs.sakura.ne.jp/ncv4s/
http://www.drscratch.org/

code analyzer for Scratch projects that detects potentiabols would address more the learning process, they should
issues in the code (Boe et &013). emphasize feedbk on bad practices and on how the learner

The CT assessment of Dr. Scratch is based on the degree%q’n learn more (Robles et al., 2017).

development of seven dimensions of the CT competencefhe exclusive focus on source code analysis tends to
abstraction and problem decomposition, logical thinking,facilitate the assessment of CT aspects that can be evaluated
synchronization, parallelism, algorithmic notions of control by automation. However, this focus limits in several ways a
flow, user interativity and data representation. Each more comprehensive assessment of the CT development. It
dimension is assigned a score, resulting in an aggregated very difficult, if not impossible, to evaluate creativity or
total mastery score. With this information Dr. Scratch collaboration, for example, only by the static analysis of a
generates a feedback report that include ideas and proposélse ar ner sd fddece of source

to enhance the CT score by encourage leartetry new

blocks and structures. Despite automated assessment allows eduxdd devote

time to pedagogical issues that require more educator
Different actions have been performed to validate Dr.learner interaction, which has proven to be very positive
Scratch from distinct points of view, showing that the tool is(Ala-Mutka, 2005), offering an important support to the
useful for learners and proving its ecological validity educator, itnay not be directlgontributing to the learning
(MorencoLe6n et al., 2015), and comparing Drcr&ch  process itdé
results to other measurements, such as educator grades
Scratch projects or software engineering complexity
metrics, showing convergent validity (Morehedn,

,&)Jltomated CT assessment tools typically do not provide a
personalized learning experience, tracking the entire
Robles, & RomarGonzélez, 2016a: Moreroedn et al., Iefawing prolcess, but only evaluatinr? the outcomes at the end
2017; RomarGonzalez et al., 2017). of the development process. So, the opportunity to support

the learner througha the learning process and to suggest
Finally, since Scratch creations are categorized undes y st emati ¢ ways for the devel
different types of projects, such as games, stories or musigeen lost.
creations, among others, the results of the analysis of 25
projects of 5 different types show that this topology is
replicated when projés are analyzed with Dr. Scratch, thus
proving its discriminant validity (Morenbedn, Robles &
RoménGonzalez, 2018).

ﬁ)’] summary, even if not comprehensive, educators are the
main beneficiaries of current CT assessment tools. Their
evaluation can be supported agmhanced with these tools;
so, even if some aspects such as user interface quality and
creativity may not be considered by the tools, the
2.2. Code Master information they offer and the amount of time saved is of
CodeMaster is a free weinsed tool  high value for educators.
(http://apps.computacaonaescola.ufsc.br:3d@&veloped to

facilitate the assessment and grade of App Inventor ané’- _ENHANCEMENTS

Snap! projects, in a problebased context, focusing on In this section, weqppose a set of enhancements that could
learning computational thinking in -K2 education. Peimplemented in CT assistance tools.

CodeMaster can be used by learntergvaluate their own 4 1 Tools More Learner Driven

projects obtaining direct feedback and also by educators tgqo|s should focus more on the learner and on the learning
assess and grade all class projects at once, in grocess. This means that the major point of interest should

comprehensive assessment. not be on the blocks thate used, but on the identification
CodeMaster measures the complexity of the App Inventok@nd explanation of) bad smells (i.e., bad programming
and Snap! | ear ner siédrybricbgsedc Practicgsy geadgodeg (ine., Rakisiofdhg program that are never

on the CT framework by Brennan & Resnick (2012), 'éached), among others (Robles et al., 2017). The rationale
Dr.Scratch and the Mobile CT rubric (Sherman & Martin, for this is that learners are familiaitivtheir own code and,
2015). CodeMaster, thus, evaluates several dimensions #f done properly, will understand the problems of their
CT, such as abstraction, synchronization, parallelism, floweurrent solution.

control, user imgractivity and data representation. 42 Assess Ul of Projects

Assessment results are presented to the learner in a visualyespite its importance, the quality of User Interfaces (Ul)
appealing and stimulating way, represented by a characté{as heen, in general, ignored during CT learning. Some tools
who has a varied color badge depending on the score reachgﬁ|y court the interface components and if some type of

in the code assessment. arrangement is used. Although some artistic aspects of Uls

The tool has ben tested and applied in real environments@re difficult to assess, other dimensions of the Ul quality,
and has been observed as a useful, functional, performancBOWGVer' can be objectively evaluated, using ketwn

efficient tool to support the assessment of App Inventor an@0d practices as a basis. Thipd of evaluation, if
Snap! projects. automated, can help learners to improve the quality of their

developed Uls.
3. CURRENT LIMITATIONS .
In their current form, the main beneficiaries of CT 'I4'Sr a CPkerisor:\allze Ear;]dgollmév)éh\(/a éslseossmrenné F:}rc;cesso f (
assaesment tools are not learners, but educators. This i|S ortant in ordgr to customize his learnin ero( nce. To
because the tools offer an evaluation that is based on the ﬁn%’]“;’ke this possible. automated assessn?entﬁand. learnin
product, emphasizing the abilities that learners have. If the P ' 9
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support tools need to be able to identify the learner througlplaced in his/her "Zone of proximal development" (ZPD)
the creation of individual accounts. (Vygotsky, 1978).

In addition, individual identification enables educators to4.8. Other Abilities and Skills

follow the development of eaclearner abilities in the Assistance tools should embrace the analysis and assessment
various aspects of the CT, allowing to identify if the of notso-objective computational thinking practices eds

| earnerds progress is adeqamtlee arnnde rtéos pbeerhsaovn aclevelzekiis tl lee p
and exercises, among others. that should be addressed are reusing, abstracting,
44 Educator Dashboard modularization, debugging and modeling.

Every modern learning management system include§argeting these skills is not easy as they are tight to the
educator ddwhoard and learning analytics tracking systems,process and obtaining information aboutnthis complex.

in order to assess and intervene in t@ak and in a  Nonetheless, we argue that this could be done indirectly by,
personalized way (Kal el i o] fouinstarzd) thé ijlentification of bad smells (see 4.1) and

Similar functionality should be included in the assistance()bservIng how the learner solves them.

tools to help educators have a comprehensive view of the4.9. Integrated Instructional Feedback

learners, and to follow their learning process. The educato€urrently, a learner interested in redely automated
dashboard should be designed in such a way that it highlighteedback on a project developed in one of the popular tools
the most relevant information, i.e., that information that is(e.g. Scratch, App Inventor or Snap!), needs to export it, and
easily to obtain in an automated way (i.e., a learner laggingubmit it in another tool (e.g., Dr. Scratch or CodeMaster).
behindor abandoning), but that requires human interventionThis tends to difficult the use of such tools and leadreg

to solve. learner to submit his project to analysis only at the end of the

4.5, Identification of Learning Gaps development process.

As in any other formal language, computer programmingThe integration of instructional feedback directly to the
must be learnt in a systematic way, ensuring that there argevelopment environment could give fast results, as it has
no gaps between computational conceRisl{ et al., 2017). been observed in other scenarios (Gongalves 804l7).

If computational concepts are not developed systematically4 10
and if learning gaps are not identified, then misconceptions:~
are likely to appear.

Share and Socialize

%Iong the formative assessment of the CT skills of the
learner, the corresponding assistance tools should not only
Thus, assistance tools should not only score the presence gifve feedback to the learner, but also share and socialize
certain computational conceptsut also to point out the his/her achievements with a broader community.

absence of others in between (Grover & Basu, 2017). Recent research has demonstrated that individuals who

4.6. Identification of Learning Paths perform more social actions during the learning process,

In the same vein, computational concepts can beeach higher levels of sophistication in their CT skills and
progressively developed, by means of programming projectsomputer programs (Morefleeén, Robles, & Roméan

with increasing complexity. Cumé learning paths are Gonzalez, 2016b). Other research shdound that
monolithic. As shown in (Morerteén, Robles, & Roman  professional developers make a surprisingly rich set of social
Gonzélez, 2018, in press), Scratch guides generally begiimferences from the networked activity information, such as

with programming animations, music and art projectsi nf erri ng someone el sebs tect
continues with stories, and finish with games, showing in thehey edit code or guessing which of several similar projects
processconcepts and elements of increasing complexity.has the best chance of thriving in the long term (Dabbish, et
This, however, supposes a barrier to those learners who agd., 2012).

not interested in games, as their disinterest may lead to n
develop higher CT skills. % CONCLUSION

Computational Thinking is a skill that is vital for the
However, Morend.edn, Robles, & RomaGonzalez personal and professional development of the citizenship of
(2018, inpress) also reports that for every category there arghe 28 century. There are many initiatives that have
projects that show basic, intermediate and advanced CEimplified the acquisition of these skills, mainly by
skills. Thus, itis pOSSibIe to allow users to set a Iearning patl@rogramming in |earnd|riend|y visual interfaces, such as
with the number of phases of their choice and the types o§cratch or MIT App Inventor. In recent times, assistance
prOject to include ineach level. Future assistance tools tools are Starting to appear thah top of the aforementioned
should not be limited to receive and assess the projects of thfatforms offer assessemt and guidance through the
|earn§r, but also to propose him/her feasible and Significa%arning process. However, at this point these tools are
learning paths. mostly useful for educators. In this paper, we offer some
4.7, Use of RecommendeBystems ins_ight of future lines that can make assistance tools better
Furthermore, the aforementioned learninghpaan be Suited for learners. These enhancements range frem
enhanced by providing the leamer with prototypical introduction of personalllzed e[ements that adapt the learning
examples than can be remixed (Dasgupta et al., 2016). TheRrocess to the learner, including recommender systems and
assistance tools should not only give feedback about thi§aning paths, to the evaluation of other skills, such as

ongoing programming projects of the learner, but also t@bstraction, modeling or debugging. We hope to see in the
propose him/her newrgjects to be remixed, which are
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near future may ideas and implementations targeting these Blocks and Beyond Workshop (Blocks and Beyond), 2015

issues to the benefit of educators and learners. IEEE. IEEE, 2530.
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over one week. Part 2 required participants to submit a
ABSTRACT ) ) programming project. They had to exemplify a range of
The purpose of this paper is to share on the method used Btogramming techniques learned during the Parhihing.
creating selrealization among Malaysian Educators on theThey would start this project right after the Part 1 and were
needs of adopting Computational Thinking (CT) Skills. This given two weeks to complete it. In Part 3, the participants
is an important step to begin the process of change. OnG§eded to show some particular aspect of CT pedagogy by
they have accepted the needs of CT, they could be thgyrrying out a classroom investigation. They had to submit
change agents to shifteh Mal aysi an Educ ghdilomhNifled anB fepoft Bn' ttkifYindings after they had
by integrating CT into their teaching and learning skills congucted similar lessons in actual classrooms, which
successfully. A total of 21 participants attended a CTyemonstrated how the CT pedagogy had effectively helped

training conducted by the author, and the training was aimegheir weaker students in learning certain difficult topics.
to create awareness amhowthe) educatorsd perspective

human minds work towards the teaching and learningl-2 Curriculum

process, (i) understand that CT is a unique school ofn order to ease 0 t eacher so i mpl eme)

thought, and (iii) it is one important skills in this sg1 education, MDEC had successfully developed a series of
Century. Unplugged activities were being used to create thé€aching modules. These teaching modules covered all the 8
awareness where théndings clearly showed that the subjects of the primary level, Computer Science Foundation
activities used during the training brought much positivefor the Year @ 9, and Computer Science for theaf 10

results for the whole purpose of this study. 11. It gave these teachers some basic ideas on the various

ways CT could be integrated into their Teaching and
KEYWORDS Learning (T&L).

Computational Thinking, Unplugged Activity, School of

Thought, Reshape Perspective 1.3 Change Management

1. INTRODUCTION with the Ministry of Education (MOE) Malaigand various
Malaysia steted to promote Computational Thinking (CT) State Education Departments to conduct different
in the year 2016 and integrated it into learning modulesvorkshops for the principals, school managements, teachers
especially in ICT subject. This was stated in thé" 11 and students for this CT awareness.

Malaysia Plan, which would run from the year 2016 until The CT is trul ;
i . : . T y a new concept to the Malaysians, where
2020 (Economic Planning Unit, 2015). The kiia Digital o teachers were often being confusedhisy different

Ecor_10my Corporation (MDEC) _is the sole_ driving for_ce_in school of thought. Some of them had thought that CT was
making sure the success of this plan ultimately. This is 8,4y focused on the engineering thinking, or scientific
huge project involving teachers training, alteration of theand mathematical }hinking Schme wronalv thought i[| was
(r:e;dirnésé culum —and change ma njatp_setmezf_nt ot 2% r tp r?o bsl_ e%ni( esgh)_q
' why it was being focused on. The investigation by Ling et al

1.1 Teacher Training in 2017 showed that teachers often related this CT to ICT
In 2016, MDEC had organized a training programme callednstead. They thought that one must acquire the ICT
fiComputational Thinking & kmwledgaitae e able®dntegraiecthe CTriatateanhing and

As for the stakeholdersodé reaf

v enrgs 1

Certification Programmeo ( Earmng@ingrIibip, Labagih,i&kdul Azzr20L7% i cat i o

programme was aimed to bui .dBA&%hBGNSBFfH"EdsﬂrUB\Pa”di”9

CT, and ultiméely transfer CT skills to the students in all Th h . hi dv. It i
the schools. The programme started off with the training for ere are three main purposes fo this study. It is to

selected 100 lecturers from the Teacher Training InstitutionqemonStrate how Unplugged Activities would:

Once they had gone through the entire certification process i. enable educators to reshape their perspective on
and certified as a Mastérrainer (MT), they could start human mind in T&L process,

training all the preservice teachers. In the following years, N . .

36 lecturers from 6 public universities were trained and |- demonstrate that CT is a unique schafthought.
certified as MT to conduct the same training for all the other  jii. create realization on the importance of CT.

in-service teachers. I
The three unplugged activities were: 1: Tangram 2: Monster

The CT&CS TCP consistof 3 parts. Part 1 is aday face face 3: Algorithm (further discussed in page 3).
to-face training (8 hours a day) conducted by the author for
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2.1 ReshapgheEducator sdé Per s pec terhaneedgreative prablem solwing mkdifor both ordinary

in T&L process and gifted learner&im, S., Chung, K., Yu, H., 2013). This
According to the statigts conducted by the Higher implicates that programming activity could enhance a
Education Leadership Academy at the Ministry of Higherper soné6s t hi nki ng.
Education Malaysia in 2011, the results showed that 50% : .
the lessons delivered by 41 schools across Malaysia Weorj?l?fcﬁ ggoéevéevgfaigfnirzcﬁéi(g;x,ﬁo?]f;c?ﬁiﬂ;r?f rgg;ﬁht'
unsatisfactory. The researchers had followed 125 Iesson§ P y 9

and most of the lessons did not engage students into learnin

These lessons were being conducted using the teache . o :
centered learning method. Most emphasis was toward omputanpnal_ .Th|nk!ng. IS a coII_ect|v_e SChOQIS.Of thought,
' v&here scientific thinkig, engineering thinking, and

memorizing the questions and answering techniques, instea th tical thinki Il part of it
of instilling higher order Hinking skills. The assessments Mathematical thinking are ail part ot it

were mostly tested on t he23sTheithgonahce ef Computationat Thinkingn r ec al |
concepts (70% of all the lessons observed) rather than tdhe arrival of the 2%t Century, where technology advances
analyse and interpret data (18%) or synthesize informatiomxponentially (Nagy, Farmer, Quan & Trancik, 2013), has
(15%) (Project Management Office 2012). led to a paradigm shift education. In order to equip our

Siti Hendo Sheikh Abdullah had conducted a qualitative future generations with problem solving skilis to solve

research in 2013, where she observed the trainee teacherscgfmplex proble'ms brought by t_he advanced technplogy, we
need to redesign our educational standard by imparting

9 primary schools who had delivered various Physics topics, . /. . ) L )
The results clearly showed that those trainee teachers héﬁ'nkmg skills, especially CT in this context, torteit our

tried to use the inquiry appmoh, but it was not being young learners.

conducted effectively. ThaAl theasslucatousetodayoshadulth see tthe &dmmg ef thise a c
failure in carrying out the teaching and learning technology wave, where the Industry Revolution 4.0 would
constructively. Those trainee teachers were not skillfulbe sweeping around the globe soon. We should therefore
enough in using the InquifBased Approach to conduct prepare our young learners and future leaders with this CT
teachingand learning because they had failed to thinkskills.

constructively (Abdullah, 2013). 3 METHODS

There is a definite need  phebsthdy! ded!oliafitatifed ppodt O-A8EeIS© ME A {
thinking skills and we must bring this awareness to theirgpproach (Bhanji, F. et al, 2012).

conscious level, so that they could recognize this ilefic o
(Adam, n.d.). Once they are fully aware on the areas of theig-1 Participants _ o _
weakness, they could easily adapt and materialize thé total of 21 lecturers from various university faculties who

ke dementia is a collective of various symptoms, whereby
Izheimer and Parkinson actually branched out from it; The

changes immediately. had not attended any CT training had participated in this
_ o ) study. They were $ected lecturers from a mixture of the
2.2 Cr:]omprl]JtanonaI Thinking as a unique school of faculties of computer science, engineering, and education.
thought

There were famous Mathematicians like John Napier3.2 Pre-training assessment
CharlesBabbage, Lady Ada Lovelace and etc who were the® Pre-training survey was conducted for safsessment on

pioneer contributors to the formation of computer science as ;. understanding on CT,

a discipline. The Engineers like Herman Hollerith and

Vannevar Bush (just to name a few) had also built punch Q: In your opinion, what is Computational
card and electric motors which becarhe fundamental Thinking (CT)?

architecture design of the modern computers (CMU, n.d.).
All these developments had led some people to mistakenly
believe that the CT resembles the mathematical, a new concept to them, author would need to

engineering, or Scientific Thinking. synchronize with all the participants and get them

In the book titledthefiddthst er y toandgreand to hejmpprtance of CT, before the
Domingos had written a good description on how the CT is training of CT could be conducted.
different from these schools of thought. He pointed out that

This question was used to assess the understanding
of the participants on CT. By knowing that CT was

et . : ii. ability to view from the
a scientist focuses on theories and the engineer focuses on
practical, while the computer scientist actually works on Q: I am able to identify
both thetheories and practical together (Domingos, 2015). pattern and make full use of it for teaching &
In a more layman understanding, a scientist forms formula learning process.

while the engineer uses this formula to build things, but a
computer scientist needs to come up with formula (example:
syntax) and work on the traistors (engineering work).

