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Preface

International Conference on Computational Thinking Education 2019 (CTE2019) is the third international conference
organized by CoolThink@JC, which is created and funded by The Hong Kong Jockey Club Charities Trustreattdo

by The Education Universitof 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. Computationhinking (CT) is considered as an indispensable capability to empower students to
move beyond mere technology consumption into prokdelving, creation and innovation. Thisyéar initiativebenefits

over 18,500 upper primary students at 32 pilot schoalsamputational thinking through coding education. Through intensive
professional teacher development, the Initiative develops teaching capacity of over 100 local teachers and help them maste
computational thinking pedagogy. Over time, the project teegetsito make greater impact by sharing insights and curricular

materials beyond the pilot schools.

CTE2019 is held at The Education University of Hong Kong et3.3une, 2019.ast year, the conference was held together

with a Coding Fair to reach ottt over 4500 parents and children. Riding on the success, the conference this year is organized
along with the fair again to welcome enthusiastic family. Through a series of coding workshops and booth exhibition by pilot
schools, participants willgetasta e of computati onal thinking education. T
and Sportso, include sharing from influencers who excel

participants to join us at the confererzc® the fair.



i Comput Ehinkingfhdadcati ono is the main theme of CTE2019 whic
of how to facilitate studentsdé CT abilities, areldpmdntssem
in school education. CTE2019 gathers educators and researchers around the world to share implementation practices ar
disseminate research findings on the systematical teaching of computational thinking and coding across different educationa

setings. There are 16 stthemes under CTE2019, namely:

Computational Thinking

Computational Thinking and Coding Education iflK
Computational Thinking and Unplugged Activities inlR
Computational Thinking and Subject Learning and Teaching 12K
Computational Thinking and Teacher Development
Computational Thinking and loT

Computational Thinking and STEM/STEAM Education
Computational Thinking and Data Science

Computational Thinking and Atrtificial Intelligence Education
Computational Thinking Devepoment in Higher Education
Computational Thinking and Special Education Needs
Computational Thinking and Evaluation

Computational Thinking and Neformal Learning
Computational Thinking and Psychological Studies
Computational Thinking in Educational Policy

General Submission to Computational Thinking Education



The conferenceeceiveda total of 64submissiong45 full papers, 12 short papers and 7 poster papers) bgutBors from

17 countries/regions (see Table 1).

Table 1: Distribution of PapeBubmissions for CTE2019

Country/Region No. of Authors Country/Region No. of Authors
Taiwan 37 Israel 2

China 36 Malaysia 2

The United States 17 Sweden 2

Finland 8 Australia 1

Germany 6 Canada 1

Japan 5 Hong Kong 1

Singapore 5 Indonesia 1

SouthKorea 5 The Netherlands 4

The United Kingdom 4 Total 137

The International Programme Committ@BC) is formed by 88 Members and 14 €bairs worldwide. Each paper with
author identification anonymous was reviewed by at least three IPC Members. RelatbdnseGhairs then conducted
metareviews and made recommendation on the acceptance of papersdasedl PC Member sdé revi
comprehensive review procedg®) accepted papers are presente@if(® papers,19 short papers and Jster papers) (see
Table 2) at the conference.

Table 2: Paper Presented at CTE2019

Sub-themes Full Paper Short Paper Poster Paper Total \
CT 1 2 0 3
CT and Coding Education in K-12 3 2 3 8
CT and Unplugged Activities in K-12 1 2 1 4
CT and Subject Learning and Teaching in k12 2 0 0 2
CT and Teacher Development 3 2 1 6
CT and STEM/STEAM Education 4 1 0 5
CT and Data Science 0 2 0 2
CT and Artificial Intelligence Education 0 1 1 2
CT Development in Higher Education 1 0 1 2
CT and Special Education Needs 0 0 1 1
CT and Evaluation 0 3 0 3
CT and Non-formal Learning 1 1 1 3
CT and Psychological Studies 1 0 0 1
CT in Educational Policy 1 0 0 1
General Submission to CT Education 2 3 1 6
Total 20 19 10 49



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

academic paper and poster presentations.

Keynote and Invited Speeches

There are four Keynot8peecheand one ivited Speechat CTE2019:

Keynote Speeches

1. AA Rigorous, Il nclusive, and Sustainable Approach to CT
by Dr. Leigh Ann DELYSERCSforALL, The United States)

2. iDesigning fsoprechDifsicci pQTi:naHoyw t o Bring CT into Mathemat
by Prof. Cheekit LOOI (Nanyang Technological University, Singapore)

3. AEvaluation and Assessment of Bomput ateenal Thinking a
by Prof. Jan VAHRENHOLD (University of Miinster, Germany)

4. AComputational Thinking is Wi nning: What it is About ?¢

by Prof. Valentina DAGIENA (Vilnius University, Lithue

Invited Speech

AComputational Thinkingc i@Game:e timed eCHARM I @fl i SBEAM&RoObOt I

by Prof. Juling SHIH (National University of Tainan, Taiwan)

International Forum on Research, Practices and Policies on Computational Thinking Education in K2

In this forum, there are presentations by speakers from diffecemtries/regions on their sharing of research, practices and
policies for promoting computational thinking education in their own countries/reddsissions focus on the directions
related to the curriculum, teacher development plan, parent educatitpaignandnation/regionwide social consensus for

CTE.



Panelists:

Dr. Leigh Ann DELYSER (CSforALL, The United States)

Prof. Ronghuai HUANG (Beijing Normal University, China)

Prof. Cheekit LOOI (Nanyang Technological University, Singapore)
Prof. Marcelo MILRAD (Linnaeus University, Sweden)

Prof. Juling SHIH (National University of Tainan, Taiwan)

Moderator:

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

Wor kshop AExploring MIT AppFultruweemnt or : Past , Present, an

This workshop introduces the history, architecture, and pedagogy of MIT App Inventor over the ten years since its inception.

The new features and features under development are also demonstrated and discussed.

Speaker:

Dr. EvanPATTON (Massachudés Institute of Technology, The United States)

Workshop on Artificial Intelligence: How to Make It Easier for Students?

Artificial Intelligence (Al) is a smash hit topic around the world. Gravity Link International Limited (Hong Kong) conducts

aworkshop on Al, in which participants are introduced with ways to bring Al education to schools.

Speaker

Mr. Denny XA, (Gravity Link International Limited (Hong Kony)



Doctoral Consortium

An occasion where outstanding doctoral students can praseiiscuss their research projects and ideas with other scholars,

and thereby facilitating fruitful exchange and communication.

Moderators:

Prof. MA KITALO, Kati (University of Oulu, Finland)

Prof. SHIH, Jding (National University of Tainan, Taiwan)

Academic Paper and Poster Presentations

There are 14 sessions of academic paper presentation and an academic poster presentation séSgiapevii?0 full
papers,19 short papers antl0 poster papejsn the conference. Worldwide scholars presedt@hange the latest research
ideas and findings, which highlight the importance and pathways of computational thinking education covE2ing K

education, artificial intelligence education, teacher development and STEM/STEAM education etc.

On behalf of he Conference Organizing Committaed CoolThink@JCwe 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 CTE2019.

We sincerely hope everyone epjand get inspired from CTE2019.

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

Conference Chair of CTE20t8m Coding Fair

Principal Tsawing CHU
St. Hilarydéds Primary School, Hong Kong

Conference Chair of CTE20t8m Coding Fair
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The Systemanalytic Approach for Gifted High School Students to Develop

Computational Thinking

Nguyenthinh LEY, Niels PINKWART?
2Humboldt Universitat zu Berlin, Germany
nguyenthinh.le@huberlin.de niels.pinkwart@htberlin.de

ABSTRACT average intellectual level students. For gifted school
In this paper, we report lessons learned from applying thétudents, specific didactical approaches for developing
systemanalytic approach in developing computational computational thinking are rare. In a textbook, Schubert and
thinking for high school students. We have been estsibtjy ~ Schwill (2011) proposed the systeanalytic approach for

a network of Society for Gifted School Students innovice Computer Science students, who have just begun
Computer Science since two years. Every year, we offer #arning Computer Science. They found a disadvantage of
tenweeks project for gifted students from schools aroundthis approach that it woulequire high intellectual level of
the city Berlin in Germany. In one study case in summest udents. Exploiting this fid]
semester 2016, after ten kse students finished that this approach might be appropriate for gifted students,
successfully their own projects ideas with a small softwarédecause they have higher ability level than others and have
product. For evaluating the systemalytic approach, we MOore curiosity.

used three measure instruments: 1) the subjective attitude @f ;g paper, we inveigate the research question: Can the
teacher students who supervised the school students, &) siemanalytic approach be adopted to gifted students? We
products of the projects, and 3) the repeated participation Qfyiefly review approaches to teaching gifted students in
the school students. We could report the following resultsSgeciion 2 and didactical approaches for teaching
Three teacher students showed positive experience with tht?omputational thinking in Section 3. The implementatid
systemanalytic approach; Each student group could realizg,q systeranalytic approach for a group of gifted students
their own idea and successfully developed apps; 70% Ofis gescribed in Section 4. We report on the success of our
school students, who attended the project in summefist implementation of the systeamalytic approach to
semester 2016 applied for participation in the seconGyeyeloping computational thinking for gifted students in

project. Section 5.

K_EYWORDS _ _ 2. APPROACHES TO TEACHING
gifted students, systeamalytic approach, computer science GIFTED STUDENTS

education

There are many diverse defini
the definition for Afgi ftedne:
1. INTRODUCTION ] ] relies on the Section 9101 of US Elementary and Secondary

We werefaced by a question from the parents of a giftede y y cati on Act , AiSt ude ngive , ch
high school student: AMy sgifenck Shigiradetiefemdnfeapibility ih Srea® uch 8s” & ms
five programming languages. Do you have a method to boosfeliectual, creative, artistic, or leadership capacity, or
him?0 To answer this ques tysgdific adademi€ fields aMi®whd reét ks&nfcesiafdt © |

curricula of different federal ates in Germany, and then actjvities not ordinarily provided by the school in order to
international curricula (e.g., the CSTA-K Computer  fy|ly developthea e capabi |l ities. o (US,

Science standards of ACM, 2011). Unfortunately, wecouldf 5 v fGi ft ednesso in Ger man | i
not really find a Qidactical principle or contents for gifteq specific 1Q (intelligence quotient) level. The Federal
school students in Computer Science. A possible solutiofinistry for Education and Research of Germany considers
might be reco_mmendlng _§uch students to attend Iocaéifted students as the ones, who haveol@r 130 (BMBF,
courses held in communities around the globe such a5g19) johnsen (2004) summarized three common features
CoderDojo  fittps://coderdojo.cojn  Hour of Code  among definitions for gifted students: 1) Students show high
(https:/hourofcode.conor attending seipaced courses performance in different areas (e.g., intellectual, creative,
from online coding schools such as Code.orggyistic, leadership, academic); 2) The comparison with other
(http://code.ory CodaKid fttps:/codakid.com Khan  groyps (e.g., general education classrooms, of the same age,
Academy [Qttps:/khanacademy.ojgWith those setpaced  experience, or environment); 3) A need for development of
online courses and communities, they r_mght develop theigne gift (e.g., capability or potential). Adopting these three
competency by themselves in programming. However, thoSgatures, in our following study case, we consider students,
courses rather support students in developing programmingpo particite in the Society for School Students in
skills than computationz_;ll thinking, which isfandamental Computer Science, as potentially gifted, because they are
competence to be acquired. recommended by their school teachers and are required to

Didactical approaches for developing computationalP@ss an exercise from the Computer Science Competition
thinking have mostly been developed and validated witfl | nf or mati k Bibero (https:/ /b
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Azzam (2016) suggested six strategies for challenging giftedoncepts of computational thinking and could deploy them
students: 1) AOffer t-fAestfoMo $ntthe probferh solwinglprocesdsi r st 6, 2) APr e
Vol unteer so, 3) APrepare to Take, .l Up ¢ 43) ASpeak, tc¢
Student I nterestso, 5) i E ﬁArfirlanf %? al'égog‘o? Br%pogegﬁttloupde e cg;ndf{/tagona or
Togethero,anadfdr6)Ti @Plked Legar %F‘ﬁé%? TRE. LIl O L P ogr
strategy is to give all students (not only gifted students) mosg anher. t 15, bOt. #bretical and practical notions are
difficult tasks. If they can solve the most difficult tasks first, nzilppe d 0 in a proposed order.
then they should be freed from additional homework> € € 9N do approa ¢ h suggests to
assignments. However, Azzam did nasaiss how to deal aspects first, followed by object oriented notions. In

with the difficult tasks if some students cannot solve them.add't'on’ the authors suggested deployingesehdidactical

The second strategy is applied to sort out gifted Studemgrindciplle;,: u.tilizing motivating examples and demonstrating
from nongifted students. For those students, who pass mod{'adual design processes.

test items, would be recommended to solve advanced tasksaspersen and Nowack (2013) proposed the following five
and this decision is left to all students. This strategy avoidslidactical principles to computational thinking education in
gifted students becoming bored. However, if a teacheDanish high schools: (1) A learningctivity is not
already knows the ability of each student, such atgse (necessarily) the same as a knowledge area; (2) Learning
would be not required. The third strategy aims at providingactivites should be applicatiesriented; (3) Learning
differentiated workmaterials to students of different ability activities should facilitate and guide a constineéore
levels and this can be referred to as performanceproduce progression through the materials; (4) Learning
differentiated strategy. This strategy is usually adopted bwctivities shoul include several substantial worked
teachers. However, this strategy requires much preparatiogxamples; (5) Learning activities should illustrate stepwise
by teachers. The fourth strategy is inteshdie help teachers improvement as a general approach to incremental
develop learning materials adaptive to interests of his/hedevelopment of artefacts.

students. The fifth strategy promotes collaborative learnin
for enhancing their academic performance and benefit
gained by other students. The sixth strategy suggest -
teacherdo plan their lessons at different tiers of difficulty. Andersen et al., 2003), activiased approaches (Hazzan
The author argued that teachers have to develop their Iessgﬁ al., 2011)

plan, anyway. Thus, at the planning time, they can alscEither deploying robotics in educational activities
develop deep and complex activities for gifted students angAtmatzidou & Demetriadis, 2014), or using motivating
prepare work sheets #te entry, advanced, and extension examples and gradual design process (Armoni et &lQ)20
levels. Similar to the third strategy, the plan for tiered or gamebased (Andersen et al., 2013), or actibhsed
learning aims at avoiding gifted students getting bored.  approaches (Hazzan et al., 2011), those approaches underlie
the constructivism theory, which is frequently promoted in

students in Serbia, Gojkov et al. (2015) gested that gem_aral C_:omputer Science education (Salanci, 2015;

didactical teaching approaches for gifted higher educatior“ad]e"ou't’ 2009).

students shoul d fenc-mformedg e Toow bestkrdwlddye, sinde @ spbcffic did&clical approach

openminded, flexible, confronting personal prejudices, for gifted students to computational thinking has not been

carefully making deci si 0n spposeddandalidatbd vee atteniptednalihvestigate whethért i

thinking of gfted students. the systemanalytic approach is applicable for gifted
students.

ther didactical principles have been proposed such as
amebased learning and native mediaapproaches

In the explorative study with 112 potentially gifted Master

3. DIDACTICAL APPROACHES TO The systeranalytic approach (Schubert & Schwill, 2011)

. COMPUTAﬂONAL TH|NK_|NG _ requires students to study a complex software system in a
Didactical approaches for programming can be found in aop-down manner through the following phases: (1) Looking
huge body of literature, e.g. use peer instruction (Porter egn the system, (2) digging into the system, (3) modifying the
al., 2011; Porter et al., 2013; Council, 2015), use live codingystem, and (4) constructing a systdm.the first phase
instead ofshowing slides (Barker et al., 2005; Rubin, 2013;f Looki ng on the systemo, t he
Willingham, 2009), use worked examples and labelledirying to use the system. The student tries to interact with the
subgoals (Margulieux et al., 2012; Morrison et al., 2015),s y st em t hrough the systemds
use authentic tasks (Guzdial, 2013; Bouvier et al., 2016;ctivity, the student is expected to acquire the caemsy
Repenning, 2017). Brown & Wilson (26) summarized 10  of using the computer system and evaluating a system. In the
tips for teaching programming, which are based onresearc§e c ond phase fl ooking into th
results. However, didactical approaches for computationajo identify the internal components of the system (maybe
thinking and their empirical validations are rare to be foundwith a documentation) and to investigate the interplay

Atmatzidou and Demetriadis (2014) proposed to deployPetween the inten a | components and
roboics activities to develop computational thinking skills. Intéraction with the user. After the student has acquired an
The authors focused on the following skills of computationa "4 €7 st andi ng about the inter
thinking: abstraction, generalization, algorithm, modularity,

third phase fimodifying the sy
decomposition and problem solving. The authors reporte@Xt€nd the system with a new functionalityto adjust the
positive results thastudents became familiar with the

system according to a new requirement. In the last phase
Aconstructing a systemo, t he



system development will be applied and extended. Thenodeling and implementation, 2) reasoning and evaluating,
student can reuse existing components of the initial system3) structuring and networking, 4) communication and

and construca new system to solve a similar problem. Thus,cooperation5) presentation and interpretation. The content

the systerranalytic approach can be considered a variant obriented skills include: 1) information and data, 2)

the activitybased approach (Hazzan et al., 2011) and amlgorithms, 3) programming languages and automata, 4)
implementation of the constructivism learning theory informatics systems, 5) informatics, humans and society (Gl,
(Salanci, 2015; Hadjerrouit, 2009). 2008).

According to Schubert and Schwill (2011), the system The following study case wasonducted in summer
analytic approach has various advantages. First, thisemester 2016 based on the constraints and conditions
approach is authentic to software development in theabove. Due to time constraint of 10 weeks, we aimed at
industry, because it requires a usage and construction @nhancing the computational thinking skills of school
information systems. Second, this apgeh may be suited in  students by focusing on the following contemiented

a projectoriented learning setting, which requires team skills: algorithns and informatics systems along the process
work and that is the authentic working environment in IT oriented competency dimension. The topic of our project
companies. Third, this approach is subjerctssing and thus, was app development, because at that time apps were
a projectbased learning setting could involve an appigcat  penetrating our daily life and students needed to know how
context outside of the learning subject computer science anain app can be developed, and thus, addreisingpecified
various social competencies might be enhanced. Since thisomputational thinking skills (algorithms and informatics
approach requires competencies in different areas (isystems). After analyzing different Android development
addition to Computer Science), thus, students with lesplatforms, we decided for the MIT App Inventor
knowledge in Computer cgence can contribute their (http://ai2.appinventor.mit.edubecause the other platforms
knowledge in other subjects in the project as well. Schubesuch as Android Studio
and Schwill (2011) suggested two disadvantages for thighttps://developer.android.com/stujlio requires an
approach. First, this approach is highly intellectual introduction into a highevel programming language,
demanding. It requires the instructor to prepare arwhereas MIT App Inventor provides visual prograing
appropiate system (or program product) to be analyzed.language that is easier to acquire within short time period
Second, the approach does not solve the diversity problerfl0 weeks).

of heterogeneous student groups. Due to the high demand
intellectuality, the systeranalytic approach might be
appropriate for gifted students,hev usually have higher
intellectuality than others.

% high school students were admitted to join our project,
among which there were three female students. The 20 high
school students were divided into ten groups, which were
supervised by three teacher students for the computer
science education. After the second week, three high school

4. METHQD ) i students dropped out. Seventeen remaining students

In the foIIow!ng, we present a study case, in which _thecontinued to the end of the project period.

systemanalytic approach was used to teach a group of gifted

students. The study case was the first project offered tdVith the intention of adopting the systemalyticapproach,

gifted school studentsn Berlin. The school students We had to prepare materials for the first three phases
between the %7 and 1" grade were recommended by il ooki ng on the systemo, il
Computer Science teachers in our partner schools aroudgdmodi fying the systemo. For t
Berlin (Germany) to join t 6XstngappsdegeRhgto Bpgth, Eatkhope QuizrMegNoi e n
for Gifted Studentso. Th a iextbigBrivingforAlR Exploging with bogation Sepsery p i
heteogeneous. The time capacity for each project wadn  Al2)  provided on the tutorial ~ page
limited to ten weeks, each has two academic hours (g(http://appinventor.mit.edu/expIore/ai2/tut0rhl§ach app
minutes) and the project was required to take place after th@as analyzed with respect to its difficulty level (easy,
regular school time. Given these constraints, we decided tB1edium, and difficult) and its extension possibilities were
adopt the systeranalytic appoach, because, first, it meets suggested. The difficulty of each app served to recommend

the intellectual level of gifted students. Second, they arechool students to choose an appropriate app corresponding
creative and high demanding to create a system quickIytO their level. The extension possibilities of each app were
thus, the approach may meet their satisfaction of developintjitended to give stients as working exercises. Given the

their own ideas after passing the first threages. In these Selected apps, adopting the syst@malytic approach, in
projects with gifted school students, we planned to deploy’hase 1, the students should choose an app and play with it.
new technology (e.g., tablets, drones, robots, ect.). First, neli Phase 2, the students analyze the functionality of the
technology serves as means to enhance motivation diosen app. In Phase 3, the students mudifend the
students, because Ozcan and Bicen (2016) reported thitnctionality or the design of the app. Finally, in Phase 4, the
gifted stulents indicated an important role of technology in Students are asked to design the concept for a new app and
their education. Second, we intended to implement thd0 implement the app using MIT App Inventor.

constructivism Iegrni_ng theory (see Sectjon 3). The projectspe teaching concept for the 10 weeks project looks as
we conducted with gifted students were intended to develoyponowmg_ The firs session aims at introducing the

the following competencies thawere based on the rganization of the project and the App Inventor in general.
recommendations of the Society for Computer Science in

Germany for schools. The processented skills include: 1)



http://ai2.appinventor.mit.edu/
https://developer.android.com/studio
http://appinventor.mit.edu/explore/ai2/tutorials

The second session aimed at carrying out Phase 1 and 2hase, we gave the students some hints regarding project
First, we presented an example application and its code omanagement (e.g., milestones specification and phases of a
App Inventor. This presentation was intendex telp  software development cycle). We were available for the
students be familiar with App Inventor. Then, the studentggroups on demand. Through this construction phase, the
were asked to choose an app from the collected list witlstudents applied their multifaceted interdisciplinary
flagged difficulty levels and to analyze it. In the last 15 knowledge and their competency in using MIT App Inventor
minutes of the session, each group was required to presetitat they acquired in the first three phases to realize their
its results tahe class. own app ideas. At the end of thenth session, the groups
. .coul,d realize their ap.p,s6. i.d
;p?) ?:or tthi2 plurrpodse fﬁs? \(/jve pIesoer:Jterd texnhappsar?thskogo |ﬂe§/v8rk, ﬁebehcgu?aﬁe'd thém talvo%t'smizen%ﬁeﬁoép{)syarl'dn k
N ’ ' . mformed them about the presentation on the last session
its code. Then, we asked the students for possible . :
S . with the presence of their parents.
modifications on this app. From those suggested
modifications, we illustried some small modifications by The last session was reged for preparing the presentation
changing/adding code of that app. During this step, weof each project group. All the groups could demonstrate their
explained how the added code would change the app. Aftguroject results. As lessons learned, the most difficult part of
that, we asked the students to modify the design of a chosghe 10weeks project was the task to develop a project idea
app (i.e., the GUI components) and to add newwith the students. Some studentd tave great ideas and
functionalities to the existing app by copying and pastingdesired to realize them. However, those too big project ideas
existing code. Fi fteen mi ncahmosbe keaifed witkin theHiritedspmjed time.inétsad, e n d
requested the students to present results of their modificatiowe encouraged them to limit the realization possibilities for
tasks. Except one student in one group, other grouptheir ideas. For example, some students wdikd to
completed their task. Orgpecial gifted student finished the develop an additional server platform and that is unrealistic
modification tasks, left his group and worked on developingfor the project period, if the students did not have experience
his own app. Each group was requested to present results with serverbased software development. Of course, we
their modification tasks. could show them the possibility to connect web services

From now on, the students were supported to develop thewlth App Inventor and let them decide by themselves, if their

own projects. Vi adopted the project method of Frey project could be finished in the given time frame.

(2010): finding a project idea, drawing a project concept,

concretizing the project plan, carrying out the project,5_- RESU_LTS ) ) )

reflecting the project plan, meta interaction (discussionSince the aim of our paper is to investigate the research
about the progress of the project). Adoptithis project 9 U €st i on A Ho wanayscmpptodciebe sppled e m
method suggested by Frey (2010), the fifth session wagPPropriately to gifted student? 6, it i s requir
devoted to helping students develop ideas for new appé.he re_sults of the project thqt implemented the system

Each group was asked to develop own idea and concept f@nalytic approaqh. For evaluating the success of the project,

an app. Before the session was ended, the groups wel¢e used three instruments: 1) The attitude of the student
requested to exchangeeir ideas. The presentations of the téachers, who developed learning materials apersised
groupso ideas showed that ©e0diftgdesehposstudegty 2)froguets of the project, i.&.o me
the groups did not have concrete ideas whereas some othéfgveloped apps; 3) The motivation of the gifted stuidents.

had ideas that were not realistic to be realized within theresults based on the first measure were collected from the
given time constraint (4 weeks left)hills, we encouraged reports of the teacher students. The first student reported as

the students to think about ideas for their apps as homeworkg|iow s throuigh the possibility of developing and realizing

In addition, for spec_|al glftc_ad students,_ we en(_:ouraged thenhe own ideas, on the opposite to the common didactical

to look at the Android studio platform, if they find MIT App  approach in the school, gifted students could make a lot of
Inventor would not satisfy the requirements of thelp  new experience. Thus, they can benefit a lot from their
project. different experiences indepdent from their teacheér, the f

As a support for students in developing ideas for a new appySterranalytic approach helped the students discover and

in the beginning of the sixth session, we gave each group #nderstand apps quickly. Thus, it brought the students
structure, which includes the following questions: 1) How isN€cessary experience to realize their own apps after solving
our app? 2) What kind of functionalities can our appthe modification tasks s_ucce_ss[olly The stsdent o nd
provide?3) How should our app look like (how should the " € P 0 ' t thid is mhfast timé | could test the system
user interface be designed)? 4) How is the mile stone pla@nalytic approach. | must say that this approach is

for the project to be carried out in the next 4 weeks? ThéPPropriate for our conditions (i.e., 10 weeks project, gifted
concept (Questions 2 and 3) and the project plan (Questiopchool students) and the tdpwn manner of the approach

4). During this session, we mported the groups to could help stuglnts to find addmon_al understanding for a
concretize their ideas and discussed with them about theomplexsystem. The third teacher st
realistic components of their apps. After their ideas haveVery positive that we could connect between theories and

been agreed by us, they started to design the user interfaBgactice. | think that App inventor enhances the intrinsic
for their apps. motivation of the students becaubey could develop their

) ) ) apps easily and share them with other users on the same
The next three sessions were plannedifeimplementation  pjatformo .

of the apps6 concepts. In the beginning of this constr.



Considering the number of developed apps as a measure fstudents is the most important task adopting $f&tem

the success of the project, seven apps of seven groups weaaralytic approach. Since this approach does not address the
developed and demonstrated on the last sessith the  performance heterogeneity of students, additional strategy,
presence of the student s 0 e.gp adlaborative learnindg) ia @ projeet setting,pshoold de t
present and explain their apps. Figure 1 illustrates one of thembedded.

apps developed by the students. This game requires the

player to avoid the bricks representimpving meteoroids. 7, REFERENCES
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Correlations among Figure Reasoning Intelligence, Computational Thinking, and

Computer Programming SelfEfficacy in Scratch Program Problem Solving
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ABSTRACT
Computational thinking plays a critical role in learniogmputerprogramming. However, the relationship between the
development of computational thinkisgillsa n d | e a r n e ris&tdl not ceairepadt stugiesnThigstudy investigated

the correl at i digue reasomngintellijeaceomputamréalshinking, Scratch program problem solving and
computer programming sefffficacy. A total of 44 university students from north Taiwan participatedsrsthdyin which

6 Scratch loop programs were ugedproblem solving A Peason correlation angbkis was conducted and the coefficient
among the Figure Reasoning Intelligent sxiresthe Bebrasestscoresthe Scratch program problem solving performance
andthe computer programming sedffficacy scoreswvere positively significant. This studyggesed future studieto further
explore the roles of figure reasoning skillend computational thinking in learnirgpmputerprogramming angossible
applicatiors for individualized learning and instruction

KEYWORDS
computational thinkinggraphical tinking, scratch computer programmingroblem solvingself-efficacy
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The Study on the Factors Afecting Robatics CourselLearning Intention based on

Computational Thinking

Jing-wen SHAN
East China Normal University,Hiha
Sallyechu@163.com

ABSTRACT

In order to explore the influencing factors of students' learning intentions in the robotics course based on computational
thinking, this study used the technology acceptance model as the theoretical basis, and took 153 primary and middle schoc
students in Shanghai as the research subject, and constructed the learning intention model of primary and middle schoc
students intie robotics course. By analyzing the relationship between variables, it is concluded that students can improve
their perceived usefulness to robotics courses by enhancing subjective norms and entertainment perceptions; and improvin
perceived ease of usg bnhancing seléfficacy. The robotics course designers who aim to cultivate computational thinking

can optimize in terms of entertainment and interactivity, while paying attention to the gradual progress of programming

teaching, analyzing the charactéds of learners, and improving the quality of the course to cultivate students' computational
thinking.

KEYWORDS
learning behavioral intentions; TAMpmputationathinking; roboticscourses
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Micro -Persistence in the Acquisition of Computational Thinking

Rotem ISRAELFISHELSON, Arnon HERSHKOVITZ
125chool of Education, Tel Aviv Universitisrael
rotemisrael@tauex.tau.a¢drnonhe@tauex.tau.ac.il

ABSTRACT interactivityd attributes shared by most of the online

Taking a Learning Analytics approache studythemicro-  learning platforms for Cd were proposed as central
persistence of studeritsacquiring computational thinking ~ features that increase persistence and reduce drapout
Micro-persistence is the behavior characterized by being@nline learning Cr oxt on, 2014; S¢mer &

persistent in completing a task with the best possiblerpgrefore, the main purpose of the current study is to
solution We do so by analyzing dataﬁiﬁ‘h-graFjech|ldren examine the associations between students' micro
(n=119) who used an online, garbased learning platform  qrgistence and task difficulty, abey expressed while

(CodeMonkeyE) . Owmiropeisistenceise adquirBPcT §n A §ambased learning platform. Moreover,
associated with task difficulty, and that contextual variablespq study examines whether miguersistence is better

may explain persistendeetter tharpersonal attributes. explained by contextual variables (State) or alternatively by
personal attributes (Traity hence is it stater-trait

KEYWORDS dependent?

persistence, aoputational thinking, gambased learning,

learning analytics, stater-trait. 2. METHODOLOGY

1. INTRODUCTION 21. The Learning Platfor m: Code

CodeMonkey Iittp://www.playcodemonkey.com is a
amebased challengbased learning platform for
eveloping CT, aimed mainly at KL2 students.
CodeMonkey is unique in that students are required to enter

Computational Thinking (CT), whiclis a way to solve
human problems based on mental tools and computin
processes, is considered today an imperative skill f&2 e

century(Wing, 2010) Persistena® that is, a learner's will de fromth first st : {5110 th t
to complete a learning process andathieve her or his a code fromthe very first stage (in conts to the mos

learning goal$ is considered as an essential dimension ofcommon, bIocRoaseq program_ming a'pproach), however, no
CT (Barr, Harrison, & Conery, 2011) previous kowledge in coding is required.

In eachlevel of the game, the learner needs to help the main
Sharacter, a monkey, catchananaswhile overcoming

various obstacleslere, we analyze data drawn from the first

four Worlds of the game, teaching basic commands to
control t he g a me éns (Warlthlsai)act er
timesloops (World 3), and the concept of variables (World

4). Each of the game's Worlds is built of a few Challenges,

and noving forward from one Challenge to another, and
from one World to another, is only possible upon completing

tgg former.

In recent years, a wide variety of online garbhased
challengebased learning platforms have been developed t
support the acquisition of CT concefkdim & Ko, 2017).
Such platforms take advantage of the Gadased Learning
approach in order to increase motivat{timanez, DiSerio,

& DelgadoKloos, 2014; Kazimoglu, Kiernan, Bacon, &
MacKinnon, 2011, 2012)which is closely related to
persistencéMoreira, Dias, Vaz, & Vaz, 2013; Volimeyer &
Rheinberg, 2000)In such platforms, which inherently
encourage progressing in the game, persistence may serve
an obstacleas itmay come at the expense of investing in Upon submitting a solution to a Challenge, trser gets
each of the gametasks Therefore, examiningersistence  immediate feedbackd correct solution can award the user
on the macro level(i.e. persistence in the learning process)with one, two or three Stars: one Sfar successfully
may not reveahe whole picture of knowledgacquirement  accomplishing the task.e., themonkeycollected all the
This iswhy it is important to focus on persistence in each needed bananasyya Starsfor a correct solution that also
component of the learning processhich we defined as demonstrated theewly-presented concepts, and three Stars
micro-persistene. for a 2Star solution which is also the mesficientsolution

d SeeFigure for a screenshot afne Challenge, alongith 1-

Indeed,it was recentlyshown that being actively engage . o
y g y engag , 2-, and 3Star example solutionsUpon submitting a

with learning tasks while using an interactive learning lution. hint ; ) der for th 0 th
platform distinguishes learners who demonstrate gSolution, nints are given in order for the user o IMprove the

productive persistence from those who just spend timé:Ode and achieve a highStar solution.t is when users

without achieving masterKai, Almeda, Baker, Heffernan, 2U€MPpt to improve their Staating that is, retrying to
& Heffernan, 2018) Hence, the importance of studying solve aChallengeafter already solving it correctlythat we

micro-persistence. identify as micrepersistence

A plethora of factord related to lemers' characteristics,
programs' structure, technology in use, and the context in
which learning occurs are associated withersistencen
online learning platforméDalipi, Imran, & Kastrati, 2018;
Gazza & Hunker, 204; Lee & Choi, 2011; Naito, Bezerra,
Marcia, & Silva, 2016) In this contextgamification and
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</ il PR AL N e Teft 1- to 3-Star Improvement. We consider cases wieethe
s, = Z; §§§§ Ztght EEEE Zlight first correct solution got 1 Star and the next better solution
S Jer HEIELEny got 3 Stars (i.e., no-3tar solutions were submitted in
) siep £ between)For each student in each Challenge, we set a value
rh rigne of 1 if this student got 1 Star for his first correct solution in
< that Challenge andheir next better attempt was aS3ar
o ? \s/\(;lutio?; (;)therwise, we set a value of 0. Then, Lor each
or , we aggregate t hese %
Figure 1. Demonstrating 4, 2-, and 3Star solutions to the  Challenges, for each student, by either averaging or taking
same Challeng@#25, in the Timed.oops World). the maximum, which gives us two nables: 1-to-3-Star

Improvement Averagend1-to-3-Star Improvement Binary
accordingly. Note that for the latter, a value of 0 means that
no improvements were done in any of this World's
hallenges, while a value of 1 means thgirovementvas
one in &leas one Challenge in this World.

2.2. Population and Dataset

For this study, we analyzed actionslofl €dementary school
students from all over Israel, who played the game betwee
March-July 2017 and completed all the Challenges in

Worlds 3 and at least 10 Challenges in World 4 (only the2- to 3-Star Improvement. We consider cases where the
first 10 Challenges were consideretijote that due to a first correct solution got 2 Stars and the next better solution
natural dopout, population size is decreasing as the gamegot 3 Stars (additional -$tar solutions in between are
progressesTherefore, we referred only to students who counted) and calculatiis measurement dorgmilarly to
continuously carried out the abeweentioned worldsAll  the previous oneesulting withtwo additional variables2-
students were connected to the game using their schoolo-3-Star  Improvement  Average and  2-to-3-Star
provided user accounts, however, we éao information  |mprovement Binary

on whether they used it in a formal school context, or on

voluntary basis. ?The other two forms of micrpersistence i.e., 1-to-2-Star

improvement, and -10-2-to-3-Star improvement, were
The dataset we analyzed includedly correct solution rardy observed in the data and therefore omitted from the
attempts ofthese usersfdiled attempts were not fully data analysis).
documentel] however, we believe that the number o
correct attempts to resolve a task which was already solveds  EINDINGS
is a gmd proxy for micrepersistence.

3.1. Descriptive Statistics of the Research Variables

2.3. Variables 3.1.1. Task Difficulty

2.3.1. Task Difficulty Overall, as evident frooMaximum Stas Achieved task

We have two different measures for task difficutgferring  difficulty is linearly decreasing as the game progresHeis.

to both success and effort. These measures are firstar i abl eds values are rather
calculated at the Challenge level, ahenthey are averaged €ven in World 4 it takes a value of 2.78 (SD=0;3Rese

for each World across its Challenges. findings are summarized ifable 1. This means that

generally, students achieve the highegsmber of Stas.

Success Maximum Stes Achieved( acr oss  al ljpgegdt iH 9381 df 470 studedhallenge cases (92%),
attempts) is first calculated for éacstudent in each ¢t ,dents achieved aStar solution.

Challengeand then averaged for the Challenge across all

students. Finally, an average for a World is calculated acrosddditionally, we can look at the twmther variables
theWo r | Ghdllenges. measuringhe numberof attempts to achieve a @r 3-Star
solution, namely,2-Star Attemptsand 3-Star Attempts

] , > ) i accordingly.(Note that contrary tMaximum Star Achieved,
soluions is another proxy for diffidty. Again, this is first  {hese variables are positively associated with difficylty.
calculated for each student at th_e Challelayel, then Here, we see thahe number of attempts is not linearly
aggregated to the Worlevel by taking an average across jncreasing along Worlds, but rather that World 2 is more

t hat Worl dés Chall enges. (githQuik tBan W I@é@ee*l’a%lel)t.h's case, not
students had submitted- 2r 3-Star solutions in every

Effort. The numberof attempts to achieve-2r 3-Star

Challenge.) So, we get two variablésStars Attemptand Tablel. Task difficulty descriptive statisticsnc119)
3-Star Attempts Difficulty World Average (SD)

. : Variable 7 2 3 2
2.3.2. Student MicrePersistence

We have twodifferent measures for micipersistence, Max. Stars 2.97 2.90 2.86 2.78
indicating an improvement of a correct solution that got Achieved (0.08) (0.15) (0.22) (0.32)
either T or 2 Stars to a -Star solution. Note that this

improvement can span over more than a single additional ittsetzrinr ts ?(505’5) ?(51150) ?(')1122) ?0116 4)
attemptand that we count the actual impesrent and not P ' ' i i

the number of attempts. Each of these measures is first3-Star 1.01 112 1.01 1.05
calculated at the Challengmvel and then aggregated to the Attempts (0.10) (0.42) (0.28) (0.34)
Worl d |l evel (across the Worfdds Chafftenges) 1 n two ways,

described below.
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3.1.2. Students' Persistence since each of them is a good proxy to the sum of all their
Recall that we havefour micro-persistence variables, characteristicéBaker, 2007)

measuring persistence in improving frontar to 3Star
solutions and from -5tar to 3Star solitions, each having
Binary and Average calculationiSor all these variables, we
observe an increase from World 1 to World 2, drmom
World 3 to World 4, as well as an increase in the standar
deviation. This means that persistence is increasing betwe%

these Worlds (albeit with increased variance). However, egarding the 1-to-3-Star improvement, in bothState

: . - . odels (Average and Binary), World lhas a negative
:/r\]/irr?da?[e differences in the variables' trend from World 2 tdcTz)eﬁicient (b=-0.011 at p<0.05and b=-0.101 at p<0.01,

respectively), while World has a positive coefficien(®
When examining improvement from -3tar to 3Star  =0.019 andb=0.168 respectively both at p<0.001 This
solutions, both variables decrease from World 2 to World 3means that World 1 is associated with lower persistence
An improvementfrom 1-Star to 3Star solutions behave compared to the other Worlds, while World 4 is associated
differently: Its Binary variabl& which indicates the very with higher persistence compared to the other Wollltiis
existence of micrgersistence anywhesdong the World's may be explained by thdifference indifficulty between
Challenge8 increases from World 2 to World 3; Its these Worldsasdetailed aboveSection3.1.1), with World
Average variablé which indicates the cumulative effect of 4 is more difficult than World 1.
micro-persistence along the World's Challerigés about
the same in these two Worlds. Findings are summarized iﬁ
Table2.

The models were built using Rapid Miner Studio Version
9.1 and their quality was measured usirfg(sguared
correlation), using 1@old crossvalidation.

2.1. Understanding theState Models

egarding 2o0-3 Starimprovement, we find a similar trend
ere, again, irboth State models(Averageand Binary)
World 1 has negative coefficien{®=-0.036 andb=-0.244
This irregularity of the micrgersistence trend is associated respectively both at p<0.00j while World 4has positive
with the abovementionedirregularity of task difficulty in  coefficients (6=0.019, at p<0.05and b=0.143 at p<0.01,
World 2. That is, we saw that World 2 yields more attemptsrespectively). This, again, may be explained by the
than World 3for 2- and 3Star solutions; evertheless, we difference in difficulty between thesdwo Worlds.
see that students are more eager in World 2, compared #dditionally, World 2 has positive coefficients in both
World 3, to achieve the best solution once they started wittmodels (b=0.029 and b=0.168, respectively both at
a 2Star solution, but this is not evident for students who firstp<0.003); that is, World 2 is associated with higher
achieved a IStar solution. persistence compared to the other Worlds. This may be
related to our previouindings, according to which students

Table2. Micro-persistencelescriptive statisticant119) in World 2 are more persistent in achieving the best solution

PS;:;EZC(E World Average (SD) once they started with a-Qtar solution, as was detailed
1 2 3 4 above Gection3.1.2.

1-to-3 0.01 0.02 0.02 0.04 ) _
Average (0.03) (0.04) (0.04) (0.06) 3.2.2. Understanding the Trait Models

When looking at thdrait models we find thatfor all four
1'_t°'3 0.08 0.16 0.18 0.35 variables, there are a few students who came up with
Binary (0.28)  (0.37)  (0.39)  (0.48) significant positive coefficients (no student came up with a
2-t0-3 0.01 0.07 0.05 0.06 significant negative coefficient); these numbers range
Average (0.03) (0.09) (0.07) (0.08) between 8 1-to-3 Averagg to 42 @-to-3 Averaye). For a
5103 0.09 05 0.34 0.48 student to come up significantly positive i.n a Hrabdgl
Binary (0.29) (0.5) (0.47) (0.5) means that this student demonstrated higher persistence

along the game than other students.

We should highlight thaall students whacame up with

3.2. State and Trait-Models for Persistence significantcoefficientsin the 1-to-3 Averagemodelare also
To understand whether miepersistence is more related to sjgnificant in thel-to-3 Binary model this is obvious, based
the Worldos char act estudestsi grfthe fefinitiéntafd constrictiontoPthe felat€d variables
characteristics (trait), we have constructed two linear(.e. those who are, on average, more persisteme more
regression models (state and trait) for each of the foupersistent in essence). Interestingly, we obsarnvepposite
research variables. Each of the eight models is built on thgygic relation for the 20-3 improvement: A students who
full dataset of 476 rows. came up with significant coefficienta the 2-to-3 Binary

modelare also significant in thato-3 Averagemodel i.e.,
those students who were,pninciple, persistent throughout
i the game’ were also highly persistent by their action. Of
jcourse, this relation is not a necessity.

A State Model tries to predict persistence/grids. It uses
four variables that denote the game Worlds @det as
follows: for each row in the data, the variable tha
corresponds to the World documented in this row is set to
the others are set to 0. Similarly, a Trait Model tries toAdditionally, nine students came up with significant
predict pesistence bythe student this model uses 119 coefficients inboth thel-to-3 Binary modeland the2-to-3
Variables, each denotes a student. Note that by using thgnary model. Sam@oesfor sevenstudentsvho came up
approach, we refer to the students themselves, or to thégnificant in both thd-to-3 Averageand the2-to-3 Average
Worlds themselves, as the trait/state variables, accordinglynodels This means that there are a few students who are
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more persistent than others in improving their result, nonuanced relationship between persistence and difficulty at
matter what is the initial solution.

3.2.3. The Stateor-Trait Question
Overall, we find thatregarding the four research

variables, the State models were significant, while the
Trait models were not indicating a possible state, rather
thana trait explanationfor persistence. However, the state
models had low prediction power, with nanges between

0.0720.11. Results are summarizedTiable3 andTable4
(for the Trait models, we oplnote how many student

variables were found significant, without mentioning the

thetask leve. Aswemsaur ed bot h
a task and the task difficulty using different mechanisms, we
were able to demonstrate the complex relationship between
these two constructs.

Overall, we observed positive associations between task
difficulty and studeri persistence. This is in line witbcent
studies of gambased learning, which fourbsitivelinks
between difficulty and proxiesof persistence, like
engagemenar flow (Hamari et al., 2016; Hung, Sun, & Yu,
2015)

specific students nor the coefficients; this will be discussedHowever, our nuanced examination of persistence enabled

below).

Comparingl-3 and 23 modelswe see that th2-3 models
have higher? values, but less significant dieients. This

may be a result of the-3 data having more @alues, hence
the predictionmodel can be simpler (predicting 0), but it's

more difficult to predichon0 values.
Table3. The kto-3-Star State andirait models

State Trait
Avg. r? 0.072 0.021
Significant  World1 (-0.011) 8 students
Coefficiens  \yoriga (0.019")
Binary r? 0.066 0.014
Significant  World1 (-0.101") 21
Coefficients students

World4 (0.168™)

" p<0.05," p<0.01,™ p<0.001
Table4. The 2to-3-Star State andirait models

State Trait

Avg. r2 0.104 0.046
Significant  World1 ¢ 42 students
Coefficients 0.036™)

World2
(0.029™)
World4 (0.019")

Binary r? 0.11 0.047
Significant  World1 (- 25 students
Coefficients 0.244™)

World2
(0.168™)

World4 (0.143)

*p<0.05," p<0.01," p<0.001

4. DISCUSSION

In this study, we investigadestudents'persistence while
acquiring CT in an online gaméased learning platform
Rather than referring to persistence on the mbsrel, as

commonly dond that is, as the opposite of disengaging Examining the stater-

from thelearning procesd we explored micrepersistence,

which reflects thebehaviorof keeping students engaged

us to identify a specific saif learning tasks (World 2) in
which students demonstrated an interesting behavior: while
they were relatively highly persistent in achieving the best
solution once they started with aS2ar solution, this
persistence was not evident for students who dickieved

a 1-Star solution. Recall that it is theStar solution in which
students apply the new knowledge taught. That is, according
to our findings, students who have already demonstrated a
certain abilityto learnnew material are the ones who are
motivated to achieve the best solution. It may be that those
students are intrinsicallynotivated, as masteyriented
learner® i.e., those who wislko increase their competence
and abilities while mastering new taékare characterized

by higher persistenceeven when facing difficultiesthan
those whoseek a positive judgment of their abilities and
performance (performanceorientation) In other words,
motivation, mainly intrinsic, has a positive effect on
persistencéDweck, 1986; Garris, Ahlers, & Driskell, 2002)

Of course, the alternative explanation may also apply, that
is, that playing the game persistently assisted in increasing
learners' motivation, as was argued by Hamari gRallL6)

in the context of challenging games in which skills are
promoted. Therefore, one important research direction is to
further study the causal dynamics of the persistence
difficulty association.

Importantly, the unique behari described above happened

in World 2, which is somehow an extension of World 1;
Worlds 3 and 4 teach new concepts. That is, when aiming at
extending the learner's knowledge, we observe a situation
where those who are already capable of solving the tasks
keep trying until achieving the best solution. While this
behavior may seem desirable, it may also incrahse
knowledge gap between learners, and may eventually harm
those who need help the most. Interactive learpiatiorms

(like the one studied he) often havédielp mechanisms that
may assist the struggling studerst, paradoxically, it was
found that these mechanisms mostly to promote the
mediumachievers (probably represented in our case by
those who initially got a -Star solution)(Roll, Baker,
Aleven, & Koedinger, 2014)Therefore, it is advisable to
keep studying the ways in which the knowledge gap may be
reduced while using interactive learning platforms.

trait questiod that is, whether
personal or contextual attributes better explain micro
persistence behavidrwe overall demonstrate that the

with alearning task Thislevel of persistence has only been ¢, -mar has a stronger predictive value than the latter; this is

little studied(Dumdumaya et al., 2018; Fang et al.,

2017) in accordance with previously mentioned findinggameling

Analyzing persistence at that level allows us to examine th?ne persistencdifficulty association. However, both types
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of predictions are not necessarily stronigdeed, the Croxton, R. A. (2014). ThRole of Interactivity inStudent
literature indicatesthat persistenceis related to both Satisfaction andPersistence itOnline Learning.
contextual and personal characterististsistencenay be MERLOT Journal of Online Learning and Teaching
influenced bycontextual variabled such as task difficulty, 10(2), 314 325.

or even a teacher's encouragereltit also bypersonal Dalipi, F., Imran, A. S., & Kastrati, Z. (2018). MOOC

attributes, e.g.selfperception of abilitiegSchunk, 1996) DropoutPredictionUsingMachineLearningTechniques:

Whi_le _intrinsic motivation may be more pro.nounced, Review ancResearciChallengesProceedings 02018
extrinsic factors also have a substantial @arris et al., IEEE Global Engineeringducation Conference
2002) It may be that some characteristics of the leayn (EDUCON) IEEE, 10071014,

platformsd e.g. gaming and interactivityd promote

studentsengagement; specifically, reward systems (in ourPumdumaya, C. E., Banawan, M. P., Mercedes, M.,

case, the Stars) are often mentioned as having positiveR0drigo, T., Dumdumaya, C. E., Banawan, M. P., &
motivational or metacognitive effect on learning, in a way Rodrigo, M. M. T. (2018). Identifyingu d e n t s 0

that increases engageméBuckley & Doyle, 2016; Mekler, Pers!ste.nceProﬁIes in ProblemSolving Task.AdJunct_

Br¢hl mann, Opwi s, & Tuch, Pulgdionofthez@tirGopferapce on UserModeling,
Dweck, & Popovil, 2016; Ri cfdantafionangBessgnglizatiohCh 281286, j 2015
In future research, we suggest to further explore howDweck, C. S. (1986). Motivation&rocesseg\ffecting

external factors such as the gameplay, the rewards system ot.earning.American Psychologistt1(10), 1040.

the challengesd structurte ﬁ"::;n&, ‘?C)éu Y.%.,t '\H’éj §.,rGtra§s§er,/9.,‘?35vﬁ1<,i pS kence

acquire CT in similar platforms Hu, X. (2017). OnlineLearningPersistence and
Carefully examininghe Trait-modelssheds some important ~ Academic Achievemenkroceedings of the 10th
light on the personal tendency for persistewe. found a International Conference on Educational Data Mining

subset of the students (as large as 35% of éisearch 312317.

population) who are prominently more persistent than thegarris, R., Ahlers, R., & Driskell, J. E. (2002). Games,
rest of the population. More than that, some students appear\otivation, and_earning: AResearch an@ractice

to be consistently persistent in attempting to achieve the bestyjodel. Simulation and Gamin@3(4), 441467.

solution, no matter what was their starting point. Such aG N
) fhighlv-motiv. nts m v h iGazza, E A & Hunker, D. F. (20;4). Famhtgﬂﬁgjdent
group ofhighly-motivated students may serve as the basis Retention inOnline GraduateNursingEducation

for understanding the differenceslearners' demonstration Programs: AReview of theL iterature Nurse Education
f persistence. In that light; this m i litatively. : :
of persistence. In that light; this may be studied qualitatively Today 34(7), 11251129,

This study has some practical implications as well. First,Hamari J. Shmoff. D. J.. Rowe. E.. Coller. B.. Asbell

educational conterdevelopers who wish to keep at a high Clarke, J., & Edwards, T. (2016). Challengi@gmes
level of micrepersistence should monitor the difficulty of Help Sfudéntsl_earn: A’nE.mpiricaI.Study on

the learning processes in which learners are involved EngagementElow andimmersion inGamebased
(Luckin, 2001) optimally, learners should find their flow Learning Cor,nputers in Human Behavid4, 170 179
state, in which challenge and ability to overcome the ' ' '

challenge are matched perfec(iyeterson, Verenikina, & Hung, C.Y., Sun, X.Y,, & Yu, P.T. (2015). Th@enefits
Herrington, 2008)Supporti ng | ear ner s of aGhallengeadentoiivationmndklemv Experience
challenges wi subsequently result in improving the in TabletPGgamebased. earning.Interactive Learning
acquirement of new knowledge; in this case, CT skills. Environments23(2), 172190.

Second, teachers who wish to use gdrased learning in  |banez, M:B., Di-Serio, A., & DelgadeKloos, C. (2014).
their instruction, should motivate learners to the task and not Gamification forEngagingComputerScienceStudents in
solely rely on extrinsic motivation to bignited by the | eamingActivities: A CaseStudy. IEEE Transactions on
rewarding mechanisms of the gaifieeterson et al., 2008; | earning Technologied(3), 291301.

Pucher, Mense, & W, 2002) Kai, S., Almeda, M. V., Baker, R. S., Heffernan, C., &
Heffernan, N. (2018). DecisicfreeModeling ofWheet
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ABSTRACT

At present, the important issue of engineering technology education is how to solve the problem of engineering talent training
(Han, Capraro, Capraro, 2015), how to carry out engineering design teaching, etc., is a very important and urgent problen
research prialem. Today, technical artificial intelligence, the Internet of Things and other technology industries require a large

number of talent. Therefore, it is necessary to cultivate good information engineering talents. The correct procedure should
be used todach students. This study will summarize in the semantic flow chart analysis. Expert course design courses in the

field of information engineering can provide students with the best teaching content, train their information engineering
talents, and improvtheir thinking skills.

KEYWORDS
programming thinking prograna flow-map,computationathinking
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The Effeds of Gender Differences and Learning Styles on ScratGh Programming

Performance and Computational Thinking Ability

Yun-jie JHOW, Jungchuan YEN', Wei-chi LIAO®
BGraduate School of Mathematics and Information Education in National Taipei UnivérSidyication, Taiwan
2Department of Mathematics and Information Education in National Taipei University of Education, Taiwan
yjjhou.ntue@gmail.com, jcyen.ntue@gmail.cdmart1543@gmail.com

ABSTRACT

The purpose of this study was to explorer thife@s of gender differences andearningstyles onl e ar rcetchs 6 s
programmingachievement, motivatioandcomputationathinking ability. The object o ns i st e dg roafd €3 9s tsu dke n
two classes, i ncl udiAmggasi&gerimeatdl @design avas ddofitedl anid eondaidted l@sikteaching
experiment for four weeks. The results show that: The gaased learning project approach of this study can effectively
promote learning. Gender and learning style have no intenact scratch learning achievement and computational thinking
ability. The effects of gender and learning style on programming learning achievements are not significantly different. In
computing thinking, female learners outperform men, but male leanages greater progress. In learning motivation, the
accommodatoandassimilatorstyle learners are significantly more attention tharctivevergetearners.

KEYWORDS
gender differencdearning style, programming education, computational thinking
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ABSTRACT o ] .. computer sciece point of view it isdesirablethat learners
Although the general principles of Computational Thinking gou1d be able to create computational models with a certain
are manifold and not bound to one specific programming eedom of choice regarding the use of different
paradigm current practice is less varied, dominated by Visu%presentations (e.g. data structures) and processing
block-based approaches following the imperative paradigmmechanisms. Even beyond simple variatioformulating a

For this study, an emanment with an agent in a maze has gpecific programming solution, we would like to enable

been made accessible to programming in two differenjgarmersto actively experience different computational

modalities: visual bloclbasedprogramming(the current approaches and paradigms. Aho (2012) uses the term
standard) and reactive rdfased programming. The latter 5 model s of ¢ o mputationd to ad

approachallows for defining the agent behavior inttmon on this level are fond between different classes of

up style in reactio to current local conditions. We have ,.qqramming languages (e.g., imperative versus declarative
tested the transfer between the two approaches in both ;7\, guages) but al so comprise

directions, i.e. starting with reactive rdbased pre 5t o mat a or grammar s . We use
gramming followed by visual bloekased programmingand ¢ | o x i pi | i t yo to denotirenmenhe ch
vice versa. It turns oudtarting with the reactive ribased ¢4t supports different models of computation.

approachis superiorin terms of achievement (level gain)

and problem understanding. The studyreported on irthis paper combines two different
computatiomal approacheandinvestigatessequencingnd
KEYWORDS transfereffects between two different ensuing experiences.
representational flexibility, algorithmic thinking, reactive This is enabled throughthe provision of different
rule-based programming, bloddkased programming computational approachehat are appliedto the same
1. INTRODUCTION problem, namelysteeringa programmable agent to escape

from a maze. In this context, succeggbroblem solving

According to Hoppe and Wernebu@(l?) - the fe q%‘?eg Gnfersfaiding and skills on two levels: Q) ,
Comput atl gnal Thinking ( (.:T La}n ﬁan'd'?Z) z;}eeﬁtr&ﬁrgigs‘?‘lﬁe'la dqtofb,.vveOI
artifactso th.at externaliz BN rs?'efax MiMa R | L P RAPas i N ¢t
that can be interpreted aE%mp"a{r“é‘ t%" 7§ 200 Y bcelasteicmr P P 6
Iog!cg] art|fact_s are _dten the result§ of programming - hese two orientatns is frequently found in programming

activities, which  links cc_)mputat|onal thinking  to basedmicroworlds(cf. DiSessa, 2000)The maze problem

programming as a medium Although the term — y,nqin g closely related to turtle geometry. Labyrinth

fiComputational Thinking has gained popularity more _, o . hi . Abel
recently, especially through Wing2006), already Papert Zr?c? gtszssssr((elgéslc;ussécbmt Is perspective by Abelson

(1996) described theléa and used the term in conjunction

with the development of the LOGO languageaasedium  The aim of our study is to investigate the influence of

for learning matheatics.In her recent characterization of fir e pr e s eariatiad i iom at e r tasnodel$ of mu | t
CT, Wing (2017 emphasizes the importance of abstraction computation on both problem und@nding and the

i ie most important and higbvel thought proess in  development of programming skills.

computational thinking is the abstraction process. .

Abstraction is wused in dey%|-ﬁ\|{l_£e§!\%/lthOyMﬁlgT T ,E$TaUID|Ozi ng |

speciyc instances, and ar A tudjmystemigcfitgtes the definition of agent
P y P éehavior in a maze enwaronment with different difficulty

The executable artefacts that are created in CT activities anevels. Atall levels, the goal is to define a stratebgt lets
e x a mp | ermsputatibnal inodel 0Such models can be the agent find a way out of amyazeof the given levelln
generated by learners from scratch, they can be modified, ahe overall learning process, the feers will formulate
they can be used for experimentation as is often the case witlirategies of more and more general natemeljng up with
interactive  simulations  supporting  scientific  inquiry a correctimplementatiooffi wa | | f (.¢. havigating g O

learning.Systematically using or modifying simulatiocsn  through maze keeping the walls always on one hand. side)
also involveCT skills (cf. Sengupta et al., 2013). However,

insuchenvioment s the basic comp aMazeSiudiaiferstwoglifferegt cogngufaiopa appsoaches

namely underlying data structures and a basic processin;t)? fc:rmullate agent strategies as solutions to the given
mode] are usually predefined and fixedowever, froma roblems:

rog

%
§
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The reactive rukbased approachdditates the formulation
of strategies in a bottomp a n d

can create a new rule or modify an existing rule in the rule

fi s ifashiom tnead Oeditor. Each created rule is listed in the rule library, initially

given situation (i.e. with the agent in a certain position in ain the order of creation. The ordering of the rules determines

certainmaze),the learner is provided with a localizedle
that reflects the concrete situation in thegh&orhood of the
agent in its prénstantiated conditions (Hpart)whereas the
action part (THENpart) of the rule is still empty. Nothe

learner has to fill in a corresponding action or action

sequence made up of 90°tuingi L e f t O orstefwiReé g

the order of the matching and ensuing execution. Thee rul
manager combines thale library with the interpretation of
rules and renders the resiit the behavior stage usirgy
game engine.

cthazeStudio - RRBP Mode

movements forwardrigure 1 shows an example of such a jo R
situated rule construction ‘ roo)
towards the right has wal/l (A
and a free space in the Vvie oo |—{_wwm | f T e
the choiceix | early fAGo For wardo. Coonsome ) [ 1
l Pnaa;r';almn J‘—_" Solver I
Define a new Rule
E & Figure 3.Architecture of the rukbdased system.
The rule libraryshown inFigure2) allows for managing the
collection of all previously defined rules. The learners can
edit or delete already defined rules, directly enter new rules
.. THEN ... and change the order (and thus priority) of the rules to be
checked. Depending on the entries in the rildeaty, the
m corresponding actions are executed and the specific entry in
the rule library is highlightedhe execution will stop if now
applicable is found or the goal is reached.
g Gurrent Position Gol i .
On the higher levels, learners have dpply different

Figurel.ct Maze St udi ods fAsitu

The rule editor shown abovealwaysinvoked when a new

strategies, to imprqove tiveprogramming codéi.e. the rule
@ef) éh t Wiﬂvé’sti;%eog Anb Qebt -their rulsets in

consecutive situations, they may revise formerly defined

situation is encountered. For the given conditions, the'ule sets through generalizatiairgpping ofconditions) or

learnerselects the desired actions and ttiefnes a situated
rule o f ireactivebo behavior

reorcering. The challenge is to create a maximally powerful
rule set witly @ imingutn nurpber of rules Thig) requies a

conditions) The user can also delete conditions, whichlevel of understanding that allows for predicting global

implies that the corresponding rule will be applied in

behavior based othe locally specified rules. In the maze

situations more general than the given one, disregarding orexample, a small set of rdeminimally three)will be

of the premisesas ageneralizatiormechanism Therules
wi || be Amemorized?o

created to implemera wall-following strategy.A correct

bapplied h ealgositgmicnselutian has tovensure thap tbe walleis always

under the same conditions. This approach was inspired byept either on the right or on the left hand. This strategy

the kind of visual agent programming introduced in
A Ki d $9mithd Cypher, & Spohrer, 1994).