This question eventually led to close the gap
between the teaeh and students towards the
process of teaching and learning.

When someone focuses on the computer science related
coding work for a period of time, it will eventually change
their thinking patterns. Kim et al had done a research in the Q: I think my problem solving skills is ,
year 2013 and discovered that computer programming because

iii. problem solving skills.
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This question was aimed to demonstrate that CT is
a unigue problem skills / thought proce3he

participants would have to assess if CT training had
helped to scale up and improve their problem skills.

3.3 Unplugged Activity 1

The training began with Unplugged Activity 1. It was
modified from Algorithm Unplugged Activity 6 by
Code.org.

®

v

Figure 1. Unplugged Activity 1

All the participants worked in groups of three / four persons, ,
Each group was given a different tangram picture. They hag
to use their problem solving skills to write instructions for
the computer to form the same tangram pictunecethey

How to draw a crazy character algorithm

draw a circle for
the body

S O add 2 eyes

w add a crown

C 3 add wings
D\\ f dd four |
g '°’

An example crazy character algorithm

Figure2.Ail ngredi ent s o

had written the instructions, two groups were paired to také3.5 Unplugged Activity 3
turns in playing their roles as the computer and also as th&nplugged Activity 3 showcased how a computer scientist
programmer. When they were the programmer, they had toould abstract problems and solutions. It was modified from
read out the instructions. The other group who role playedi Gr aph Paper Programming Unp
as the compter and sat back to back with the programmer,Code.og.

had to form the picture based on the instructions heard.

of the c¢cra

All the participants drew different versions for this crazy
character by us.i Figure? Neat,tiey ngr e
rote their instructions for others to draw the same crazy
haracter by just reading the instioas without knowing

what was being drawn by that person.

This ti me, the Aingredientso

This activity demonstrated clearly how the humans need tgéhe problems, the solutions were also being abstracted to the
carefully plan a successful communication with a computersimplest way.
which also raised up the participad s awar ene- -

i mportance to see from the P~

reatlife communications, especially throughout the
teaching and learning process.

3.4 Unplugged Activity 2

The next activity was Unplugged Activity 2. It was adopted
from Barebot CAS UK. The original name for this
Unplugged Activity was i C
(Barefoot)

This activity simplified the problem by providing the
Aingredientso of the crazy
next to it.

~ HEE PN

Group:

Instructions:

H Answered by
9
“*

Figure 3.Unplugged Activity 3

(Group Name)
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PROGRAMMING KEY 3 Logical thinking with use of technology in
solving real life problems.

4 Student able to generate new idea using sev
process and produce the idea using new era
computing.

Move One Square Backward 5 Thinking about how to use technology
effectively to solve problem.

6 Students know how to use the technology
efficiently or in other words, use it with
wisdom and have the knowledge on how the

—
<l
¢ process happen (to solve problems using the

Move One Square Forward

Move One Square Up

Move One Square Down computer or technology).
7 Breaking down a big problem to smaller piec
and then cominie them to get the final
Change to Next Color solution.
Problem solving techniques in CS.
9 Sorry, not really sure. Its may about logic

thinking as a coding in computer
Fill-In Square with Color

(o]

programming.
10 Using technology as a problem solver.
i o _ 11 CT (skills and ways of thinking) can be uded
Figure 4.Simplified solutions support problem solving process when writin
All the three Unplugged Activities demonstrated eliéint computer programs.
levels of problem skills, and how this CT could simplify =~ 12  CT is a set of processes for solving problem:
(abstract) the solution (algorithm) by eliminating human logical way.
errors. 13 To provide solution to problem using
computer.
CT is cognitive an thought processes involve
in formulating problera and solutions so that
the solutions of the problems could be
represented in a form that can be effectively
A posttraining survey was conducted to assess on carried out by an informatieprocessing agent
participantsdé view and undelbstNohsdré ng on Computational
Thinking: Their view on CT as a deeper level of problem 16 Logical thinking about how to solve problem:

3.6 Posttraining assessment 14
After all the three Unplugged Activities were completed, the
participants went through the Compigagl Thinking

training which was designed by the author.

solving skills, and does CT help themetter observe how 17 Mind thinking to be as computéninking.
students learn and communicate with others. 18 Method used by computer scientist to solve
problems.
4. RESULTS . . 19 Computational Thinking is the thought
We demonstrated our finding on [}rOE]e%SESOiIﬂ/(SNEOI irfforhufathg agp‘PobIem
i. understanding on CT, and expressing its solution(s) in such a way
. . . . that a computehuman or machine. _
ii. ability to view from tHhHe studentso perspective,

i problem solving skills. Table 1 shows thamost of the participants had no prior

4.1 Understanding on CT knowledge on CT. They thought it was the use of technology
Prior to thetraining, all the participants were asked on their Or computing in solving problems.
understanding towards this Computational Thinking. Table,

- .2 Ability to view fromthes t udent s 6s erspec
1 shows the answers from the 19 (out of 21) participants. y B p

After the participants had gone through the three Unplugged
Table 1 Pretrainingi Understanding on Computational  Activities, the participants eventually realized they would

Thinking. definitely need to rethink how they should conduct their
s —_ . . teaching I essons from al/l t he
Question: In your opinianwhat is Computational
Thinking (CT)? Table 2 Pretraining selfassessment: Understanding the
Partici Answer studentsod6 | earning pers
pant s . , Question:During the teaching & learning process, |
1 Prob!gm solving technique which prIO\_/vs am able to see from stud
specific steps and procedures / guidelines. | do it:
2 | have less exposure on CT, but in general | Partici Answer
think it is the way of how we view and solve pant
problems. N (Before)
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Observing their learning patterns and how
they answer assessment questions,

(After)

While going through thexercises and the 6
concepts of CT, | realize that as an educator
should know the prior knowledge that the
students have, so that the activities created 1
them are suitable an
the CT skills.

(Before)
| set my mind that | ara students which is nev
to the subject.

(After)

Dondét expect student

(Before)

Observe and evaluate the student performar
(results & responses from the students wher
asked questions to them)

(After)

| have learned thatve cannot feel frustrated if
students are unable to follow all of our
instructions. It is because at sometimes we
must see from their perspectives too in orde!
be get mutual understanding.

(Before)
Yes?

(After)
Instruction must be clear.

(Before)

Provide the question to student and ask ther
solve it, observe the way how they solve the
problem, and then discuss with them if there
any issue.

(After)

From todayds trainin
different between instructor arsudents.
Instructor will always think that student
understand them, however, that is not 100%
true, most of the time, if the instructor did no
give them the evaluation, such as provide th
exercise, and ask them to try, at the end, the
student will totdly learnt nothing, as they
never try and know their mistake. Thus they

dondt have chance to
(Before)

Through arguments in their reports

(After)

What | know, what my colleagues know, and
what the trainer knows is quite different.
Thereforewe can not set standards that are
too high at first, where we must allow the
learning process to change positively over
time.

i Hu ma n mi nd
compl ex. 0

cannot

process

AHuman mind can make assumpti
can get tired and confused. 0
AHuman can predict and make
tendtoforge and have negative feel
AHuman is able to guess, assul

to propose a solution. However, they will feel frustrated and
sometimes get easily annoyed if they cannot solve the
problem using the proposed so

i St r efhgrmah mioecan guess, predict, assume, has
prior knowledge, and can judge. While, weakness of human
mndget tired and easily disruj

AStrengt h: Human can think w
Moreover, human can do the logical reasoning, they able to
identi fy t he correct or wr on
weakness, is they have feeling, have emotion, and
sometimes, the bad emotion, will causing them to make the
wrong decisions. 0

AThe strength of human mind i
creatively while theweakness is lack of focus and
concentration. o

can do reasoni
confused

i Hu man

ng, t
tired, t

based on

4.3 Problem Solving Skill§ CT is a unique school of
thought
All the participants were encouraged tate their own
problem solving skills prior to the CT training. During the
training, they would be able to see the three different levels
of thought process from the three Unplugged Activities.
From these hanesn activities, they eventually realized they
still needed to improve their problem solving skills.

These participants provided their thoughts on their own
problem solving skills after three Unplugged Activities. It
could be summarized into a few format:

il am more cl ear alpwmaeds while w |

solving problems during train
il realized my problem solvin
il realized my problem sol v

earning all the 6 CT concept

Al realized my problemogedvdn
Al realized my problem solvin
il realized my problem solvir

incorporating the computational thinking skill. The skill that

| learned the most is abstraction, which is learnt to identify
the impatant features when solving the issue, and also must
first to break the problem into the small part which can be
manageabl e. 0

All the participants were questioned on whether this CT is

The participants were conscious on the strength an@n important skill to be taught to their students and a high
weakness of the human mind especially in this area of T&LMajority d the participants fully agreed that this CT would
process aftethey had gone through Unplugged Activity 1. 9réatly to help prepare the students to contribute new

solutions to the seemingly impossible problefigire 5.
too many instruction
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Computational Thinking Skills help prepare students to contribute new We need to think of the effective ways to maintain trained
solutions to seemingly impossible problems. educator so t hi nkin g p attern,
e to their old patterns too.
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ABSTRACT 2. ICT AND CODING POLICIES IN THE 3

While many countries have recognized the importance of COUNTRIES

computational thinking andcoding skills and are We first provide a backdrop of policies regarding ICT use
implementing curricular changes to introduce coding intoand teaching of coding the three countries

formal school education, a necessary and critical success;|and

factor involves the preparation ofdBupport for teachers 0. tq taaching of ICT started in Finland in 1980s, first in high
teach coding. Thus, understanding the perceptions OLy,q\s Official reports and curriculum projectstated

teachers towards coding is most important, together W'.”blearly that students should learn the basics of this new

knowing the kinds of support they received, and theirje oy However software support was weak and there was
readiness and challenges to teddfe purpose of the current not much insavice teacher training in computin

Suy is to compare teacheiggfganfdetodlst tHega‘?:tﬁal subj8ctVét Ic¥ Was %rolgg%t

importance OUCT skills and coding Sk.i”S. in l_:inr_1ish into the curriculum between 1987 and 1988, as an optional
Chineseand Singapor&-12 schools. The findings indicate subject. A few years latefCT was no longer taught @

that Singapore and Fitish teachers believe that coding is individual subject, and ICT skills weretéggrated into other

useful even ifstudents will not wdt in ICT jobs while : ; - - .
Vah H K lahti 2012).
Chineseteachers are undecide@hina andSingapore have subjects (VahtivuorHanninené. Kynaslahti 2012)

more positive views towards how to preptmefutureready ~ Since fall 2016, coding is a mandatory, cressrricular

learnes. activity that starts from first year of schoahd spans
bothprimary and lower secondary education. Finland has

KEYWORDS outlined that oding is one of the learning skilisjust like

computational thinking; coding skills; 21st century skills;  reading, writing, counting and drawingThe Finnish

primary school; comparative researctiitades Ministry of Education has outlined tha€T skills, and

1. INTRODUCTION coding in particular, is a fundamental part of the Finnish

. . : National Core Curriculum (FNCC) from 2016-NBE,
Countries and regions around world, such as Australia, NeV5016) It is still not an independent subject, but it is

Zgaland, Ur_uted State_s, United  Kingdom, S.OUth Korea’integrated into other subjects. The FNCC defines several
Finland, China and Singapore, have regoized the

importance of coding. Thegre taking rapid measures to transversal skills that should be taught and learned in every

introduce it hrough all levels of the school curriculuBoth subject. I(.:T competence IS -among _these transversal
Finland Chinaand Singaporéaveto daterevised national competencies. _The FNC states t_hat pupils sho_uld work
standards and curriculum to focus learning goals on higherWIth digital media and agappropriate programming tasks._
order thinking, inquiry, and innovation, as well as the Key content areas related to the objectives of mathematics

' ' ' n grades 1 and 2 state that,

T e oo i 10 s ETSENeS Wi th basics ofprogrammingiayiang
' 9 &nd testing stepy-step instruction8 t hus dshepport

skills is commonly acknowledged These countries . S .
(Shanghai region for China) have also been top performercsjevempwlent of logical thinking and problem solving.
in PISA rankings. China

. Computer technology has been utilized inri&sie education
The purpose of the current study is to comparehteac s Q@i nce t fMek &1y @@18) According to Niemi

attitudes towards the importance of 21st Century skills, . - .
especially computational thinkin@T) and coding skills in 2”3 ﬂ;iq(ﬁmr?)i' t(r:\eag{mi/vw(;gnpoputlarétyco;‘] trr:eolrrte(;ngtyand fro

Finland, China and Singapore,Knl12 schools. Specifically brought a wiqer con{:e{i}té)f ICT, which was then introduced
nd

we aim to compar e tomﬁrgsath:eh eiﬂt(g)%hina% tCIHines dUcation (Niemi and Jia 2016, 9).
importance of teachingcoding skills already in basic In 2010, a national plan for educationalforen and

educationthe importance of 21st Century Skills in studénts development was issued by the central governmint
future jobs, andreparing students for the digital century declared that ICT will havea revolutionary impact on.

The findings and results of comparative education StUdie%ducatior(MoE China 2010). Since that time, there has been

are valuable resources also for tllministration of : . )
education svstems and is one of the main reasons thla steady increase of government expenditure on education,
Y Bnhd vast investment dm central and provincial

approach was chosen for this study. governments has gone to the application of ICT in education
(Niemi and Jia 2016, 9; Han and Ye 2017).