In addition to the rule ethir, ctMazeStudiocontainstwo
more componentsthe behavior stage and a rule library
(Figure 2).

Behaviour Stage

Rule Library Log of the

Movement
;;;;;;

uuuuuuu

nnnnn

Figure 2.ctMazeStudio with Rule Library.

The architecture of the ruleasedvariantof ctMazeStudids
shown in Figure 3. In the graphical user interfabe, user

wor ks with any kind

Bl maze solving aigorithm

Logic repeat (A  target reached

Loops e
wain do (o) il wayfree (ACILICHD

do | wm (EIEKD

go forward 1

Variables
Functions

elseif | way freo
do
L9 forward 1

e

Figure 4.Block-structured programming interface

In addition to the reactive ruleased mode, thetMaze
Studio environment can also be programmed through a
block-structured interface (Figure 4), similar to Scratch
(Resnick et al., 2009). T&i corresponds to tegown
imperative programming approach with conditionals and
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loops as control structures. In combination of bothlabyrinths. CT competencies were tested through questions
approaches,ctMazeStudio affords a specific form of inspired by Gonzalez (2015) and Grover and Basu (2017).
Arepresent at itkengivés the llearrer b/viol.ljhé

different progamming interfaces for the same task. Q{ugy was conducted in a public German high school

( A Gy mn awith a gnaup of 31 students of grade nine

3. HYPOTHESES AND STUDY DESIGN participating in a computer science course (elective), 2 were
Providing the learners with choices between differentfemale and 29 male, and all between 14 and 16 years old (M
computational approaches and representations whefi 14.87). The average selfsessment of programming
teaching CT is a postulate that resonates with conveying thekills was 2.77 on a-point Likert scée. Group had 15,

power and richness of computer science constructs to th@'oup B 16 participants. The duration of the test was 90
learners. This is very much whathé (2012) advocates Minutes.

when .he i.nt roduces the no_t_h_OﬁEgdLTémodel s of computation
CT learning environments based on one specific
computational approach will particularly support a learning
progression within this approach. ttMazeStudiave can

Table 1 captures the distribution of successful completions
of level 8 (corresponding to wall following) for all groups

; . ; . . and conditions. For both groups, the rate safccess
examine the impact of and the interaction between different increased from trial 1 to trial 2 (A: 6 to 8; B: 2 to 5). The

computational represenitans and approaches. The target is, . .

in first place, the development of problem understanding inoverall success was higher in group A.
the given task domain conditioned by the one or the other Table 1 Success (completion of Level 8)
computational approach. The roputational approaches per group and programming modality.
provide different versions of agent programming, whereas

the task domain is the same (namely labyrinth algorithms RRBP VBBP
l eading to Adifsllowing gtratégy).g 0 t hQOURA, | | 6 8
Group B 5 2

Based on these premises, we have studied the effect qhe outcome for group Andicates that a better problem
sequencig the usage of reactive rule based programminginderstanding was developed in the RRBP condition and, if
approach (RRBP) and of visual blebksed programming this was the first experience, it could be transferred to the
(VBBP). Our central hypothesis was: second phase allowing for a-ceding in the other modality

(H1) The understanding and active mastery of wall (VBBP). In contrast, starting with VBBP didot facilitate
following will be better supported by RRBP. initial understanding and success in solving the problem.

Our two experimental calitions were RRBP first, followed

by VBBP second for group A and vice versa for group B. 4 5
Following H1, we would expect the learning gain (related to

the maze strategy) to be higher for group A than for group E 1.0
after the first trial. We would expect grouptBo ficat ¢ g
after the second round. Additional observations were mad
regarding the problerapecific and general coding abilites 0.6
in the VBBP approach. Specifically, we would expect: 0.4

(H2) Prior experience with RRBP will lead to better ),
solutions in the BBP modality in terms of finding and

implementing correct strategies. 0.0
. . T1 T2
Figure 5 represents the overall experimental procedure:
Declarative A Declarative B
Pre-Test Run ] Viid-Test Procedural A Procedural B
* Demographics + Group A: RRBP * Algorithmic . . . . .
* Algorithmic = Group B: VBBP understanding Figure 6.Algorithmic understanding: declarative and
”gff;;‘iﬁf;ies procedural knowledge of groups A and B, measured
attimesq and4| .
Figure 6 shows the quantifiei
Run 2 Post-Test understandingbo es a i e a
d t d t t I d
— (T2). The questions were designed in such a way as to
SRR Sleprinne distinguish procedural and declarative knowledge related to
« Group B: RRBP understanding g p g

* CT competences this problem, and theiagram shows the results with this
distinction. First, we compared the different measurements
for each of the groups (A and B) separately using the non

Figure 5.Experimental procedure. parametric Wilcoxon signerhnk test. For both groups, the
difference (in both cases an increase) in cpdural
The tess of algorithmic understafing were related to the knowledge was not significant. However, group B showed
maze problem and operationalized thugh specific 3 significant increase in declarative knowledge between T1
questions, involving paper and pencil solutions with givengnd T2 (z=19.5, p=0.026). The corresponding difference
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(slight decrease) of declarative knowledge in group A wasOur findings suggest that sticking to one computational
not significant. approach alone may not be adequate. Different models of

. computation do not only increment the leasn& k no wl e d (
Secondly, we used the MaAWhitney U test to compare the . o " . X :
declarative understanding between groups A and B. Wgase by juxtaposition, they can also positively interact with

found a significant difference for the measurements at tim earche otr:eg SAgcr(])rtollr;gLy,i vgen Zh?UIdf flurtehexr i e;)(pilozei t
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A Study on the Current Situation of Visual Programming for Primary School

Students and Its Influencing Factors
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123455chool of Educational Technology, Central China Normal UniverGina
4 School of Education Science, Hunan Institute of Science and Technology, China
1187516892@qq.comhangyi@mail.ccnu.edu.ch329891230@qq.conmowei0201@gmail.coni325857783@qg.com

ABSTRACT

In order to investigate the current situation and influencing factors of visual programming learning of primary schas) studen
this study took the sixth grade students who have just l@aheeScratch course for half a year as the research object, and
studied their learning interest, future career intention, motivation, cognitive load and programmieffisatfy. The findings

are as follows: (1) students have strong interest in compugramming, high learning motivation, good sfficacy in
programming and low cognitive load; however, students are less willing to engage in computer programming relates
occupations in the future. (2) there are significant differences between mdderaie students in future career intention and
programming sefefficacy. (3) there is a significant positive correlation between learning interest, future career intention,
motivation and programming sedfficacy,and a significant negative correlatibetween cognitive load and learning interest.

KEYWORDS
visual programming, learning interestptivation, programming se#fficacy
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The Design and Development of Coding PokeZards

Shengyi WU
Depatment of Science Communicatiddational Pingtung UniversityT aiwan
digschool@gmail.com

ABSTRACT consider how to use a minimum number of cards to get to

Since its inception, computational thinking has graduallythe destination. Two to four players aged above eight can
been accepted by many countries as a critical element to tferm a group for a game, which lasts-20 minutes. The
curriculum of elementary schools. Hence this study aimed tdrogram logic behind coding poker cards consists of
develop coding poker cards by the principles of glvamsed ~ Sequence, event, repetition, parallel, naming, operator, and
learning. That is, coding poker cards are used to increaséata application. The flowchart of the game is shown in

| earner so motivation and Figvgdove their cognitive skil
Meanwhile, this studyraploys augmented reality (AR) to
verify these poker cards and exhibit real program behaviors
Lastly, this study hopes to develop a set of coding poker| Each person is given four cards.
cards featured with lowost, portable, and being able to

provide reaftime cooperation and fade-face interaction v
using AR technologies. A topic card is drawn by the chosen person of the team.
v
KEYWORDS . .
computational thinking coding poker cards augmented Cards are changed according to game mechanics.
reality v
Arrange the cards into the topic card's answers
1. MOTIVATION AND PURPOSE
The concept of computational thinking was presented by v v
Prof. Wing at Carnegie Mellon University in 2006. As she | The result is verified by| | The result is verified by]
pointed out,computational thinking can be employed to | peer cooperation. an AR app.
solve problems, design systems, and understand huma
behaviors. Some scholars have also stressed that Figure 1.How to playcoding poker cards

computational thinking is a necessary skill that an individual

need to acquire in modern times. By this tokénsivery = The number of players should be decided at the very start.
important for children to acquire computational thinking Each person is given four cards. Once all cards are
ability since childhood. An easy way to develop this ability distributed, a topic card is drawn by the person who has won
is to learn by writing a program (Buitrago Flérez, Casallas,the rockpaperscissors hand game. The number of topic
Hernandez, Reyes, Restrepo, Danies, 2017). Most youngards isbetween 2 to 4Figure 1) Two sides of the topic
learners whdnave zero experience in programming strugglecard are for the question and the answer, separately. Once it
with the textbased user interface (TUI) when they areis drawn, the side with the question is up. Moreover, the
flummoxed by its complexity (Costelloe, 2004; Powers, maximum number of cards (with answers to them) is ten.
Ecott & Hirshfield, 200 7) .Topkware toatextudiyhfematbde nef i t s of fAgar
based | earningo f or ecggoizechby lrﬁganers have een

b r
a considerable amount of studies. card players can engage
cardso according to some gan

With the rising popularity of educational board games, theabove said process, a person may draw a card at each turn,
computer science unplugged project (Bell, Alexander,and the maximum is ten cards. When a card is drawn, the
Freeman, & Grimley, 2009) has also begun to gain attentiorplayer may also take his wecard through folding or
while related materials and ways @ipplication have changing cards. We also add some game mechanics to make
appeared on the market. To disseminate the concepts diis game even more enjoyable, such as getting more cards
program logic, this study presents a set of coding poker cardguickly, two cards being exchanged, and drawing cards from

featured with lowcost and portable, which can also provideot her s® hands. 't is uprdto t|
reaktime cooperation and fage-face interaction using AR  she/he will be choosing. Once the player has collected all the
technologies. cards of which the problesolving tasks have been

completed, she/he needs to wait until the next turn to declare

2. GAME DESIGN OF CODING POKER she/he has accomplished the mission. When it is

CARDS accompli_shed, the card playeis req_uired to give
The game mechanics of coding poker cards are mainly abofPlanations by order of the poker caf8itgure 3). Other
card players trying to choose a route from a range of choice§@mmates shall verify the resuit.
when they embark on a trip. By so doing, they need to use
cards to discover the programgic, which indicates the
principle of such routes. Meanwhile, card players try to
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Figure 3. Player collected all the cards according the tasks

Card players may decide which topic card she/he is choosing
from all the cards. As the person has collected all the cards
of which the problersolving tasks have been completed, 'echnology,
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Figure 4. AR scanfor verification

3. CONCLUSION

The importance of computational thinking in education has

been internationally accepted in recent years. Computational
thinking may help children develop problesalving skills

and form a logical thinking model. Therefore, we create
coding poker cards base on t he pribased pl e
|l earning. o0 That i s, coding po
the I earnersd motivation, fac
their cognitive skills. MeanwhilAR is used to verify these

poker cards and exhibit real prograehhviors. Lastly, this

study hopes to develop a set of coding poker cards featured

with low-cost, portable, which can provide réihe
cooperation and fae®-face interaction using AR
technol ogi es. We wi | | expl or e
playing codng poker cards, using scales and behavioral
models in an empirical study.
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Promoting Computational Thinking Skills in the Context of Programming Club for

K-12 Pupils with the Engaging Game Alventure in Minecraft

Jussi KOIVISTO?, Jari LARU?Z, Kati MAKITALO 3
1 Codeschool Finland, Oulu, Finland
ZFaculty of Education, University @ulu, Finland
jussi@codeschoolfinland.fi, jari.laru@oulu.fi, kati.makitalo@oulu.fi

ABSTRACT In order to solve this issue, pedagogically and theoretically

The aim of this study is to explore how the game adventurey.onded game experience was designed and evaluated in
in Minecraft promote computational thinking in the context 5 ihentic contextogether with the codelub participants.
of afterschool k12 programming clubEarth 2.0 map was

designed to include problebrased puzzles and engaging 3.1. Participants

postapocalyptic.game nam've_ (see tasks .sectiorEar.th Participant groups enrolled on afsrhool programming
2.0 was tested in the authentic context with 60 pupils and (five clubs, &0 participants (A2 years old, 62
five teachers. Preliminary findings provides support for o, qicinants altogether) for three months with first four
using Minecraft as a tool for learning computational thinking cassions on Minecraft. line context of this study, all five

concepts and practices. club groups used the prototype version of the Earth 2.0
computational thinking game.

KEYWORDS

minecraft, srious gaming, computational thinking, 3.2. Tasks andPedagogicaDesign

programming with games Earth 2.0 Minecraft world is based on storyline where robots
are to be programmed for reconstructing earth, where all

1. INTRODUCTION activities are suddenly stopped. Players are scientist

Wing (2006) defines computational thinking as a thoughtastronauts who are ordered to go back on earth and check the
process involved in programming. Computational thinking situation. There is information about someone, who is trying
is also considered an essential skill for 21th century student$. 0 s abot age pl ayer s06 aeaithe mpt s

Brennan & Resnick (2012) have presented three MAYOkris narrative is further divided into four main puzzles

dimensions of computational thinking (CT): 1) concepts:ﬁuests) and one bonus puzzle (quest) which all are separate

€.9. sequences anq loops 2) prqqtmes: €.9. testm_g a. inecraft worlds and one bonus world. First, player has to
debugging or reusing and remixing 3) perspectives

expressing or questioning. They illustrakesit framework ?lirgrizta? use the programming tool, Beginners Turtle, in
with practical examples with Scratcha programming '

environment which engages users to creative problenThenthey are introduced to basic programming concepts
solving activities by programming, like Earth 2.0 designedand practices in specific order (see the table 1). Concepts and
in our experiment. practices of computational thinking (Brennan & Resnick
2012) are distributed to three sequential fgdups: Quests

However, based on literature review done by Lye & Kohl, 2 and 3. Finally, a foth taskgroup, Bonus Quest, is

) o . .
(2016) most of stu_d|es (85% |n_the|r literature rewe_w) included for quicker and more advanced players. See more
examined the learning outcomes in terms of computation

concepts (e.g. variables or conditions) although etaileddescriptions in the Table 1. Layout of an individual

. I - . leisi in Fi 1 2.
computational thinking entails also practices andpuzze|s introduced in Figures 1 and
perspectives as suggested above. In this samdghasis was
put to concepts and practices. Our Minecraft map forTable 1.Tasks to promote Computational thinking included

learning CT, Earth 2.0 was designed to include two of the in Earth 2.0.
concepts suggested by Brennan & Resnick (2012) Game phase Task Structures and

statements used
2. AIM OF THE _STUDY Tutorial Practice using the Only movement
The aim of this study is to explore how the game adventure (Beginners) Turtleto  commands
in Minecraft can be used to promote computational thinking open a door to Portal
in the context of afteschool k12 programming club. room (to advance to

Quest 1)

3. METHODS Quest 1, Use movement Only movement
The design rationales for Earth 2.0 Minecraft coding game Puzzlesl-3 ~ commands to move the commands
were recurring dficulties on finding a functional and Turtle and advance
motivating way to teach programming in context of after qyest 1, Use loop to move the ~ While-true-do
school programming club. Puzzle 4 Turtle long distances
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Quest 2,
Puzzle 1

Quest 2,
Puzzle 2

Quest 2,
Puzzle 3

Quest 2,
Puzzle 4

Quest 3,
Puzzle 1

Quest 3,
Puzzle 2

Quest 3,
Puzzle 3

Quest 3,
Puzzle 4

Quest 3,
Puzzle 5

Quest 3,
Puzzle 6

Bonus Quesi
Puzzle 1

Bonus Quesi
Puzzle 2

Figure 1 Quest 2, Puzzle 1. Al: Player encounters a
problem. A2: Player programs the Turtle to build a bridge.
A3: Player executes the program and Turtle builds a

Build a bridge

Remix bridge program t
build stairs followed by i
bridge

Use loop to move the
Turtle long distances

Remix bridge program t
repair broken bridge

Practice to use
conditionals andbops
together to dig through
cave

Program automated Tu
to avoid obstacles

Remix previous prograr
to build a bridge while
avoiding obstacles

Program automated Tu
to solve a labyrinth

Reuse and debug previ
program to solve bigger
labyrinth

Remix bridgepbstacle
and digger programs to
reach the exit

Reuse bridge program
and stair program to
create path to the exit

Create intelligent bridge
builder-program to crea
path

bridge for the player.

Figure 2. Quest 2, Puzzle 2. B1: Player encounters a
slightly different problem. B2: Player remixes the bridge

Repeatstructure

Repeatstructure

While-true-do

Repeatstructure

While-true-do,
If-thenelse

While-true-do,
If-thenelse

While-true-do,
If-thenelse

While-true-do, If-
thenelse if

While-true-do, If-
thenelse if

While-true-do, If-
thenelse if

Repeatstructure,
While-true-do

While-true-do, If-
thenelse if

program to build stairs. B3: Overview of Puzzle2 ih
Quest 2, both puzzles completed.

3.2Data collection and analysis

To assess conceptual understagdai the computational

thinking, the pupils completed identical online{aad post

test surveys with a pifposttest quasi experimental design.
Specifically, the conceptual knowledge measurement
includes eleven questions that are developed based on the

Ericsonoés and Mc KI i nds
procedures are described in the poster.

4. RESULTS

Paired samplestestwas conducted to compare piand

(2012

posttest means. Results showed that participants gained

higher scores in the pettst M=11.67) han in pretest

(M=8.13).t(60) = 6.71p<.000. All other test measures were

significant, except comparison of the prand postest

means in the group of young pupilsg#ears old), in which
average gain between pr@nd postests was only 0.04 and

Wilcoxon signed rank test was not significant.

Basic commands in the Minecraft coding were familiar for
all pupils (pre: n=49, post n=60), while in the questions
concerning conditionals values were average when
compared to all questions in the test andhe concept
concerning sequences was quite low in all three questions.
This can be explained also by play mechanics, because turtle
could be moved also by using rematantroller, without

programming.

More detailed results of prand postests will bepresented
in the poster at the conference. In addition to statistical tests,
also correct responses between-paad postests were

compared.
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|l nvestigating the EIl ementary School St

and SelfEfficacy through a Robot Programming Project

Chienyuan SU", Song HAN, Yue HU
123 Department of Curriculum and Learning Science, Zhejiang University, China
bredysu@gmail.conl8645625763@163.carmy_zju@126.com

ABSTRACT

This study attempts to integrate projeetsedl ear ni ng ( PBL) into a childrenbés p
investigate its effort on i mpr ov iefficgcy of pregrasimingdTeemhdedacticitp mp u
is divided into five stages, which 1) to decide the probBnn explore a possible solution, 3) to collect relevant information,

4) to try to solve the problem, and 5) to present the results. 41 fifth and sixth graders at Liyang Foreign Language School i
Jiangsu participated in this study. These participants wssigned to an experimental group with PBL and a control group
without PBL to proceed programming learning activity. Learning performance, including computational thinking tests and
self-efficacy of programming, was measured.

KEYWORDS
programming education, projebased learningzomputationathinking, seltefficacy.
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Effects of Plugged and Unplugged Advanced Strategy on Primary School

Chi | d©@ucon@esin Scratch Learning

Wei-chi LIAO?Y, Jungchuan YEN
2pepartment of Mathematics and InformatBducationNational Taipei University of Education, Taiwan
heart1543@gmail.congyen.ntue@gmail.com

ABSTRACT

The purpose of this study is to examine the effects of different advanced strategies of plugged and unplugged on the elementa
st ud e n tnsming Iparniogymotvationlearning ackevementof Scratch and the ability of computational thinking. A
guastexperimental design was adopted and conductedtaosixteaching experiment for four weeks. The subjects were 78
students in the sixth grade afid primary schools. An MANOVA and ANCOVA analysis were employed for statistical
analysis of the data. The results show that: The unplugged group significantly outperformed the plugged group in relevance
and satisfaction in learning motivation. The unpludygeoup significantly outperformed the plugged group in Scratch learning
achievement. However, there is no significant difference between the two groups in the performance of computational thinking
ability. This study suggests to provide unplugged advalea@ding activities before the formal programming course, should

be more to promote learners' motivation and learagitevement

KEYWORDS
programmingeducation,computationathinking, scratch,advancedstrategy,learningmotivation
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Exploring Evidence that Board Games can Support Computational Thinking

Ching-yu TSENG, Jenifer DOLI?, Keisha VARMA"
123 Dept. of Educational Psychology, University of Minnesdtiae United States
tseng038@umn.eddollx066 @umn.edikeisha@umn.edu

ABSTRACT can influence peopleds | earni
Computational Thinking (CT) has caught the attention oftools would also be important. Therefore, the present study
researchers, educators, and policymakers in many fields, arffcused on pattern recognition and abstraction and

has beemecognized as an important skill in this increasingly combined with gaméasedearning context (board games)
complex society. One challenge emerging in education i$0 explore the evidence that nprogramming environment

finding a way to embed computational thinking curricula can bolster the learning of CT.

into K-12 education. Researchers and educators are

exploring ways to provide CT instructio The study in this 2. BACKGROUND

presentation investigates an innovative way to teach the C%

skill abstraction. According toGr ov er & Com |on h' krng

(2013), Aabstraction invol egr‘gette ngiefr ‘ff%w‘gtgr{a'“%‘lf”}? sat Lé‘JW
from specific i nstanceshis a Rrecesy rﬁ‘x
hich can easycarrred ou by uma and machines

study exploreghe types of strategies students use when the
play a game that requires multiple CT skills. Three hundre
and sixtyfive middle school students played two card

Wing, 2011). Her arguments gave researchers and
educators ideas to study in many fields which are outside the

games: Ghost Blitz vs. Sushi Go! and completed prel computer sciences. Since many scholars recognize CT is an
postaseessments \Mln. were de.signed based on the important andnecessary survival skill for students to face

definition of abstractiOnfutrechallgﬁge@#egCetm %ugmsk %O}J) ?dc'qur%\
performance. We analyzed s Y 8N & %bg'cu "’lCtQ”
examine whether participants spontaneously utilized owever, there IS St' uncerantya ut Wh'Ch thrn
abstraction skills to make a plan to reach their goals wheﬁkIIS are utilized in the process problemsolving. Thrs
they were playing. issue is under (_jebate. Nevertheless, some scholars
developed propositions about the content of CT by
observing and organizing the
KEYWQRDS » . they are solving problems in the programming environment.
abstraction, pattern recognition, gaivesed learning, 82 A framework prposed by Grover and Pea in 2018 focuses

education, unplugged activities on the thought process programmers engage in as they are
solving problemsi Keep in mind the fra
1. INTRODUCTION like <domain expert> for <domais peci fi c>06 t

Since the computer was introduced to this world, people had o mp e t epn2@ was their@ore idea to defi€T. They
experienced significant changes and challenges around theifso mentioned there are two facets in CT framework:
life. It not only alters concrete surroundings and gives moreconcepts and practices They utilized abundantly life
complexity but also influences our thought process to aligrexamples which made readers and educators can easily
with algorithm and computing for addressing more understand and develop pedagogy without the computer.
complicated problems and corporate with technologiesBased on the framework of CThis study adopted the
Many scholars have argued that computational thinking is agoncepts of pattern recognition, abstraction, and
important 21stentury skill for k12 students (e.g. Cetin & generalization with the practices of CT to design the
Dubinsky, 2017). Nonetheless, a challenge geerfor  experiment.

educators: How to embed CT inteR education (Guzdial,

2008)? 2.2. Pattern Recognition, Abstraction and Generalization
Qne of important elements in CT is abstraction which relates

and features constitute computational thinking. Studies of° highlevel thought process (Wing, 2011), and also is an
computational thinking show that it can provide a way to abrlrty to simplify the complexity for problem solving
formulae r eal worl doéos compl exr %yeré%Pe h80189* Verg Sse Oé‘ gﬁtig%s'nahﬂd
well-structured problematic constitution and assist peoplet ment theory of |aget | icult Tor young
design solutions (Jansen, KoReacs, Otero, & Milrad, children to be ableot learn abstract (Kramer 2007).
2018). This thought process is similar to the approach Oeducators qul_d like to errrbed cT |nte_1}2 educatron the
computer scientists when theyeaproblemsolving and age_related ceiling o_f learning abstraction is an obstacle to
coding. An important point for educators and researchers iges%n r?vant c#rrrculums. szertheless,recen; stud_y |
to focus on the thinking skills of computer scientists (Grover ound evidence that young students can utilize the rationale
& Pea, 2018). They should also consider suitable anc?)fabetractlorr mtherrgeneral learning process, such as when
meaningful complex problems to specific age group to abeling a diagram (Waite, Curzon, Marsh, & Sentence,

pradice CT skills (Jansen et. Al, 2018). The type of activity 2016). Som‘? studies_ W.hiCh recruited_ elementary schoolers
to do eyeriment within programming context proved

To consider this question, we need to verify what element
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children could understand how to program their ideas byassigned into an experimental group (N=217) who played
instruction and discussion (e.g. Harel & Papert, 1990). Ghost Blitz and a control group (N=147) who played Sushi

I
Abstraction relates to decomposing a problem (patterns)(,so"

hiding the unnecessary elements (pattecognition), and

extracting the common patterns from specific examples?_ﬁérgy%?;hisej hypotheses,, in this research. The first
(Kramer, 2007). Accordingt6r over & Peads _ar.ti’c "% gé"ﬁ 3 L

~ ; . . hﬁ/qoth is “was . that jartici arits . who _were, in _the
Afabstraction involves def sy o e ek Parcgut & ull Sitner ren%rgi?ln{szwlhng
specific instances, and d e%m?ed h(?lC(E:]>l\1'\{r|()ritV\f}imeciréjlPﬁ:ﬂternr%E ge%:o?r%? 0

Align with these definitions, present study designedp Y 9 P 9

ion.” The ~
assessments and learning context for participants. Author econdary hypothesis was that the experimental group
are more interested in the learning effect within -non

would have better performance than the control grotipan
programming environment. One study organized variou

SskiII of generalizing from specific instances.
unplugged activities and analyzed what kindGif skills  3.4. Materials
students can learn from them (Brackmann, Ro@éanzalez, Ghost Blitz (Figure 1) is a card game that requires students
Robles, Morend_e6n, Casali, & Barone, 2017). Therefore, to engage in pattern recognition and provides opportunities
board games would be the main learning implement in thigor learning generalization. There are five wooden objects

study. on the take. It contains two possible scenarios, one where
color and shape completely match one of the five objects in
2.3. Gamebased learning and Gameplay Strategy the game, and one where the card completely leaves out the

Gamebased learnimp has been developing for decades andcolor and shape of just one of the five objects. When playing
has proved that it can motivate students to learn (Schiftetthis game, participantskie to recognize the color and shape
2013) . A study gave fAPandeam ctbhe wbharct, i deai del | abdt hei
strategy board game, to participants and analyzed theimatched to a shape and color or if a specific shape and color
playing process in alignment with CT ski(Berland & Lee, = combination has not shown up, then grasp the correct item
2011). They provided that the behavior of players when theyrom the table as soon as possible. Bgudints repeatedly
were discussing the next step in the game can be associatprhcticed pattern recognition skills during this game and had
with CT. That means the process of making a gamingchance to spontaneously learn to generalize features from
strategy might be able to stimulate students to learn andpecific instances, which was a key to make a strategy for
utilize abgraction. These articles provided evidence thathow to play and win this game.

teachers can utilize unplugged activities to teach CT skills

for students —

When talking about unplugged activities, the most popular ﬁ : ‘

way to motivate students to use games. Ganbased \~ &

learning has been ddeping for decades and has proved = 19 =7

that it can motivate students to learn (Schifter, 2013). A y )

study gave fiPandemico, which is a collaboration strate
board game, to participants and analyzed their playing Figure 1 Ghost Blitz Figure 2 Sushi Go!

process in alignment with CT skills (Berland & L@11). g 5hi Go is also a card game which is related to collecting

The present study used two different card games: Ghosh¢ormation (Figure 2). Players choose one card from their
Blitz which was intended to provide the opportunity for p,n4 ang put it on the table, then each player passes all
participants  to  practice  pattern  recognition and remaining cards in their hand to the player on theirdieie
gengrallzatlon, and Sushi Go! which was m'gendeq t0 Nobng repeats the process until all cards have been chosen.
provide any chance for studentslearn abstraction skills.  £501 player then scores their collection by calculating the
value of specific sets of cards they were able to gather
3. RESEARCH DESIGN during the game. Pl ayers have
The present research aligned with the framework of CTand try to collectards which have the highest score in the
which was argued by Grover and Pea in 2018, focused oround to win. This study assumed there is no relationship
pattern recognition and abstraction concepts, and utilizegetween the game mechanics and the set of abstraction
specific board games to construct qegamming context  skills, just observation and collection.
to examine the learning effect of CT skills.
3.5. Procedure
3.1. Research question In this study, there are three stages fotigigants, a pre
This research focused on exploring whether playing boardest, a structured time for playing the games, and atpsfst
games which focus on pattern recognition could bolsteiyvhich was completed during school hours.
participants to utilize CT skills for making their winning

strategy. 3.6. Measures
o The assessments included geometry questions for pattern
3.2. Participants recognition (Figure 3), math word problems for pattern

There were 365 middle school students al32%ears old  generatzation, and one question in the posttest asking
who were recritedin this study. Rrticipants were randomly  participants to write down their gaming strategies.
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Assessments design in generalization was based on thmth experimental (M= 0.02, SD=2.3250.884,d=0.01)
meaning of decomposition and generalization for problem and control group (M=0.24, 2.1p70.182,d=0.11) arenot
solving to find operended problems in mathoFexample,  statistically significant differences between-paad

buying different and the most balloons for decoration in aposttest. This outcome does not support the hypothesis that
budget. The maximum points in the first two parts was 14experimental group would outperform control group in

for the maximum, 0 for the minimum. For the question of generalizing from specific instances (See Figure 5).

gaming strategy, the study distinguished three different

strategy categ@es for two games to find if there were any Pattern Generalization

behavior models that would be similar to abstraction skills.

A B C D E

Figure 3 Ask participants to distinguish the similarities Pretest Posttest
and differences between these geometry shapes.

S —

ARA O
~Nmouk

=@— Experimental Control

3.7. Method
To analyze the data, this study conducteditiesample t Figure 5 The mean of preand posttest in two groups.

test first to see if all participants had the same math

competences, then the pairest for testing if there were 4.3.Gameplay Strategies

significant differences between prand posttest in two This research divided the gaming strategy of participants
different sections, g#ern recognition and generalization, of when playing games into three main categories: -Non
experimental and control groups. Categorizing gameplaystrategy, simple strategy, and multiple /complex strategy.
strategies was the last part of data analysis for finding oth

e . .
evidence to support the results. ,&ccordlng to the categorized outoes, they represented

that Sushi Go! triggered more practice on thinking multiple
plans than Ghost Blitz. They might give the explanation why
4. RESULTS the mean of control group who was assigned to play Sushi
4.1. Pattern Recognition Go! had better performance of generating patterns then th
Regarding patternrecogrnt i on, due t o as £PY¥iHapal grouwp < ppshest Hpweves, phis result sieed
of math questions, the data must be clarified that alimore evidence to verify the reliability.

participants had the same math ability in pretest before the

start of analysis. The result showed that there was n®. DISCUSSION

statistically significant difference in math cpetency Based on statistic results, researchers noted that there were
(p=0.625) between experimental (M=3.26, SD=2.02) andno significant differences between pand posttest test in
control group (M=3.47, SD=2.18). two groupgrespectively in generalization. Two facets, game

. . - L mechanic and assessments may provide the explanation and
The result in pattern recognition was statistically significant d to be considered in future work
in the experiment al —argjrpmsuteptérs]ees%or OSOETR dNUVE &K
(M= 0.35, SD=1.73p=0.003,d=0.202) lut was not in the
control group (M=0.16, SD=1.63p=0.229, d=0.099),
respectively. This outcome supports the hypothesis th
experimental group would outperform control group in
pattern recognition (See Figure 4).

pre

5.1. Game Mechanic

(l)ur results show that Ghost Blitz did provide practice for
a " .

students to learn patteracognition. However, in the part of
generalization, it did not assist participants in generalizing
from specific instances. In contrast, Sushi Go! did not show
evidence to support that it can bolster students to learn

Pattern Recognition pattern recognition, but the meantlé control group in the
posttest of generalization was higher than in the
/ experimental group. These results are associated with a

game mechanic which is worth noticing in the study.

/ According to the definition of abstraction which relates to
make gameplaystrategies. We did a simple comparison

from participantsdé strategies
—e—Experimental Control mechanics to see what the reason is to get this result from
generalization part. Game mechanics and their
correspondences to abstraction (See table 1 & 2):

Table 1 Ghost Blitz.

W W wwow
whnoN®

Pretest Posttest

Figure 4 The mean of preand posttesh two groups.

4.2. Generalizing from specific instances

Regarding generalizing from specific instances, the results Game mechanics Abstraction
showed that all participants had the same math competenceRecognize the color and Pattern recognition

in pretest (=0.902) no matter experimental (M=4.82, shape

SD=2.64) or control group (M=4.79, SD=2.56). The Compare card and five Remove the

analysis tests groups individually, the results showed that objects unnecessary patterns
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Finding two scenarios Generalizing from evaluating abstract reasoning and pattern recognition will be

specific instances also considered in the research to produce moreblelia
Strategy to win this game Goal/thecomplexity evidence.
Table 2 Sushi Go! 7. REFERENCES
Game mechanics Abstraction Berland, M., & Lee, V. R. (2011). Collaborative Strategic
Understand each Rules understanding, non Board Games as a Site for Distributed Computational
cardods f unc abstraction Thinking. International Journal of Gam8ased
Finding your own patterns Learning 1(2), 6581.
Combination and and specific instances in thi Brachmann, C. P., Rom#&Bonzélez, M., Robles,
collection game, then extracting G.,MoreneLedn, J., Casali, A., & Barone, D. (2017).
common features froryour Development of Computational Thinking Skills through
own specific examples Unplugged Activities in Primary Schodtroceedings of
Decide how to collect  Making a plan the 12" Workshop on Primary and Secondary Conpmt
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(two scenarios) for participants to practice pattern . o
recognition and generalization (formulate a model to win).Grover, S., & Pea, R. (2013). Computational Thinking in
However, students who played Sug! only received a Ko 12:_A Review of the State the Fieldea Source:
clear goal, but they had to set up their own patterns and Educational Researchs42(1), 3843.
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it still provides training for students to practice the Schoo)1938.

generalizing from specific instances. Guzdial, M. (2008). Education Paving the Way for
Computational ThinkingCommunications of the AGM
5.2. Assessments 51(8), 25.

The design of assessments could also influence the results. )
Ghost Blitz and Sushi Go! are all visual type games, but th&1arel.1., & Papert, S. (1990). Software Design as a
questions in the secorpart of the pre and posttest for ~ L€arning Environmentnteractive Learning
generalization were constituted by words. The ENvironments, (@), 1-23.

transformation from visual to verbal could impede Jansen, M., Kohewacs,D., Otero, N., & Milrad, M.
participants when answering the questions. Moreover, the (2018. A Complementary View for Better Understanding
answer of word problems is difficult to define, it may the Term Computational Thinkin§roceedings of the

produce somencertainty in the process of coding data. International Conference o@omputational Thinking
Education 2018The Education University of Hong
6. CONCLUSION AND FUTURE WORK Kong, 27.

6.1. Conclusion Kramer, J (2007). Is Abstraction the Key to Computing?

This study has shown that board games can provide Chancegommumcanon of the ACM, §9), 3742.

for players to learn pattern recognition. However, it alsoSchifter, C. C. (2013). Games in Learning, Design, and
illustrated that the association of the typ@o#&rd gamesand ~ Motivation. In M. Murphy, S. Redding, & J. Twyman
assessments will influence the results. (Eds.),Handbook on innovations in learnirfgp.149
164). Philadelphia, PA: Center on Innovations in
Learning, Temple University; Charlotte, NC:
Information Age Publishing.

6.2. Limitation and Future Work

Computational thinking is viewed as a way to deal with
complexity; however, this study utilized board games with
simple rules which may be one of limitations to expltre ~ Waite, J., Curzon, P., Marsh, W., & Sentence, S. (2016).
function of board games can provide for learning CT skills. Abstraction and Common Classroom Activities.
Assessments also are the limitation for evaluating the Proceedings of the IitWorkshop in Primary and
learning effect. Although CT is related to math problem Secondary Computing Education. ACM, 1123.

solving skill, there is a concern that participants may utilizewing, J. (2011). Researdotebook: Computational

their math comptences to answer questions. Thinkingd What andwhy. The Link Magazine20-23.

In future work, the game mechanics will be an important
point to choose for experiment. The standard tests for

64



Kong, S.C., Andone, D., Biswas, G., pfme, H.U., Hsu, T.C., Huang, R.H., Kuo, B.C., Li, K.Y9oi, C.K., Milrad, M., Sheldon, J., Shih,
J.L., Sin, K.F., Song, K.S., & Vahrenhold, J. (Eds.). (20B8)ceedings diternational Conference on Computational Thinking Education
2019.Hong Kong: The Education University of Hong Kong.

A Preliminary Study on DesigningLearning Activity of Mathematics Path via
Computational Thinking for the Elementary School Students with L earning

Disability

Ya-chi CHANG!, Sungchiang LIN
2Department of Mathematics and Information Education, National Taipei Univerdigusfation, Taiwan
g110627002@grad.ntue.edu.tw, Ischiang@mail.ntue.edu.tw

ABSTRACT

In recent years, many countries promote information education courses based on computational thinking as the core in th
basic education. This kind of courses can trainesitg] ability of systematical thinking and problems solving. However, it is

an important research issue of combining computational thinking with other subjects to design learning strategiesgor student
with learning disability. In this study, a mathematitearning activity with computational thinking will be designed for the
elementary school students with learning disability according to their special demand such as reading disorder, disorder of
written expression, math disability, etc. This activityi weach students how to use computational thinking to recognize the
direction and path of the map and to attend mathematidsactivities.

KEYWORDS
computational thinkinglearning disability, mathematics trails
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DesigningUnpluggedActivities for Learning Computational Thinking in the

Context K-2 Pu p i Afterschool Coding Club
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ABSTRACT . 4 INSTRUCTIONAL DESIGN AND
This paper presents a study of developing computational

thinking (CT) practices by designing and testing unplugged MATERIALS ) o .
and pluggeccoding materials for Land 29 grade pupils Instrucupnal design for unplugged coding activities consists
between the ages of 6 and 8. Materials were used as a td® @ Series of processes employed to understand, improve
in unplugged phase of afterschool coding cBised on the and deyelop educatlonal materials that impgawwledge
analysis, it is evident that pupils were able to apply thend skills (Gagne & Briggs, 1974).

concepts used in unplugged leiaig activities in their ] ) o

ScratchJr projects followed unplugged part of the coding?-1. Design ofUnpluggedCoding AActivities

DrssUp

club. Unplugged activities are designed with the aim of
demonstrating CT concepts through authentic -lit=al

KEYWORDS examples to capture the interest of learners and motivate

computational thinking, unplugged coding, instructionalthem

design

1. INTRODUCTION ' 3¢ : : :

CT involves identifying a problem, evaluating the problem, oF ﬂi% T@“ o

and reasoning to design solutions that solve the identified # - A ﬁ

problem (Wing,2008fi Unpl uggedo i s a t el
computational thinking activities carried out without
computers(Bell, Alexancer, Freeman, & Grimley, 2009)
Learners study computing concepts through activities and 2 ; RPN

games without interacting with a computing deviceng 80 { ‘*ﬁ T %
simple materials such as sheets of paper and crayons to learn ) o
CT concepts (Bell, Alexander, Freeman, & Grimi29p9). Figure 1. Algorithm worksheet

D

(@

2. AIM OF THE STUDY o daily routine of learmers starting fam the frs: thing the
The aim of the study was design computational thinking y g g they

lessons for K2 students participating into after school code do in the morning to the last thing they do at night. A

. o : : .~ predefined set of stickers (sEgure6) were designed to be
club in the Finnish primary school. The pedagogical desig . .
. s . used alongside a worksheet (storyboard) as can be seen in
included both unplugged and plugged activities forrieay ; . o
; ; o Figure . This activity enforces the concept of orderly
basics of the computational thinking

sequences in algorithms.
In this paper unplugged part of the design will be presented,
because it was considered crucial for learning computational
thinking in the context of noeexperienced child

programmers. dbdb AR s
i‘.l\ [N N N NS
3. CONTEXT _ o ot 18t 1ot 18t 1en &
The context for thisexperiment was an aftachool _ ‘ B
programming club in a primary school in Northern Finland. S s i

Participants were 17 pupils (8 girls and 9 boys ag&). 6

Original idea was to select only pupils who are -hon
experienced on coding, but only 13 out of the selecfed 1
fulfilled the criterion. 4 participants were randomly selected
from the rest of the applicants in order to fill all seats R Y R R
available. :

, . _ ) Figure 2. Decomposition worksheet
The first author of this paper was the designer and instructor

of the activities in the coding club. The sessions were
aranged in a computer laboratory within the host school.
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Decomposition: This activity focuses on teaching learners Abstraction: This activity focuses on teaching the concept
how to break down large tasks into several, small, easilypf abstraction. The worksheet (sEmure 5) used for this
solvable forms. Here, the weekly activities of learners areactivity is designed to support the inclusion and exclusion of
broken down into daily activitieszigure shows aweekly acti vities from onedés daily
worksheet organize their weekly activities into an orderlyalgorithm worksheet

daily sequence.

A =g 2 W

—— T e m Ol
' o L) T
s e o K £ < l‘k

Hon.asiy Rownas L = E
i £ a x"\j —

- « B

Evya)

Figure 3. Pattern recognition worksheet i

Figure 6. Stickers for workshets

Pattern Recognition: This worksheet (se€igure3) follows

the decomposition worksheet, focusing on the identificationFigure 6 represents sample stickers designed for the
of repeated and nene peat ed r out i nes warksheets. Thesenstickess camee &ustgmized to include
activities. options for gendespecific stickers to encourage authentic

learning, and motivate pupils to learn CT

[T ———

- : _ 5. RESULTS AND CONCLUSIONS
16‘ N e Preliminary results from the code club reveal that unplugged
learning materials were successful method to teach

principles of computational thinking.

na = Based on the analysis, it is evident that pupils were able to
apply the concepts used in unplugged legyractivities in
ke i their ScratchJr projects followed unplugged part of the
& ' « B coding club. Future research will continue withplogged

' design, but include also physical unplugged activities in
addition to papebased work.

Figure 4. Decisons worksheet

Decisions:This activity focuses on making decisions based6- REFERENCES ]
on a condition. Decisions are made on a daily basi$€ll T, Alexander, J., Freeman, ., & Grimley, M. (2009).
regardless of age. This worksheet seeks to teach decisioricomputerScienceUnplugged: SchodbtudentsDoing

making by performing an acidity based on a condit®ee Real Computing withoutComputersThe New Zealand
Figure. Journal of Applied Computing and Information

Technology13(1), 20-29.

Gagne, R. M., & Briggs, LJ. (1974). Principles of
InstructionaDesign. Oxford, England: Holt, Rinehart &

¢ . Winston.Grover, S., & Pea, R. (2013). Computational
= e Thinking in Ki 12: A Review of theState of the
o . Field. Educational Researchef?2(1), 3843.
B Henderson, P. B. (2009). UhitgousComputational
* Thinking. Computer42(10), 100102.
z * . Wing, J. M. (2008). Computation&hinking andThinking
aboutComputing.Philosophical Transactions. Series A,
N Mathematical, Physical, and Engineering
I i N Sciences366§1881), 37173725.
" [
[ ]
== o

Figure 5. Abstraction worksheet
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Research on Gamified Collaborative_earning in the Cultivation of Computational

Thinking

Yuyu LIN 2, Jianshend | &
2 Nanjing Normal UniversityChina
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ABSTRACT

Computational thinkings one of the indispensable information literacy of today's students, and large researches have
demonstrated that gamified collaborative learning has a significant positive effect on students' learning. Therefqer, this pa
designed a collaborative leémg environment under Kodto explore the influences of gamified collaborative learning on
computational thinkingfrom two aspects of individual factors (learning interests and attitudesefBedfcy), and
participation the effect obocially shared reglation incollaborative learning. This investigatiorototwo classes students of
10thgrade astheampleand col |l ect ed data via survey ueyingtopmonidei r e s
new ideas f or computaiiombthinkinpg st udent so
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gamification instruction, collaborative learning, computational thinking, educational games
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ABSTRACT

This paper starts with the analysis of the problems existing in the development of primary school students' computational
thinking, and explains the necessity of developing computational thinking training in the teaching of Scratch programming in
primary £hools. In the Scratch program design teaching, the cultivation method, training method and evaluation direction of
computational thinking are discussed. Proposedihew courses Process Design Instruction Teaching Evaluation
Improvement- Integratedinnovation- Share summartyto the teaching process and to formulate and analyze problems,
abstract modeling, algorithm design, optimization, migratiothassix dimensions of the evaluation to solve computational
thinking. Combined with classroom teadhicases, it shows that students develop problems, analyze problems, abstract
modeling, algorithm design, optimization schemes, and migration method solving capabilities, thus contributing to the
formation of computational thinking.
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computational thinking, Scratch, teaching, primary school
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ABSTRACT In this paper, the questions to be answered are: which design
The current political d i Rirciplesscanogyide e, Geation oftanceurse @My at a |
transfor mati dsn edchuc &€t ma alyCoONEWE necessary gorgpetences, and what content is
primarily concer nledmen iteh itrielyanindesdgachersqof glli spbjects. Therefore, various
However, all disciplines a indviduahesegrchmresylty are gutined ang dntertwdngdp j e
significantly afifaesctceadn bbye Bsileeripasthese sepuitse fiye blendiedrning modules
with the effects of si mul aferipieserviesteachesstingSergangareypeeserted. Therfijsts
in new topics met hedsnusn igatienpis dhgn evaluated, with regagds dop the design
deal with in the future. Principlesons equence, teachers of
subject require Computational Thinking competencies anc
Computer Science knowledge2 ©€QURBIEy BACKNERQeNDi ci ent

effective use of digital techRPLATEDUWORIKO to under st e
applyewheopics, methods, apgitafdith’i® RaCifgeah - incredsingt ihpast oR &KP2e T .
the design and i mplement at gjdgchtion® Recehtly,Niff Politi€aP dbritext§, this has beeh @ C f
educati on in Ger many i s prfalsgagggt | Wl E 0 meat h_gglg Leavwek vi
around digital transfor mat (yRié thisttdih $ oftch Uaksdchated® WifR Sthe@use &' € P
prseer vi ce teamadhergs ifnort hte 2 eghhologyenBré &é Mso agp@dathed that focus more on
principles and content sel gdmputafioRal Bhinkhg. TR deScHbesOwdys dftack@iny @ ! v s
s mi '_ ar courses and regqu LT BrobRM ikéa céniplitet dciBrist viofilP(Wingd Jdodb). Evénl | Z
and its effect on t _h e di sthdughhkhbrdi8 ifo-agrefgior definitioh, thérd!id o nfutuaf h o W
students have gainédtdnga ocflagdeMeit thatUtNridiGdesSal set sifills to think about
digitalization influences phdletd And thélrbsbi@iéns $Kaleodld, Gilbarac Bi ng
general. Additionally, theyyki eme.itlsabb plying killsBAGch & atstRadtibni d €
employing aspects of di git glgecBnshdshich!sb enht-the solution can be effectively
carried out by a computdnitial approaches to incorpoeat
KEYWORDS CT into K12 teaching relate primarily to science education,
digitalization, teacher edse.g adyleaming sciencentpough asimulatom add mbdeling k i
(Basuet al, 2013). But the approaches and achievements of
1. | NTRODUCTI| ON the digital humanities show that teaching in other subjects

Digitalization facilitates storing, processing and searchingcould be heavilynfluenced by digitalization as well.
massive amounts of data. This accelerates fundame”t@onsequently, a number of sources discuss the embedding

changes affecting our daily lives. In addition, all disciplines of CT across the curriculum (cf. Barr & Stephenson, 2011,
are significantly affected: Digitization leads to-f@aching  kgle et al., 2018). Examples include curve fitting or doing a

changes, for xample in the collection of data (scope, |inguistic analysis of sentences (e.g. B& Stephenson,
quantity, and quality) (Grillenberger & Romeike, 2014) or 5 g 1 1 ) . The i mportant role TJic
their mostly_ automatic processing (simulation, COHeCtionvabstraction) can play in enhancing the learning process and

and evaluation of large amounts of data) (Hey, Tansley, &mproving achievement of KL2 students in STEM and

Tolle, 2009). With simulation or data algsis often being 4t her courseso (Cooper, P®r
considered the third and fourth pillars of science (e.g. Riedebmphasized in the model Gomputational Learning (CL).

et al., 2008), new approaches to knowledge generatiof he model combines theories o
evolved.This results in new topics, methods and strategiegpjity to handle complexity and visualize results

for all disciplines (e.g. Hegedus et al., 2017). appropriately to improve understanding as well as learning.

These newtopics, methods and strategies are becoming/Vhile this concept includes the usage of computersfa.g.
increasingly relevant for schools, as well. The application ofSimulations and modeling, the authors stress that the model
computing technology across subjects requires arfXplicitly excludes nostognitive uses of technology such as
understanding of #fdAhow, wheligkeraqilodswnere computers and
other digital tool s c(Baw, h&hiuter YcenceSsKIls An8 knodvedyPsugpdhRTeBchers in
Harrison & Conery, 2011). To embed this application, engaging their students in CT and CL. While univégsit
teachers require Computer Science competencies angarted to offer CS courses for a lot of f08 studengroups,
knowledge, not only for the efficient and effective use ofhere are still many prservice teacher trainings focusing
digital technology, but also to understand and apply the néwnainly on improving information and communication
topics, methods, and amches while teaching. technology (ICT) skills (e.g. Goktas, Yildirim, & Yildirim,
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2009). Despite thémportance of Computational Thinkingin 3.1.3. Topics
all disciplines and throughout education, existing A review of publications in various fields of research shows
approaches explicitly embedding €&lated competencies that not only methods are changing. In addition, the digital
in nonCS teacher training are still rare. ExistingCScoursed r ansf or mati on al so | eads to
for nonCS teachertend to focusfor example, on everyday et al, 213) in the disciplines. The survey with experts in
phenomena that they analyze and illuminate from asubjectmatter teaching and learning shows that this also
computer science point of view (Muller, Frommer, & affects topics taughtin school. We refer to a new topic when
Humbert, 2013),0on algorithmic concepts (Yadav et al., phenomena or artifacts of the digital world can be explored
2011), or on emphasizing Computational Thinking in the and explained from conpss, ideas or foundations of the
context of Inform#on & Media Literacy (Dengel & Heuer, subject. Economics, for example, discuss digital business
2018). models in contrast to traditional ones. As students are
confronted with the implications of these business models

3. ANALYSI S OF COMPUTAT whenNngeracting with digital services, such topaiso

THI NKI NG SKILLS FOR RB®MEgHK!forschools.

TEACHER EDUCATI ON This has consequences for teacher training. Since most
In order to develop a CT curriculum in general teacherteachers have not received a comprehensive general
training, we have drawn on several sources. This sectiogducation in CS, they need a foundation of CS knowledge
presents how these individl research results were merged and CT skills. For example, discussing digital business
and used as the basis for the course. Building upon th&odels requires teachers to have a basic understanding of
results, this section outlines how digitalization affectsunderlying concepts, such as knowing how to attribute
subjects and illustrates design principles and selection ofeaning to data. However, it is necessary to address the
content. implications of the effects of digitalization on the subjects:

Not only do they need to ply digital tools and

31.How Di gi Afafl d ztas i Db | e ct s computational methods in the classroom, they also need to
While new topics or methods, such as simulation, can bé&ach new ways of thinking and problem solving and convey
found in the context of science teacher trainBmétana, & New topics.Although courses such as bioinformatics are
Bell, 2012) the discussion of these new methods and topic®ecoming more and more popular, they have not yet found
for other subjects, such as the humanities, is fairly new. Ifheirway into the course programs of teachers.
order to understandhich CT competencies future teachers
need, looking at how digitalization affects the regarding3.2. DesiPgm nci pl es
subjects and related disciplines delivers helpful insightsWhen CS courses for nanajors are developed, many
These effects result from a survey among educationaghallenges need to be faced. The students do not necessarily
researchers for subjentatter teaching and ledng and  take the course because of an interest in CS, but may take it
have also been discussed in working groups with theds a preparation faeaching in a digitalized world. The
participants $eegerer & Romeike€018c) In the following, question is how a course should be designed to give
we will highlight effects of digitalization in the disciplines prospective teachers the best possible experience. Based on

and discuss how the effects affect school education. the effects of the digital transformation on the disciplines,
we decided to always embed CS in a themelvangaround
3.1.1. Tools digitalization: Topics are discussed in the context of digital

Software orhardware tools supporting cognitive processestransformation to show relevance for the students. Building
are an integral part of daily work, e.g. computer algebraon the survey results, the constraint of this being the only CT
systems in mathematics or geoinformation systems irfourse for nearly all students, and the need to addguate
geography. This offers possibilities for teachers as well. Foprepare preservice teachers for a digital age, several key
example, the use of specialized datsds (e.g. regarding life design principles emerged:
on Earth) offers great opportunities for biology teaching.

3.2.1. Discuss Digital Transformation on a CS Basis
3.1.2. Methods and Ways of Thinking As described in the previous section, Computer science
The effects of digitalization in the disciplines are not limited knowledge and skills are necessary to understand the digital
to the mere use of digital media or tools, but fundamentallyiransformation and advances in the disciplines. In addition,
change cognitie processes (Berman et al., 2018). Thethe digital transformation also leads to new issues becoming
methods used in the disciplines are particularly important forelevant for being discussed in class (cf. Brinda & Diethelm,
determining Computer Thinking competencies. Methods,2017). Due to their history of education, many prospective
like modeling, simulation, or data analysis are becomingteéachers stildo not have a proper foundation in Computer
increasingly relevant across disciplinesy(éAnaniadou &  Science. A course must, therefore, be based on fundamental
McNaught, 2006). These methods also allow for a morddeas of computer science that underlie the digital
studentcentric access to topics in school. An example fromtransformation and also highlight impacts on society. In
geography is a lesson in which students use GPS dagder to be a good fit for prospective ¢hars of all
tracked on their daily ways to school. The resulting data iglisciplines, a corresponding course must also take the
then evaluatedollaboratively regarding the meaningfulness different levels of prior knowledge into account.
of the data.

3.2.2. Show Relevance to Students of All Disciplines
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German teacher education has a strong focus on thdifferent focus, include the Principles of Computing
individual subjects. Typically, teachessudy two subjects (Denning, 2013) or the Fundamental Ideas of CS (Schwill,
in-depth, which they will later teach. As seen in the section1994).

before, digitalization leads to new topics, methods and toolﬁ.
in their related disciplines. Thus, it also affects subject

teaching. Although the course is generally be desigoe (I %, BEERST SLECE O 2 S | H T S0
students of all subjects and school types, transferability of y help P

the topics into the subjects must be ensured. Thus,—crosgguecéa\l;s 2b:;';gi;gﬁ%ggfuttetﬁghbegésggfsd?esé g?igsn
references to other disciplines should be emphasize& ysp 9

repeatedly. This is addressed via different exercises, ide nd the effects on their subjects in a short amount of time.

and examples praded throughout the course. In some cases, erefore, our approach is told. Aspects covered in

students are required to research or discuss additionéﬁgglle;‘ci‘gy lfv\é?éhnoaznaelgtrscg?rézs g:r? fsourm ct)?f baisclz for
examples transfer to their subjects. In other cases, w yzing P pport-qere

provided a list of ideas they can elaborate on. eachers.. In a study we analy_zed the most common topics
relevant in CS courses for nomajors Seegerer & Romeike

) . . 2018a, Seegerer & Romeike2018b). While the rising

3.2.3. Profit from CT Inside and Outside the Classroom number of normajor CS courses may serve as an indicator

CT skills, such as solving a problem using a simulation, hel . e ) .
students in their disciplines. As prospective teachers, theﬁ‘gr identifying keycompetences of CS considered important

students are also in the position to teach CT. By integrating| the context of a digital transformation, the effects of
i P ! - BY 9 %igitalization in the subjects need to be considered as well.
CT and CL into the course, pservice teachers learn how

to profit from comouting in their disciolines. as well as Accordingly, content was selected not only based on other
P puting P ' CS courses for nemajors, but also Isd on tools, new

inside and outside the classroom. To this end, the courSﬁethods and topics relevant across discipli tified

needs corresponding tasks including programming, as i rough literature, and the study with subjewitter
teaching and learning experts.

heseapproaches are important to emphasize which topics

exposes students to CT (Lye, & Koh, 2014). While hands
on activities enable teachers to learn CE, ¢bnnection to
teaching should be highlighted whenever possible. Accordingly, we included basics about the digital
representation of data, programming and algors. Due to
3.2.4. Show the Importance of Skills Like Collaboration  the heterogeneity in prior knowledge of students, we saw a
or Creativity need to include computer systems and networks as well.
Many experts believe that traditional topics will be lessCryptography and limits of computing supplement the
important in the future. Instead, teachers should be enabletbllection of topics. These topics are interweaved with other
to promde creativity, collaboration and critical thinking in topics that gmed importance in all related disciplines,
the context of digital education (e.g. Bellanca, 2010). Thes@amely simulations and different uses of data, such as data
approaches are also part of CT models, such as the CA®halysis.
Model (Computing at School, 2014). This mindset should
also be reflected in coursesign: Exercises allow students 4. CURRI CUL UM

to develop their own ideas or to create personal artifactsthe course is designed as a blended learning course. In the
Many tasks are designed to encourage collaboration amongeginning, a facéo-face meeting takes place. This meeting
students (e.g. via pair programming or collaborative writing)is all abou tinkering: students explore programming in Snap!
The course material also provides suggestiomshow t0  ysing a MakeyMakey Board (Beginner's Mind Collective &
employ these skills in class. Teachers should be made awaghaw, 2012). They build a banana piano and remix an
of the importance of these skills so they can foster them irxisting video game to be controlled with the MakeyMakey.

their teaching. Most of the course is then done in anlima learning
_ environment. The online learning environment is designed
33.Cont&enltecti on to be engaging for students. Therefore, students often get the

Computer science knowledge and skills are necessary tehance to gain handm experience by using the
understand changes and advanceésine st ude nt spogrmnfing énRirorimér@ Snap!, or multiple interactives,
To allow for the discussion of this digital transformation on e g. adapted frorthe CS Field Guide (csfieldguide.org.nz.)

a basis of CS, a welbunded selection of course content is The course ends with a short project phase, where students
important. When designing a CS course for students whelevelop their own ideas in small groups and present them in
will only take one such course, questions ariseualwvhich  the |ast session.

aspects of Computer Science are essential for everyone, . )

When it comes to selecting the topics, we, as computef N€ course consists of 12 modules in total, 5 of them
science educators, have different possible ways of selectinpcusing primarily onCT (see Table 1). The CT part
the content. Course designers rely on idea catalogs, such Z§ludes a module focusing on the impact of digitalization

the CS Pringiles (Astrachan & Briggs, 2012). Another idea O" disciplines, society and education as a whole, one module
catalog is the noexhaustive list of Big Ideas behind K12 focusing on more technical aspects exploring the layers of

Computing Education (Bell, Tymann & Yehudai, 2018), abstraction inside computing systems, one gora’ihms and.
including data representation, algorithms, complexity,®n€ module concentrating on data analytics and simulations,
computability, digital representations, tardependent respectively. Other modules related to CS focus on creativity

operations, digital systems are designed to serve humarf¥ information gathering. They discuss different ways of
needs, and communication protocols. Others, with a slightly
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fostering creativity in modern classrooms and emphasize th¥isualizations can be helpful for the interpretation of data,
importance of creative thinking and working. the generation of hypotheses, or generally for the
clarification of correlations. Unfortunately, data is typically

) ) not accessible in such a visualized form. Usually, the data is
Table 1.Curriculum Contents and connectionto CS.  giored as numbers or strings coded in databases,

Title of module CS content spreadsheets or certain files. One of the most important
Fundamentals o Representation of datz applications of computers in science is, therefore, the
Digitalization programming evaluation and analysis of digital data. Accordingly, one
Secure use of compute Computer system module _concentrates  on analyzipg, viszialj, _ and
systems and networks i ot cryptograph;/ interpreting data. Teachers engage in sense making of Qata
professionateaching and ot o . using representations and learn the importance of being
learning Imits of computing critical when interpreting data, not jumping to conclusions,

] ) -~ . and always deciding on the basis of the available data. In
Solving  subjecspecific - Algorithms, addition, sudents are encouraged to evaluate the importance
tasks with algorithms ~ programming of data analysis in their disciplines. In one exercise, for
From data to domair Working with  data, example, they use Snap! to fathom London's cholera
knowledge programming outbreak from 1854.