147



I n 2016, the Nat iappraaddheR & p hew demrnigoemvronments are perceived as tools for
five-year plan for national enomic and social development teaching and learnind-hesecountries emphasize that new
which stressedto enhance the educational level of all peopledigital tools and materials should be pedagogically relevant
and to promote modernization of educatidime concrete  andthat teachers need support and training to learn how to
approaches detailed in this plan include the development aise them
online education and distance learning, the integration of al
kinds of digital resourceand their service for society as a {J, DESIGN OF SURVEY
whole, and the deep integration of ICT with teaching andThe surveyis designed based on three major guiding
l earning (National Peopl e d@uesiasid)gihataretheperseptians oéaciens®n ICT B a s «
on Jia and Niemi (2016), Ausenneschpals? 2 Whakareddinesdeyels pfiepchejsr at i
into ordinary teaching and learning is to cudtiv e s t u iPet@aehing coding skills?3) What arethe perceptions of
basic knowledge, skills, and literacy in the information era,téachers towards teaching coding skills comprises 74
to foster their creativity, and to prepare them for the futurequestions in total, including 5 questions on teacher profiles,
workplaceo (Jia and Niemi 281i1quegtspns on | CT wusenessld q
) ) to t each coding skill s, and

A new round of high school curriculum refoprogram has  herceptions and attitudes related to coding skills. The survey
been announced in 2016 amixted from 2017, whickekes  questions on perceptions and readiness uskikest scale
CT as one of the four core elemgntg of the discipline Of(l-Stroneg disagree,-Disagree, dndecided, 4Agree, 5
information technology The move indicates that CT has Strongly agrep
been be given more importance at the nati@oaticulum
level which willinfluence the enactmenf new curriculum 4. FINDINGS OF SURVEY
standards,composition of new teaching materials and |n total there were 702 respondents, 406 from China, 143
guidance ofhew college entrance examination from Singapore and 153 from Finlarifihe teachers from
China are all from the Shanghai regidwcording to Chi
Square test, the gender distribution in the data is statistically

. o : L different, X2(2) = 21.26, p < .001. The majority of the
developing human capital, its ICT in Educatipolicies are :
formulated with the goals of preparing its student ci'[izenryreSpondenEs were female teachers (7.9'40./0)' In Chmao, there
for the knowledgebased economy, and to enhance thevere 84.2% fe[)nale teachers and in Finland 78.9%. In
learning experiences of students in schasisce 1997, the Singapore, 65.4% of all respondents were female.
government has launched fourabterplas for ICT in  According to ChiSquare test, in the agistribution of the
Educationto equip students with IC¥enhanced approaches respondents there is a significant difference, X2(16) =
to learning. 212.04; p < .001. Respondsnin China are younger
ompared to Singapore and Finlariekom anoneway
NOVA test, the teaching experience in school years in

Singapore
Singapore is a small cistate with key national focus on

In 2014, Singapore launched the Smart Nation Programm
which is a nationwide effort to harness technology in the_ i R - .
business, government and home sectors for improving urb inland, Singapore an@hina is not statistically different,
living, building stronger commmities, growing the ' (2:696)=4.48,p=.012.

economy and creating opportunities for all residents toAccording to onevay ANOVA test, the school level in
address the everchanging global challenges (Smart Natiofinland, Singapore and China there is a significant
2014). One of the key enablers for the Smart Nationdifference, F(2,633) = 214.21, p < .001. From Fin|ahdre
initiative is to develop computational capabilities. were no respondents frogarly childhood teaching, where
Programmes areamiplemented to introduce and develop CT from China 10.2% of all respondents were in early childhood
skills and coding capabilities from psehool children to  schools. In Finland, 36.6% of all respondents were in upper
adults.To develop CT capabilities and support the Smartprimary schools (0% in China). Almost all respondents from

Nation initiative, several programmes have beenSingapore were from secondary school (26).3
implemented to introduce and develop CT skills ardirgp

capabilities in every Singaporean, fromsahool children ~ 4:1- Coding skills for all or for some
to adults(Seow, Looj Wadhwa Wu & Liu, 2017) The question posed i€oding skills should be taught only
to students that are aiming to work on theld of

Singapored6 approach is to miormatibndtgchnoldgylo Strongly didagreess5 dtrongly s t u
to develop their interests in coding and computing skillsagree) The result indicates thahdre is a ignificant
through touchpoint atities at various ages. Computing and difference between China, Singapore and Finland. Finnish
CT skills are introduced to the children that are -age teachers (M = 2.46, SD = 1.34) think that coding skills are
appropriate and engage them in learning. Childremeeded also for those who are not aiming to be professional
progressively develop interest and skills leading them tqrogrammers while Chinese teachers are undecided (M =
offer Computing as a subject for grade levels 9 and 10.  3.13, SD = 1.2). The teachers in Singapore (M = 2.46, SD
There are major differences between Chifiamland and = 1.13) think similarly as the Finnish teachers, F(2) = 37.73,
Singapore in terms of their respective populations, N =701, p <.001.

languages, history, cultural roots, and educational systemaccording to oneway ANOVA, the were no differences
(Jia and Niemi 2016, 318). However, when discussing newsetween the teachers in different age groups, F(8) = 2.03, p
ways to teach and learrthese countries face similar = .041, or gendefF(1) = 3.06, p = .080. In addition, the were
opportunities and challenges. thesecountries, ICT and no differences between the teachers who had different
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amounts of school experience as a teacher, F(6) = 1.22, pFhe question posed isiow often your students use the

.292.

4.2. Best method to learning coding skills

On the question on lat is the best method kearn coding
skills (1 Strongly disagree, 5 strongly agreenchers in all
countries agree that coding is learned best by writing th
code, with visual programming environments, building

following technologies in your classroom® four point
scale was used, rated from 1 (not at all), 2 (once a month), 3
(once a week) to 4 (daily-he hypothesiswe hadis: The
amounts of use of technologies in the classroom does not
éjiffer in China, Finland and Singapore.

The result indicates thabmputers are used more in China

robots and outside school clubs. Teachers in China agree th@ = 3.23, SD = 1.11) compared to Finland (M = 2.74, SD

codng i s also best |l earned

=a32) orsSindapore (M =&.28t SD1-01) HT ke differciace ib e r 6 s

guidance, but Finnish teachers are undecided. The differencgtatistically highly significant, F(2) = 43.96, p < .001.

is statistically highly significant, F(2) = 80.50, p < .001.

Teachers in China agree that coding is also best learned fro

books and dedicatedebsites, but Finnish and Singapore
teachers are undecided. The difference is statistically highl
significant, F(2) = 76.58, p < .001.

ILﬂternet is used in Singapore (M = 2.69, SD = .95) less than
in China (M = 3.21, SD = 1.05) or Finland (M = 3.14, SD =
.85). The difference is statistically highly sigodint, F(2) =
N4.68, p <.001.

Digital cameras and videos are also used more often in China

M SD| N 2) | sig. !
: : H2) 9 (M =2.66, SD = 1.09) compared to Finland (M = 1.81, SD
Atschool, with the| China. = | 423 | .71 | 3931 80.50| .000| = g83) and Singapore (M = 1.83, SD =.90). The difference
teacher's Finland 3.34 | .84 | 153 is statistically highl iqnifi t E(2) = 57.38. < .001
guidance Singapore| 3.6 .97 | 138 IS sta I§ Ically Ig_ y_ signimcant, ( ) - ' Q’_ e
From books and China 200 78 1 393 | 76.58 | .000 Educational applications and games are used in Singapore
dedicated Finland 3.12 | .85 | 152 (M = 1.96, SD = .89) less than in China (M = 2.71, SD =
websites Singapore| 3.39 | .83 | 138 1.12) or Finland (M = 2.54, SD = .89). The difference is
By actually| China 399 | .82 | 391 355 |.029 statistically highly significant, F(2) = 126.57, p < .001.
;’;’]re't'ggéfhears'”g g'i’r‘]g;‘sore i-?g -gé 122 Notebooks and taéts and mobile phones are used in
Through visual and_China 308 | 82 304 | 264 | 072 classroom similar amounts in both countries.
graphical  coding| Finland 3.87 | .75 | 152 M SD N F2) Sig.
languages  like | Singapore| 3.81 | .78 | 138 .
Scratch Desktop/ C'hlna 3.23 | 1.11 | 382 | 43.96 | .000
Through building| China | 3.85 | .85 | 396 | 2.01 | .135 laptop Finland = | 2.74| .92 | 152
and programming| Finland 3.95| .80 | 152 computers S|ngapore 2281101 | 138
robots Singapore| 3.76 | .76 | 138 Notebooks/ C'hlna 219 | 1.26 | 390 | 4.07 .017
In informal | China | 3.98 | .79 | 394 | 409 | .017 tablets Finland = | 2.35 | 1.04 | 152
activities such as Finland | 4.11 | .70 | 153 Singapore | 1.95 | 1.01 | 133
coding clubs, and Singapore| 3.86 | .75 | 138 Internet C_hlna 3.21 | 1.05 | 385 | 14.68 | .000
other outside of Finland 3.14 .85 152
school events Singapore | 2.69 | .95 138
Educational | China 271 | 1.12 | 393 | 26.57 | .000
applications/ | Finland 2.54 | .89 152
When the gender is used as a factor in theveae ANOVA, games Singapore | 1.96 | .89 | 134
there is a statistical difference only inthe em A by [2PE® u a | Ehya 266 | 1.09 | 386 | 57.34 | .000
. . : cameras/ i d [.1.81,| 83 A9 1
writing/rehearsing the codgp; /M0 Fi;})me—l%logos e | P ¥ 0,001,
teachers agree that coding should be learned by writing thepigjtal China 598 | 1.16 | 389 | 38.49 | .000
code (M =3.93, SD =.85) more compared to female teachelSprojectors/ | Finland 274 | 1.31 | 153
(M =4.20, SD = .86). interactive Singapore | 1.93 | 1.20 | 134
. . . whiteboards
In addlthn, acpordlng to oneay ANO\(A, t_here is a Mobile China 235 | 1.30 [ 392 | 434 | .013
statistically significant (dpghofied er|eimaie | 26| 1bs8hjaes1ijt em Aat scl
the teacher's guidanceo, ip diff|lé8ngagoret243ig9% (@3¢ oups. F(8)
p <.001. In general, teachers under 45 more that the coding
should be learned at school, with the teacheitagice than  \vh o v t he teacher 8s a ge-ways us

the teachers who are over 46.

In addition, according to omeay ANOVA, there is a

ANOVA, there is a statistically significant difference only
in the use of digital cameras and digital videos in the

alapsfopny F(8) i ¢.é4, pi <AD1.tThedeacharsémihe mger o m
and dedicated websiteso, igmupsi20fof2e (Me=n2t68) ang 40 togdb Mu52s65) USE ( 8 )
4.31, p < .001. In general, teachers untfemore that the digital cameras and videos the most, whereas the teachers
coding should be from books and dedicated websites thafiom 60 to 65 use the least (M = 1.67). There are no such

the teachers who are over A8#h en t he t e a c differenges in thecusecobother technologies.
experience is used as a factor in the-aag ANOVA, there 44Teachersd |levels of

are no statistically significant differences between the-l-he subscale had 2 questions (Cronbach alph
groups.

statistically significant

program
a = 0.868):
How would you evaluate your own competence on the
following skills?

1

4.3 ICT used by students in schools
Programming languages.ge Python)
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1 Visual coding software (g. Scratch) .001. The Chinese teachérsattitudes towards the
importance of teaching the future skills already in basic

The resus suggested thahere was no difference in the oqycation are more positive cpared to the Singapore and
programming skills of the teachers for China (M = 3.45, SDFinnish teachers attitudes.

=1.90), Singapore (M = 3.93, SD = 2.56) and Finland (M =
3.65, SD= 1.87), F(2,684) = 2.93, p = 0.054. According to Kruskalwallis test, there is no difference
between the attitudes towards the teaching the future skills

According to KruskalWallis test, there is statically between the male (M = 34.96, SD = 4.997) and female (M =
highly significant difference between the male (M = 4.74,35 54 gp = 4.97) teacherH(l’) = 1.52, p=.217, N = 673.

SD = 2.48) and female (M =3.29, SD = 1.82) teachers in th¢, addition, according to oreay ANOVA, there is a
programming skills, H(1) = 44.00, p < .001, N = 6F80m  garistical difference in the attitudes towards the teaching the
anoneway ANOVA, there is not a significant difference in ¢,1re skills in different age groups, F(8) = 3.04, p = .002. In
the prograrming skills between the teachers in different a9€general, teachers under 45 have a nmositive attitude

groups, F(8) = 2.30, p = .01f general, in the scale from 2 y5,yards the teaching the future skills than the teachers who
to 10 (a sum of two 5 point Likert items), the programming g.e gver 46.

competence of the teachers is low (M = 3.59, N =677, SD =
2.05). 4.7. Attitudes towards the technological change

, , . The subscale had 4 questions (Cronbach alpha = 0.712):
4.5, Attitudes towards the importance of the future skills in
studentsd future jobs A I believe that almost all businesses will be computerizéhld
The subscale had 8 questions (Cronbach alpha = 0'Be8): future
following skills have a great importance in your students'A | have a good understanding of the effects of technology on
future jobs: logical thinking, problem solving, creativity, the environment, society, and individuals.
programming, social and collaboration skills, A
entrepreneurialism, language and communicational skills
analytical thinking

I think most wellpaying technology jobs will require workers
who are highlyskilled.

o ) A I think that most jobs in the future that requthe use of a
The results show thathére was statistically highly computer will require strong thinking skills.

significantdifferenceintheattitudestoward:~3theimportanceh | h hath isticallv highl
of futures skills of the tezners for China (M = 37.18, SD = |ne results show thathére was a statistically highly

4.03), Singapore (M = 35.89, SD = 3.65) and Finland (M _significant difference in the attitudes towards the
35_01 SDQZD&%)( F(2,673) = 17.68, p <) 001. The Chgneséechnological change of the teachers for China (M = 17.45,
teachers attitudes towards the importance of future skills arg? = 2-98), Singapore (M = 45, SD = 1.95) and Finland

more positive compared to the Singapore dfdnish (M = 14.62, SD = 2.30), F(2,696) = 77.22, p < .001. The
teachers attitudes. Chinese and Singapore teacliegttitudes towards the

technological change are more positive compared to the
According to KruskaHwallis test, there is statistically Finnish teachers attitudes.

significant difference between the attitudes towards the . . -
importance of futures skills between male (M = 35.88, SD _According to KruskaHlwallis test,there are no statistical
4.20) and female (M = 36.60, SD = 4.00) teachers n th differences between the genders in the attitudes towards the

skills, H(1) = 4.49, p = .034, N = 664. The female teacherd®chnological change, H(1) = 1.65, p = .199, N = 683.
attitudes towards the importance of futures skills is morein addition, according to oneay ANOVA, there is a
positive that the male teachers attitudes. statistically significant difference in the attitudes towats

In addition, according to orsay ANOVA, there is a technological change in different age groups, F(8) = 3.77, p

statistically significant difference the attitudes towards the < '_001' In general, teachers “'_"der 45 have a more positive
importance of futures skills in different age groups, F(8) _attitude towards the technological change than the teachers
4.22, p < .001. In general, teachers under 45 have a moM4n0 are over 46.
positive attitude the importance of futures skills than theg  DISCUSSION
teachers who are oveb4
5.1. Differences between countries
There wasot a significant difference in the programming
skills of the teachers when we examined both the scripting
languages and visual programming languages together.
However, the level of programming skills with Python or
similar scripting languages was quiteM in Finland (M =
1.58, SD = 0.923) and China (M = 1.66, SD = 0.940). In
Singapore, the programming skills with Python or similar
languages level was higher (M = 2.06, SD = 1.382). In
We found that Here was statistically highly significant contrast, the skills for using visual programming
difference in the attitudes towards the teaching the futuregnvironments were higr in Finland (M = 2.08, SD = 1.097)
skills already on basic education of the teachers foraChin compared to China (M = 1.79, SD = 1.050) and Singapore
(M = 36.19, SD = 5.37), Singapore (M = 33.98, SD = 4.01)(M = 1.87, SD = 1.260). In the op@&mded question, several
and Finland (M = 34.61, SD = 4.25), F(2,682) = 13.06, p <teachers from Finland and China said that coding is a totally
unknown area to them.

4.6. Attitudes towards tehing future skills in basic
education

The subscale had 8 questions (Cronbach alpha = 0'Bigd):
following skills should be taught to everyone in primary
schools: logical thinking, problem solving, creativity,
programming, social and  collaboration  skills
entrepreneurialism, language and communicational skills
analytical thinking
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In general Chineseand Singapore teachérserceptions of have more positive views towards how to prepare future

their ICT skills arehighercompared to the Finnish teachers. ready learners

The Chinese teachérattitudes towards the importance of Chinese and Singaporet e acher s 6 attitude
teaching the future skills in basic education and the f 9 ph' f kil readv in basi
importance of role the future skills inetin student&future 'rgﬂggggse a?e tn?gfe Inpg()si'[LiJ\tlérecosmIF)Zrea(lj reti ¥hén Fir?:ig:h

jobs are more positive compared to the Finnish teachers. | eacherso6 ahineseand Singapord @ h e h &r s ¢

addition, the Chinese teacherstiitudes towards the ttitudes towards the importance of teaching future skills in
technological change are more positive compared to the . ; po 9
asic education, and the importance of the role the future

Finnish teachefmttitudes. sKkills wi |l bl ay in their s

Based on our study, the Chinese @idgapore teachdis positive compared to Finnish teachers. Addiibn the
perceptions towards the usefulness of ICT in the classroorthinese and Singaporet eac her s 6 attituc
and school ICT support are more positive compared to théechnological change are more positive compared to Finnish
Finnish teachefsperceptionsThere are differencesinthe t eacher sdé attitudes.

ICT and programming skills of male and female teachers. |
general, male teachers evaluate their ICT and programminrg
skills higher than female teachers. In addition, there ist
statistically significant difference in the attitudes towards the
importance of the future skills in studedtfiture jobs
between male andefale teachers. The female teacbers
attitudes aremore positive.

ne of the most striking findings that conceath three

ountries is the fact that the majority of the teacherallin

hree countriesare not yetcompetent in any coding
languagesWhile this result is to be expectetthat teacher
educators cannot expect teachers to effectively teach 21st
century information and media literacy skills that they
themselves lack (Fry @nSeely 2011, 217)his particular

5.2. Differences between gender finding clearly suggests adding basic coding skills as a part
Based on our data, there is no gender difference on teachev§ the teacher training and -service, professional
perceptions on to whom should be taugbtiog skills. development, but also not forgetting the other aspects of
However, when we askedhat the best metbd to learn teaching the 21st century skills as well. Adatiog to

coding skillsis, there was a difference between male andt a mbert and Gong (2010), ther
female teacherdMale teachers agree that coding should besuitable curriculum materials to train gervice and in

learned by writing the code (M = 3.93, SD = .85) moreservice teachers in 21st century concepts related to
compared to female teachers (M = 4.20, SD = .86). pedagogy, content, and techni

5.3. Differences betweethe age groups 2010, 67).

There were no difference between the age groups on the iteffreachers il countries agree that coding is learned best by
fiCoding skills should be taught only to students that arewriting the code, with visual programming environments,
aiming to work on the field of information technolagy building robots, and through participation in outside school
However, when asked aboubat is the best method to learn clubs. Teachers in Chirend Singaporagree that coding is
codingskills, teachers under 4hink that the coding should also best learned at schoolw h t he t eacher ds
be learned at school, with the teacher's guidaocepared from books and websites, but Finnish teachers are
to the teachers who are oves.4n general, teachers under undecided. The Chinese teachers consider all presented
45 think that the coding should Hearnedfrom books and  methods as potential for learning coding. The study indicates
dedicated websitesompared tothe teachers who are over that Finnish teachers favour the active learning methods
46 who are less likely to think so. (writing the code in a programming environment, by
building robots, and learning in informal learning

5.4. Differences between perceptions of computing for all environments).

or for some

Singapore and Finland teachers believe that coding is usefllhe lack of programming and computstucation aki 12

even if it is not for ICT jobs; China teachers are ke level is increasingly recognized as a serious issue in many
Western countries (Dagie et al. 2014; Guerra et al. 2012).

6. S.UMMARY. ) Dagiene et al. (2014) states

Teaching coding skills does not happen without the teachegeen taught as a subject in many European countries as early

It is important that teachers are educated, guided, and 5 | n t he 19706s, many of th

supported at a practical level to meet the requirements ofthg 5 | o u s reasonso ( rikaski, & | Mu

coding skills in the curriculum. Many countries areé gyominen 2017, 13). As a result, students graduate from
including 21st century skills, computational thinking, and secondary school with a lot of experience using computers
coding skills, as a part of the curricula, but many countriegyng software, but they do not have computational thinking
are lacking, at the national level, official and adequate;ng coding skills, and do not understand the basic principles
education and training of the teachers on how to implemengs how compiters and networks operate (Dagiene et al.
codingbased activity intdheir school work. 2014). This is why it is important to obtain infoation
Singapore and Beiing e acher sd pr epar ef8lgfirgdosbest gracyssoghaving qoding f1s a subject in
high, compared with FinlandSingapore and Finland Schools. The best practices could contribute to the
teachers believe that coding is useful even if it is not for IcCTModernisation of education and training syss The results

jobs; Beijing teachers are undecid&ihgapore and Finland obtained in this study benefit the school principals, teachers,
and educational poliepnakers. In all, computational

thinking and coding skills are challenges that many countries
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and schools face. New research that results in providing a mbert, J. and Gong, Y. 2010
functional guidelines for teachers, as well as students, toforPreSer vi ce Teacher Technol og
teach and learn coding skillsontributes to the creation of = Computers in the Schools, 27:1,-3@.

high-quality schools of the future (Tuomi, Multisilta, http://dx.doi.org/10.1080/07380560903536272

Saarikoski& Suominen 2017, 13). Jia,J.and Niemi, R 016 .6 I n search of t
Caveats of this study includmall sample sifrom each ~ educational challenges in the Chinese and Finnish
country, and eachers are not from equivalent school levels cont ext . o I n New Ways to Tea:

(early childhood, primary and secondary from each Finland, edited by Niemi, H., and Jia, J. Bern,
country) For future research, it is planned to gather similar Switzerland: Peter Lang D.

data fromother Asian anduropean countrieand regions Mo k |, K . H. and L e utoy. D. 2012

such as Hong #&ng, the Netherlands, South Korea, Taiwan e ducati onal and social devel

and USAin order to execute more comparisons and cross Globalisation, Societies and Education, 10:3,-294,

analysis between participating countries. DOI:10.1080/14767724.2012.710118
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Al't Opens Up a New Way of Thinking,

Pre-Service TeacheréIntroduction to Computational Thinking

Yu-hui CHANG', LanaPETERSON
Department of Curriculum & Instruction, Learning Technologies Program,
University of Minnesota, Twin Cities, U.S.
chanl1173@umn.edpete6118@umn.edu

opportunity for preservice teachers to engage in CT

ABSTRACT experiences in a teachiézensure course.

The purpose of this study is to investigate howgaerice

teachers perceive and conceptualize computational thinkinghis case study is an attempt to introduce-g@evice
(CT) concepts within KL2 education. We conducted a pilot teachers to CT through hanrds exploration.Our driving
case study that waitsated in a teacher technology licensure research questions for this case study are: (a) how do pre
course in the United States. After the CT exposure througlgervice teacherconceptualize the role of CT within-k

a hand=on exp|0rati0n of programming and robotics as well education? (b) what are implications for teacher educators to
as an extension research activity, feidyr preservice  SuUpport preservice teache@sinderstanding of CT?

teachersoé6 | ear niented foa a tonténa c2t SSU}SISéF?I'INEBq_hLERATURE

analysis. There are myriad of definitions and approaches to the

In the initial findings, we found that piervice teachers concept of CT. It hasden described as a problesolving

were trying to understand practical examples of CT, werggr ocess (Bal anskat & Engel har
inspired by the social justice issues related to computing, an(National Research Council, 2010), a framework of concepts
shared CT is in alignment with their educatl beliefs. and capabilities (Barr & Stephen, 2011), and an identity
Though a conceptual change of CT occurred among preISTE, 2016). Google (2015) broke down CT oinfour

service teachers, there were assumptions and concereemponents for educators: decomposition, pattern
among the praervice teachers about its application in therecognition, abstraction, and algorithm design. Educators
classroom. are encouraged to incorporate the four CT components into
KEYWORDS teaching, such as having students discover the principles of

i o ) ) a pattern within learnig materials. Brennan and Resnick
Computational Thinking, Teacher Education, -Beevice (2012)fs definition of CT has three components: (1)

Teachers,  Technology Integration,  Professionalcompytational perspectivesow young people identify with
Development. computing participation; (2) computational concepts
1. INTRODUCTION vocabulary and skills needed to engage in computing; and

I(3) computational practiceprocesses used to work with

computers. There are clear overlaps with the different
definitions of CT but also unique lenses to the various
approaches (Voogt, Fisser, Good, Mishra, & Yadav, 2015).

Computational Thinking (CT) is becoming a fundamenta
ability to have in the digital age (Barr, Harrison & Conery,
2011). Desge its importance, most preand inservice
teachers lack the knowledge and ability to purposefully’
incorporate CT into classrooms (Freeman, Adams Beckemiovi ng fr om fMwawt tios uG®eo CiTw ,
Cummins, Davis, & Hall Giesinger, 2017; Grover & Pea, Yadav et al. (2014) who provided CT modules in a teacher
2013). The majority of research on trainingdears about education program to develop peer vi c e teac
CT as a concept and how to integrate CT into the curriculununderstanding of CT and learn more about their attitude

has focused on igervice teacher professional developmenttowards the concept. As for professional development in
(Yadav, Gretter, Good, & McLean, 2017). generalprevious research (Israel, Pearson, Tapia, Wherfel,
Enabling a student to beco ﬁ‘} eeh%le,l2ﬂlé)6dﬁp f'ﬁq“g"{eﬁj VR thnaIlter.eiar%d#qgkr 0
been added to the Interi@tal Society for Technology in ortechnology and_sup.port as bgrngrs 0 Integrating |_nto
Educati on6s Standards for cla§rquna.e t's flndﬁngs%uﬂ(_jf:cgted éh ty %ulgpprtlvel
collaboration with the Computer Science Teachers ©S0Urces such as ongoingo ssional _deve opment and .
Association (CSTA), ISTE has suggested that teacher§ 0@ € hing play a Vi tal role ir
cultivate studentsd use oflegae C'I(Ii%eamggssly 'rl'h8|rcf_€]c§n S a_lr_spospowzsi [thgtb | €
solving, algorihmic thinking, and solution building. stru_gglmg Iez_irners, students wi |_sab| fties, and low
Shifting CT to a central role within education requires g Socloeconomic status students benefit from builasig
comprehensive approach including integrating CT intbX skills.

pre-service education programs (Yadav, Mayfield, Zhou,There are more opportunities than ever for students to
Hambrusch, & Korb, 2014; Yadav et al., 2017). experience coding and computational thinking through

Qline platforms such as code.org or new robots and tools
esigned for the K2 context (Shellenbarger, 2016).
rf?esearchers are concerngtht CT skills should not be

earned only through separate coding programs but

As both researchers and teacher educators, we found a la
of CT training within our preservice education program and
wished to explore what could be done to change this withi
our context. To examine this issue, we provided an

153



integrated into core content (Barr & Stephenson, 2011). Wand missed inghts. Next, we collaboratively utilized

need to redesign instructional approaches (e.g., problem pattern coding to develop major themes from the data. To
solving) and pedagogical strategies (e.g., groupenhance internal validity, we continued to member check as
collaboraton) in curriculum and interdisciplinary subjects to we tested the themes against the data. Within this stage, five
engage learners in practicing CT (Grover & Pea, 2013; Lygpatterns emerged: (1) CT resourc@3,personal meaning of

& Koh, 2014) . Goode, Mar g&ITi,s,(3an€&€TChagmaaédshdrR29d 2§ xpe
Exploring Computer Scienceteacher professional of CT, (5) assumptions of CTDuring coding process, the
development is one exemplar model for helptagchers researchers also used the constant comparative method to

integrate CT into the core curriculum. enhance the validity of results.
3. METHODOLOGY 4. PRIMARY FINDINGS
31. Context The preservice teachers started to gain awareness of CT

Sthrough their own educational beliefs and teacher expertise.
Emong all the resources that they shared in the extension
activity to support their understanding of CT, jga¥vice
teachers revealed a need tadfconcrete teaching examples.

This case study was situated in a 1.5 credit, required cour
for teacher candidates on technology integration 2K

education, at a Midwest public university in the United
States.This teachingicensure course had to address ten his included the desire to explore how CT works in

state standards for effective teaching related to topics suc assrooms, subjects, and curriculum by utilizing YouTube

as instructional strategies, assessment, and Iearninl% view classroom showcase videos and blogs from

enwronments. The instructor had complete autonomy OVeEdutopia. They also demonstrated their interest in looking
pedagogical approaches and theatxurriculum to address for free online coding platforms as a useful teaching

the standards. The blended course met seven timesoface . ] .
resource and learning environmenRractical resources

:aegza\;\g:]grgng':eth;cg\,ﬁéesV\?ai’tv;?se: tﬁlea?r?setsr Qci)r:efocr)ft;?e ere the most sought after to translate the experience they
Y ad just had into a tangible tool for their future students.

sections of this course during the spring and summer o
2017. Preservice teachers who completed the course sessioRarticularly for the praerviceteachers specializing in early

on CT exploration met the criteria in this study for researchchildhood and special education, it was difficult to identify
They were asked to share their coursework for researchpecific resources or address concerns in order to support
purposes after the end of the course. Participants included h e i r student sd6 devel opment.
forty-four presewice teachers, 5 male and 39 females, whopre-service teachers described the nexus ofv@h their

are majoring in elementary education, special education, ceducational beliefs in creativity and constructivist learning
early childhood education. theories. They showcased the role CT could play in content
and pedagogical style. For example, some teachers
fnentioned potential ways to design a group discussion such

impliations for tudents we fof it as important 10 expose S9E(Ng Sudents working together (o fiure out how to
P P POS€  cate a story using critical thinking and problem solving

e O e o et " (PT#202) and another snar
" assessmack 8tudentsd progress
case, CT exposure took place three activities: (1)-anih0 solutions for each level ( P 7.# 1 0 3
introduction abat the coding movement, (2) an hdang '
unstructured exploration of hanrds tools and resources, The preservice teachers communicated a variety of
and (3) an online extension activity. To be more specific,perceptions of the importance of CT. The most influential
during the one hour free exploration, {s@rvice teachers factor on their conceptualization seemed to be the
had access to a Makdfakey, a BlueBotrobot, a Dash and implication on humanity. Some of the participants talked
Dot robot, an Osmo, an Ozobot and a stations of codin@bout the intersection of computingth social justice issues
platforms designed for elementary students, such asuch as gender, race, and socioeconomic status. For them,
Code.org and Scratch. The classroom was set up by havirggeing nosprofits focused on addressing representation with
each resource displayed at one station around the classroonomputing gave the topic importance. Giving their future
Participantswere encouraged to interact with at least onestudents opportunities to succeed and career optvassa
resource to help them gain new ideas from hamds motivating factor to integrate CT.

experiences. After the idass CT exploration, teacher uring their extension activity research, many of the pre
candidates were asked to find one online resource related Fc)) ng Y . ' Yy P
service teachers referenced campaigns anepnafits such

CT or coding and share their own refleetideas about CT. :
Their responses to this a cf“\‘?“.’ (t)f (rodg C?dg.or '(\)A(‘;i?dilwn CC|'O|en by Gﬁogle, Cc oL

gy W e .
online learning management system. Their responses wereIrIS Who &ode, %0d9204 ! dck Girls (éoéThe

visible to their peers but it was notarequirementforthemtoexposure of these social justice centered campaigns

interact with their peers within the discussion thread. prompt_ed reflection on gender, race _and socloeconomic
issues in the technology field. One {s&rvice teacher stated

3.2. Data Analysis thathl am amazed about the amour
Forty-four reflective posts were collected from teacherto code, and have beme interested in computer science
candidates. To analyze these posts each researchend [l] love [that the coding program] empowers woraen
independently open coded all of the journals. We then(PT#106). Likewise some pigervice teachers were amazed
compared our initial codes with each other to find alignmentoy f r ee codi ng r eananake tearsng!| i k e

CT is not a topic that is traditionally addressed in this cours
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computer science more accessible for female amabnity computing. In the future, we intend to outline these seocial
students [ é] i n the hopoes justck isseeh @s a gookt@incrfasehirge}est at the beginnhingv e
(PT#305) , or [ i k believe® that 228 4d the @hactwity. i

minorities rise, their presence in technology and innovation, , ... . .
related companies needs to increase asowell( P T # 3 1 SA ditionally, it seemed the bglk of thglr cenk knowledge
on CT came from the extension activity research where the
One implication of the preervice teachers referencing the teacher candidates found a resource to share. Thikedelf
nonprofits is the programming that these organizationsonline research resulted in a wide variety of
provide primarily resides in owf-school time. This seemed conceptualizations of CT. Misconceptions of CT amongst
to confuse some of the teacher candidates and position Cre-service teachers scommon finding in similar research
and coding as an 6extr ad a ontiaimingtteacher candidates on CT (Sadik, Ottenbreit
Many of thepreservice teachers connected CT with their Leftwich, quwuzzaman, 201.7.; Yadav et al., 2014.)' In.the
future, we will present a specific model of CT and give time

A e pecily i educaton. For XIS for e presnico eaches (0 scussagoup o ey
b P q Y tould integrate CT into their future instruction.

elementary and special education settings. This reflection
also brought about questions of how te &T for studens 6. SUBSTANTIATED CONCLUSION

l earning such as o6what doe $dutafionadtechrdlBgy colirée& sRich hsttHe orfe @ thik study € ¢
or oOwhat is age appropri atmeldto bé hupdatbdd fot Huidi @@ AR $ c @ | StOe aSc
confusion on how to use CT pedagogically and how tocompetencies of CT integration in content ar@ésdav et

integrate CT into different subjects. Pyervice teachers ga|. 2017). While these teacher candidates are new to the
demonstrated their studenentered beliefs that align with profession they brought to the course know|edge, Ski”S, and
computational thinking and the teaching sector that theyeliefs about education that should not be undervalued.
focus on. This Implles that we should not lose the InS|ght OfExposing preervice teachers to CT he|ped the teacher
teacherso6 professional kK n eamdicdtdsdupders A M@ €t K i B e COtUil An s d ¢
pedagogical insights omfusing computational thinking t g y ghtd (content), 6how it is
into curriculum. is taughto (rationale and r ¢

We found that preservice teachers strongly demonstrated aStePhenson, 2016).

positive attitude toward CT after the classroom exposure ang ~ ACKNOWLEDGEMENT
the extension activity. However, pservice teachers started ~’

to recognize the value deaching CT to build problem (LTML) at the Uniersity of Minnesota for providing

solving skills within their future students. Some of the robotics, programming materials and environments to
teagher Cﬁnd.'dateﬁ also kfﬁflectedd on thef allllgnnrw]enT 0 upport professional developments. A special thanks to
Students having these skills and successtul technologi nfessor pr. Cassandra Scharber, for sparking our interest

integration. in this subject and her continued advising support.
Though most participants had positive attitudbsut CT,

some preservice teachers shared assumptions about iS* REFERENCES .
applicability. For example, a few of the teacher candidate alanskat, A., & Engelhardt, K (2015;om.put|nglou.r.
already assumed only particular students would be interestedfuwre' CO”.‘p“ter programming and coding. Priorities,

in CT practice. They did not recognize the bias their school curricula and initiatives across Eurofguropean
reflections caired. I n addition, whePUeCLBUESSSyni 2ing CcTos

value in education, someere inclined not to include CT in Barr, D., Harrison, J., & Conery, L. (2011). Computational
their teaching due to perceived age appropriateness, timethinking: A digital age skill for everyond.earning &
restrictions, and access to resources. Leading with Technology 886), 2023.

Barr, V., & Stephenson, C. (2011). Bringing computational
5. DISCUSSION thinking to K-12: what is Involved and what is the role of

Our thanks to the Learning Technologies Media Lab

The findings from this case study provide ac@aot of a . :
first attempt to integrate CT into a teacher preparation course the computer science education communigZM

on educational technology. Our findings showed (a) an Inroads, 21), 4854.

initial understanding of how computational thinking can be Brennan, K., & Resnick, M. (2012, April). New
conceptualized forp,g er vi ce t eacher s 6 framewoeks foristgdging and dssessing thedevelopment
clearemunderstanding of barriers among jservice teachers ~ of computational thinking. IProceedings of the 2012

to translate CT into classroom. We will use these findings annual meeting of the American Educational Research

personally to update the design of the course. Association, Vancouver, Cada(pp. 1-25).