Modeling and

Modeling, simulations,

. 4.5. Modeling and Simulations in Domairspecific
programming

Contexts
The weather, the solaystem or particle motion are just
some examples of complex science concepts that may
4.1. Fundamentals of Digitalization require a mental model for learners. Modeling is particularly
This module marks the introduction into CT and takes placéelpful in such contexts, as it allows us to focus on specific
in week two. As the entire course is dedicated to the themaspects of a reatorld phenomenon (Weintrogt al.,2016.
iTeaching in a digi tidehtifyinge d ThAsdneludesithe use of alsstragtipn; &s unngcessaty yetails
and explaining the differences between digital and analogre left out. Prospective teachers learn about the importance
representations. Photography is used as an example f@f modeling for learners. In addition, they learn when and
transforming analog information into digital data. how to incorporate modeling and simulation into teaching.
Subsequently, binary numbers are introduced as the basis 8fter using existing models that can be manipulated using
digital data storagef a computer. Programming languages parameters, the students learn about different aspects of a
are introduced as the language of digitalization. To engaggodel itself, and use concept mapping as an easy for
students in problersolving with programming, students applying modeling in the classroowfterward, we present
create turtle art in Snap!. They are guided by tutorialsthem with different exercises where they learn to model and
introducing sequences and loops. The lastitagkremix an ~ simulate different contexts, including a predagteey, a
existing project, allowing for creative expression. market, and an epidemic situation with Snap!.

simulations in domain
specific contexts

4.2. Secure Use of Computer Systems and Networksin 5. EVALUATI ON
Professional Teaching and Learning In the following, insights of an initial qualitative analy for

This module showcases the structure and operatinge first iteration of the modules will be outlindthese were

principles of computers and computer networks. Studentprovided in writing by five students at the end of each

investigate the layers of abstraction in modern computemodule. The questions included aspects like perceived

systems. They explore package transport via the internepersonal benefit, personal effort, or perceived relevance. As

and discuss why antivirus programare subject to most of thecourse was online, we were curious as to how

fundamental limitations. Part of this module was also acertain topics can be taught. Fortunately, the online format

section about cryptography, basic techniques, and itwas wel | received: Al nterest.

importance for society. diversified, clearly more casually arranged than other online
modules, and loosenedupéyx er ci ses and pr a

4.3. Solving Subjecispecific Tasks with Algorithms

The module on algorithms concentrates on how automatios.1. Discuss Digital Transformation on a CS Basis

isused in, or affects st udeAstte tudentskshoeld dain a fondation in €8, wd weret s

how to use conditional statements and apply it to creating @terested in how well the content was received. One of the

learning app with Snap!. Afterward, the term algorithm is biggest challenges was the time constraint. Executing a

introduced. Students explore what an algorithm is (and whatheaningfulmodule combining both typical lecture and lab

it is not). Finaly, students have to implement a certain content within the possible workload for one week proved

algorithm. They can choose from different algorithms theydifficult. Indeed, students have recognized and commented

already know from their subjects, or that have relevance iron a heavy workload for some modules. In order to let

their discipline, e.g. calculate square roots, or determinéndividual modules not become too extemsithe content of

word frequencies. selected modules was streamlined after the first weeks. Still,
students rated all content as personally meaningful.

4.4. From Data to DomainKnowledge
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5.2. Show Relevance to Students of All Disciplines understanding of the importance of these approaches, e.g.
The course design aims to teach students how digitalizaton r eat i vi ty, in the evalwuation
affects their ¢aching and their corresponding disciplines. of creativity and teaching and will pay more attention to
Therefore, we tried to emphasize the relevance to thdoster the creativity of students in my lessons.

different subjects and disciplines on as many occasions as

possible. Initial reactions show that the course candeliverog. CONCL US| ON AND FUTURE \
the promises. According to the dents, they feel more |5 summary, we have presented a course forspreice
confident to incorporate digital tools and new methods Ofggchers at a German university, which introduces
topics in the classroom after completing the coufsg. computing using the background of digital transformation.
particularly liked the connection drawn to the subjects,|n the future, teacher training will have to deal increasingly
where |1 6ve become aware ofyjthfef toficB &8 thd effecets df GigidliZatfon. Thardfére, C @ T
addessed in the classroom ustjiMndtbedyBeBtibn oPwhether but of how to incorporate

The sections on data analysis and simulations, in particulafomputer Science and Computational Thinking education
did particularly well in this aspect. The biggest potential forinto general teacher training. The paper describes design
improvement is found in the very general section onpnnmples_ that carsupport the creation of ;lmllar courses
Computer systems and networks. and provides an example courdes effort is to form a

foundation for all teachers regardless of their subject and/or

5.3. Profit from CT Inside and Outside the Classroom ~ SChool type. Building on this foundation, teachers can
As with most Computer Science courses for -nmjors discuss different aspects of digitalizatiowithin their
there are specific aspects that are crucial. Programming tasR§/Pjects. So, while teachers might compare and debate data
in nonmajor courses are often considered problematic (e.gV/Sag€ by different digital business models in economics,
(Banerjee & Kawash, 2009)), despitgifig important for CT. they may qreate or adapt a simulation for science tgaqhmg.
Nevertheless, in many university courses for students oBY cOmbining different aspects of Computational Thinking,
other disciplines, programming is an essential componen{'® helpprepare teachers to incorporate computing inside
that is also addressed at a very early stage (e.g. (Garcia,”d outside of the classroom. Computational Thinking and
Harvey & Barnes, 2015)). As peervice teachers of all Learning practices can enhance learning for students in all
disciplines should profit from CT inside and outside the SUbjects.The course was initially piloted with a small
classroom, the question arises how an early reference f#mber of students from a limiteenge of subjects. In the
programming tasks affects the motivation and-efitacy future, it will be opened for further teaching positions. Thus,
expectations of the students. We had similar constraint¥/€ Plan on integrating additional examples from a diverse
when designing the material&/e found that while students '@nge of disciplinesThe material is now also adapted for in
feel overwhelmed by the possibilities, the programmingService teacher training.

environment Snap! offers, they saw it as a fresh take on the

topic and engagement in programming. The first contact!. REF ERENCE S

with Snap! has been desae i Bnardiadoa,ss. & McMaughs J. 260@extMiningéor Sn a p !
great to try out things. o Biology andBiomedicine London: Artech House.

Nevertheless, there have been some entry barriers fdtStrachan, O., & Briggs, A. (2012). The ®8nciples
students. As in most courses for FO8 majors that involve ~ Project. ACM Inroads 3(2), 3842.
some kind of programming exercises, students face certaiBanerjee, S., & Kawash, J. (2009).-Binking Computer
difficulties. Most difficulties have been solved bycégto- Literacy i PostsecondaryEducation.Proceedings of the
face meetings or via online communication. Especially the 14th Western Canadian Conference on Computing
faceto-face meeting after students have worked on the Education.New York: ACM, 1721.
material on their own has been regarded as very helpfu
Howeyer, codlng_ exercises  still reprgsent a _hurdle, Thinking: A Digital Age Skill for Everyone.Learning &
especially for online course We have tried to strike a Leading with Teknology, 386), 2023
balance between unrestricted and guided tasks. Students ' ' '
noted missing hints in some places, so they tended to useBaT, V., & Stephenson, C. (2011). Bringing
trial-anderror approach by trying out different blocks. ComputationalThinking to K-12: What isinvolved and
Regarding studentsd f eehdb a¥RatistheRgle of thegompueiscienceEdugatop i o n's |
inclusion of additional video material concerning Community? ACM Inroads2(1), 4854.
programming is planned. Basu, S., Dickes, A., Kinnebrew, J., Sengupta, P., &

Biswas, G. (2013). CTSiM: £omputationall hinking
5.4. Show the Importance of Skills Like Collaboration or Environment forLearningScience througtsimulation

Creativity andModeling.Proceedings of the CSEDWBachen, 369

Approaches like tinkering, collaborating and creating, are an 378.
important part of CT. Students apply these approaCheéeginner's Mind Collective, & Shaw, D. (2B)L Makey

thedmsetlvej ttr? I(_earn TOW to ]Ehc':n_:_( computa;tlonfallyt,ha_nd to Makey: ImprovisingTangible andNaturebasedJser
utn derstan Add?t'lmp?r ang_e 0 a%prgact ZS (t)r ej['r: (:r\:vn InterfacesProceedings of TEI '12, Stephen N. Spencer
students. itional readings provided students wi e (Ed.).New York: ACM, 367370.

theoretical background and strategies for the application of
these approaches in cfasStudents emphasized their

IBarr, D., Harrison, J., & Conery, L. (2011). Computational

90



Bell, T., Tymann, P., & Yehudai, A. (2018)heBig Ideas
in ComputerScience for k12 Curricula.Bulletin of
EATCS, 1124).

Bellanca, J. (Ed.). (201021st century skills: Rethinking
How Students_earn.Bloomington: Solution Tree Press.

Berman, F., Rutenbar, R., Hailpern, B., Christensen, H.,
Davidson, S., Estrin, D., Franklin, M., Martonosi, M.,
Raghavan, P., Stodden, V., & Szalay, A. (2018).
Realizing thePotential ofData Science.Communications
of the ACM, 6(4), 67-72.

Bharadwaj, A.El Sawy, O., Pavlou, P., & Venkatraman,
N. (2013). DigitalBusinessStrategy: Toward &Next
Generation ofnsights MIS Quarterly 37(2), 471482.

Brinda T., & Diethelm, I. (2017). Education in tbégital
NetworkedWorld. Proceedings of WCCE 201Cham:
Springer, 653%57.

Computing at School (2014Barefoot: Computational
Thinking Retrieved January 3, 2019, from
http://barefootcas.org.uk/befioot primary-computing
resources/concepts/computatiottihking

Cooper, S., Pérez, L., & Rainey, D. (2010}1R
Computationalearning. Communications of the
ACM,53(11), 2729.

Denning, P. (2003). Gre&inciples ofComputing.
Communications of thaCM, 4§11), 1520.

K-12 Computer Science Framework Steering Committee

(2016).K-12 ComputerscienceFramework. Technical
Report New York: ACM.

Garcia, D., Harvey, B., & Barnes, T. (2015). TBeauty
andJoy of Computing.ACM Inroads6(4), 71:79.

Goktas Y., Yildirim, S., & Yildirim, Z. (2009). Main
Barriers andPossibleEnablers of ICT3$ntegration into
Pre-serviceTeacheiEducationPrograms.Journal of
Educational Technology & Society, (12, 193204.

Grillenberger, A., & Romeike, R. (2014). Big déata
Challenges foComputerScienceEducation.

Proceedings of International Conference on Informatics

in SchoolsCham: Springer, 240.

Hegedus, S., Laborde, C., Brady, C., Dalton, S., Siller, H.

S., TabachM., & Morenoc-Armella, L. (2017). Uses of
Technology inUpperSecondaryMathematic€Education.
Proceedings of ICME3. Cham:Springer, 136.

Hey, T., Tansley, S., & Tolle, K. (2009)heFourth
Paradigm: Data-intensiveScientific Discovery (vol. 1)
Redmoml: MicrosoftResearch.

Kale, U., Akcaoglu, M., Cullen, T., Goh, D., Devine, L.,
Calvert, N., & Grise, K. (2018). Computation&hat?
RelatingComputationalT hinking to Teaching.
TechTrends, 68), 574584.

Kalelioglu, F., Gulbahar, Y., & Kukul, V. (2016A
Framework fortComputationalThinking based on a
SystematicResearctReview. Baltic Journal of Modern
Computing, 43), 583.

Lye, S., & Koh, J. (2014). Review dreaching and
Learning ofComputationalTl hinking through
Programming: What idext for K-12?Computers in
Human Behavior, 4151-61.

Muller, D., Frommer, A., & Humbert, L. (2013).
Informatik im Alltag Durchblicken statt Rumklicken
[CS inEverydayL.ife - Understandingnstead ofClicking
Around].Proceedings ofiDI '13, 98-104.

Riedel, M., StreitA., Wolf, F., Lippert, T., &
Kranzlmller, D. (2008).Classification oDifferent
Approaches foE-scienceApplications inNext
GenerationComputinglnfrastructuresProceedings of
4th International Conference on eScientss: IEEE,
198205.

Schwill, A. (1994) Fundamentaldeas ofComputer
Science BulletinrEuropean Association for Theoretical
Computer Science, 5374274.

Seegerer, S., & Romeike, R. (2018a). Goatspics and
Tools of ComputerScience forAll University orCollege
CoursesProceedings of SIGCSE '18, 109w York:
ACM.

Seegerer, S., & Romeike, R. (2018W)asJeder Uber
Informatik LernenSollte i Eine Analysevon
HochschulkurseRir Studierendénderer
Fachrichtungen [WhdaEveryoneShouldLearnAbout CS
- An Analysis ofUniversity Courses foiStudents of
OtherDisciplines].Proceedings of HDI '1&otsdam:
Universitatsverlag.

Seegerer, S., & Romeike, R. (2018hmputerScience as
a FundamentaCompetence fofeachers iOther
Disciplines.Proceedings of WiPSCE '18, ¥480.New
York: ACM.

Smetana, L., & Bell, R. (2012). Comput@mulations to
SupportSciencelnstruction and_earning: ACritical
Review of theLiterature.International Journal of
Science Education, 8), 13371370.

Weintrop, D., Beheshti, E., Horn, M., Orton, K., Jona, K.,
Trouille, L., & Wilensky, U. (2016). Defining
Computationall hinking for Mathematics an8cience
ClassroomsJournal of Science Education and
Technology, 28), 127147.

Yadav, A. Zhou, N., Mayfiel, C. Hambrusch, S., & Korb,
J. (2011). Introducin@€omputationalT hinking in
EducationCoursesProceedings o68IGCSE '11New
York: ACM, 465-470.

Wing, J. (2006). Computation@hinking. Communications
of the ACM 49(3), 33-35.

91


http://barefootcas.org.uk/barefoot-primary-computing-resources/concepts/computational-thinking
http://barefootcas.org.uk/barefoot-primary-computing-resources/concepts/computational-thinking

Kong, S.C., Andone, D., Biswas, G., Hoppe, H.U., Hsu, T.C., Huang, R.H., Kuo, B.C., Li, lka§i,,C.K., Milrad, M., Sheldon, J., Shih,
J.L., Sin, K.F., Song, K.S., & Vahrenhold, J. (Eds.). (20B&)ceedings diternational Conference on Computatiofidlinking Education
2019.Hong Kong: The Education University of Hong Kong.

The Complexity of Teacher Knowledge, Skills and Beliefs about Software
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ABSTRACT SW educton initiative, this study attempts to unpack the
Under the natioiwide initiative of software (SW) education complexity ofteacher's pedagogical beliefs, knowledge and
in Korea, this study attempts to unpack the complexity ofgyjjis in CT through the narratives of four teachers covering
knowledge, sks and beliefs that Korean teachers have e yarious spectrum of CT knowledge/skills and
about SW education in school. Sestiuctured interviews pedagogical beliefs.

were conducted with four types of teachers who were

classified by knowledge/skill levels (surplus vs. shortage)

and pedagogical beliefs (positive vs. neggti The teacher 2. THEORETICAL BACKGROUND

narratives revealed five main themes: (a) differences irp.1. The Current Status of Teacher Training and

espoused beliefs in SW education, (b) fear about the new  |nfrastructure of SW Education

knowledge and skill domain, (c) recognition of the need toTeacher readiness and supportive infrastructure are essential
turn to learnecentered pedagogy (d) questioning for SW education to be successfully implemented in Korean
knowledge tranfer-centered trainingand (e) school schools. Firstly, about the issue of teacher ressdi, in 2018,
leadership and support as a catalyst of change. The papgte Korean Ministry of Education began implementing the
concludes with some suggestions for improving teachersw Education Enhancement Support Project for Teacher

professional development experienceSW education. Training Universitieso to pre
for the new initiative. However, the current situation in
KEYWORDS school is nb so conducive for teachers to implement SW
software education, teacher professional developmentgducation. Since most teachers have not received formal
computational thinking (CT) training about programing and CT during their-pegvice
teacher education, the demand for-sarvice teacher
1. INTRODUCTION professional development (TPD) is immensee Fliuation

From 2019, software (SW) education (has been mandated f’ﬁ similar in middle schools. In 2016, a total of 1,354 middle
the elemen1tary and middle school curricula in Korea as chool teachers have been trained in SW education, which is

way to improve l earnerso Y&, %el]eésﬁh@rboneéegcmaﬁq%eﬁsgh&ol. Al\n}ﬁ)ng }Srr?%o
future society. Consistent with the government policy, thise'e_”_]en ary teachers, 2,540 teachers have rec_elved ot line
study defines SW education as a curriculum that aims t raining and 1,800 teachers have received online training.
improve creative probleraolving competence and logical owever, the TPD programs have not.reached out to the
thinking of basic principles of software rather than acquiringw'd?r. teach_er population since only interested teachers
coding skills. Since the development of learners' pgr_ﬂupate in_ the _programs, and many teachlersk
Computational Thinking (CT) is central to SW education,WIIIIngnesS and motivation for such TPD.

the school curricula have been developed to include variouNext, the school infrastructuresi still not ready and

topics and levels of Ctelated knowledge and skills, conducive for teachers to fully implement SW education in
including the understanding of CT, unplugged activities, classrooms. Thpercentages of old computers (exceeding 5
Educational Programming Languages (EPL), physicalyears)are38.6% in elementary schools and 43.7% in middle
computing and texv ased progr ammi rsghools. Theer@altyhifnt téaGhers have to implement SW
readiness in both pedagogical and technological aspects iglucation without sufficient teaching and learning materials
critical for the success of such new initiatives (Rosenlund &to be integrated into lessons, coupled with the lack of
Hansen, 2018; Saeli, Perrenet, Joche&sZwaneveld, wireless networks and computers.

2011). However, Han (2018) argues that most teachers in

Korea have no or little experiences with programming, anh 2. Teacher 6s Knowl edge, Bel i ef
hence have faced the difficulty of acquiring necessaryTeachers should acquire necessary knowledge and skills in
knowledge and skills in CT. computer science to teach CT in the classroom (Saeli et al.,

It has been widely acknowledged that the idtrction of any 2011). Calderhead (1996) argues that while tea~cher beliefs .
policy initiatives in education is unlikely to be successfulif9 €neral ly —refer to nhsupposi

teacherso epistemological bHFPELPYI §F8 S §POwWhRdAdmE kd PR P
initiativeos vision and thiPdegighan Erjjtglﬁ%aph,érvpel@%@% r%ned Py N

based on previous experiences over time, it is difficult to

understand how Korean teachers perceive the natida .
change or reverse belief systerfst(ner, 2003.
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Windschitl (2002) suggested that fundamental changes ithis conflict is to change teacher beliefs while acquiring
learning occur when environmental contexts are consideredxplicit knowledge (So & Kim, 2009). Beliefs are one of the
concomitantly with teachers' knowledge and beliefs. Thisimportant sources of teacher changes, and belief systems are
implies that teacher beliefs are closely related to theiformed gradudy with experiences over timgosenlund &
knowledge and practices. Belief is a personal identity and #ansen, 2018 Similarly,teachers construct new knowledge
source of motivationErtmer, 200%and provides a guide for and understanding based on their prior knowledge and belief.
teachers to decide what to offer in the classroom contexin particular, technology integration is closely related to
(Biesta, Priestley, & Robinson, 2015). In particular, pedagogical beliefs, methods amntbntent knowledge
teacher's belief system, gAsgeli ®t alf, 20IL6). & merefora, redchers maed te develope a ¢
acceptance of new knowledge and technologprtamote  relevant knowledge, skills, and beliefs in order to innovate
pedagogical practices (Rosenlund & Hansen, 2018). teaching with new technology (Mishra & Koehler, 2006).

About teaching with technology, Judson (2006) studied 3 e;pite this, little is known_ ab_out the complexity of teacher
teachers and found that studeentered teaching methods eliefs, knowledge, and skills in CT.

were effective in the technolodggtegrated class. Pierson

(2001) interviewed fouteachers according to the level of 3. METHOD

technology use and teaching abilities (adequate Vvs3 1. participants

exemplary) and found that Technological Pedagogicalrg examine Korean teachers' beliefs, knowledge and skills
Content Knowledge (TPACK) was essential for effective ahout CT under the natiemide movement o8W education,
technology integration. It was also found that beliefs aboutnis qualitative study adapted the matrix of teacher profiles
teaching methods were closely related to accepting a”‘ésee Table 3) proposed by Rosenlund & Hansen (2018) to
practicing new curricula. Rosenlund & Hansen (2018)i dent i f y t he vari ous -relatpde ct r u
proposed teacher competence to teach in the networkeehowledge, skills and pedagogical beliefs. We used a-snow
world, emphasizing teachers’ beliefs and knowledge abouia|ling methodto recruit study participants through the

using technology and distributed res@sc teacher recommendation in the teacher community of SW
. o education. Based on data from the-predy interviews, we
2.3. Computational Thinking (CT) and Teachers intentionally selected four teachers, one for each cell of the

Recently, there have been attempts to provide guidelines fqhatrix. Table 1 presents the demogiaphformation about

teachers to improve students’ CT. For example, CSTA &our teachers (three in elementary, one in middle school)
ISTE (2014) gathered opinions from about 700 computekyho participated in this study.

science teachers, researchers, and practitioners and provided

an operational definitiorof CT and the CT Leadership Table 1 Demographic information

Toolkit 2.0 for teachers. Angeli et al. (2016) proposed a Name* Gender School Experience  Teaching

curriculum framework that allows teachers to teach CT-in K /Age  Level with CT experience

6, which includefive components of CT: abstraction, W Male  Elementary Selectedas an 14 years

generalization, decomposition, algorithms (sequencing, (™P¢ ) 36 fggcer']frnt sw

flow of control), and debuggin@.he frameworkwas used _

to design courses that provide probisaiving tasks based &M Male  Middle Se'eflteo' as ar 20 years

on reallife issues from the simple to the complex level. (ype ) 44 Senghg{“ W

Students can develop CT in relation to their daily life and sm Male  Elementary 3 years of 3years

authentic situations thogh a holistic design approach that (Type ) 35 information

deals with the complexity and interconnections across :2?{;23"\:\%’rk

separate elements. YM Female Elementary No 17 years
(Type ) 44 experience

Recent studies show that teachers must employ innovative
practices with technology to produce positive learning
outcomes. For instance, Angeliat (2016) noted the role

of TPACK for CT because technology plays an important3.2. Data Collection

role in teaching CT practices. Some studies pointed out thakhis study used interviews as a main source of data. The
teachers' expertise cannot be developed solely by acquiringsearchers (authors of this paper) conductetepth face
technical skills. So & Kim (2009) found the conflictttveen  to-face interviews with individual participants in July 2018.
in-use TPACK and espoused TPACK. In their study, Each participant was interviewed approximately for120
teachers had difficulty with designing pedagogicaibund  minutes. Before thanterview, the researcher informed the
technologyintegrated lessons @mse TPACK) although participants about the purpose of the research and the audio
they had acquired necessary knowledge and strong beliefecordings for data collection. With the consent of the
about the use of technology iteaching and learning participants, the interviews were recorded and transcribed
(espoused TPACK). for analysis.

pseudonymsire used for data anonymity

Such a conflict between dmse TPACK and espoused The researchers conductdte semistructured interviews
TPACK is generally caused when teachers cannot translatgith the guiding questions (Table 2) that examine various
tacit knowledge into explicit knowledge in classroom domains of teacher experiences along the trajectory that
practices. Tacit knowledge is a certain type of knowdedg affected the development of their CT competency, including
that [one] cannot tell (Polanyi, 1966). One way to overcomedistributed knowledge resources used for perstaaahing
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and related knowledge acquisitiotgaching experiences
and personal beliefs about the policy initiative.

Table 2 Guiding interview questions
Questions

What was the main factor thi
affected your decision to become
teacher?

Have you voluntarily participate:
in various training courses relate
to SW education?

Domain
Initial experience

Teacher training

Type> - The insecure teachéshortage of

knowledge/skillspositive belief A teacher who has a
positive view about SW education, but lacks technical
skills and pedagogical knowledge.

Typea - The confused teachéhortage of
knowledge/skillsnegative beligf A teacher who
lacks knowledge and skills with a low selinfidence

about using technology and does not fully understand
the necessity of SW education.

Knowledge Where do you usually find th Table 3 Matrix of teacher profiles
resources necessary informatiombout SW Pedagogicabelief with SW education
education? Positive Negative
Teaching Have you ever conducted a S Surplus of JW (Type ) CH (Type )
experience class in school? If yes, how? knowledge & The innovative The serious
Interest in  SW Do you have any particular intere skills teacher teacher
education in SW education? Why or why not
Beliefs about SW Why do you think it is nezssary for Shortage of SM (Type> ) YM (Type A )
education policy = SW education to be taught i knowledge & The insecure T he confused
school? skills
teacher teacher
3.3. Analytical Framgwork_ and Methc_)d _ _ 4. RESULTS
We ana_lyzed the interview narratives to |de_nt|fy the The analysis of interview narratives revealed that the
complexity of teachers' Cielated knowledge, skills and articipants had  different knowledge/skill  levels,

beliefs. In this study, teacher's pedagogical beliefs th
determine good teaching practices in CT are viewed as
important factor in determingnthe quality of SW education.

(Chen, Looi, & Chen, 2009). In particularpiideur, Van
Braak, Ertmer, & Ottenbreiteftwich (2017) reported that
teachers with traditional teacheentered beliefs tended to
use technology less frequently in class.

:

Previous studies suggest that teachers' pedagogical beliefs
and technology are closely related. Belief systems providezll
teachers with a professional guide to make decisions in class

erceptions, and experiences depending on the type. We
resent the main findings according to the five themes
merged.

1. Theme 1: Differences irEspoused Beliefs about SW
Education

While SW education in school has been mandated by the

government, not all participants appeared to readily accept

the necessity of this initiative. Regardless of CT skills, there

were some differensein the degree of espesed beliefs

Concerning teachers' beliefs, knowledge, and skills inaccording to the teacher type. Typand teachers with
teaching, Rosenlund & Hans¢2018) proposed the matrix positive beliefs argued that education should be expanded
of teacher profiles, which classifi¢gsachers according to with SW to promote the national growth of talented people.
ICT skills (surplus vs. shortage) and approach to use ICT ifon the other hand, Type Il and IV teachers, who both have
school (positive vs. negative). Based on their framework, wenegative pdagogical beliefs, questioned the necessity of
constructed the matrix of teacher profilesGi with two SW education, particularly the argument that CT is
factors: (a) the level of teachers' pedagogical beliefs aboutecessary for all students.

SW education (positive vs. negative); (b) the level of
knowledge and skills to teach SW education (surplus vs.
shortage). As shown in Table 3, each participant was JW (Type :)I think that in the future society technology

ResearcheiVhy do you think SW education is necessary?

mapped to the mak, based on their levels of
knowledge/skills and pedagogical belief revealed in the pre
interview. This matrix leads to four types of teacher profiles:

will be in all aspects of everyday life, like mobiles that are
deeply used in our lives now. The idea underlying SW
education is that children learn the language that

communicates with a computer. Just as you cannot
communicate with foreigners if you do not speak Ehglis

| think if you do not have CT, you will not be able to get a
job in the future society.

CH (Type )1 personally question that SW education is
required for all children. Not everyone needs to be a
computer programmer. Each person has a different
persorality and ability. In Korea, there are vocational
high schools for cultivating technical experts. So | think it
would be enough if a SW curriculum is provided to the
students in vocational high schools. In fact, | have been

Typef¢ - The innovative teachdsurplus of

knowledge/skills, positive beljefA teacher who
showshigh quality teaching with good
knowledge/skills and deep understanding about the
necessity of SW.

Type< - The serious teachesirplus of

knowledge/skillspegative beligf A teacher who has
sufficientknowledgéskills for SW education but is
not fully aware of the necessity of SW education.
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selected as an excellent SW ezt and have been the positive side is that it also providetiem with
running SW education as instructed by the Ministry ofopportunities to realize and accept the changing role of
Education. That's not to say, | think SW education isteachers as a facilitator, designer, and critical investigator
necessary for all students. (Laurillard, 2012), as shown in the following narratives:

YM (Type ): I think children should be happy. From  Researcherlf you need to teach a SW class now, what
elementary schools, Korean students have to léaon could you do?

many curriculum contents. As the SW education is
mandated, | feel that the academic burden is increasing
with the private tutoring.