In the context of a 1.5 credit teacher preparation educationdféeéman, A., Adams Becker, S., Cummins, M., Davis, A.,
technology course with a longtisf required contents, we  @nd Hall Giesinger, C. (201MC/CoSN Horizon
struggled with a limited time frame to expose thegeevice Report: 2017 K12 Edition Austin, Texas: The New
teachers to CT. Our instructional design had positioned the Media Consortium.

handson exploration as the motivational factor within the Goode, J., Chapman, G., & Margolis, J. (2012). Beyond
CT activity. We had not anticipated the {zenice teachers curriculum: theexploring computer science program.
being as interested in the larger societal impacts of ACM Inroads 3(2), 4753.
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variouscourses (Heitz, Mannila, & Féarngvist, 2016)Vith
ABSTRACT the development of digital technologies and the present

This study investigated the perspectives of tHel2  concerns aboutCT literacy, how should the teacher
principals who took part in the teacher education of gqycation be prepared for CT?

computational thinkingThe scales of the readiness survey

questionnaire included object readiness, teacher readined3ecently, Orvalho indicated that teachers should follow the
instructional resource readinesand leadership support. methodology for preservice teachers: Before teaching
Moreover, this study also exploreldet TPACK of teachers students how to d@T, teachers should learn knowledge and
for computational thinking education. The integrated abilities related toCT first (Orvalho, 2017). Yadav also
guestionnairgeports two validity statistics theacceptable ~ Pointed out that introducing computer science into- pre
internal consistency (alpha reliability coefficient), andS € r Vi c e courses can ef fi

ci

discriminant validityi for the refined 35 itemsThe results ~ understanding o€ET. Mor eover , student s

of the survey showed that those principals perceived théheir learning process tend to be more complicated.
present situation which was significantly lower than the Therebre, the teacherannot only learn how to involve the
degreeof importarce they preferred. In other words, all the literacy of CT in their courses, but can also help the students
dimensions of the survey will have to §teengtheneéh the ~ Cultivate ther problemsolving capabilities  (Yadav,
2 years before conducting computational education for théVlayfield, Zhou, Hambrusch, &Korb, 2014). Mouza

12-year ®mpulsoryeducationfrom August 2019 in Taiwan. combinedCT with theTPACK (i.e., Teechnology Pedagogy
and Content Knowledgéfstructional method, and teachers

KEYWORDS designedCT courses associated with-& educatiorwhen
Computational thinking teacher educationleadership  they were trained ineacher education. The result showed
TPACK, readiness that the preservice training not only hagpositive influence

on the teachers, but couldlso help themto develop and
1. INTRODU,CTION . , practiceinstructionalcontent embedded with CT (Mouza,
Computational thinking (CT) is a necesséoym of literacy Yang, Pan, Ozden, & Pollock, 2017)

in the world with digital deviceeverywhere. CT is not only ' ’ ' ’ '

akind of expertisevhich onlycomputer engineersuseinour As CT i s applied to teachers.

stereotyjcal thinking On the contrarygveryoneshould Wwhat CTis and how to integrateét into their courses.
have aractive attitude toward CT in order to understand andMoreover, the teachers cae earlier confronted withthe
male use of this attainment (Wing, 2006). The competencdossiblefailure that may happen in their teaching progess
and limitations of CT are both basd on the process of the future Israel(2015) haspplied CT to teacher education
operationand computingrocessing. No mattevhetherthe ~ to overcome ta obstacles fothe teachers to achietbe
computational process for solving a problem is executed bgxpertise otheintroduction to computer scienceurse On

the human brain or computed &gomputer, we can classify the other hand, the teachers wotgdlize what difficulties

it into the process dET. For example,tirough the process the students with deficient resources may encounter.
of reduction, embedding, transformation, and simulation, thelhrough the teacher education for jsezvice teachers,
operation ofCT can decompose a seemingly complicatedthose pre-serviceteaches would benefit a lot and auld
problem into several understandable and solvable oneknow how to give support and assistancehi@ir students
(Wing, 2006). To put it simplyCT is a way of thinking  (Israel, Pearson, Tapia, Wherfel, & Reese, 2015). In
which uses the basic concept of computer science to d@ddition, when it comes tGT, visual programming cannot
problemsolving, system design, and understanding ofbe forgotten. When the teachers des@jirelated coursg
human behavior. In the meantin®T makes peopladopta  they mostly use Scratch for the basic level. C€2016)
thinking modewhich the computer scientistadoptwhen  consideredCT to be the foundation, and applied Scratch to

theyencounter difficulties (Grover & Pea, 2018)previous Ppreser vi ce teacherso6 training.

studyhas found that most countrieavetried to integrate  did indeedhelp teachers in arranging beginner courses, and
CT courses into KL2 airricula based oma surveyof 17 the visual pogramming environment coulldelp teachers
European countries (Balanskat & Engelhardt, 2014). Inbetterunderstand CT (Cetin, 2016)

addition, the elementary and secondary schools in Australi
have introducecCT into courses for a period of time, and
have placed the literacy &T in the national edution
curricula (Falkner, Vivian, & Falkner, 2014). Therefore
currently, many teacherare trying to integrate CT into

Fhe current study applied the same course mentiabede
before research quest®none to three (i.e., visual
programming for mathematical learning unit) in the teacher
' training for the K-12 newly appointed principal®Ve ten
investigated the readiness of their sckodh four scales
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technology readiness, teacher readiness, instructional please answer the encourage the teaching a
resource readinesandleadership support. In additiowe following questions well as learning in the

also investigated the techngly pedagogy, content, technological domain.
knowledge and the overall TPACK of CT based on the real

conditions they perceived at presedt the same timeywe Scholars have revised the model of pedagogical, content and
also surveyed the preferred importance which the principalénowledge (PCK) ancbroposed the model of TPACK (i.e.,
revealedfor the same eight scaleg/e thenexplored the  Technological Pedagogical Content Knowledgg (Mishra &

difference between the perceived present situation and tHéoeh'erIZhO%) Jhel fram‘lawor'g clearly ?Oimded out thekre'atliogsmpf
: . etweerthetechnological, pedagogical, and content knowledge o
preferred importance demonstrated by the principals. the teachers. Therefore, many sasthaveemployedthe TPACK

2. METHOD model to evaluate the professiasal of teaches or the
effectiveness of teacher educati¢@hai, Koh, & Tsai, 2010;
2.1. Sample Koehler, Mishra, & Yahya, 2007Moreover, another study has

There are24 newly appointed principals participating in the introduced this model for the teachers to do -asffessment

teachers training course for cultivating tireliteracy of ~ (Schmidt, Baran, Thompson, Mishra, Koehler, & SBB09. This
computational thinking. study also employed the TPACHKodelfor the principals to do

selfdescription for theschoolteachers in the technology domain at
2.2. Questionnaire andReliability Analysis their schoad.

There are eight scales in the questionnaire. The first foufapie2. TPACK for Computational thinking teachers
scales were revised from the readings®stionnaireof
mobile learning (Yu, Liu, & Huang, 2016) That Scales Questionnaire items
guestionnaire was nam#uesupportobjectpersonnel (SOP) Knowledge o TK1-Our teachersknow how to solvetheir own
m-learning readiness modeindwasdevelomd to assess the technology  technical problems.

capacity for robile learning readiness in primary and Zzszil-your teacherscan learn new technology
secondary schools in the previous study (Yu, Liu, & Huang, TK3-Our teacherbave the technical skilEnduse
2016).Darab and Montazer (2011) proposed aledT e thetechnologes appropriatg.

learning readinesscale which incluces object readiness, TK4-Our teachers arable to usecomputations
software readiness, and leadership support (Darab & thinking tools or softwaréo do problemsolving
Montazer, 2011). In addition, Macha@@007) emphasized Knowledge o PK1-Our teachersan adaptheirteaching style t
the importance of teacher readiness such as the professionaddagogy  different learners

application capabifies for elearning. Cheon (2012) PK2-Our teachersan adaptheir teaching base
proposed the higher educationl@arning readiness model upon what students currently understand or dt
based on the theory of planned behavior (TPB), and found understand.

PK3-Our teachersan use a wide range of
teaching approaches in a classroom setting
(collaborative learing, direct instruction, inquiry

that the attitude ofa school had impacts on the
undergraduatésperspectiveson mobile learning (Cheon,

Lee, Crooks, & Song, 2012pccordingly, object readiness, learning, problem/project based learning etc.).
teacher and instructional readiness, &atlership support PK4-Our teachersknow how to assess stud
areimportant scalefor evaluating the readiness for putting performance in a classroom.
something into practice at school, such-#esaening, mobile  Knowledge o CK1-Our teacherfiave various ways and
learning, or computational thinking, and so on. content strategies of developinheir understanding of
computational thinking.
Table 1 Descriptive Information foithe first four Scales: CK2-Our teacherscan think about the subije
Readiness matter like an expert who specializes
— computational thinking.
Scale Name _ Description Sample Item CK3-Our teachershave sufficient knowledc
Object readines For the current There are enough aboutcomputational thinking.
situation of information appliances TPACK TPACK1-Our teacherscan teach lessons tt
equipment in the  such as computers for appropriately combinecomputational thinking
school, please learning in the school, technologies and teachimgproaches.
answetthe providing resources for TPACK2-Our teacherscan use strategies tt
following questions technological courses. combine content, technologies and teac
Teacher For the current There are fultime approaches
readiness condition of Information ~ Technolog TPACK3-Our teachergan select technologies
teachers in your  teachers in my school. use intheclassroom that enhance witla¢yteach
school, please howtheyteachand what students learn.
answetthe TPACKA4-Our teachergan provide leadership
following questions helping others to coordinate the use of con
Instructional  For the arrangemer The teachers in my schoc technologiesand teaching approaches at
resource of teaching have capabilities to emplc school.
readiness materials for the official textbooks in th
Technology domairinformation technology
please answer the courses. Table3 reports two validity statistic namely, the internal
_ following questions consistency (alpheeliability coefficient), and discriminant
Leadership  For the attitude of School management validity i for the refined35 items, including 20 items for
support school managemer proposes visions, policies

; readiness and 15 items for TPACIOata are reported
or projects that support al
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separately forthe perceived and preferred versions. The
reliability data suggest that the refined version of each scale

Table4. Paired Samplétest between perceived present
situation and preferred importance.

for readiness and TPACKhas acceptable internal Scale Forms N Mem SD t  p
consistency. The reliability data suggest that the refine( Technology readiness: The - perceived presentsituation 24 3.00  0.82 -7.52"" 000
. . A educational hardware of
version of each scale has acceptable intermasistecy. techmology domainat choot PIEEFd mportance 24 446 051
. . iR Professional development of Perceived present situation 24 3.28 0.93 -5.99"" .000
Ta\_b!eS. InternaI.Co'ns!stency (Qrpnbach Rellablllty. the teachers in Technology o
Coefficient), and Discriminant Validity (Mean Correlation  gomain Poeferred mportance 2 438 048
with other Sca|es), for Perceived and Preferred Versions The resourceof instructional Perceived presentsituation 24  3.18  0.80 -4.19°* .000
material Preferred importance 24 3.94 0.59
Alpha  Number Mean Perceived ituation 24 377 074 -4.00” .001
: erceived present situation 2 3. B -4.00"" .
Scale Form Rellablllty of items Collgﬁlat FE Preferred importance 24 439 050
Technology b ved Enowikizooficdind Perceived present situation 24 3.95 0.69 -3.94** .001
erceive RONICEr OLieeinoey Preferred importance 24 4.58 0.43
readiness: The S 0.701 5 0.17 p 24 4 ;
present situatior ived ituation 2 A 2 4117
educational I R i
hardware of Preferred 0.728 5 T —— Perceivedvpresemsitualion 24 3.74 099 -4.0I .001
teChnO'Ogy |mp0rtance Preferred importance 24 4356 0.0
domain at school Overall TPACK of Perceived presentsituation 24  3.58  0.97 -4.51°** .000
P rofessiona| Perceived computational thinking Preferred importance 24 4.55 0.54
. . 0.673 5 0.17
development of present situatior TRl
the teachersin o, oo In terms of TPACK, it was woying to find that the
Technolo eterre 0.804 5 i S . ;
domain 9y importance ' principals tenddto not have confidenda their teacheras
Perceived they perceived that their knowledge of technology,
The resource of present situatior 0.646 5 0.20 pedagogy and content dhanot achieved the degree they
instructional Preferred expeced Therefore, the teacher education institutes have to
material importance 0.759 5 put more effortinto the development of instructional
Perceived 0.835 5 0.08 materialand train the teacherno have the capabilities to
Leadershi present situatiot ) ) developtheir own material for computational thinking in the
p p g
support Preferred 0.766 5 nearfuture.
importance ’
i 4, CONCLUSIONS
Perceived 0.840 4 0.28 o o
Knowledge of  present situatior : : Ba.se.d on the.results of this investigatioh the K-12
technology Preferred 0876 4 principals in Taiwan, there are some suggestions to enhance
importance : the prepaation for involving computational thinking
Perceived 0.884 4 0.27 education in théd 2-yearcompulsoryeducation.
Knowledge of  present situatior ' ’ . . . .
pedagogy Preferred For object readinesswhich refers to the educational
importance 0.795 4 hardware ofhetechnology dorain at school, it looks liké
Perceived 0.943 3 0.42 is the easy part if thgovernmentevotes money to the-K
Knowledge of  present situatior ' ' 12 schools. However, the teachers have to be trained to know
content Preferred 0.869 3 how to operate the new equipmerdgardless ofvhether
Import_ance ' they are maker environment or computer technology
Overall TPACK Perceived 500 4 038  Products; otherwise, the payment for the hardware will be
of computational PrESENt situatior wasted. That perfect environment which is supposed to be
P Preferred ; ;
thinkin ; 0.939 4 constructed in the2 years could not work without
9 importance . Y .
professional teacherTherefore, future stuglscould further

3. DIFFERENCE BETWEEN PERCEIVED

analyze the regression beten the readiness of the teachers

in thetechnology domain and the readiness of the hardware,
AND PREFERRED SITUATION .and find direct evidence for this inference.

The results found that the principals perceived that their

teachers hénot fully prepare@ years before conducting the Unfortunately, the participants perceived that the leadership
12-year compulsory education for computational thinking. and management lexsshave not provided enough support
The 12year compulsory education will be carried out in for conducting computational thinking education. In other
August, 2019 while the investigation was done in 2017.words, many people agree that computational thinking
From Table 4, it could be found théuet preferred situation education is important; nevertheless, the leadership has not
was significantly higher than the present situation in eachput enougtemphasion it. This studyinfers thatthe reason
dimension. for this strange situdon is that the literey of computational
thinking will not be regarded as one part for the senior high
school or college entrance examinatibtowever,normal
Bducation isalso important. Schook should not only pay
attention to the subjects relatedtbe senior high school or
college entrance examinat®n.iberal education should be
encourageanore

In terms of readiness, thtechnologyreadiness should be
improved in2 years. This part seems to be the easiest part t
achieve in the future, but the teachbave to be trained at
the same time. Otherwise, theay not know how to use the
newequipmenin their teaching.
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In the 2 years, the relatenhstitutes havea large amount of at the Frontiers in Education Conference (FIE), 2016
work to do. The most important part is teacher education. |IEEE.
The teacheri the technology doain should be trained to 501 M.. Pearson. J. N. Tapia, T., Wherfel, Q. M., &

afford the requirements of instruction in the technology Reese G. (2015). Supporting all learners in schodé
domain. computational thinking: A crossase qualitative analysis.
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such as the one offered Wyranklin et al. (2015which
ABSTRACT provides advice for best practices in curriculum, content

Computing education is garnering more attention fromyejivery, interfacing with schools, and classroom layout.
policy makers and educators both locally and globally. In

Singapore, nineteen schools are beginning to offer thén the preparation of teactsefor the teachingomputing,
computing curriculum at t hveogtdeser, Goop Misheayand Yadagohd) guggests | f
grades 9 and 10 it is the casehatcomputing education is adopting a multperspective approach, because many EU
standing on the verge of being formalized and offered as &ountries haveomputingteachers at the upper secondary
mainstream SUbJe,CUt will be important to understand school |eVE|, but too few at the lower Secondary and primary
teacher and student readiness towards the status quo $fhool levels. At the primargchool level,Voogt et al.
computing education in schools. This paper describe twd2015) assertthat it is imperative for teacher education
sudies: a survey study o fProgramaf Gecriitiggmpuieiesgiense spegagsts who gamat t h
nineteen schools on their perceived readiness towardé€ast teach the basic notionscoimputing In Israel there is
implementing computing curriculungnd an ethnographic & shortage ofomputingspecialists to teach in higithool

study of four secondary schools with different degrees-of inand it was necessary to train teachers of other subjects to
situ readiness for both teackeand students during their teéach CS by training them through a crash course which was
implementation of the computing curriculum. Based on thecomprised of about ten courses that form the basics of
two studies, we propose more systematic ways of preparing:’mlmlter sciencéGalEzer & Stephenson, 2014)epeltak,

teachers to teach and students to learn the computing subjet?€ director of learning focus in the Council of European
Professional Informatics Societies (CEPIS), calls for a

KEYWORDS professionalization of teachers who are asked to imp@rt C
Computing Education Computational Thinkig, Teacher |essons, even in other n@8 classesFurther, bothvoogt
Readiness, Student Readiness and Lepeltak concur that teacher training could be pushed at
1. INTRODUCTION the EU level to embark on the professionalization and the

I .n 2017, Singapor ebs (MOE) n itrgiqinlg 9/f tea%h?reBoqg%piueEa!i, ?ql@ n
implemented a new curriculum for the Computing subject3. STUDY 1: A SURVEY STuDY OF
for grade 9 and 10 studentsa 19 schools The new COMPUTI NG T E A CERECEISED
curriculum is a distinct shift teaching studefrom informal

READINESS TOWARDS IMPLEMENTING

activities (infocomm clubs, code for fun, extracurricular
activities et al.) to formal school education in developmentCOMPUTING CURRICULUM

of studentsd Computati onaln DachZ0kbkprion ¢ the dotmal implementatign ok n d
programming competencie®. Level MOE curriculumhas ~ computing curriculumywe conduatdasurvey on computing
provided guiding framework for computing teacheesid  teachers to seek their degrees of understanding, interest
studentdo take up their practices, but it takes time for themlevels, capacities and challenges regarding the teaching of
to build capacities and alignment in enactmdtiis paper ~ computing.36 computingteachers (27 male and 9 female)
tries to investigate different degrees of teacher and studefitom 19 schoolgarticipatedn our survey.

perceived and hsitu readinesén local secondary schools

prior to andduring their implementation of computing Percieved Teacher Confidence
curriculum and address the issue of formalizatidor in Teaching Computing Subject
teaching CT and programming inX® schools. -

45%
2. PREPARE TEACHERS AND o -
STUDENTS FORCOMPUTING B
CURRICULUM p - 10%
It is paramount to prepare-service and future teachers to o P
face the challenges of teaching Computational Thinking 0%
(Garce-Pefialvo et al., 2016Hodhod, Khan, KurPeker, Sy feme el e Sonel
and Ray 2016) argue that for students to acquire this | am confident in my akility to in teaching CT.

important skill, teachers must acquiredepth knowledge of

the problemsolving strategies that utilize CT, and the Figure 1.Perceived Confidence in Teaching Computing
strategies for integrating CT into their lesson pleésme Subject

CT training workshog for teachers focus on-K2 students,
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As to perceival teacher confidence to teach in computing Table 1 Perceived Challenges in Teaching Computing.
subject (Figure 1), 56% teachers agreed that (14% strongly

agree) they are confident to teach and implement CT in their Percentage Count Ranking
classes. 24% are neutral while 14% consider that they areTeaching 94% 34 1
not ready. Resources
. . P ical % 2
Perceived Teacher Readiness to Kﬁgsv?ggé%a 83% 30
Implement CT in Class
P Ways to 69% 25 3
. Motivate and
50% engage
40% students
30% 55%
20% I Instructional  67% 24 4
v it T Skills
) Strongly Agree Neutral Disagree Strongly .
Agree Disagree Community 64% 23 5
| know how incoprate CT in my class Support
Figure 2.Perceived Radiness to Implement CT in Class  content 61% 22 6
As to perceivel teacher readiness tmplement CT in Class ~ Knowledge
(Figure 2), 63% teachers agree (7% strongly agree) theycomputing ~ 42% 15 7
have been ready to incorporate and implement CT in their |nfrastructure
classes. 24% are neutral while 14% consider theynat in school
ready.

As to perceival student readiness to learn computing 4. STUDY 2: AN ETHNOGRAPHIC
Class (Figure 3), 52% teachers considers (4% strondySTUDY OFTEACHE R SSTUI N

considers) their students have been ready to Iea”FQEADINESS IN IMPLEME NTING
computing. 28% are neutral while 21% consider they are nO&OMPUTING CURRICU LUM

ready and CT is too lex to learn at the level of their ) . o
studgnts. o The literature has been mainly focused pmepamg in-

service and future teacherghrough professional

development programs or workshops before computng

introducednto the curriculum aschools. It has been rare or

Learn Computing lacking to develop an isitu view to understand the
readiness for computingf in-service teachers, as well as
their students, as computingurriculum have been
implemented in authentic classrooms.

32; ;I ZI To this end, v haveadopted an ethnographic appro&ch

10% ;l conduct dield study in four locasecondaryschoolswhich

o% have implemented computiraurriculum during the whole
Suone e el Deeee Sy year of 2017 The researchers participated in the building

CTis too complex to learn at the level of my classes. and enactment of computingurriculum as active
participans ard took extensive field notes to record the

Figure 3.Perceived Student Readiness to Learn Computingbservations, surveys and interviews. After the whole year

implementation, we differentiate the four schools

considering their different degrees of readiness to implement

computihg curriculumwith respecto teachers and students.

Perceived Student Readiness to

50%
40%

Thus a discrepancyn the confidence and readiness in
computing subject antb incorporate CT into the teaching
and learning i®bserved among theomputingteachersA
considerable portion of teacherscks confidence in 4.1. School Ai Basic Student and Teacher Readiness
teaching CTandis unclear orhow to bring out expecte  As the teacher is new to teaching the computing subject,
learning outcomes. School A does not have a specifian about what they are
going to teach for the following weeldthough provided
with the Scheme of Work (SoW) by M Thetopic and
content may just be decided judsiefore the @ss The
Teasons could bie inexperience of teaching computing, as
well as unfamiliarity with the computinguericulum

As to the challenges in teaching computiagk ofteaching
resource(94%) ranks the first andack of pedagogical
knowledgeg(83%) ranks the second among the seven option
(Table 1). When responding to opended questions, they
also mention that theyrould needshared lesson plans and
best practices by other schottshelp their teachingt is Meanwhile, aiite a large number of students respaedour
obvious tha teachers are much more concerned about theurveyrevealingthat theyhave chose computing subject
resource for teaching and how to teach rather than what tonder the circumstance that thenenot able tdbe enrolled
teach, i.e. content knowledge. into additional mathematics for tf@-Level, whichcould be
a better choice for them. Besides low motivatibris also
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noticedthatthis batch of computing students may not haveproficiency and creativity in coding has Bo been
sufficient English proficiency to do well in computings  surprisingly high as exhibited in their mini projects.
language proficiency is considered by the teachers as

important in articulatig theiranswes in paper exam. To meet the studentso -eaehed, t

in this class intentionally enact their computing lessons at a
Thus the degree of preparedness of teachers andhe  difficulty level a bit higher than the @evel computing
students in School A to implement the computing syllabus However, theyfell that their competency regarding
curriculum can be further improvedMore engaging content and pedagogy is not sufficient to teach this group of
activities can be incorporate into the learning of computingstudents as students always ask questions beyond their
which the teachers are starting with be more familiar with capacities. They also found difficultiasdesigningsuitable
over the year. Over the school year, the teacher is seen to beacticetasks and exam qué®ns for students. Thexely a
gaining more proficiency in teaching. lot onan online learning systefor homework assignment
and grading with would save themtime in grading

s t u d eodes.$héy complainthat they do nohave the
oneyear training in teacher training institub@ computing

like other subjecteachers Thus, theyhave to learn and
teach at the same tinadl by themselves.

School B i Basic Student Readiness, High Teacher
Readiness

In School B, he teacher has a high passion teaching
computing as he is highly interested in computing rdlate
knowledge or gadget. He advocatte coupling of 5E
framework with the unplugged activitieend argueshat  Thus school C has a situation where the studentsnare
unlike the scientific inquiry processpmputing subject can ready to learn computing based on their own interests to an
developa crosgdisciplinary mindset stressing for logic and extent whilst the teachers are noffiiently ready to teach.

conceptualization. Halsobelieves that CT is not only about N . .
coding but alsdigh-level planning thainvolves designing, gﬁéd?r?:s?sl Di High Student Readiness, High Teacher

decomposition and implementatiofihe students, in his School D has two teachers and sixteen students in the

opinion, should nobecomemerecoders or coding workers. comouting class. Both of the teachers have gone thrauah
Instead, they should be equippeiihna systematic mindset puting ” L have g ug
to solvecomplexproblems. computingeducatiortraining course, which focuses mostly
on contentknowledge rather thamhe pedagogy or the
During the class observation, easchers find that the knowledge about how to teach a spec@fiamputingtopic.
teache 6s scaffolding plays a Theiteganérdiavectmeanhance conténi deliveryi with tigeir i d i
students6é actives. Hpasgienate r own expegienced in pedagopical aspetdroughahe class
or active in computinglassroomas wehave expected or enactmentthe leading teachesreateshis ownversion of
comparing to other schoolSheyarealso notquiteused to  unplugged activitiess(g.,kinesttetic activities) to introduce
teache 6 s s c alheftemdhers empipiat school B is computing topics and motive students to explorepaxate
a neighborhood school which tharolledstudentsre likely and present. Hebelieves that communication and
to be considered as low achievers since they hete presentation ikey in computing subjedhstead of being
performedwell in The Primary School Leaving Examination silent coder who cannatake thedesign and solutioto be
(PSLE). understoodAs tothestudentfeedbacktheyhave developed

. their interests in computing subject mainly because the
;rehaedr;fg;i S}(r:the?a?:lh?ntec?ocrgdnliisndei\;etlgﬁﬂsa (r)]flggecljig?sr e:ncc)jf teachers are highly enlighteningly in helping them to realize
9 puting computingistaf f ect everybodyds | i f

strategies. But th_e enactm_ent hasbg:ﬁrqwte sat|sfy|ng in Ifzarnt can be linked with real applications.

the classroom with a relatively basic degree of readiness o

students towards computing subject The 16 students in the computing classe mostly
. : : considered by teachers as higbhievers.They like the

Fszgg(()jci)rzegsl High Student Readiness, Medium Teacher computing subject sincehé interactive and immersive

In school C, the researchers conduct a focus group intervie\lﬁ)vrocess has made it more interesting and attractive

with seven Sec 8tudents and find thall of them chose the goimps)agngts OS i % tn he rt h 2‘; In I;h? tgwscgga\wbp; tl) Jd i Cr
SUbleCt.OUt Oth?'r Interests in t(_a_chnology. They_ b?“m scorersn thecomingO A.evel exam for computing subject.
Comp‘%““g subject has met thmterest ar_1d satisfietheir Their concern are more with the opagu@portunitiesto

curiosity to technologgfter taking the subject for the whole continueto learncomputingsubjectsafter secondargchool

year. More surprisinglythe schochctuallydoes not provide level

any conputing related course at levels of Sec 1 ec 3. '

Thesest udent s derive morgrametshte i r p aheesfore both teachers and studeimsSchool Dhavea

impact orfuture job consideratian Most of thesestudents  high level of confidenceand competency incomputing.

claim that they would attinue to study computing when Comparing to other schools, they are capadblenplement

they are to be enrolled ipolytechnic or universityThey  computing curriculum mainlywith their resources and

have also beervery active and highly motivated in capacities.

computing classThey tend to work in groups arnitiate

their own discusgons about the computational problem 5. DISCUSSIONS AND CONC.USION
Peerlearning has been undergoimienthe highachieving !N this paper, we describe a survey study and an

studentsactively help the lowachieving students. Their &thnographicstudy on both perceived andsitu readiness
in the implementation of the computing curriculum. We find
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that the degrees of perceived andsitu readiness of Science Education in Israel and the United Sta&€M

teachers and students to teach and learn in computing subjecTransactions on Computing Educatjdr2(2), 8:1 8:18.

vary among the different schoo$he factors influencing Garca-Pefialvo, F., Reimann, D.. Tuul, M., Rees, A.. &
studentso readiness have TGRhaRaindh, I @6LE)TACELES O5: AnlolehviBd df St S
motivation, and Igarnlng competencies. For teachers, t_he'rthe most relevant literature on codiagd computational
degrees of readiness are more related to their beliefs, ihinking with emphasis on the relevant issues for teachers

teaching strategies, pedagogical preparations and available 5o project &quot; TACCLE 3 Coding &quot; (2015
teaching resources. Readiness towards computing of 1—BE02—KA201—Olé307) ' 72

teachers and_ _students seem to be mor_e'rn'éﬁted, rather https://doi.org/10.5281/zenodo.165123.

than schoolnitiated. A lack of systematic ways to prepare

more teachers and students to be enrolled in computinfedhod, R., Khan, S., Kufeeker, Y., & Ray, L. (2016).
subject, is perceived. Studenteed more resources to Tralnlng Teacher_s to Integrate _Computanonal Thinking
cultivate their interests in computing, whilst teachers require INto K-12 Teaching. InProceedings of the 47th ACM
more training and teaching resources to develop adaptive | €chnical Symposium on Computing Science Education
expertise to instruct different groups of studentShe SI GCSE 0 1 Gpp. 156 157).
schools also need to adoptore adaptivestrategiesfor https://doi.org/10.1145/2839509.2844675

different computing teachers and different groups ofVoogt, J., Fisser, P., Good, J., MishRa, & Yadav, A.

students to maximize learning effectiveness. (2015). Computational thinking in compulsory education:
Towards an agenda for research and pracEdeication
6. REFERENCES and Information Technologies 20(4), 715728.
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ABSTRACT 3H' THE S'gUDY& MIfETHQD — )

This case study reports a pilot study of designing-r Is case study was part of a series of debigged research,
computational thinking (CT) assessment instruments in gndln this paper, weeport only designing CT assessien
er-spervice teacher 3ourse in Korea. We describe thénstruments for praervice teachers at a national university
P . | of education in Korea. In order to design a survey
implementation o CT course fopre-service teachemsho

did not maior computer science ort two instruments: instrument, we have incorporated the five -soimponents
) P - e " of CT derived from a metanalysis conducted by Selby and

a survey and a team project guideline. The results Sugge9\{loollard (2010). We havedso added categories to make it
that two assessment instruments have the potential to helg .

reservice teachers gain selbnfidence and become bplicable for prs er vi ce teacherso C1
pre- . 9 .~ .~ _programming course, problem solving via CT, etc.).
motivated to incorporate CT concepts across all disciplines:

Further, we have develop&d team project guidelidegor

KEYWQRDS o . pre-service teachers when they present their team projects
computational thinkingassessmenfpre-service teachers, (je —animations, games, quizzes, etc.) based on their
multimodal representation understanding of core CT concepts. This team project
1. INTRODUCTION guideline almed to help pigervice teacher® reveal _thelr
aFomprehensmn of CT explicitly and toollaboratively

With the ever increasing need for teaching computation ) ;
! ver ! g g putatl geflecton their CT team projects.

thinking (CT) to learners of the digital age, teacher educator
need to develop a curricututo enable teachers and teacher4. RESULTS

candidates fAto better con¢RRUvEyAdsttumént with?1B &émY énépeint Bkt S O |
complex proble_ms by selecting and applying approprlatesca|e(1 = stronglydisagree 2 = disagree, 3 = agree, 4 =
strategi es and toolso ( CBdRRyhéréef was develofedts &sessCE skiflsh ThéreSare
Association, 2011, p. 9)n this light, much attention has tnyree categories ithe survey: the degree of experiencing CT

been paid to the design of 2 CT curricula in many qyring the course, seéffficacy of teachingCT, and CT
countries including South Korea (Heintz, Mannila, & gransfer. Each category$ifive items pertaining to five sub
Farngvist, 2016) awe arediscovering the positive effects components of CT: algorithmic thinking, evaluation,

of computer programming in 2 educationHowever,it  problem decomposition, abstraction, geneetlon. For

has been a challenge to better prepaeeservice teachers to example, setle f f i cacy includes Aif
embed CT activities across subjects and contexts (Kazakotfi,dents Scratch programming in the future, | would be able

& Bers, 2012). To address this challenge, this case study 5 p e | p them to solve probl em
aims to design and implement CT assessmentKdoean

pre-service teachensho did not major computer sciemc Overall, preservice teachers reported positive experiences
in termsof high level of CT concepts, sadfficacy and
2. LITERATURE REVIEW prospective use of CMore detailed results will be reported

Computational thinking (CT) was first used by Papert (1996)somewhere elsé team project guideline was developed for

in an article about mathematics education. However, greservice teachers to reveal their ability to think
definition for this term was not provided until years later computationally while preparingf a presentation of their
when Wing (2006) menti oned programining pjectsai | fisol ving probl e

desigring systems, and understanding human behavior, b o ,
?hB Qyieline '%CIUde‘E' e fvg Ffpggrﬁﬁogég?ts Y€l ence

drawing on the concepts fu g RS ¢ I "
(p. 33). With the clear rise in the importance of CT, many aigorithmic thinking, evaluation, em decomposition,

countries are introducing computing as a core curriculurrfibStraCtion' _general_ization) as well as a (_Jlescription of the
subject(Heintz, Mannila, & Farngst, 2016) problem, sprites (or images), backund, variables, roles of
' ' ' team members and reflection. Figure 1 shawsxample

However, bringing CT into teacher education is at its earlycreated bya team from a preliminary study using Scratch
stages of development and lacks curriculum studies t@rogramming: breaking the probleimto smaller problems
design teacher education (Yadav et al., 2@iht) assess the and defining each smaller problem.

development of CT (Brennan & Resnick, 2012)though

CT is consideed to be critical 2%t competencies, little is

known about how to assess CT expertise development (Lye

& Koh, 2014).
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potential to help prservice teachers gain selbnfidence I,ear.nir.llg of, .co.mp.utationél thinking _ through

and become motivated to incorporate CT concepts across all programming: What is next for K2? Computers in
disciplines. The instruments wedesignedto assess the Human Beha\./ior 251-61 '

impact of the CT instruction using Scratch programming for ' '

pre-service teachers who did not major computer scidnce. Papert, S. (1996). An explorati in the space of

particular, collaboratiig incorporatingthe team project mathematics educationsinternational Journal of
guidelinein a teamallowed preservice teachers to tidally Computers for Mathematical Learning,(1). doi:
reflect on their learning progress and intensify collaborative ~ 10.1007bf00191473

efforts. Further, in addition to written language, they Selby, C. C., & Woollard, J. (2010).Computational
e_ffectli\_/ely in(;otrporated mu“tim%(é%lr represetnéatior! (e.g.,  thinking: The developing definitioSIGCSE 2014.
visual images) to communicate conceptsDrawing . . .
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of designbased research tmitiate a studengenerated ommunications ot the 8, '
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collaboration, ananultimodal representation J. T. (2011).Introducing computational thinking in
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Details of Problem Decompositions

Ask a
question

Evaluate &
Broadbast

Figure 1.Scratch tam projects.
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included concerns thei nvestigati on of
ABSTRACT perspectives This issue is especially important for the

The ability to detect PakVholeRelationships and t0  gesgn and arrangement of CS lessons and courses, since CS
interconnect these to an organized structure is ofeaidre  teachers generally have very different educational

cognitive processes through which knowledge is vaUiredbackgrounds and qualifications (ibid.Jp6 7) . They #r
However, the sharing of this capability, which belongs andi e t eacher s 6 perspective as
relates to Computational Thinking skills and is called Part |ossons as well as for educad n a | researcho (

Whole-Thinking, is lining up behind the conveyance of o e question they ask for i
content in ComputeScience classes and courses still. Inteachers actually apply to explain the chosen phenomena
order to support a more vigorous inclusion of Féltole  { hemsel ve®®). (i bid., p.