CH (Type )How do I know everything? I think the same
is true for the world where students grow up. If you have
something new like CT, you have to cope with it and learn

4.2. Theme 2: Fear about thd&New Knowledge andskill it. 1 am just looking for an expert who can help me.

Domain YM (Type ): Students can helme out in class. And |
While the participants are in their 30s and 40s, they felt that think this can give them a chance to grow even more. | do
CT concepts are new and showed some degree of concernnot think there are any teachers who just want to pass on
about learning the new knowledge and skill domain (i.e., knowledge.
computer science). In particular, such fears and concerns
were obvious in Type and teachers who lack relevant 4.4. Theme 4: QuestionindnowledgeTransfer-centered
technical skills anagxperienceof CT. Since both types of Training
teachers were more interested in other subject areas, tiev en Ty pe and Type teach
mandated teacher PD programs were a burden rather thareacellent SW teachers expressed the concern about the
learning opportunity to develop an expertise it C efficacy of the current teacher professional development in
SW education. S i mtedchens Whp lack Ty p e
CT knowledge/skills questioneddtefficacy of knowledge
transfercentered training since the present CT training tends
SM (Type ): When | took the SW education teacherto be theoryheavy rather than practiggiented, and to be
training, it was too difficult to understand the concepts. | imposed as a tedown requirement to be completed within
am interested in Korean language and physical educationa short timeframe. Such negative perceptions abloat t
so | am invéved in related field training. Because SW efficacy of the current teacher PD programs appeared to be
education is difficult to understand, it is a burdenformeas soci ated with the | ack of
to participate in the teacher PD programs. necessity and value &W education in school:

Researcherin what way, was the SW education class
difficult to teach?

YM (Type ):1am very interested in cultural education  ResearcherAre there enough opportunities for teacher
and student life guidance and am also involved in the training as SW education will be mtuced from the next
related training. SW education with digital devices and year?

computer programming is a burden for me. JW (Type :)l would be more helpful if you let me know

how to proceed with actual lessons rather than delivering

Such fears often led to the unwillingness of implementing the theory to the center

CT classes. Type and teachers shared that some
students are better than them in terms of technical skills, and CH (Type ) As an excellent SW teacher, | participated
were afraid of answering student questions. in SW training programs as adturer. Teachers do not
listen well because the topic is difficult.
Researcherif you need to teach a SW class now, would
you mind? 4.5. Theme 5: SchoolLeadership andSupport as a
) ) ) Catalyst ofChange

SM(Type ):1am afraid that students will ask queBts  The participants shared different stories about how the

that | do not know. How can | teach a class withoutgcnool leadership and support affected their perception and

knowing about CT? I'd rather have a professional teaCherexperiences with CT. The Type | teacher was in charge of

who can teach better. afterschool programs in SW education and was engaged in

YM (Type ): I will not take it. Kids are better than me. Various activities to helgtudents develop CT through the
I think 1 will lead the class introduction, but the rest will linkage of industryacademigartnershigprograms. He cited

be done by the students. the support and leadership from the school principal as a
main driving force for his efforts in SW education.
4.3. Theme 3: Turn to the_earnercenteredPedagogy ResearcherWhat is the driving force of yowucces in

While the participants commonly showed some degree of s\ education?

fears and concerns about SW education, it was interesting to o ] ]

find that they also sought solutions to overcome such JW (Type :)Our principal gives a full support if you say
difficulties through accepting the learregntered pedagogy. ~ Yes- Last time, | thought | would not have a wireless

They recognized that sincthe present levels of many Internet connection due to the _budget. The principal
teacherso knowledge and ski Prpughtudgstas mughasg pogsible,sq | wasablg tongety 1 ¢
teachers to cteach with or receive help from experts, even UP the Interneconnection with one of my colleagues.

engaging students with good levels of CT in teaching. Hence,
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On the other hand, the Type teacher did not receive i nt egr ati on suggests that ch
sufficient support from the school principal, coupled with beliefs are the most important and challenging (&stmer,

the budget constraint to build the learning environment2005; So & Kim, 2009. In particular, Type teacher
necessary for the implementation of SW educatio sought ways to overcome weaknesses through- self
reflection. She understood the characteristics of digital
native students who are highly receptive with new
technology and provided activities to engage students to find

CH (Type )| kept telling the principal, but he could not and explore topics among peein addition,teachers need
beconvinced! | borrowed hamster robots from the to receive support from the school leadership in both
neighbor school. Last year, there was no budget, so Infrastructural challenges (e.g., the purchase and
could not buy anyablets. | still had more than half of old deployment of software and hardware equipment) and
computers in class, so it was hard to teach SW educatiorpedagogical innovations (e.g., initiating new teaching

| did not have any related budget this year, so | had nomethods).

idea how to operate the SW education program.

Researcherf you need to teach a SW class now, would
you mind?

Ertme (2005) argues that teachers tend to face-dirder
Currently, most schools in Korea do not have schade barriers such as issues with resources, time, training and
wireless networks. The participants commonly pointed outsupport when they attempt to integrate technology into

that building the wireless Internet environment in school isteaching. She also suggests that teachers face semerd
essential for SW education. This also necessitates thbkarriers that are associdte wi t h t eacher sé b
relevant administrative and financial support to build SWrooted in their underlying beliefs about how teaching and

educatiorconducivelearning environments. learning should work. While the existing literature suggests
that the secondrder barriers are more important and critical
5. DISCUSSION AND CONCLUSION than the firstorder barriers, we arguthat for CT and SW

In this section, we discuss the implications of the main&ducation, attempts should be made to tackle both types of
findings and propose some suggestions for teacher PBarriers concurrently. SW education as a subject matter
related to CT in SW education. requires a certain level of technological infrastructure to be
established. That isinlike other subject matters whettee
First, Themes 1 and 2 indicate that teachers tend t@se of technology is optional, technology in SW education
experienceonflicts in espoused beliefs about CT, and suchjs both a goal and a tool (Angeli et al., 2016). This was
conflicts are often caused by the psychological factor, whichevident in Types Ill and IV teachers who did not develop
is the fear and concern about entering a new knowledggnough technological knowledge during-sezvice teacher
domain. Teachers tend to perceive that SW education angducation, thereby king fears about SW education.
CT are highly skilled domains thatachers cannot easily Understanding thaschieving technology integratiois a
enter or reach the basic mastery of the domain. Lowering omulti-faceted effort for teachers, this study suggests that
minimizing such psychological fears through emotional policy support to overcome firstrder barriers need to be
support needs to be considered prior to delivetiajiing  systematically developed, in parallel with treslesign and

aboutcognitive knowledge and technological ski{Bhin,  provision of teacher PD programs that aim to tackle second
Kim, & Jeong, 2019). One promising approach for grder barriers.

emotional support is to engage teachers to learn from each .
other in a communitpased setting. For instance, this Third, related tathe design of teacher PD (Theme 4), for

communitybased approach has been implemented in Uki€achers to grow into Type I with positive beliefs and good
where computing education is mandatory étudents in  Knowledge/skills, it is essential to provide sys&gic
elementary and secondary schools. Teachers are connect@dPPortswhere teachers can understand and empathize the
with master teachers in computer science. The nationwid¥iSion and goal underlying the national initiative of SW
training network helps leading schools with specialized staffducationin particular, most teachers in Korea do not have

in computer science to help teachers in nearby school@ufficient prior experiences with SW education and their
(Oliver & Venville, 2017). learning opportuties are limited to the governmeled

training programs. However, current teacher training
Second, it wagncouragingo see that emotional conflicts programs are mostly conducted in the form of formal
function as animpetusto accept the changing role of |ectures in 12 hours. Such sheterm training formats are
teachers and studer#tad even to modify teaching practices ynlikely to meet the needs of teachers, especialhe$
(Theme 3) Teachers tend to show the belief that teachingand t e a_cTeBehergraining needs to be redesigned
CT and SWrequires acknowledging that teachersarenotac onsi dering the | evel of scho
sole source of knowledge, but a facilitator in collaborativereadiness. Some recent studies on TPACK suggest the
knowledge building Rosenlund & Hansen, 2018By  potential of combining CT and design thinking through
necessity, teachers turn to the learcentered pedagogy. problemsolving activities i real contexts (Shin, Kim, &
This story indicates that obstacles ewmlly become an  jeong, 2019). In addition, teacher PD programs need to help
opportunity to change. teachers better understand the core concept of CT, to show

However, we also want to emphasize that such a positivdaious applications in class, and to provide systematic
impetus to the learnerentered pedagogy is unlikely to be SUPPOrt that enables teachers to apply and develop
sustainable if supporting structures are not provided (Themg@mpetencies in teaching CT (Liu, 2011).

5). The existing literature on teackemnd technology
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The limitations of this study are as follows. First, this study TechnologyNew York, NY: Routledge.

was conducted in the transition year prior to the naw@e |, 5 H (2011). FactorBelated toPedagogicaBeliefs of
implementation of SW education. It is important for future 1o5chers andlechnologylntegration Computers &
research to continuously exine teacher perceptions, g4, cation 564), 10121022.

challenges and developmental trajectory from the i
implementation year of 2019. Second, since this study uselflishra, P., & Koehler, M. J. (2006). Technological
the convenience sampling method to identify the PedagogicaContentknowledge: AFramework for
participants and only four teachers were examined in the T€acheKnowledgeTeachers College Record, 163
study, the genelizability of the research findings is limited 10171054,

and needs a further validation through other sources of dataliver, M., & Venville, G. (2011). ArExploratoryCase
and larger samples of teachers. Despite these limitations, weStudy of OlympiadSt u d eAttitude$Towards and
believe that this study contributes to the existing CT Passion forScience.InternationalJournal of Science
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ABSTRACT

The computational thinking education iR has become an important issue so this study arrartgetirmlogy leadership

lectures of computational thinking courses for the principals in primary and secondary schools. After the principals finished
the computational thinking courses and completed the training, the principals needed to fill out a Guestomvaluate
their schoolsé readiness in every aspect about conduci
developed a model analysis for the readiness of schools conducting computational thinking education, to exptbre the pa
relation of TPACK and its three aspektechnological knowledge (TK), pedagogical knowledge (PK) and content
knowledge (CK). The other three parts of readiness are the hardware preparations of national compulsory education school
in the domain of techlology education, the teaching resources management and preparation, and supports of leadership.
Through this path analysis, this study systematically established the software and hardware preparation of computationa
thinking.

KEYWORDS
computationathinking, readiness, TPACKpathanalysis
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ABSTRACT sustained research funding foTC under Wi ngos

The pressures of digitalization and computerization mounglirectorshipled to some impressive achievements, such as
on our educational systems, but progress is slowed down by new advanced placement (AP) program in the US, the
a weak research basae integration of the necessary skils Obama admi ni strationo6s $l4 bil
into the school subject¥Ve aim to fill widely recognized ~ (NSF, 2016), the training of 10,000 computing teachers in
gaps in knowledge on how to integrate computationathe US, anda surge of popular initiatives like code.org,
thinking (CT) into school curriculaVe mergetwo popular ~ k12cs.org, and Google for Education. European countries
frameworks- CT from the field of computing andPACK have their own initiatives and movements, too, albeit they
from the field of education in order test the new CTPACK ~ are fragmented betwedanguages and countries. The latest
framework with teacher students as well assenvice literature surveys list hundreds of recent articles, textbooks,
teachers over a large number of subjects and tofticsugh ~ @nd journal special issues (Lockwood & Mooney, 2017).
design research, educational intervemgioand case study Universities like CMU, Harvard, and MIT have recently set
research, we pducel) an extended pedagogical CTPACK Up CT research centers or research progrdinsre area
framework; 2) a model for seamlessly integrating CT,number of early models and tools for testing for CT skills,
subject matter, pedagogy, and technology (TPACK); 3)such as the MCT (Mobile CT) model (Sherman & Martin,
curriculum guidelines for CT integration; and 4) apps and2015), the PECT (Progression of Early CT) model (Seiter &

frameworks for evaluating CT skill progression. Foreman, 2013) and the REACT (R&aine Evaluation and
Assessment of CT}ool (Koh et al, 2014). Valentina
KEYWORDS Dagie®d s -rCeTl at ed fABebras Chall en

more than two million students worldwide
(bebraschallenge.org). Despite all this, there is a consensus
in the TA® Ttommkinity that the
in the stateof-the-art knowledge about CT inik2 schools.

1. INTRODUCTION o L ) The research literature has repeatedly highlighted three
Successfully living and working in a digitalized society especially critical prolems.

requires skills and competences that are often referred to as

21st century skills. One of those new kkicomputational The first problem, which Denning called one of the
thinking (CT), has recently become a catchphrase forabroad r € mai ni ng troubl e spotso wit
variety of efforts to bring computing skills and knowledgewe measur e students' computati
into school curriculu@d not only as a part of computer 2017) . For example, Mark Guzec
science courses, but as a part of all school subjects (Guzdidgxtbook on CT barely touches the topic of how to evaluate
2015; Tedre & Denning, 2016; Mouza et al., 2017;CT skills. A 2017 literature review of more than 200 CT
Lockwood & Mooney, 2017 Denning & Tedre, 2079  studies and initiatives notetiat despite some models for
Broadly speaking, computational thinking refersiteskils t esting for CT skills, fAwork
and competences necessary for understanding, controlling, nf ancy, 6 and the existing mo
and automating information processesroductionof CTto devel opment 0 (Lockwood & Moo
schools, curriculum guidelineand frameworks have been Working group report identifieda number of pioneering
prepared by major organizations, including CSTA in the US articles, each of which urged researchers to turn their
CAS inthe UK, ACARA in Australia, as wedllarge number ~ attention to how to measure CT skill development (Mannila

of other national bodies around the world. Also, the Finnishet al., 2014). Those problems are exacerbated by a lack of
national K9 and K12 curricula (The National Core consensus over what skills does CT consist of, and over how
Curriculum 2014) now include computidgalthough notas  does skill progression in Cldok like.

a separate subject to be taught but as acwrsgular topic e gecond critical problem fow do we integrate CT in

that shpuld. be.intggrated in_ all subjéctwhile in reality_ school subjects? CT is typically taught in specialized
computing in Finnish schimis almost solely about basic ,mp5ting courses, instead of being integrated in school
programming conceptéfter a long history in the academia g yiects. While there is less empirical research on whether

and the school system (Denning & Tedre, 2019, latest ;| 't o grating CT into school S

wave of CT for K 12 started in 2006 when Jeannette Wing na\vtical skills or widens their understangliabout CT
leveraged her position athe US National Science

computational thinking, curriculum, pervice teacher
education, TPACK

. ) o . (Guzdial, 2015), integrating CT in school subjects is crucial
Foundation (NSF) to campaign her CT vision to the public.to\,nqerstanding the ways in which digitalization and

f“f_‘ding tzodies, and acad_emic audiences (ng’ 2006)computerization_have changed all sciences and areas of life.
Wingos rallying anakerstpitensity a g g.d ifh §& LaSchtiBral vision of teaching disciplinary

CT efforts in schools ialarge number of countries, starting 4y sof thinking and practicing, the knowledge and skills of
with the US. The publitterestcombined with focused and =7 fit well the formal learning goals of other subjects.
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However, due to fewer concrete examples of how tocurriculum guidelines for CT integration; and 4) apps and
integrate CT into school subjects, there is a need foframeworks for evaluating CT skill progression.
empirical evidenceonhow CTintegaath i nf |l uences pupil sb

learning outcomes. But promoting CT in primary education?, RESEARCH OBJECTIVES

is challenging due to its specialized nature and broagn terms of research objectives, the study aims are divided
applicability: Few primary school teachers h#werequisite  jnto four objectives:

knowledge and skills on CT as a concept or on its integratio . )
in other subjects, and while computer scientists havel N€ concept of fAcomputational
knowledge and skills on CT in computing, they lack the definitions (Tedre & Denning, 201@enning & Tedre,

knowledge and skills for CT integration in education 2019 that provide different starting points for applying CT
(Mouza et al., 2017). for education. Together with CT pioneers we will analyze,

. - ] synthetize, ath conceptualize a CT skill and competence
The third critical problem has to do with lack of progression scheme based on a systematic review of
understanding ofiHow do teachers learn to synth?size CT theoretical and empirical work. In order to establish a
with existing content and pedagogical strate@eé.  paseline for improving higher educatjare study how pre
Mouza et al., 2017). In other STEAM fields (science, service teachers understand the principles ofpegational
technology, engineering, arts, and mathematics), a populahinking, how they define the concept, what kinds of
TPACK framework (technological pedagogical content personal epistemologies do they create, and how they would

knowl edge) of fers a tool apiftheprindipled 8fCPih &dliclibnn 9 t eacher sbd
technological knowledge and skills needed for integrating )
techno'ogy and techno|ogica| resources effective|y inWh"e TPACK haS become a Standard feature Of educat|0n

classrooms. TPACK is an actively used theoreticalf®Search, its central constituehttechnology, pedagogy,
framework for studying how (prservice)teachers combine and conterd do not directly address the main driver of

the areas of technology and pedagogy with content taugtffigitalization: CT (Angeli et al., 2016; Mouza et al., 2017).
(Koehler & Mishra, 2009). Valtonert al. (2017) hae  We will synthesize TPACK and CT into a new CTPACK
shown that despite of intensive integration of technology,framework that establishes CT as part of pedagdgical
content and pedagogypre-service teachers experience technologlcdlcurrlqular thinking :_;md as a target oflez;rnlng,
technologicaknowledge aaseparatelomain Studiesshow t 0o. We investigate pupilso C
that integrating CT in teacher education courses enhancésS S chool teachersdo CTPACK kn
preservice teachersd knowl e tgnentang gt schoplgwith auk peaivice teagherg gngd y t
CT, but when CT is taught SOBRPIESEence stydenBupnew GTEACK peglagegical s 6 o
discipline, that understanding remaiasan abstract level frameworkis accompanied bgxample learning objects and
which is not applied in teaching (Yadav, Stephepson € mpi ri cal results on pupilsso
Hong, 2017). TPACK framework offers a practical model CTPACK knowledge and skills.

for integrating CT within those subject matters and oy facilitating the uptake of our newly developed CT and
pedagogical apprpaches that eevice teachers are cTpacK frameworks, our project willstudy the
expected to teach futureclassrooms (Yadav et a2017).  concretization of those frameworks in a collaboration
However, CT literature has pointed out a dire need for morg)anveen irservice teacherand pre-service teachers. We
research on understanding teacher learning and how 1@ study how the comprehension of CT can be supported
support their learning in best way In prand inservice  through technology and classroom practices in the context
teacher education (Guzdial, 2015; MouzalgtZz917). of STEAM topics, anavhat leeway does CT give to STEAM
We addresthe three critical research problems above by ~classes. We will outline interventions within teacher
_ _ education and computer science context to design best
1. Expanding our current knowledge on how to improvepedagogical practices, assessment preetand triggering
S pre

pupilsd CT knowl edge-anmnifl $isddemsntsas well a
service teachersod6 TPACK and CT curriculum integration
knowledge and skills, Seamless integration of technologyessential for enabling

o ) the technological elements of TPACK. This study develops

2. Investigating how to combine CT and TPACK and tests technological principles for designing CT tools for

knowledge and skills with subject matter content andclassroom integration. In collaboration between teacher
pedagogy we call thatnew framework CTPACK, educatiorstudents we will design, implement, and testsapp

3. Defining and testing different models for integratingf ©F  tri ggeri ng and supporti
CT into curriculum both in schools as well as teacheriNnovative thinking for designing ways to apply principles
educatbn, and of CT in various learning contexts. We will also design and

o ) i mpl ement interactive apps fo
4. Designing evaluation frameworks and tools for competence progressiamCT.

assessing CT skill progression.

Through design research, educational interventions, and. PARTICIPANTS AND METHODS
case studyesearch, we produdg an extended pedagogical Participants of this case study, which is a part of wider
CTPACK framework; 2) a model for seamlessly inteigigat ~ research programme, are 2&cher education (TE) students
CT, subject matter, pedagogy, and technology (TPACK); 3)pre-service primary schddeachery and grade -6 pupils

in primary schools
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Quantitative and qualitatevmethods are used for collecting 5. REFERENCES
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. . . Thinking Cambridge, MA: The MIT Press.
This presented case studydone in the context of a pre ) ]
service tacher educational technology courgeproject ~ ©Guzdial, M. (2015)LearnerCentered Design of
based learning approach will bring togethee-gervice Computing Education: Research on Compgtior
teachers to work in groups. Their task is to design learning EVeryoneSynthesis Lectures on Hum@entered
objects (series of short | eRfumalicsSanRagagl Ch Yygan &GaypeQl-t i vi t i e
their CT knowledge and skills are enhanced and integrateBoehler, M, & Mishra, P. (2009). What i§echnological
into the recent curriculum. Learning objects will be designed Pedagogcal ContentKnowledge (TPACK)?
for t he sleammiogplatorsn ared researchers and CS Contemporanytssues infechnology andeacher
students will develop external educational apps, which fit Education 9(1), 60-70.
into curricula and are available for everyone. The platform
also provides teachers the means to share their own Iessor}\. (2014). Realime Assessment cEomputational
plans and experiensand give feedback on how these series Thinking. In 2014 IEEE Symposium on Visual Languages

of lessons work in practice. and HumarCentric Computing (VL/HCC)EEE, 49-52.

TE students enterthe schools to implement GT | gckwood, J, & Mooney, A. (2017)Computational
supplemented STEAM lesss in the school context and  Thinking inEducation: Wherdoeslt Fit? A Systematic

monitorthe projeciatthe implementation level. T&udents | jterary Review TechnicaReport, National University
andresearchers engage iesearctbased activities during  of |reland Maynooth.

the implementation, mainly observation. They will write

case reports where they focus on describing th .

implementation as well as case reflection. Main research C". quan.dsson, L., & _Settle, A. (201@omputat|onal
Thinking in K-9 Education.In Proceedings of the

data from this phase contains observations and case reports. ) :
We will continuously revise the instructions, learning Working Group Reports of the 2014 lomovation &

environment, and the instruments for improving the courses. | €cnology in Computer Science Education Conference
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é\/lannila, L., Dagiene, V., Demo, B., Grgurina, N., Mirolo,
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of information technologywith TPACK and technology Coursework forPre-serviceTeachers: AComputational

enhanced learning andathing. That combination goes 1 hinking Approach to thevelopment offechnological
beyond the current global statéthe-art research in CT ~ Pedagogicalontentknowledge (TPACK)Australasian
education due to its generalizability and solid empirical Journal of Educatioal Technology33(3), 61-76.

evidence base as well as its grounding in the pedagogicallyhe National Core Curriculunf2014). The Finnish

sound TPACK and conceptually solid CT framewoiRy. National Board of EducatiarRetrieved September 9,
bringing together new global stadé-the-art knowledge in 2018, from

CT and top Finnish education expertise, this project creates http://www.oph.fi/download/163777 perusopetuksen op
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;)erggtriileng to the theoretical framework, methods andSMobiIeComputationarl'hinking.Journal of Computing

Sciences in College30(6), 53 59.
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ABSTRACT al., 2017). Actually, Denning (2017) claims that the idea of

Many countries and governments have laid down a nationdfT €Xists since the 1960s and can be referred also as
strategy for digitalization in schools witthe intent to  algorithmic thinking or Traditional CT. The curre
strengthen both pu pconpstencea nundeistangdingpfcCan e dei'i‘e? as higher order thinking
Computational Thinking (CT) can be regarded as a centraprocesses and skills involved in formulating a problem and
ingredient of teaching and learning in the XXI century and€Xpressing its solution(s) in such a way that a comguter
should be part of these competencéEhe Swedish human or maching can effectively carry ouwing, 2006).
government has cently launched a national strategy for According to Denning (2017), there are some differences
digitalization in schools stating that CT and programmingbetween the traditional CT and the newer and more recent
should be integrated in many school subje@tsus, one CT, as elaborated by Wing (2006). These two views on CT
particular challenge that needs to be addressed is the o€ not the same. One of the distinct differences is that in the
related to teachers' competencies and skitlated to traditional CT viewprogramming abilitymay produce CT,
programming. Since 2016, The National Agency of while in the new CT perspective learning and exploring
Education has been working together with severalcertain concepts in a variety of subjects may lead to
Swedish universities on developing academic courses iProgramming ability As quoted by Denning (2017}, T h e
the field of CT and programming foriservice teachers. di recti on of causality is rev

One challenge we are exploring tis paper is the one  ag implied from the cussion above, these shifts in the
related to teaphers perceptions and'competenc_les relat‘?ﬁiterpretation of CT have major implications for the
to programming. As part of our egoing efforts in the jnyoduction of different aspects of computational thinking
coursefil nt roduction to Progr;gRMiiicdiond 5tem &t vaiB\R Mebefk Tadd subjects.
T e a ¢ hoffaredl inservice teachersrwe havg analyzed Tese among others include; design of properiaom,

data we cokcted representing teachers” perceptions on CTheqagogical strategies involved in its implementation,
and programming before the start of the course. We applieflympetence development actions for in service teachers, as
sentiment mining and word counting on 127 texts generatedle|| as practical issues related to the implementation of
by the teachgrs. We examine their perceptions and clust§fese actions (Bean et al., 2015). Novel pedagogical
them accordingly in order to undgand how teachers ,,h0aches for introding CT into the classroom bring
perceived different aspects related to CT education. Byeachers to design complex and open learning activities that
doing so, we lay down the foundations on how to tailor oefer students challenging educational opportunities for
competepce development efforts in this field SO that they f'tfostering reasoning and creative problem solving (Chang,
teachers” need. We expect these efforts will lead to then16: Malizia et al., 2017; Wing, 2014). The impentation
developnent of a model enabling to identify teachers” o¢ ch efforts aims to prepare students for their future civic
current perceptions in order to plan future actions that cafles  while emphasizing on understanding how
increase  their  Technological ~Pedagogical ~Contentyigitalization affects the individual and society's

Knowledge. development (Grover & Pea, 2018)

KEYWORDS . ~ These trends in modern education awakes a myriad of
computational thinking (CT), teacher education, visualchallenges and questions related to the integration of
programming, CT acrossisjects computational thinking in school teaching concerning a

wide variety of subjects and levels. Traditionally, STEM
Science, Technology, Engineering arMath) related
ubjects tend to be fAnaturall
e(ﬁlucators as topics to e associated and integrated with
ogrénﬁnﬁwé:l ?oﬁss(é’rove & Bhh, b5 ). In recent years,
overnmental agencies and educational institutions are
emandingd integrate different CT related aspects also in

1. INTRODUCTION

Many countries and governments have laid down a nation
strategy for digitalization in schools with the intent to
strengthen bot h pupcormpstencesa n
and skills. Computational Thinking (CT) can be regarded ag
a central ingredient of teaching and learning in the XXI 4

c\?ntury an?shz%ulld be (;?)a::t) of }hese s:<|llé<;oalnd competencegy, o humanities, social sciences and the arts. Subject domains
(Voogt et al., SGarca-Pefalvo et al., 2 that are taken into consideration include language, literature,

Even though the concept of CT has gained a lot of attentiohistory, music and arts to mention some of them. In such
in the context of educatioand schools in the last decade, cases, new challengesise as the integration of CT and
the core ideas and concepts behind it are not new (Yadav et
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programming into these subjects seems to be less intuitive ffarticipants followed by some background information
compared to STEM related topics (Yadav et al., 2017). about the participants of theuse.

The Swedish government has recently launched a nation&.1. Content of the course, structure & forms of delivery
strategy [lttps://bit.ly/2QoHjbg for digitalization in  This course is calledi| nt r oducti on to Pr
schools. The basic idea is that the Swedish society, orientdd| e me nt a r yandTiseoffecel ® irserdice teachers
towards building a sustainable future supported byacross the entire country. The department of Computer
Information and Communication Technologies (ICT), Science and Media Technologyt Linnaeus university
should build on cultivating innovative competes for all  (LNU), Swedenhas been responsible for this course. In
citizens (Bocconi et al., 2018). The application of thisterms of content, the course gives students the fundamentals
strategy has brought changes to the national schoadf programming combined with techniques and approaches
curriculum for primary and secondary levels, starting Julyon how to integrate those in the classroom.