Thinking into Computer Science Education, various aspects

need to be considered and investigated in the first place. ThENe contribution at hand and the belonging poster present
Model of Educational Reconstructiorrf6omputer Science first results of an analysiof PWT in CSE. Questionnaires
Education illustrates the elements to be taken into accour¥ere filled out by 21 students of a CSE lecture at the
when designing and arranging Computer Science |essoriéniver5ity of Oldenburg, Gel’many. The students were asked
and courses. One of the elements under consideration is thélich parts they identify of eight typical CS concefitise
investigation of the teach oy research guesions were pursuel glurinBoth ¢ r |
& hand presents first resusiPec§cresgarchapprea¢hal ysi s of future
PartWhole Thinking of Computer Science Concepts. 1. Which parts do future teachers identify of common

KEYWORDS CS concepts? To which extend are the parts
PartWhole-Thinking, Computational Thinking, Computer identified correctly?

Science Educati on, Teacher s?fl ;%V@iFhse teengipihq/u%egmethcmd)foaékingf%f

Educational Reconstruction arts of concepts through questionnaires suitable
for thepurpose of investigating PWT?
1. INTRODUCTION

PartWhole-Relations play a decisive role in cognitive 2. MET.HODOLOGY . i .

processes that are inevitably involved in understandingijn this p"Ot_ study, questionnaires were designed to
various objects, systems, processes, definitions, an nvestlgate t he . future teach
concepts (Gerstl and Pribbenow, 1995). The essential abilit Ios_et_j questions on the biographical backgrqun_d of the

of Part-WholeThinking (PWT) belongs to core concepts of articipants, an every_day example (paris of :camss,
Computational Thinkig (CT) as originally defined by Wing whee l_ ' engrne, honnet ) d 0o0rs,
(2006). Since many Information Technology devices makethe following you have to identity F?aWhoIeReIatlonsmps

use of ParWhole-Relationships, these need to be of . CO. mputer Science concep ts
adequately included in explanations @@mputer Sience qguestionnaire. The CS concepts u_nder consideration (cf.
(CS) classes. Rao and Skafé (Rao, 2005; Shafique and Tab. 1) were chosehrough an analysis of the core concepts

; .. that are included in the CSuriculum of Lower Saxony
Rao, 2006) could already successfully improve their ) e S j
students cognitive learning mresses by including PWiR Germany (Niedersachsisches Kultusministerium, 2014).

their CS coursesThe benefs they noticed mainly included The patrticipants had 25 minutes to answer the questions. In

improved thinking skil in the students arsh improvement o_rd_er_to analyze the questionnaires, the enswvere

in teaching skills (Rao, 2005). But as the lack of pulibce dlgltallz_ed, _transla_ted from Germar_1 to E_ngllsh, and

on this subject since 006 s hows, tdHdrmgi r nor%eilqe_@ (&?q f|rstH3Iace._ The)mmallzanon mcl_upled a

these issues to the notice of the computer scienc§ompination a~II abbreylat|ons (e.g.~ combining  the

¢ o mmu n(Rab,y2@05, p. 173) has been inrnvaMany answers n PS\UO an d fp ower Supp
different aspects have to be considered when supporting ant t _( PS U\) 0) as“f‘qs (&g sombiningio u s
mor e vi gorous i nclusion orfprlf’\)(/'l‘d%rroﬁatrye NIPLEEPEE ROV
knowl edge from research t 8n<_ja[r vgr‘r@mtgfglgr?l f‘é?% d_s,t CPPCUMENERS| m,
Hubwieser, and Klaus, 2012,164) in general. To illustrate of identical listings OT parts for each investigated concept
these facets forComputer Science EducatiofCSE), were counted. In addition to that it wesunted how many

Diethelm, Hubwieser, and Klaus (2012) extendedbeel parts each participant idefigd of each concept and an
of Educational ReconstructiorOne of the aspects they average f(_)r _each concepas cqlculated (cf. Sec. Siter
this descriptive statistic analysis, the answers whezked
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for contentrelated correctness on the médael by the  Generally speaking it sees as if the students dahe
authors (cfSec. 4) investigated ntroductory CSE lecture had huge problems

with the task of finding parts of complex CS concepts. Many
3. RESULTS ] o students listed elements as parts that simply do not fit.
An overview on the CS concepts under investigation, th&yjithout a doubt, it is way more difficult to identiparts of

amount of parts that each participant identified in averaggs g at ao t han fic o mputerso. So
(A parsipersoh, the number of various identified parts in total the students listed less parts of the more abstract concepts
(*arious parh, @nd the number of parts that were iiféed by than the concreter ones. However, it is quite worrying that

at least twaespondentia. sev. ime} is given inthe following  they tended to give wrong answers when they were asked to

Tab. 1. idertify parts of more complex CS cogpts to a not
Table 1 Overview on the results negllglple_extent. At this point it is mentlonab!e, thgt this
A lecture is intended to be attended by students in their fourth
CS concept partsiperson Farious pars #ha.sev. umes bachelor semester. So, a lack of knowledge on CS concepts
Computer 4.3 29 20 is probably not the reasdor the deficits that were found out
Internet 4.0 40 16 in this stud
Email 3.7 41 13 y-
C&Hgmaton g-g jg 1‘31 As already mentioned, PaftVhole-Relationships play a
Algozlfm 58 a1 11 huge role in CSPWT (mostly subconsciously) helps to
Database o5 29 10 understand objects,_ systems, processes, de_finitions and
Data 1.8 28 5 concepts. But surprisingly there ismmst no literature

A detailed overview on the answers is presented in thé@vailable on infusing it into CSE (Rao, 2003he only way
poster, which interested readers of this contribution gladiyto achieve this infusion is through the CS teachers. So, this

will be provided with by request via email. study aimed aan investigatiorof f ut ur e RWH &c her s
make astart.Future work will lie on a deeper investifpn
4. CONCLUSION AND DISCUSSION of PWT in CSE alongside the Model of Educational

In Tab. 1, be concepts are sorted in descending ordeReconstruction. Therefore, a suitable research method will
according to the amount of parts that each participanbe designed in the first place, since deficits were seen with

identified in averagelt can easily be se¢hat the less parts naijvely asking for an identification of parts of wholes
are identified by the students the more abstract, complexhrough questionnaires.

and theoretal the conceptare Whil e ®camputero

physical device and concrete proddctis the concept that 5. REFERENCES

the students identified the most parts of in average, they haiethelm, I., Hubwieser, Pand Klaus, R(2012).Students,
issues withfinding par t s od& whicd & taavery Teachers and Phenomena: Educational Reconstruction
theoretical and abstract conceptcontrast.While this fact for Computer Science Educatidm Proceedings of the
alone might not be that surprising, there is another 12th Koli Calling International Conference on
interestingaspecthat needs to be mentioned at this point  Computing Education ReseardhCM, 164 173.

While all of the repeatedlderst B aridPribbehot, . (FohdlistersOehd fic 0 mp u't
are completely reasonable, comprehensible, and correct,games, and body parts: a classification of pattole
therearehuge mistakes in the main parts that the students rg|ations In International Journal of Huma€omputer
identified of the mae theoretical and abstract concepts. For gy dies, 4%), 865889

example 1t 1s an obvious err Ol\rliedérs%c%stischgsi Krﬂlltfusomllrniréﬂgribn% (80'14? s
idat ao,dath requites somhe sort of interpretation to . S '

get infamation. Similar obvious mistakes can be found for Kerncurriculum fir die Schulformen des
Aal gorithmsodé and Awebsites OSekuWr.l?eﬁeéBhs.!ﬁS@plj héglar]ge[ -Hangover o par
of Aapplicationsd and fAmet hGng"%n}S' Nig ﬁrgaqh%sg SKUtpsm'p'ﬂeé'umot her w
aroundd as identified by many studerds, it is also wrong  Rao, K. (2005)Infusing Critical Thinking Skills into

to say thatefiveesbnt ande fi by Gdntentaf Al CoutseBleCSE Bull.t38, 3. 17377

of A we Brther intergsting aspect is the fact that the spafque M. and RaoK. (2006). Infusing Partswhole

more complex the concepsed e x cept i ng fid aReafofshif Griticl THhking Skill into Basic Computer

fi d a'® ah@ more various parts are identified. By analogy, ggjence Educationin Proceedings of the FECS 20086,

_the amt_)unt of seve_ral times identifiedrigadecreases with Las Vegas, Nevada, USA, JuneZB6 2006287 292
increasing complexity and abstractness of the concepts. To i .

describe it differently, these two facts mean that the studentd/ng; J. M: (ZQOG)ComputanDnaI Thinking In

are more disagreeing on what parts the more complex and Communications of the ACM, March 2006,(8g 33-35

theoretical concepts consist of.

a par

1 This mainly results from the fact that every fourth student did not
find any parts of these two concepts at all, though they both were
positioned in the middle of the questionnaire.
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2. BACKGROUND

ABSTRACT ; I
This paper describes progress towards the development ofsa{nce noted computer scientist Jeannette g/(@006)

) o proposed CT as a new fAcore sk
Eﬁgg\i’g‘;y fg;rsi)%ngg\?;?'?]%ndoigxgdg aECJiiccf)r\?eTing to define CT for education and training purpogesg.
how CT can be encouraged, taught and practiced withiGrover & Pea, 2013, 2018CT (focusing on problem

o X . @;olving, algorithms, data representation, modeling and
disciplines throughoutrpmary and secondary education. dc,iglgnulalion and connectiorts otger fields) is a prominent

i de T” T i.e s an ini |’o_|mg£T praz;te;ets strandnoeflthee M&2" 5t3nfard® For CComputer Science

that brldgg learning and working in highly sophlstlcatgd developed by the Computer Science Teachers Association
STEdeen\g[roI;\r;lwentsfand_ shalres texamlfles gféheselz praé:tlt(): ESTA, 2011). Individual states (including Massachusetts
utsed ty' h riro IetS_SI?]nanf:;h v;/(:rr] ar; erev'?loeg ok and New Jersey, USA) have instituted computer science
students in schoo's. Tt 1S hope at this paper will prov e(CS) aml digital literacy standards that use the term CT. Next

dialogueamong educators advocating for CT as a core skill . .
for all and will contribute to breakthroughs in thinking about Generation Science Standards (NGSS Lead States, 2013)

. include computational thinking in one of their eight
how CT should be learned and assessed in and out of SChogqcientific practice standards. National Science Foundation

KEYWORDS (NSF) funded projects are condungjiresearch on several
Computational thinking K-12 education, workforce different approaches to CTData practices, modeling and
developmenthumantechnology frontier simulation practices, computational problem solving

practices and systems thinking practices are proposed by
1. INTRODUCTION Weintrop etal. (2016). Lee et a(2011) propose that youth

The proliferation of new technologies has changed the waylevebp CT skills as they use, modify and create with digital
we live, learn, and work. Although the future of work is tools and technologies. While these initiatives signal a broad
unclear, experts envision a new machine age, whereased, grassroots interest in computational thinking, their
technologies (sensors, communication, computatemd  simultaneous development and independent implementation
intelligence) are embedded around, on, and in us; wherkaves us without emensus on a precise definition of CT.
humans will shape technology and technology will shapgBarr & Stephenson, 2011; Voogt, Fisser, Good, Mishra, &
human interaction; and where technologies and humans wilvadav, 2015; Weintrop et al., 2016). Most agree, however,
collaborate to discover and innovate. In shdtie Human that Computational Thinking is formulating problems and
Technology Frontier. their solutions in a way that a machine (cotegpucan be

Without question, the global workforce will need a new setused torepresenthe problemmandcarry oufits solution.

of skills and competencies to succeed in the future workWhat has emerged from these varied research and practice
environments on this fronti@rthat feels closer with each efforts aimed at CT is a debate over how CT is best taught
new technological a dv anc e .and karnedeMaayrcomputeespience teduchtyrs b&iev€ thas
STELAR Center (MalyrSmith et al. 2017) identified CT i s best taught through pr
computational thinking as one of the essential skills neededevelopment of CT can be amed and uniquely

by future workers for success in work at the Human observed.Ot her s bel i eve that to be
Technology Frontier. As our society works to understandf or t omorrowo6s worl d, inGle shot
and identify strategies to overcome these complex andervice of disciplinesWhile many of the efforts described
interrelated chllenges, important questions include: What above define CT by dissecting it into its component parts,
can we do to prepare t oday itk has foouded ont what tesultsSrontictegmtohg CTnandw o r
the HumanTechnology Frontier? and What steps can wedisciplinary learning. To guide teaching and learning of CT

take to make this happen? If we are to believe that thevithin the disciplines, a new kind of computatibtianking
HumanTechnology Frontier is upon us, we ege to  framework was needeidone which captured and clarified
reconsider how computational thinking is taught in order towhat students were kbto do using CT and unable to do
advantage our students, not only in developing CT skills, butvithout CT.

also in developing the CT practices used STEM

workplaces (EDC, 2011)
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3. DEVELOPING A FRAMEWORK Ot

. . . . . . 4 Bioinformatics R=lmElys cs e
A group consisting of principal investigators, researchers ,—.

N Meuroscience  Social Science D
. A
Cheminformatics ‘;”TP”‘E"OM' Computational Computational™y
iology

~.

and educators from National Science Foundation fundec =~ — comosatonar T gomputatona =
ITEST (Innovative Technology Experiences for Students ~—— ———_  Sem o~
and Teachers)ral STEM+C (STEM+Computing) projects T

CT Integration Elements (Powerful practices in CT integrated fields)

convened in August and November 2017 to explore the

development of an Interdisciplinary Framework for 7 T P
Integrating CT in K12 Education. Their goal was to drafta [~
framework defining computational thinking from a | potacion | | mgoroms | | Fosanmre |
disciplinary perspective. The 54 workshop participants
provided a good balance of researchers and practitionersfigure 1.Bridging between traditional teaching of CT and
who represented grade spans Kinderga2f@mgrade, 3-5" CT as used in CT integrated fields.

grade, 6-8" grade, and 912" grade, as well as disciplines
including science, mathenied, engineering, social science,
computer science and the humanitiéstotal there were 31
researchers, 18 teachers / practitioners, 3 participa
observers, and 2 staff members. (13 of the participants we
from colleges/universities, 15 from school§ from non
profits, 1 from business, 3 from foundations including the
NSF). The primary goaleereto develop a framework for
computational thinking from a disdipary perspective that
built on the work of the foremost researchers an
practitioners focsed on helping youth develop CT skills.

Progress towards the goals was guided by some of tha CT from a Disciplinary Perspectivei
foremost CT thought leaders in the U.S. including Irene Leeexamples from STEM workplaces

of Massachusetts Institute Gechnology, Shuchi Grover To further explore the elements that might form a framework
Fred Martin of University of Massachusetts Laivand for CT from a disciplinary perspective, examples of CT
CSTA, and Michael Evans of North Carolina State L C o
University. commonly used by practlcmg_ suentls_ts specifically,
examples of what can be accomplished using CT that would
As a first step, participants were asked to submit examplebe difficult, if not impossible, withat CT were gathered
of their work to share with other participants prior to the From these examples of CT used by practicing scientists in
workshops. Educators/practitioners shared curriculum andCT integrated fields, the elements emerged and were tested
activities that illustrated CT in action in their as organizers for other examples of CThe initial
classroomsResearchers shared their lessons learne@xamples considered follow.
through research on various aspects of CT skill developme

and integration. Together the group explored these exampl?ci%ngstmus mifile_models are. used to predict the

and found that a numbnergedo fbehawor 0 (r:]ompr'eg% lsgsp]eﬁiérc])rt gxgmple, weather

During the workshops, participants were asked to prOVid(?orecasting now uses ensembles of models to understand

additional examples of CT integration by grade level and . e
discipline. These examples were subsequently reviewed am\:/iveather patterns (Gneiting Raftery, 2005; Krishnamurthy

. o : et al., 2000). Each model in an ensemble simulates the
discussed within the emerging framework of common . !
clements. global weather system taking different sets of parameters or

initial conditions into account. Instead of making a single
Thought abut the goal of developing a framework for CT forecast of the most likely weather, a set (or ensemble) of
in the service of disciplines crystallized around the largerforecasts is produced. This set of forecasts aims to give an
goal of educatiofi that of preparing youth for success for indication of he range of possible future states of the
living, learning and working after compulsory atmosphere.
education.Thus, focusing on building aidge between the
CT skills developed in school and the professional practice
involving CT, particularly those in scientific workplaces
became paramount.

-~ P [ —
~ - i s e

N 1
Data collection Modeling &
& analysis 1 Simulation

Stronger onnections between these CT componentdiaad
nqowenful practicesused by professionals in @fitegrated
cientific fields(e.g. computational biology, bioinformatics,
cheminformatics, computational economiesd others
were sought. The aim in making these connections was to
ensure that the CT iegrated in K12 concept areas provided
a strong foundation for the computational thinking used by
dpracticing scientists and would bridge the skills transition
from school to work.

nA{.l. Ensemble modeling

4.2. Computational chemistry
Bcientists innovate with computational representatidies
example, the SMILES (simplified molecuamput line
entry system) notation is a representation for describing the
A traditional way CT is integrated is shown at the bottom ofstructure of chemical compounds using short ASCII strings
Figure 1 illustrated with the Massachusdligital learning ( O6 Boy | e, 2012) . Thi s revol
and computer science (DLCS) standards component areas dfiemistry and drug design by enabling computers to read
abstraction, algorithms, programming and softwareand operate on chemical sequengadi{dingsearching and
development, data collection and analysis, and modeling andatabase indexing).
simulation. Typically, individual CT components are taught - .

4.3. Bioinformatics

then linkel in pairs and clusters leading up to potentially CT is used in bienformatics workplaces. In Next

more powerful CT activities at with older age groups. Generation Sequencing Data Analysis, dozens of whole
genomes can be sequenced in rather short time, producing
huge amounts of data (McKenna et al., 2010; DePristo, et
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al., 2011). Complex bioinformatics alyses are required to and processes can be thought afid developed as
turn these data intecientific findings. D run these analyses computations. For example, thinking of the brain as a
quickly, automated workflows on high performance networkand creating neural networks as artificial brains has
computers are state of the art. Scientists design processeslénl to advances in artificial intelligence and cognitive
achieve high throughput processing of genomic data. science. In K-12, students can be introduced to
computational representations by learning about how colors

4.4, Environmental scien
onmental science are represented on computers as RGB values.

Environmental scientists use crowdurced data in water
management (Fienen & Lowry, 2012; Stepdn&cGreen,  5.3. Design solutions that leverage computational power
2015; McKinley etal., 2015). When considering water and resources
management strategies for a region, data for variouscientists working with large data sets ocomputationally
communities with diffegent water usage and needs (for intensive calculations design solutions that leverage the
example, for growing different crops or industrial uses) isefficient use of resources and computational power to
necessary to understand the larger picture of water usage angtimize their time. In some cases, distal collaborators can
needs, as well as the local variations. pool and share computational resources and in other cases
co-locatal collaborators can access distributed resources to
To a larger and larger extentientists areusing machine achieve thelr goal. Some speedups are qchleved by
learning to make predictionsin supervised machine decompoglng datasets and/or processes to run in paralle[. In
learning, scientists build models by running algorithms onK'12 settings, educators can challeng_e student_s to think
Ator a,i ning setso odreci raspondes _aboutfowﬁchey%wo%di SPI e a problatifferently if the
(Srivastava etil., 2014;Lecun, Bengio, & Hinton, 2015) m&]ﬁi QP wa of lafge ‘scal&:o exam_pl_e, rather _than

" ' ' ' ' " developing processes to assemble 10 finished copies of an

These models an t_hen be u_sed to offer premctlons (_o_r item, how would students go about assembling 10,000
responses) when given new inputs. Changes in the trammgopies,)

set data can have implications on the machine learning
model built and can introduce biases if the training data i%.4. Engage in collective sense making around data

4.5. Machine learning

not representative of the target. Data sets can bamassed through crowsburcing or

. . collection by multiple individuals or sensors. These data can
5-_ Th_e Elements of (_:T integration from a be analyzed to wuncover patteri$sualization of
Disciplinary Perspective multidimensional data enables students to see patterns that

The examples from advisors and researchers along withight not otherwise be appareWthen possible ithe K-12
lessons and activities pralgd by educators were examined. educatiorsetting, teachers can ask small groups of students
Evidence was found that-K2 subject area teachers were to run simulations on a subset of the inputs, then share their
integrating CTin ways thatwere consistent with its use in output data and analyses. Gathering and analyzing the
CT-integrated fields The following five Elements of CT combined data illustrates how each part of the data
Integration from a Disciplinary étspective that emerged contributes tolie understanding of the whole.

from the reviews and discussions were: . .
5.5. Understand potential consequences of actions

1. Understand (complex) systems. Scientists envision the future through simulation and use
machine learning to make predictions. Using parameter
sweeping, the space of all possible combinations of inputs
3. Design solutions that leverage computational can beésted to see the variety and probability of outcomes.

power/resources. In K-12, students can learn how cause and effect
relationships can be used to predict outcome. Students can
also begin to understand the space of inputs created by
Understand potential consequences of actions.  parameterizing models.

2. Innovate with computational represerats.

4. Engage in collective sense making around data.

5.1. Understand complex systems Notably, theseelements of CT integration goeyondthe
Modeling how interactions of many individuals or mechanics of learning to program a computEney form a
components in a syem lead to aggregate level emergentbridge between CT as it has traditionally integrated ih2<
patterns is difficult to do without CT. Complex systems in classrooms (through the introduction of computer
particular are not amenable to traditional mathematicaprogramming activities) and professional prees.

anal ysi s. Simulating a systembébs change over time and r
time feedback in the form of simulations hedpientists

visualize complex systems dynamics. These systems are

often hard to predict due to having a multitude of interrelated

factors and levels. In H2 education, computer modeling

and simulation of these systems offers a way to see how the

systems bhave under different circumstances, with

differentinputs.

5.2. Innovating with computational representations
The design and development of innovations is made possible
through CT. New ideas, conceptualizations, representations,
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Figure 2.CT integration elements as a bridge between
traditional CT integration in KL2 education and CT as
powerful practices used in CT integrated fields.

idea of direct teaching of C3kills through programming

through STEM disciphary learning, their educatiareeds

6. CT from a Disciplinary Perspectivei
examples from K-12 classroom teachers

Through the examination ofessons provided by K2

teachers were already integrating CT withinrlK that

illustrate how these elements can be introduced-ik2Ko
help students develop CT skills aligned with professional

practices.

6.1. Middle school science

In middle school ecosystems lessohgeg 2011; Project

Apr ocessi ngherstudests) thenopgtimized e
design based on collective sense making from data on time
to complete the task.

6.4. Middle school mathematics

In a middle school mathematics classroom, students using
the iISENSE dataharing platformwere able to collect and
add locally generated data to a large stuelggnierated data
set. They could then analyze their data aydpare it to data
provided fromotherclassrooms (Willis et al., 2015).

6.5. Across subject areas

There is a large window of opportunity for1Q studentsat

learn about consequences of actions, in areas ranging from
cause and effect in programming to decisioaking and
prediction in machine learning.

7. CHALLENGES
While the path towards CT integration from a disciplinary
perspective is growing clearer, machallenges remain.

Figure 2 illustrates how the thinking progressed from theFirst, weacknowledge that the majority of K2 teachers are
still struggling with the integration of CT in terms of

to a realization that to help students develop CT skillsteaching the basics of computer programmihgroducing

the elements of CT integratican beviewed as a conflicting

to include a stronger focus on computational tools,d€finition instead of a further elabo_ration on a trajectory of
techniques, and processes used in the CT integrated fieldsCT from K-12 to professional practice.

Another challenge is the rate at which fields are innovating
with CT. The examples of CT integrated fields presented in
this paper are only a few of the mafields that have been

. ) ‘®s  greatly impacted by CT.Many additional fields are
educators, it was determined that a subset of the disciplinafycorporating

computational

tools, techniques, and

_ _ practices. Across fields, innovations and discoveries made
aligned wih the elements presented abo%everal lessons possible by the integration of computational tools,

and activities teachers prOVidEd from their CUrriCUlatechniqueS, andrﬂctices are increasing_

The rapid rise of machine learning raises yet another
challenge. Across disciplines, the need for analysis of

computational systems, especially those used to make
predictions that greatly impact human life, is paramount.

Theinclus$ o n

of

GUTS, 2013 using the StarLogo Nova modeling and pot ent i al
simulation environment, middle school students in scienceneed.

classrooms used, modified and created computer models a
ran simulation to understand compleystems; multiple

t he CT Undeérgagdingt i on
C 0 n s eaddessescthés gmpastdnt a c t

¥ concLUSION

models were produced and compared; students engaged Tihe authors believe that learning CT needs to extend beyond
learning to program It must include engagemerin

generated from multiple runs of each of the models); andomputational praices used in the sciences that harness the

students learned about potential consequences of actiof@Wwer of computers to enhance scientific disary. The CT
Integration BEements presenteldere provide a framework

for foundational learning of CT within disciplines beginning
in elementary school and extendihgough high school and

In a 3" grade mathematics classroom, students were askegeyond. Examples provided by K2 teachers shed light on
to generate a language to describe a minimal set of actiongays K-12 educators have integrated powerful practices
from professional CT integrated fields. It is hoped that the
this activity students were innovating with computational framework can aid teachers in the development of CT
representations, and designing solutions that leverage hoWéssors, and ensure that the CT that teachpremote has
links to the CT used in scientific workplaceSitill, this
Framework is a worn-progress. It is hoped that it will
evolve as researchers continue to exafiapd K12
educators increasingly engaged i€T integration in the

task decomposition as method of parallel processing in higl§@ssroom.

collective sense making around déig crowdsourcing data

(such as th impact of removing a top predator).

6.2. Elementary school mathematics

to be performed byobots tasked to build a towaNithin

computers process data (in this case, instructions).

6.3. High school engineering

In a high school engineering classroom, a teached ase
multi-stepphysicalconstruction task to illustrate domain vs.

performance computing. Students designed pemsego
make many copies of aebo figure that leveraged
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ABSTRACT representation according to the rules of a more or less formal

Immersive mediauch asirtual reality (VR) and augmented | @ n g uRelgtiagithis to CT, understanding the concept of
reality systems provide new ways of experiencing digitalcomputational abstraction using various forms of data
environments. Connecting the sense of presence to ones affpresentations has been identified as a fundamental CT skill
zeros leads to questions on how we perceive digitally createdBarr, Harrison, & Conery, 2011; Wing, 2006)ogether

content for it to become our subjective reality. With abstraction, efficiency andeuristics, information
Computational Thinking (CT) merges human abilities with 'epresentatiorhas emerged as a perspectineordinary
computer affordances, already covering aspeatmging ~human activities on a daily bagisu & Fletcher, 2009)As

from data representatioto the critical handlingof and  the concept othe representation of informatiomnderlies
reflective attitude towards different forms offormation ~ every form of digital data processing, fcbrporatesall

and media. Combining the existing CT skills with the kinds of immersive electronical mediacludingVirtual and
information and media literacy approach in terms of VRMixed Realities.

leads Fo the requirement WUfrtuality Literacyas fthe critical 5 5 |nformation and Media Literacy

reflect|o_n and prodl_Jctlon o_f the_r(_apresentgtlon _of hgman]— he requirement of knowmsng ho
perception throgh immersive digital media. Virtuality ¢ 5 criti cal understanding a

Literacy as a new CT skill covers the thematic fi@lithe iy order to be able to produce them leads to a form of media
representation of sensory stimuimmersion and presence jiieracy. Combining the different concepts of (digital) media
as well awirtual information and media literacnhancing | | t e r a ¢ y with the requiremen
Virtuality Literacy at an early agenay lead to a better intormation in a critical way the concept of information and
understanding of why and how immersive media canmegia literacy becomes a fundamentat 2antury skill for
influence pe o pvarossaspepteal reaitp. t LA}y afdfworking lif¢Hobbs, 2010)As an unthinkig
Future studies will have to investigate the implementation of ,ce of immersive media would be critical due to the many
Virtuality Literacy in different learningnvironments possibilities of influencing users through simulating virtual
KEYWOR DS and mi>§ed realities(.Fo.x, Bailenson, & Binney, 2009)
f information and media literacy must be the b&simework

of every work with immersive virtual environmer(¢Es).

Hence a Virtuality Literacy results when combining CT
1. INTRODUCTION skills with information and media literacy in terms of virtual
Virtual Realities (VRs) as completely synthetic and and mixed realities.

immersive digital environmentgMilgram, Takemura,
Utsumi, & Kishino, 1994)are currently in the publiceye 3. VIRTL.JALITY. LITERAC.Y . .
The term literacy includes ading and writing skills,

following the latest technological developmentdn . : . X
contemporaryComputer Science Education (CSEhe wh_gr_easvlrtuallty theracy (as a CT_ skill addresseshe
abilities and competenciesf analying, reflecing and

process of virtualing information from the real world is > 2 AR . - .
characterized bythe concept of data representation Predudng information in immersiveVEs. Wing describes

(Atchison et al., 1968; Brinda, Puhlmann, & Schulte, 2009)CT asa thought proceﬁsatfqrmulates problems_ qndhelr

but efforts to combine these aspects with concepts o§dut|onsby means oabstraction and _decomp05|t|m1such_
perceptual psychology are still lackings life becomes a mannelthgt a compute_r can effgctlvely pracess the given
more digitized, it has become particularly important to problem(Wing, 2006_) V|rtual_|ty Literacy focuses on t_he
acquire a better understanding of how different stimuli,tranSfer process of information from the real or fictional

transmitted by human sensors (visual, auditory, tactile, etc.y0"ld into a virtuality andvice versa To split Virtualty

affect out perception of realityl'his article focuses on the theracy |trt? tea:ccgable sggg.mi?its, V\_/dlstlngdush the
concept of Virtuality Literacy as the ability to critically epresentation of sensory stimirmersion and Fresence

reflect and poduce human perception through immersive 35 well as/irtual Information aqd I\_/Iedia Literacgs partial
competences of the transdisciplinary CT concept of

Virtual Reality, Computational Thinking, Representation o
Information, Information and Media Literacy

digital media. ; L

Virtuality Literacy.
2. CONNECTED CONCEPTS OF 3.1. Representation of Sensory Stimuli
COMPUTATIONAL THINKING Representation of Informatioas a part of CSE maps the

2.1. Representation of Information transformationof information to ones and zeroes. This

The process of encoding information into data structures hag@ssicaelement of th&€SE curriculumis an important part

been recognized as an important part of CSE. Hubwieser arff the creation oVEs as some are meant to represent a

Broy (1999, p. 166Jescribe the process of representation ofcredible version of the refil World_. What this CT §k|ll doe
information: fAln order to MY Koxerisihe percaplion behind ap absiagtion of real ¢

kind of processing it has to be transformed into a physicaVer'd concepts. The modekglectscompleing the process
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ofthet ransmi ssion of i nformabtieaditmg & hwi rrteuca lp iiemftadrsmabtriaoinr
through perception. This is essential to understend knowledge of its possible influence on sddeeling and
immersive mediasince our perceptionof reality is the selfidentification. Thus in order to obtain an overall
product ofo u r brainds presel ect inderstandingdf infoemation amdngediarie immersivef VES
sensory stimuli. Figure 1 shows thRepresentation of using theRepresentation of Perceptiapproach, one has to
Perception model as an extension of thaformation combine technological insights from a CSE perspective,

Oriented Conceprom Breier and Hubwiesg2002) apply a medi@ducational and media semiotic angle and also
view the subject through the lens of cultural and historical
"The apple tastes good” stimulus in taste buds views and pictorial science researdihe same goes for the
Information |«— express —  Perception owritinghatskallllew the product
P immersive information and mediawtent
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