1st, 2018. One important action point as part of this strateg

deals with te fact that computational thinking and rogramming can be used as a powerful tool for different

programming should be now integrated in many schoo orms of expression in elementary schools. Moreover, the
subjects (not just mathematics and technology) and not be P y ' » (NEY

only taught as a subject by its own (Maigmith et al should be able to master different programming techniques

2018). However, the Swedish strategy does notigeoa Esabrsea\ljigﬁgn’ %n?g/ﬁn?:d w;zr%r:édsuﬁsj et@hteals:g r}Z\r/r?rlnin
prescribed plan on how to approach these changes. yS- prog 9 prog 9

metaphor combined also with physical computing devices
Thus, one particular challenge that needs to be addresseohd sensors.

is the one related to teachers' competencies and Ski”'f‘he course has been offer during the period November
related to computational thinking and programming. Since2017_ June 2018 and has been given in a blended form

2016, The National Agency d&ducation (Skolverket) has ; . . . .
including modly on-line meetings, videoecordings

been working together with a number of Swedish ombined with 3 compulsory meetings on site. Previous to
universities on the development of academic courses in th P Y 9 j
e start of the course, students were asked to complete an

field of computational thinking and programming for in . X
service teachersSince the fall 2016, the authors of this orrline survey where'they were a_sked a number oquestlons
paper hse been systematically working in different abogt their professional EXperience, araaf expertise, .
activities (seminars, hands workshops, academic previous knolwledge and perceptions about programming
courses) to support knowledge building and competencgnd expectatlons about the course. In terms of content and
development for teacherdn this paper, we present the efforts required from the studen_ts, 100 hours of the course
results of our efforts related to the developmeatd have been u_sed to_teach, exercise and test the f_undamentals
implementation of a six months long academic courséon pf progamming while 100 hours were used to vahdate_ these
and programming for elementary school teach@sr view ideas in t_he c_Iassroom. _The students were required to
onprogramming is that it is not just about writing code. It complete flvg different assignments re_Ie_lted to fundamental
is also about creative problem solving, logical thinking of programming and C?T conc_epts. Additional, teach_ers were
and structured woikg methods. We understand ask_ed fo conduct a pllgt proptgtlatgd to programming in
their classrooms. This activity included design, test,

programming as a technique, a medium for-seffression validation and assessment of learning activities related to the
and an entry point for developing new ways of thinking . . M g .
introduction of programming in the classroom. A written

(Grover & Pea, 2018)One particular challenge we are _ .~ " .
exploring in this paper is the one related to teacherss.cc;ent:jic report SO pf':llges ang) and a53n|nfuthes shua
percepions, competencies and  skills related to video film about their pilot projects were part of the expected
programming. Thus, the main research question thaputcomes.

guided our efforts has been formulated as followMat 2.2. Participants

are the initial teacher’s perceptions and understanding in In terms of participants attending the course, we had 127
relation to the introduction of programming and teachers representing 51 local municipalities from all 290
computational thinking in the classroom? existing in Sweden. Based on the demographid an
eorofessional data we collected we could gain some

next section, we present the educational context and researghformatlon about the years of teaching experience they have

settings that served as a ground for the exploration of oui"fmd the areas in which they teach. The teachers had an

: . overall average of 14.33 years of experiences as
research question. We thgoroceed by presenting the " " ;
elaboration of our results followed by a discussion sectiorgai?gg;nerssucwangs Ofmtgtirgmg:gzg) a\;]\'j/rg;ac?:éﬁn:)r;o
together with a brief description about the directions of our Ject: 0 - gy-
future work. Approximately 25% of them (N=31) were teachers in

combined areas such social sciences, mathematics and

2. EDUCATIONAL CONTEXT & technology. Nine of those teachers specialized in ICT while

RESEARCH SETTINGS other four were language teachefThe remaining four
In this section, we present detailed information attbat teachers were active in other domains. Participants teachers

: : id represent different grades including the following
course we have developed, its content and teaching a Lo ;
learning approach Wepbriefly explain which datagwe istribution: 31% of teach insito 3¢ grade. About 27%

i h \
collected (to be further elaborated in section 3) from the'[each in 4 to 6" grade and another 34% of them teachin 7

YJpon completionstudents, should be able to know how

The remaining of the paper is organized as follows. In th
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to 9" grade. The remaining 11% of the teachers teach athe highest mark of polarity among the group of the teachers
other levels (secondary school/special education). having 16 to 20 years of experience (N=18; p=0.304).
Additionally, we checked the correlation between the years
3. METHODOLOGICAL APPROACH of experience and the polarity. We spotted such correlation
AND RESULTS only in the group corresponded to teachers having between
In this sectionye discuss how we analyzed the different set12 to 16 years of experience. In this one, we found moderate,
of data we have collected and the approaches and techniqugssitive and meaningful correlation (r=0.399, n=28,
used to interpret them. In the rest of the seatierelaborate  p=0.028). The analysisf these results point out to a kind
on those aspects and present our results. of neutral attitude and perceptions towards topics related to
programing and CT. We did complement these efforts by
e%)<amining also the most frequent words (terms and
%‘?ncepts) used by the teachers in their texts. Tabkpicts

3.1. Methodological Approach

In section 1 of this paper we stated one question that guid
the core of this research and focuses on examining the initi ) A .
teachersd perceptions rela e?naostg,f&equ?nﬁv&or'dst ﬂiﬂatf)hﬁvce eenolqentlfbeq 'Bt ami
and CT before the start of the course. One of our lines o?ex s and present thiem in refa

reasoning foexploring this particular aspect is the fact that or each group of teachers.
it may be a gap between what the National Agency of Table 1.Frequencies of words within the different groups
Education and the new revised curriculum expects and what Years of 1st ond 3rd

Swedish teachers understand about those changes. ResearcBperience

has been scarce showing how teacheexceptions and
understanding of core concepts of CT and programming 0-4 programming (6)  foundations (3)  class (3)
should be taken into consideration when implementing these 4-8

ation to the years of'experiénce

new changes in the classroom. This particular perspective programming (43) - advice (15) knowledge (11)

has not be addressed neither discussed in recent researcts- 12 programming (26)  school (7) knowledge (6)

exploring dfferent issues in connection to teachers _

6education (Grover & Pea, 20%8;: RPEayeeeendQ) @ suerPs g Yac
et al., 2017). Moreover, these authors have identified the ;4.5 programming (17) students (13)  class (8)

need for more researaxploring the integration of CT in
education and in particular how CT che developed in 20-24 programming (37)  school (15) learn (11)
students and in disciplines beyond Computer Science.
Specifically, we intend to examine and understand teachers
perceptions in order to adapt and develop competence
development efforts and strategies so that they are carefullp(
implemented In order to explore teachers” perceptions

, above 24 programming (12) students (5) subjects (4)

he most frequent word for all groups has been
pr ogr aandhit mghkeen mentioned 165 times. The
words i st ud efischosbd , a s welbsk ave r d

rega_rding a;p_ects of CT and programmim@_ apply mentioned 60 times. In addition, those words connected to
sentiment mining lleong et al., 2012)for analyzing the teaching alnedarl red,r nfi dnmyadvidide)d g e o

pieces of text (200 words) generated by_ the teachers bas%\‘?ere cited 53 times. We notice in this analysis that teachers
on the data we collected before starting therseuas addressed the tool (programming) and various

desg;lbe;jB:n SeCFt)'OT] 2)/\{% wrotfe a piece (.)f S?ﬂ\’:ar? dantd organizational aspects relatedetducation and learning but
use dext ob af yt ?E ! rar;t( or aroc.e§smgvgx ua f"‘z' refers less to issues and processes connecting to subject
in order to perform the sentiment mining (Vijayarani atter and its relation to pro rammin?]. Furthermore,

Janani, 2016) Additionally, We  3ppathBrs did'nGt Gddrdss ﬁil%ctly T ©Mr&idted Brms in

texts while usinga tagcloud generator (Roe, 2018) that ;
. . - their texts.
allowed us also to identify the frequency of words used in

these texts. We used this tool in order to identify prominen4. DISCUSSIONS AND CONCLUDING
and less prominent terms, ideas and concepts as perceived REMARKS

by the teachers. In the next subsatfiwe continue and |niegraing computational thinking education concepts and
present results. ideas into irservice elementary teacher practices is a very

3.2. Sentiment Analysis of Teachers” Perceptions on CT ~ challenging task. In the light of paradigms shifts and changes

As mentioned previously, we applied sentiment mining or in the national curriculum teachers are required to gain new

127 pieces of texts generated by the teachers describing th knowledge and skillselated to how content, pedagogical
thoughts and attitudes towards CT and programrinirtge  Strategies and ICT tools need to be combined to introduce
classroom. We examine t eac CTintotheireducational practices in meaningful ways.sTRes 3
cluster them according to the years of experience they haultimate objective of those actions is to allow learners to

as in service teachers. We then checked for the polarity (@PPly these ideas to solve domapecifc and

all texts as it can be on the range -af (for negative InterdISCIpIInary Challenges and prOblemS. In the previous

sentiment) anet1 (for positive sentiment). Thus, we aim on Section, we presented and analyzed the ideas and perceptions
checking whether the series of examined sentences reflecoming from more than 100 Swedish elementary teachers at

positive, negative or neutral standpoints. The overalthe beginning of the course. We have analyzed these data as
computed polarity resulted on a kind of neutral with a slighfwe considertheir perceptionscrucial for creating and
tendency for positivity. We dividethe entire class into 7 developing a framework for teachers” competence
groups classified by years of teaching experience. We foundevelopment in this field. The framework proposed by
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DarlinggHammond and Bransford (2005) could be modified andProgramming inCompulsoryEducation.Report

and adapted in order to prepare teachers to gain newprepared for the Nordic@ BETT2018 Steering Group.
knowledge and skills related to different aspects of CT asChang, C. (2016). UsinGomputationall hinking Patterns
well as methods and tools that teachers should acquire forto Scaffold ProgramDesign inintroductoryProgramming
integrating these ideas into subject matter and curriculum Course Proceedings of 2016 5th IIAl International
goals. By doing so, we have collected some data that canCongress on Advanced Applied Informatics (14I).
give some answers to tHeQ presented in section I. Our IEEE, 397400.

initial analysis points out to the fact that teachers may haveDarling-Hammond, L. and Bransford, J., Eds.

different perceptions regarding issues related to (2005).Preparing Teachers faa Changing World: What
programming and computational thinking in the classroom Teachers Should Learn and Be Able ta Ban
depending on their years of experience and pedagogical Francisco, CAJosseyBass.

knowledge. One salient point is the fact that most of theDenning, P. (2017). RemainifigoubleSpots with
teachers have problems to see how CTE and its relation toComputationall hinking. Communications of the ACM,
teaching and learning about a specific subject matter can be60(6), 3339.

pedagogically and instrumentally integrated in theGrover, S., & Pea, R. (2018). Computatiomalnking: A
classroom. We also acknowlgel that policies and CompetencyWhoseTime hasCome.Computer Science
curriculum changes (including  their practical Education:Perspectives on Teaching and Learning in
implementation) in the field of CTE, like those underway in Schoo] 19.

Sweden (and even in other countries), are very compleMalizia, A., Fogli, D., Danesi, F., Turchi, T., & Bell, D.
processes. First, there are many different stakeholders(2017). TAPASPlay: AGamebased.earningApproach
(ministries, schols, universities, politicians and even the to FosterComputationThinking Skills. Proceedings of
industrial sector) involved. Secondly, these changes 2017 IEEE Symposium on Visual Languages and Human
generate new challenges as preserving a balance betweeentric Computing (VL/HCC)EEE, 345346.

legislation and the implementation of these changes inMalyn-Smith, J., Lee, I. A., Martin, F., Grover, S., Evans,
becomes a real challenge as teachers and stutssdaew M., & Pillai, S. (2018). Developing a Framework for
knowledge and skills to cope with those on a daily basis. Computational Thinking from a Disciplinary Perspective.
Consequently, teachers seem to be caught between, top Proceedings of International Conference on

down political decisions and the realities of everyday Computational Thinking Education 2018ongKong:
classroom practices. It is important also to recognize that the The Education University of Hong Kong, 1-834.
current lack ofan agreedipon, exclusive definition of the Mishra, P. & Koehler, M. J. (2006). Technological
elements of computational thinking education makes it a PedagogicalContentKnowledge: AFramework for
challenge to develop clear pathways fosarvice teachers  TeachelKnowledge Teachers College RecortiQ8,

to be computationally thinking educated. The analysis and 10171054.

elaboration of the results we haveegented in section Ill, Leong, C. K., Lee, Y. H., & Mak, W. K. (2012Mining
combined with the knowledge and experience we gained Sentiments in SMS exts forTeaching

during this course have helped us to identify a kind of Evaluation.Expert Systems with Applicatiqrg$(3),
categorization describing t2584258%2r s6 perceptions and act
addressing the incorporation of CT concepts andGarc@aPéefalvo, F. J., Reimann, D., Tuul, M., Rees, A., &
programming tols into the curricula and across domains Jormanainen, |. (2016AAn Overview of theMost

and levels (Kjéallander et al, 2018). RelevantLiterature onCoding andComputational
Thinking withEmphasis on th&elevantissues for
TeachersBelgium: TACCLE3 Consortium.

oe, A. (2018). Generatingord Clouds.The School

In our coming efforts we will further elaborate on the ideas
presented in this paper in order to develop a model that coulﬂ
help researchers, policy makers and educators tdifigen Librarian, 66(1), 1919,

teachers” current perceptions and previous knowledge iQ/ijayarani S., & Janani, R. (2016). Teiining: Open
order to plan and implement future actions and CompetenceSourceTE)ké’nizationTo’olsfAn Anélysis Advénced
development activities and how their Technological Computational Intelligenced(1), 37.47 '

Pedagogical Content Knowledge (TPACK) (Mishra & voogt, J., Fisser, P., Good, J Mishra .P & Yadav. A
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ABSTRACT

This paper presents a study with68aches from primary Perceived

and secondary education in the Netherlands investigatin T o W X

their attitude and acceptee factors for enabling the Exenal i o mentonto [ ¢ Al
implementation of Computational Thinking in their e e =
classroomsThe results show that performance expectancy a8

effort expectancy and attitude are important predictors o
behavioural intention. Facilitating conditions have a more
limited correlation with the behavioural intention. For the

attitude it appears that this is mainly influenced by

performance expectancy and effort expectancy. SocialS? ALilJnTlf)lerr(]joEz(Ia(o\%r?II £g§ﬁpﬁgﬁiesaggviszcg;?gh;&)%?y
influence does not appear to have a significant connectio ' ' ' '

with behavioural intention. Nothave there been any was developed from these models. UTAUT explains,

) 0 ) . .
indications that gender, age and experience have moderatir?ﬁgﬁgggrfg ter;(i:euégcirhsé Znoogecl); tc:fxﬁiré?wnt%?sne 2?2%\222;
effects on performance expectancy, effort expectancy, socia '

Figure 1.Technology Acceptace Model (Davis, 1989)

influence and facilitating conditions. The central question in this study is: "To what extent do the
four independent variables performance expectancy, effort
KEYWORDS expectancy, social influence and facilitating conditions have
coding skills, computational thinking, attitude, UTAUT & relation with the usentent of teachers in primary and
model, ICTacceptance of teacher attitudes secondary education regarding computational thinking and

specific coding skills."

1. INTRODUCTION .

An international debate is taking place about the importanc€- 1 €chnology Acceptance, Teacher Attitude
of coding skills within education in relation to future and Computational Thinking in the
professions. Several countries have already implemented classroom

COding skills in education, but inghNetherlands this is not The research carried out is a ckssstional study, in hich

yet the case. Teachers have a key role in educationghe population consists of the teachers of primary education
innovation and therefore it is necessary that they are positivep0) and secondary education (VO) of the Netherlatos
about coding skills. The UTAUT mod€Venkatesh et al., people completed the questionnaire. Of these 62 teachers are
2003)is often used for research into ICT acceptancéhisn  working in thePOand 43 teachers in théD. As a starting
model, performance expectancy, effort expectancy, socighoint of our survey, a questionnaire was used that was
influence and facilitating conditions are direct predictors ofagapted from a studyp measure the views of teachers on
the .|n.tent|0n to use a System. This behavioural intention I%oding skills in Finland, China and Singapore. In the first
decisive for the actual use of a system. Furthermorejnstance, an inventory was made of which questions are
research showthat attitude plays a central role in teachers'syitable for measuring constructs frome tizonceptual
use of new systemgTeo, 2011) With this research, the UTAUT model.The research proposal was approved by the

believes and attitudes of teachers were mapped and testg¢b Ethical Research Committee (CETO) of the Open
using the UTAUT model. The results contribute to the yniversiteit.

research that takes place around ICT ptaoece. In addition,

the results give direction to policy issues concerning coding "€ quality of the questionnaire wasaluatedusing a _
skills in education. Cronbachs Alpha (U) analysis

. ) research model were investigated by means of correlation
There are various models to determine whether or not a negnalysis and by means of multiple regression aealyTo
technology will be used in the future. A wédhown basic  determine the mediating effect of attitude, various regression
model for this is the Technology Aeptance Model (TAM)  models have beedrawn up.
from Davis (1989) (see Figure 1). This model assumes that
in particular the two variables, perceived usefulness (PU RESULT
and perceived ease of use (PEU) determine whether or no)& SULTS

t . .
new technology will be used. Aiotal of 106 respondents completed the questionnaire. Of

these, 62.3% (N = 66) of the female gender and 29.2% (N =
31) of the male gender. The average age of the respondents
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is 42.85 years (SD = 11.903). The averages of the variable&ffort 376 07 820

show that in particular performance expectancy (M = 4.29, Eggi‘ﬁf;g;y ' 059 078

SD = 0.46) has a high score with regard to computationalcgngitions >%° ¢ ¢ 0110 1

thinking, followed by effort expectancy (M = 3.76, SD = Social 306 08 348 .0 767

0.75). Facilitating conditions (M = 3.19, SD = 0.90) and Influence ™ 9o 7 '

social influence (M = 3.265D = 0.89) have a lower score. Experience 3,21 0"17 348,654 ,225 0'118 1

Of the dependent variables, attitude (M = 4.07, SD = 0.52) gehavioura 08 508 580 018 597
has a higher average than the behavioral intention (3.43, SDintention 343 0 UOU 2200 Tgm !

= 0.87). Table 1 shows the averages of these values, with &yitige 4,07 0> 639 584 g95 o3g 545 490
distinction being made between teachers inmary
education and secondary education.

4. DISCUSSION AND CONCLUSION

Table 1.Means and Standard Deviations In this study, the teacher's views on teacl@gskills were
Totaal PO VO investigated. This research has shown that the UTAUT
Mean S.D. Mean S.D. Mean S.D. model is a good starting point when measuring the intention

of teachers to implement coding skills in the curricultm.

Performance Expectanc 429 0,46 436 0,42 4,19 0,50 addition, it has emtged that attitude plays an important role

Effort Expectancy 3,76 0,75 3,90 0,74 356 0,72 in the behavioral intention with regard to the provision of
Social Influence 3,26 0,89 3,37 0,89 3,10 0,86 coding skills in education. Although attitude in the original
Facilitating conditions 3,19 0,90 323 087 313 095 UTAUT model does not play a role (Venkatesh et al., 2003),

the main focus is on the affeati aspects of attitude, while

in this research the focus is more on the cognitive aspects of
Behavioural Intention 343 0,87 3,46 086 3,38 0,90 attitude. The results obtained show that lecturers score high

on performance expectancy and attitude. Although the

With an independenttest it was investigated whether there irr?tsei&':irgral tzhgwlsestshgt é?(fg:tattlﬁgncfhldlg?hnesr egﬁ;ilg:e it is
are significant differences between the above variables Witrr]ecommended to take a critical look at this. The reasc,m for
respect to gender. No significant differences were four]dthis is that the qualitative data show that tea.chers experience
With the help of an ANOVA it was checked whether thereinsuf‘ficient facility support, which may affect the usage
are significant diffeences between these variables and the S e . .
type of school where the teachers work. Here there is zlantent. As already mentioned, facilitating conditions is seen

significant difference between teachers who teach in thé&S @ predictor of the actual use and the lower score, together

_ ~ . with the qualitative data, implies that this threshold is for the
lc?f\’\t'ﬁ; Ez(a)rt(o,\;tgef%(l\/é[—) i‘%SA;Dtggﬁeﬁ)g??égf?ﬁ;%’gt actual offering of coding skills. Schools should therefore

(M = 3.78, SD = 0.67) and thegher pariof the VO (M = invest nore in ICT infrastructure and methods to offer

3.96, SD = 0.58) and the attitude, F (3.102) = 3.18, p= 0 027orogramming skills. In order to get a good picture of what is
P.rim,ary edu;:ation in particular Has a.more po.siti\’/g atti;cud required to increase the facilitating conditions, it is advisable

towards computational thinking and coding skills. With%O cc)jllat.taln _d?ﬁp(}:r" insights mtoh th.(teh role g‘; fg}cﬂltailngl

respet to the other variables, no significant differences were-onartions In the Tollovup research with regard 1o the actua

found between the types of education. provision of chmg sIgIIs. This can be done by conducting
in-depth interviews with teachers.

Table 2 shows the averages, the standard deviations and the

Pearson correlationsetween thedifferent variables. The 5 REFERENCES

Signiﬁcant COI’I’e|ati0nS are bOld in thIBJSII’lg a multlple DaviS, F. (1989) Perceivddsefu'nessPerceivedEase of
regression analysis, it was also examined whether attitude yse, andUser Acceptance ofnformation Technology.
can be predicted by performance expectancy and effort \pjis Quarterly, 133), 319340.
expectancy. This analysis shows that this regression mod : o

b y y g qjeo, T. (2011). FactorgifluencingTe a ¢ hlatengod to

is significant, F (2.1()3) = 67.93, p <0.001. The model can
; ; ; ; . Use Technology: Model Development and Test.
79
thus ke used to predict attitude and is strong in strength: 57% c puters and Education, &%, 3 .

of attitude is predicted by PE, EE (R2 = 0.57). Performance
expectancy, b * = 0.57, t = 7.38, p <0.001, 95% CI [0.41,Venkatesh, V., & Morris, M. G. (2000). Whpo n Mén

0.72], effort expectancy, b * = 0.29, t = 6.20, p <0.001, 95% Ever Stop to Ask for Di r ect i ons Sotial Gend
Cl [0.20, 0.38] hae a significant correlation with the Influence, andheir Role in TechnologyAcceptance and

Attitude 4,07 052 4,18 0,42 3,90 0,60

attitude. UsageBehavior.MIS Quarterly 24(1), 115139.
Table 2.Correlation of Variables Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D.
Mea SD PE EE RC SI EX Bl (2003). UserAcceptance oflnformation Technology:
n : Toward aUnified View. MIS Quarterly 27(3), 425478.
Performanc 0.4
e 429 "1
Expectancy
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An Empirical Study on STEM Learning Satisfaction and Tendency for Creativity

of Chinese Secondary School Students

Wangwei LF, Chun CHEN
12SouthChina Normal UniversityChina
etlww@qq.com929158652@gq. com

ABSTRACT

Based on the STEM learning practice in the secondary school, the study uses the method of investigation to explore the
satisfaction of STEM learning in junior high school student§&aangzhou of China. Then the researcher analyzes the
workshopbased STEM learning process and validates the effectiveness of wollestegh STEM learning to enhance
studentécreative thinking and ability. The result shows that@gnese studendSTEM stisfaction is generally at a high

level, and there is no significant gender difference. Taking the worksdegd STEM learning as an example, we find that
the context design by teacher, t he st ud e ntegfated praotided p e n d ¢
technol ogy enhanced have helped students to ieffipacyavae t he

mediator of studendparticipation in STEM learning and practice catagthe realization of students' workghbased STEM
learning process and the goal of improving creativity.

KEYWORDS
STEM learning, satisfaction, tendency for creativity, sdlicacy
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ABSTRACT

6E learning model has used in a learoentered teaching model that enhances students' motivatidasginsthg outcomes.

Robot education combines a lot of the knowledge and skills of a variety of learning areas to enhance student understanding
and validation through the 6E learning model, and allows students to learn computational thinking through fdiistic
research is aimed at 70 senior students in an elementary school. The Arduino robot is designed and assembled thrbugh practic
curriculum. This study used experimental design with two different groups: 6E learning mode and general learningemode. Th
research found that wusing the 6E | earning mode would en
in the robotic practice curriculum, and enhance the use of learners in practical operations.
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A Robotic CourseDesigned with CT 3D Model
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ABSTRACT

Based on the thredimensional model of computational thinking including three dimensions of compafationcept,
computational practice and computational concept, this study designed a STEM course for robot learning, which was
implemented in a robotics interest class of a junior middle school in Shanghai. Computational Thinking test (CTt) was used
beforeand after the course, and the test results were analyzed and discussed. It is found that the robot course designed by tl
threedimensional model of computational thinking plays a significant role in the development of students' computational
thinking, butthere are significant differences in the test results between thgaifdrmance group and the lgyerformance

group. This paper analyzes and discusses this problem.
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computational thinking, course design, the thdleaensional framework, robotic course
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Computational Thinking in STEM Task Design: Authentic, Useful, Experiential,

and Visual
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2Department of Mathematics and Information Education in National Taipei University of Education, Taiwan
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ABSTRACT

The instructional design of this study is based on the learner center approach. We advocate the development of learnin
activities by the 6E model of inquiry learning, including engage, explorégiaxplaborate, enrich, evaluate. The framework

of learning tasks were projebased design by using 10T sensor technology and visual programming language. Through
integration of health and physical education, mathematics, science and technology, coamlitetegrative activities, we

have designed a cred®main inquiry context, the data analysis and statistical charting of the weather factors in the campus
environment, to promote the collaborative learning and computational thinking of primary stldents. This study
specifies the connotation of the complete instructional design and learning tasks of computational thinking, and summarize
the key points of design principle are authentic, useful, experiential, and visual.
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STEM activity, intemet of things computational thinking, instructional design
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Research on STEMCurriculum Designfor Computational Thinking:

Framework Design and Case Analysis

Hui SHI¥, Feng LF
! Department of Education Information Technology, East China Normal University, China
2School of Open Learning and Education, East China Normal University, China
51184108034 @stu.ecnu.edu.i@srcc.ecnu.eden

ABSTRACT

The rapid development and popularization of information technology has profoundly changed people's behaviors and thinking
characteristics. Computational thinking has become an important content of information technology education in primary and
secondary ghools. As a kind of learning mode oriented to subject integration and project orientation, STEM education is
practice training. Computational thinking provides a mode of operation. On the basis of combing the development of
computational thinking and comfational thinking education and related research, this paper clarifies the relationship
between computational thinking and STEM education, and focuses on the core concept of computational thinking, drawing
on the typical STEM curriculum practice modebrr teaching themes and teaching. Five aspects of goal, teaching method,
teaching resources and teaching evaluation, designing the STEM curriculum framework for computational thinking, and in
depth analysis with specific teaching cases, explaining andieixgjan case mode, in order to provide practical reference

for the cultivation of students' computational thinking.

KEYWORDS
computational thinking, KL2, STEMeducation, curriculum framework, instructional case
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Block Affordances for GraphQL in MIT App Inventor
Lujing CENY, Evan W. PATTON'

2MIT App Inventor, Massachusetts Institute of Technology, Cambritige United States
lujing@mit.edu, ewpatton@mit.edu

ABSTRACT { { .

The rise of cloud computing and software as a service has category(id: "pop™) { fg {

brought along a significanthange in the paradigm of playlists(limit: 1) { "playlists™: {

application development. In this paper, we present how a items { teme

relatively new Web application programming interface name " “name": "Today's Top Hits",
(API) abstraction, GraphQL, can be effectively represented owner { “owner™: {

in a blockbased programming environment. Our work adds _ display _name "display_name’: "Spotify”

GraphQL client support to one such environment, MIT App j .
Inventor, in order to demonstrate how this abstraction can -~ R
help developers manage the complexity associated with the -
growing data layer of applications. In addition, we argue that )
although our implementatn of the GraphQL component in }
App Inventor is not without Iimitations', it. has significant Figure 2.An exampleGraphQLquery (left) and the
advantages for students who are beglnnl_ng to learn about corresponding response (right).

Web APIs when compared to more traditional methods of

interacting with endpoints. Our objective through fatu The introspection stem of GraphQL allows for queries on
work is to prepare the GraphQL component for publicsSchema and type information. This means that it is possible
release and further study how this abstraction will helpto determine all of the field names, field arguments, and field

students engage in computational action. descriptions for an object solely from the endpoint without
consulting additional resources. it the proper tooling,

KEYWORDS introspection queries make it easier for users to construct

GraphQL, App Inventor, block languages, data science, welyell-formed queries through autocompletion, type checking,

services and documentation. Another benefit of introspection is that
evolutions to the schema can be effectively commugita

1. INTRODUCTION through the endpoint. Breaking changes and deprecations

1.1. What isGraphQL? can be caught at compile time.

GraphQL is a strongiyped query language developed by
Facebook for describing and interacting with APIs (Schrok
2015; Facebook, 2018). It can be seen as an alternative
traditional web frameworks that seeks to eliminate dat

over-fetching, mhimize network round trips, and provide an environment. She recently discovered that her digital music

introspective type system (Eizinger, 2017). Recently’streaming service, Spotify, has a public Web API that lets

GraphQL has gained significan_t_ traction in the web a.ndher analyze tracks for their audio features. She also noticed
software development communities through better toolmgt hat Spotifyods oemmoeprotaprolidest s

and increased commercial adoption. users with enough details about whether a particular playlist

1.2. GraphQL Use Case in App Inventor

'We present one sample application that a developer can
Hbild using GraphQL and App Inventor. Consider Alice, a
%tudent who is famidir with the blockbased programming

type Character { is appropriate for a given event based on the properties of
id: ! the tracks insideTherefore, Alice decides to build a Spotify
name ; ! playlist analyzer that provides users with detaibout a
appearsIn: [ I playlistodos danceability (how
} dancing) and valence (how happy and cheerful the tracks

are). That way, she can more easily find a playlist with low
danceability and high valence for her next study session, or
a playlist with high danceability and high valence for a party.

Figure 1.An example GraphQL type definition for a
character that appears in one or more TV show episodes.

GraphQL queries operate by selecting fields on objects. ArJI'his application must interact with different resources of the

endpoint will define a number of object types, each with ItSSpotify API. Given that Alice has a rough idea of the data

own set of fields (Figure 1). There dvgo main entry points .

for queries, the rod@ueryandMutationtypes, used for read that she wants but does not know all the details of the API,
g ' y ypes, ghe hopes to use ti&raphQL component in App Inventor

and write operations respectively. Each query can be V'ewealong with a Spotify GraphQL endpoint to help her construct

as atree, Whgre Iegves of the tree represent fields returnlqge queries for her playlist analyzer. As we can see in Figure
scalars (e.g., int, string). The response toeayyis formatted 3. the contents of the queries are very similar to a-leigél

in JavaScript Object Notation (JSON) and has the sam escription of the data that neg¢dde retrieved. This is one

Zg?g?lz?gl;?ee%uery’ making it easy to interpret and access tggneral benefit of GraphQL that we will explore in more

depth through implementation details and discussions.
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Figure 4.Mutator to extend a GraphQL query block.

All ggl blocks are dynamically generated based on the
predos B associated endpoint. After the GraphQL schema is fetched
and processed, the root legeleryand/ormutationselection

blocksa e injected into the inst:

Figure 3.An example MIT App Inventor app for qUerying o \what operations the endpoint supports. The user can then
Spotify using GraphQL (left) and the corresponding query graq one of these blocks onto the workspace to begin the

blocks (right). construction of a GraphQL query. Using type information

2. THE GRAPHQL COMPONENT from the schema, gqgl block an automatically generate
We built a prototype of the GraphQL component in App candidate blocks for its own selection set. These candidates

Inventor that supports nemutation and mutation queries &€ displayed in a flydown when the user hovers over the
against arbitrary GraphQL endpoints. The component wa§ame of a norscalar selection (Figure 5). If documentation
designed to be intuitive for users who are unfamiliin the 1O & Selection exists, it is loaded into the tqolof agal
query language and consistent with existing App Inventolock automatically.

semantics. To that end, we have introduced a new dynamic Bl query |

block type that facilitates the construction of queries. We
also designed various abstractions that make it easier to
execute querieand interact with response data.

2.1. Endpoint
In order to interact with an endpoint, the user must supply a

The name of the category.

URL, which is stored in th&ndpointURLproperty of the @] playlists |
component. Some GraphQL endpoints may require client country
authentication before they can be queri@terefore, the -

component exposes an additional propeHytpHeaders Lt
where the user can specify headers that will be sent along offset

with each query. Both of these properties are used to send a
full introspection query to the target endpoint. The response
sckema is stored in memory for later use. Note that the

introspection process is an exclusive exchange between the
user6s browser and the endpoint, 1t uvuues unut 1 nuvolve th

Inventor server in any way. Figure 5.Autocompleted GraphQL blocks based on the
2.2. GOL Block Type GraphQL endpointés sche

A GraphQL query consists of many seleo, where a At compile time, aql block loses all type information and
single selection is usually a field of an object. In a block becomes a string join of its name and selection set with the
based environment, each selection can be modeled by appropriate whitespa@nd grouping brackets. To minimize
separate block. Given that selections act like functions, wehe likelihood of constructing an invalid query prior to
eventually settled on a block representation similar to that oEompilation, ggl blocks leverage the existing connection
procedure calls in App Inventor (Figure 4). However, compatibility system of MIT App Inventor to perform
selections returning nescalar values must also be able to validations. Thereforegql blocks will not allow therselves
specify its selection set, or the collection of desired fieldsto be directly attached to invalid parent selections or to
from each of its returned objects. This can be done byGraphQL component methods from other instances with
augmenting the block withrautator that allows users to add different endpoints. Similarly, gql block will ensure that

or remove spaces for items in the selection set. Togetheall of its arguments are of the correct type. Nullable
these insights led to the creation of the rggWblock type  arguments, which areoh present in App Inventor, are
consisting of a field name, input values for argumentsrepresented bgqgl_null shadow blocks. This ensures that
indented input values for items in the selects®t, and an users do not have to manually add or remove null value
output. blocks during query construction.
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In this section, we present some of the pedagogical benefits
id (| get XD of using the GraphQL component as a means of presenting
[ cal (" poputarity Web APIs to students. We will also analyze some of the
tradeoffs present in GraphQL and the limitations of the
current implementation in Aplnventor. Finally, we look at
ways of improving the GraphQL component through
gathering feedback from users.

Advanced GraphQL features, such as query fragments arg

fragment spreads, are also supported through native Ap .
. inde raphQL presents a relatively good tradeoff between
Inventor semantics. GraphQL fragments a from an xibility and easeof-use. Compared with traditional Web

object type and can be reused through a fragment sprea%>IS which are extremelyersatile, GraphQL is more
They are useful for cases where the same query fragmeres:trictive in the operations that it permits (Hartig & Pérez,

gqr'egr;)tutiﬁ E;egégtrmgtg)lﬁjﬁgﬁjens#lgf g:dp:se r;?:égr?%?? nts2017). However, this lowers the barrier of entry for students
block (Figure 6). These fragmegyl blocks are injected into who are not familiar with the HTTP protocol or the API

a component instancebs | bﬁfn proi titsc?'[lw eﬂ gtud?n}.?tarp Buél.gﬂg'%cgﬂmﬁtigh S i

Figure 6.Example GraphQL fragment that can be plugged
into other query definition blocks for query remixing.

1. Benefits

. . hat Interfaces wit ata source, a Si amount’ of
to th havior of root selection blocks. A fragment spr . . '
0 the behavior of root selection blocks agmeit sprea ime is spent on how to fetch data rather than what data needs

is simply a function call in place of a selectiggl block. ) :
Support for fragmets means that this implementation is also itr?te?chﬁgChvigh g?p:(lj(ijt?orn;?r\?veebo;meth?f {)ssagiceifsf?gn n
able to query endpoints involving interfaces and unlontypesGrathla encoding query parameters, choosing the right
2.3. Component Blocks endpoint, interpreting the response code, and decoding the
The GraphQL component has a single metQuerythat  data. Ideally, these operations should be abstracted away
accepts two argumerdtsqueryNameandquery Thequery  from students when introducing them to Web APlIs, which is
can be a string representiagsraphQL query, or a rogy| exactly what GraphQL permits withbloeing tied to a single
block. ThequeryNameis an identifier given to theguery endpoint.
This argument is necessary because App Inventor us . . . .
events to handle asynchronous execution. Some informatio ere are some additional bene_flts that arise from the dQS|gn
é the GraphQL component in App Inventor. Queries

must be passed between the request and the respong hstructed using d icall rater blocks closel
otherwise different query data will be difficult to distinguish. cohstructed using dynamically generage y

Upon calling theQuerymethod, the component will send an resemble the format of an actual GraphQL querpeeislly

. hen inputs are inlined. This will help students smoothly
g[?g;)%pglft:rl]):j;%rimatted HTTP POST request to the targe ransition from writing GraphQL queries in App Inventor to

writing GraphQL queries in other environments. Certain
When the JSON response to a query is received, th&raphQL features such as fragments and named operations
component W fire the GotResponsevent if it received could have been inmented using GraphQépecific

data or theGotError event if there were errors (Figure 7). blocks but are instead delegated to native App Inventor
This abstraction makes it much easier for users to interprgirocedures. This presents opportunities to teach students
the response, since it is no longer necessary to manuallybout code reuse and function calls inside of queries, which
determine whether a query wascsessful. Theesponse s a feature present in many other query langsiagmally,
variable of theGotResponsevent is a map of the query generating candidate blocks can help reduce the likelihood
results, encoded to the list of pairs format of App Inventor.of cognitive overload that results from working with an
Note that the map is intentionally stripped of the-leyel unfamiliar Web API. Students only need to be concerned
datafield. Theerror variable of theGotError eventis a list  with a limited number of possible selections for an object at
of string messages reported by the GraphQL endpoint or aach step afuery construction.

singleton list consisting of an error message from the
component due to an error in sending the query or parsin
the response.

.2. Limitations
here are a few notable limitations to the current GraphQL
component that the reader should be aware of. Most

whon XTI Click importantly, as with any Web API, the semantics of a
N = wﬁ::: 1 GraphQL query is mostly dependent on the implementation
query || call ETTIVRD of the endpoint. The user may stifive to read through some

~

when (SETTKIEN GotEror

documentation regarding particular arguments or fields to
understand how to fetch the desired data and how to interpret
4o} set EEETTRD - GXTTED to () get TN the response. Some GraphQL endpoints define custom
hon (CIEKED GotResponse scalar types such as dates and bitasext encodings. lis
queryName | response ' up to the client to build support for encoding and decoding
- CQllxort Mo QLR Lresponso those data types. However, the current version of the
GraphQL component treats unknown types as strings, which
may be inconvenient to work with. Due to the lack of
flexibility in GraphQL requets, there is not yet a formalized
standard regarding mutations involving larger file uploads.

Figure 7.The GraphQL method and event blocks.
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This is a tradeff made by the designers of GraphQL and is GraphQL component in App Inventor, which provides users
currently being addressed in the community (Seric, 2019). with the proper abstractions and tooling to effectively write
3.3, Euture Work and execute GraphQL queries in a blbelsed environment.

We are looking to improve varisuaspects of the GraphQL Although a more formal analysis of the purported benefits
9 P P . PI%L of using the GraphQL component is necessary, we believe
component for App Inventor and prepare it for an initial

: . hat our work serves as a stepping stone for integrating
component release. One desirable feature that is currentférathL into App Inventor and educational curricula

missing is the ability to input object arguments in a way that .
does not involve using a JSON string. While the typemvOIVIng WebAPIs.

information is available, more work needs to be done in5., REFERENCES

terms of representing and validating remalar inputs. A Bottoni, P., & Ceriani, M. (2015). SPARQL Playground: A
reasonable solution is to use a dictionary to represent anBjock Programming Tool to Experiment with SPARQL.
input object once support for dictionaries is added to App |n VOILA@ ISWC103.

Inventor (Patton & Tang2018). Some query optimizations Brennan, K., & Resnick, M. (2012). Nefwameworks for
can also be applied during compilation. For example, query Studyin,g a,ndAssessin,g thBevelopment of

fragments can be automatically located, extracted, and ComputationalThinking. In Proceedings of the 2012

reused to reduce the request size. Implicit variables which AnnualMeeting of the American Educational Research
are passed into a query can be separated frengtilery AssociationAERA. 25.

string itself because GraphQL permits named operations to, . . . o
have arguments that are sent along as a separate field in t rllankl, ’\tA[fL B_ottog:, P.t(20dl7L)_. Ep;\g}l?locks. Using
HTTP POST request. This can benefit runtime performance ocKS 3 eS|g|n fvr.uc ulri Inke ae; Sentient
since executing a query will no longer involve rebuilding the g/i?gﬁ; c;urna ot vVisual Languages and sentien

entire quey string. N ) ] )

) o ~ Dijk, E. M. (1992). Instructiona$Btrategies foiTeaching
The efficacy of the GraphQL component in introducing Databas&ueryLanguages. linstructionalModels in
students to Web APIs has yet to be evaluated. We hope tOComputerasedLearningEnvironment3279.289_
perform a more thorough analysis and comparison using thEizinger, T. (2017)API Design in Distributed Systems: A
assessment framework presented by (Brennan & ResniCk’Comparison between GraphQ@ind REST Mast er 6s
2012) once a full tuteal is developed for this component.  thagis University of Applied Sciences Technikum Wein.

Gathering feedback will allow for a better understanding of e .
how students reason about query construction and da aaCEbOOK' (20185raphQL SpecificationsRetrieved
January 17, 2019, from

fetching. It will also provide insights into what potential https://facebook github.io/araphql/June2Q18/

features should be added to the component. :
Harris, S. & Seaborne, A. (Eds.) (201SPARQL 1.1
3.4. Related Work Query LanguageRetrieved January 26, 2019, from
Other query languages have been explored using a-block https://www.w3.org/TR/spargltguery/
based paradigm. SPE Systemhaus, a company in Germarwartig, 0., & Pérez, J. (2017). Anitial Analysis of
provides a Google Blockipased application for building Facebo k 6 s Gr ap h QIAMW a0idldata g e . I
Structured Query Language (SQL) queries. T_he SPARQL Ajperto Mendelzon International Workshop on
Protocol and RDF Query Langge (SPARQL) is & query  pqnqations of Data Management and the Web.

language for distributed information on the web represented .. . .
using the Resource Description Framework (RDF) (Harrisﬁ{/'f'gfé'g’LA'lrs%)?ggé'e ’gﬁggvgueggjgﬁimggcfgg%sggm

& Seaborne, 2013). A bloelkased programming tool for -

constructing SPARQL queries has also been explored bffatton, E. W. & Tang, D. (2018). JSON Interoperability in

(Bottini & Ceriani, 2015; Ceriani & Bottini, 2017). MIT App Inventor: Thoughts on Terseness Versus
Learnability. InProceedings of BLOCKS+ 2018.

Some of the challenges associated with teaching StUden%chrok N. (2015)GraphQL IntroductionRetrieved
about SQL query construction have been addressed throug Janue;ry '23 2019. from

the usage of Constrai®ased Modelling (Mitrovic, 1998). https://reactjs.org/blog/2015/05/01/graphd|
Instructional strategies for presentirgdgational thinking and introduction.html

evaluation methodology for assessing student understandi . . e
of SQL-based languages are outlined in (Dijk, 1992). rggéct’rii;/é%o‘]lgﬁzsggl‘z'\gligpf?gtrseques'[ Specification.

4. CONCLUSIONS https://github.com/jaydenseric/grapfmultipartrequest
The importance of data in modern applications cannot be SPEC

overstated. As a tool that teaches students progiagremd  SPE Systemhaus. (2018QL Blockly Workspace.

mobile application development, MIT App Inventor should Retrieved January 26, 2019, from

also seek to emphasize interactions with external data https://github.com/SPESystemhaus/blockigqlapp
sources. In this paper, we introduced GraphQL as a potentigiaelman, R., Vander Sande, M., & Verborgh, R. (2018).
alternative for students who are starting to learn about Web GraphQLLD: Linked Data Querying with GraphQL. In

APls, query laguages, and data manipulation. We also 17th International Semantic Web Conference
presented implementation details for our realization of the
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ABSTRACT

With the advance in technology, the digital data increase rapidly. It is future trend to analyze massive data for evaluation,
improvement and prediction. Data saiens an interdisciplinary field including statistical methods, computer technologies
and domain knowledge, and can apply scientific method to discover useful information from data. However, how to effectively
analyze the original data to get usefmformation becomes an important research topic. Hence, this study will apply

computational thinking on | earning data analysis and t |
exploring and analyzing data.
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computationathinking, cooperative learningata analysis, statistical thinking
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ABSTRACT We would like to explore whether some computational
It is inevitable that the primary school students today willconcepts underlying modern Al applications can be
grow up in a world in which computer programs that introduced at the primary school level. Through the CSIRO
incorporate artificial intelence (Al) capabiliies will be STEM Professionals in Schools program, we have been
prevalent in many aspects of their lives and their futuredesigning and running new classroom activities that
workplaces. In our experience, primary school studentdntroduces some basic computational coreegit Al into
often find the concept of Al quite mysterious and possiblyYear 6 STEM classes at the Ravenswood School for Girls at

scary. Teachers are often not well equipped to tighty ~ Sydney, Australia, between 202617 (Earp, 2017)

explain key concepts in Al. This paper summarises our OWArp;g paper summarises the key design principles behind our
experience designing and implementing classroom activitieg|assroom activities for teaching Al to primary school

for teaching fundamental concepts of Al to Year 6 students;gents. and present a brief summary of two specific

in a school in Sydney, Australia. The main goal of ourgcjyities, in which their details can be found onlio,
activities is to deystify Al by showing them Al can be 501g5 2018hb)

thought of different ways in which a computer simulates
humanlike behaviours. In particular, we present two hands 1. An unplugged activity for teaching the concept of facial
on activitiesi an unplugged activity on facial recognition, recognition

and a simple robotic exercise that introelsithe concept of  » A gimple robotic activity for teaching the concept of
machine learning. We hope this paper will ignite discussions = - ine learning

about how Al can be taught effectively at thelK levels.

2. DESIGN PRINCIPLES
In our classes, we always stress that a computer program is
'said to have Al capability becaussiinulates some aspects
of human behaviours. We started our series of Adsga by
asking our students whether they thought a computer could
1. INTRODUCTION think. This often led to some interesting discussions about
We now live n a world in which children grow up with the role of the programmer and what was the nature of
software programs that have a large variety of artificialhuman intelligence. We then explained that this exact
intelligence (Al) capabilities, such as facial recognition andquestion was as old asodern computer science. We then
speech recognition. These-Ahabled programs are widely introduced the Turing Testan imaginary test developed by
accessible through smartphones, anebsites. Our own  Alan Turing that states that a computer can be said to have
experience indicates that primary school students are ofteimtelligence if it is indistinguishable from a human by a
fascinated about all these Al technologies, but at the samguman interrogator who can only interactwit computer
time they found the idea that computers can exhibit suckand a human through natural language conversation. The
intelligent behaviors quite mysterious, and sometimes scarysoint of introducing the Turing Test is to illustrate that a
Standard K12 curricula often do not explicitly introduce the computer program can be said to have Al if it exhibits some
concept of Al. Furthermore, most teachers are not welbspects of humalike behaviours. From our experience,
equipped to discuss the computational aspects of Al in theiitroducingthe Turing Test is useful becauselémystifies
classroom in a way that is suitable at th@ Xlevels. Al 1t shifts the focus from defining the arguably vague
gconcenpt of oO6intelligenced int
ks of simulating specific humdike behaviours. The
activities that we developed inva\breaking down various
humanlike behaviours and showing our students how some
simple algorithms can be used to simulate behaviours such
as Oseeingb6 (facial recognit
Jearning).

KEYWORDS
K-12 education, artificial intelligence, robotics, education
unplugged activities

Currently, Al is ofte only taught at the university level, an
these courses are mostly designed for computer science a
engineering students. Some gabased activities have been
developed to teach Al at the university leyBleNero &
Klein, 2010; Wonget al 2010) The main concept is to make
Al classes engaging by incorporating games into
programming exercises. These activities involve compute
programming and knowledge of search algorithms; thereforgve following several simple design principles whe
they are not necessarily suitable foflR students. developing our activities:
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1. Explain how a problem can be solved by simple pick up a new photo (which contained the same character as
computational elements. In every lesson we alwaysne of the six photos in the
stressed that all seemingly complicated algorithmsasked to answer the same fiygestions without showing the
consisted of simple computational elements in whichphoto to anyone else (Figure 1). Then, this last student had
they were familiar, such dsops (for repetition), i#else  to walk in front every student in the database group and
statements (for decision), and variables (for datacompare the answers of the five questions, and assign a
storage). We found that this principle was useful insimilarity score which indicated how many answeesexthe
demystifying Al. same. In this end, all the students were asked to reveal their

photos to the class, and we could check whether the photo

with the highest score was indeed the correctly chosen
photo.

2. Create group activities that involve both design and
execution. All activities were designed to involy@up
work inside the classroom. Time was given to let them
discuss the design the algorithm, either as the whole class

or as individual groups, prior to the teacher revealing & Nametag  Snow white Belle fasmine
. Dress colour Blue Yellow Green Green
SO|Ut|0n Long hair? No Yes Yes Yes
. ey Dark hair colour? Ye N Yi Yi

3. Incorporate the element of game into the activities. TO o snwomr o - o -

engage ouYear 6 students, we designed our activitieS as Hoiding something? No Yes Yes No

games. We utilised unplugged activities as much as g iy score 2 . .

possible.

Figure 1 Extraction and comparison of features of

4. Select Al tasks in which the students are familiar. Al differentDisney princesses.

encompasses a wide variety of areas. We chose areas in

which primary school students are féar. In the example in Figure 1, the database consists of three

princesses (Snow white, Belle, and Jasmine). Based on the
3. ACTIVlT_Y 1:_ FACIAL R_ECOGNlTION features, the unnamed princess (the right most column) is
Our first activity involves facial recognition. In the |ikely Jasmine since it has the highly similarity score
beginning of the lesson, we showed a video about how gyottom row) to Jasmine in the database.
facial recognition program can identify the name of people_ L .
discussion about how the students might design an algorithidrocess of feature extraction and the neameghbour
that could name the person in a picture. One key point w&lgorithm in machine learning. One important concept to
would like them to learn was that for a facial recognition €xplain to the students is that feature exteacis the key to
program to function properly, it required a large database ofonvert a seemingly difficult problem (matching images)
personal hotos where the name of the person in each phot#to @ simpler problem (matching simple features). Also, it
was known. This is the concept of training data. Another keyshould be pointed out that the success of this facial
that we wanted to get them to understand was that this tagRcognition program depends on having a large number of
was much more difficult than comparing the picture with ahigh qualiy photos in the database. This is an opportunity to
collection of facial imageshecause the same person could introduce the concept of big data.
have slightly different physical appearances in different
pictures due to movement, lighting, clothing, and other4. ACTIVITY 2: MACHINE LEARNING
factors. A simple pixeby-pixel comparison would not Our next activity explores how an Al program can learn
work. Usually after some discussions, some students woulffom past experience. This is the field of machine learning.
work out that it was possible to match a person based oW/e conducted this acfity across two weeks.
some characteristids such as hair colour, hair length, eye .

Iln the first week, we played

colour, glasses, height, and so on. This is the concept Ofctivity involved building a simple program using the Lego

feature extraction. Following this discussion, we proceeded,: . . L .
toanunpluggedaci vi ty call ed 6Who | Tsdg’tgrrrﬂsfr%/?’ kg)t.{TEegg%aLog thIS)a.CtIVIW e itocb\"1IId a

illustrated how training data and feature extraction could b‘{)hat the human opponent is Legsin oir{:tz\e srﬁwarllljer:?ﬁfjm%ea: n
used to develop a facial recognition algorithm. pp 9 9

of attempts. This game proceeded as follows: the human

In this activity, we first asked six students to come to theplayer (i.e., the student) came up with a number between 1
front of the classroom, and picked up lzof of a Disney and 100 in their mind. The robot needed to guess that
princess. Disney princesses were used in this game becausember. After each rob@uess, the human had to provide

al l the students iin this gfeedbadk® telsthe lobobwhetherrtseguessavasitdo larger, toow i |
cartoon characters. The choice of these characters also masi®all or correct. This process was repeated until the correct

the class more engaging. It is possible to replace thim  answer was achieved. A robot can be thought of as more
other characters that are well known to the students. Thedatelligent if it could make the correcfuess in a smaller

six students were asked to answer a series of five questiomaimber of attempts.

about the character they picked without showing the phot .
to anyone else (Figure 1). These six photos would becom%efore the students .started coding, we .asked them to
t he 6 dfarthis taciabrecognition task. Afterward, one consider three strategies a robot could take:

additional student was called from the rest of the class to
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1. Each time randomly generate a number between 1 and
100, regardless of the feedback received in the previous
rounds

2. Systematically guess 1, 2, 3, ... until the correct answer
was reached

3. Each time randomly generate a number within the
current range (start with-100), and progressively
narrow down this range to a smaller range using
feedback provided in previous attempt

Most students could see that the third strategy was the bestigure 2 Pictures of the lawn bawling robot and the lawn
because it was o0learningd fr om galteatwere &sehided ksinglegpv i ded by
human player. Both strategy 1 and strategy 2 do not make

use of feedback from the human player. While all threeThe core concept is that machine learning can be achieved
strategies would entually find the correct answer, only the py trialanderror. This is a concept that is quite readily

third strategy could be considered as having the ability tainderstood by our Year 6 students because it relates to how

6l earnd. This strategy i Stheyderh meW dkillsaslich &s mabtérifig a few Sp@t! I8arning € a
algorithm in computer science. It is one of the simplestio play a new musal instruments, and learning to speak in
search algorithms. This type of searahdaoptimisation  a new language. A learner is more effective if it readily
algorithms is at the heart of modern machine learningncorporates feedback into their learning process. Therefore,
algorithms. This number guessing game illustrates then addition to teaching them machine learning, this activity
concept of learning by trisnderror. Using this simple also provided an opportunity faur students to reflect on
concept, this number guessing game can be seen as a simgigir own learning experience and how they can utilise
machine learnig program. feedback more effectively in their own learning.

In the second week of the machine learning activity, we

turned the number guessing robot into a-fning lawn 5. DISCUSSION

bowling robot. Lawn bowling is a game of accuracy. Theln this paper, we presented our own experience in designing
goal of the game is to bowl the ball so that it is closest to th@nd implementing classroom activities for teachiagit Al

target. h this sense, the game of lawn bowling is similar toconcepts to Year 6 students. The goal of our work is to

the number guessing game. In the number guessing gamdemonstrate that some seemingly complex concepts such as
the robot iteratively narrows down the range which containdacial recognition and machine learning can be explained in
the humandés number . | n t hetermsaofwsimpl® eomdutermlgoritgnas gt simulate speaifio b o
iteratively learns the range speed its robotic arm needs to humanlike behavours. We hope that these classroom
swing in order for the ball to be as close as possible to thactivities can spark further development of proper
target. I n both games, hu maegagegea appreaehks toddachiog Al af tHEPHevels t 6 s  a
is critical to the learning process.

We asked the students to build a robotic arm and a Iawﬁ' REFEREN_CES .

bowling ball for the robot (Figure 2). The students could re DeNfe_ro_, J. & K_Iem, D. (.2010)' Teachuhgtrod_uctory
use the source code from the number guessing program, and'tificial Intelligence with Padan. Proceedings of the
modified the code to make the robotic arm swing instead of wer_1tyFourth AAAI Conference on Artificial
displaying a number guess. This means this lawn bowling 'Ntelligence AAAI, 18851889.

robot 061 ear nwlifg spedddasedmn repeeded EalpppJ. (2017). Artificialntelligence Robotics and
bowling attempts. These repeated attempts can be seen a€oding.Rerieved September 26, 2017, from
6trainingd in the context itps://www.talchermagazineecam.au/articigs/artificid i s |
bowling robot <can beandere.n antelligéncegobatiasdnthcgding by tr i al
From our experience, most students were amazed ey t"Ho, J.W.K. (2018a). AClassroomActivity: Facial
apparent ability of the robot to learn how to bowl in just a Recognition.Retrieved March 21, 2018, from

few rounds of training. https://www.teachermagazine.com.au/articles/ai

To create further engagement, we asked the students toclassroorctivity-faciakrecognition
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the classroom. All the students were given sufficiené to Learning Retrieved March 28, 2018, from

train their robots. They could even come up with their own https://www.teachermagazine.com.au/articles/ai

design for the robotic arms and computer source code. Our classroorractivity-machinelearning
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The Popstar, the Poet, and the Grinch: Relating Atrtificial Intelligence to the

Computational Thinking Framework with Block -based Coding
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ABSTRACT information. For example, an autonomous vehicle may

As the world becomes increasingly saturated with artificialperceive objects on the road andassify them as
intelligence (Al) technology, computational thinking (CT) ipedestr i ans o @nedicforbg teacrt sWe hmoad
frameworks must be updated to incorporate Al concepts. Iand generatev e hi cl e speed (Van Bru
this paper, we propose five Aélated computation Gruyer, & Najjaran, 2018)We propose adding three Al
concepts, practice, and peesfive: classification, r e| ated concepts to Brennan a

prediction, generation, training/validating/testing, and c|assification Prediction andGeneration
evaluation. We propose adding them to a widedgd CT

framework and present an MIT App Inventor extension thatClassification. Machines often sortinformation into

explores this framework through projeased learning. categories for downstream decisioraking through rules
(e. g., fithe sentence is posit
KEYWORDS or l earning al gorithms (e. g.

artificial intelligence, conversational artificial intelligence, s ent ence s
machine learning, computational thinking;1R education

, similar sentences

Prediction. To act intelligently, machines predict future
1. INTRODUCTION values and behavior. This includes predicting the category
There are many who would like to understand and us@n obj ect may fal/l i nto, an
artificial intelligence (Al) models but lack the tools and b e s t action to take next (e.
knowledge to do so. We propose addingrélated concepts conversational agent maredict the next best word to be
to Brennan and Resnickos (@o0abBopt&)y. framework, as well a
gzjeusci\rt]itonblgﬁ?a;?ggr;:%?;?gg to((J)Lsr ;?Opdoesnggcrtigfse V\fgreGeneration. Using infqrmatior_1 gathered, ma}c_hines can
developed for MIT App Invenfor an opeurce platform generate new da_lta. This may mcl_ude synthes_lzmg previous
that enables anyone to develor; mobile apps using block(examples, cr_eatmg new mformauon, or making decisions
based coding with eight million registered users from e.g., a machine constructing and speaking\a sentenge
primary-school aged students to workiotass adultgMIT We also propose the following Aglated practice:

App Inventor, 2017) Training, Validating, and Testing. Developing a robust

Malyn-Smith et. al. (2018) developed a CT framewinokn ML model requires waiting for the model to learn to
a disciplinary perspective which includes machine learningrecognize patterns, testing if it generates correct predictions,
as an elementTo this end, we propose computational and determiningfiit is sufficient for the task. Training
concepts, practice, and perspective that more effectivelynvolves providing examples (or an environment) for the
capture the skills and competencies necessary to understantbdel to iteratively learn from (or experiment in). Testing
Al. Using conversatinal Al, Al-related components, and validating involves providing different examples (or
including classification, prediction, generation, environments) to observe how the modelhédees,
training/validating/testing, and evaluation, are explainedc o mpar i ng t he model &s behavi
We present an MIT App Inventor extension to enabledetermining whether the model is sufficiemhis includes
students to learn the proposed Al CT components. assessing thaccuracyof the model (e.qg., the percentage of
2 EXTENDING CT W ITH Al correct classifications) using a test and/or validation dataset

e X . . and the modeloss (a value used to update model weights
Artificial intelligence can be understood within a symbolic during training).

rule/machindearning paradigmin symbolic rulebased Al,

collections ofif-then statements or other rules determine Finally, we propose the following Alelated perspectives:
how Al agents behavgWinston & Shellard, 1990). In  gyaiyation. Some Al (e.g., neural networks and other
machine learningpzsed Al, machines determine how 0 |eaming techniques) behavior can be difficult to predict or
behave through extracting patterns. Both methods havgningitive to humas. Programmers must think about how
shortcomings, such as the difficulty of programming anyye|| the program behaves and whether it achieves the
exhaustive list of rules for ruleased Al, and the limited necessary goals (e.g., How can we improve the program?
interpretability of machine learning models. Did we over or undettrain the model? Is the model biased
Within the symbolierule/machindearning paradigm, towards certain people because it was trained by Zhem
designers use Al to classify, predict, and generate These considerations are especially pertinent when
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considering the large number of inpitput relationships the previous words in the sentence being generated (if any),
with ML. and previoushtrained weights to preditite best next word.

Evaluation is performed in the context of the final productGeneration. After predicting a word, th&ext Mixeradds

or application, whereas testing and validating are performethis word to the sentence. This repeats until a full sentence
only consideing the model itself. For example, during is generated. Once a sentence has been constructBdgthe
evaluati on, one mi ght a s k Appspdals themwprds algug while playiagentusict owar d s

classifying people as middeged ? 0 ; wher & 2

. S in . .
validati on, one may ask, fi Wrﬂ':f(nl.g.'ig lﬁare“;‘n t,)gﬂgo'lkﬁsgqg.'l;jhae'{e til\/rI]g(Q/rbllongh 4 2 Y%
accuracy?o. exemplifiesTraining by enabling students to chbose machine

learning models trained on different input corpora. This
3. CONVERSATIONAL, Al EXTENSION block is meant to be a highvel introduction to ML, so it
The conversational Al extension for MIT App Inventor, or a5 not necessarily exemplifgsting and validating. The

Text Mixey generates text based on three input corpora: Drgthors plan to develop blocks for testing and validation in
Seuss books, Taylor Swift lyrics, and Shakespearean poetry 1, re work.

It enables students to generate text resembling the input _ _

corpora by providingorpora weightsrixture coefficients) ~ Evaluation. After developing the app, students can evaluate
The model contains three, sindéyer LSTM models with ~ the output to determine whether the model generates song
30 hidden units and static GloVe embeddingB, §=300)  lyrics adequate for their applicatio

(Pennington, Socher, & Manning, 2014) 5 CONCLUSION

1 SEUSS The Dr. Seuss collection of children's poetry CT frameworks need to be updated to continue to be relevant
contains word coverage representative of children's  in an increasingly Abowered world. This paper proposes

literature at a K3 reading leve(Foster & Mackie, Al-related CT concepts, practice, and perspective, building
2013) on Brennan and Res nanapkegents ( 201
1 SWIFT: Lyrics from the popular artist Taylor Swift an MIT App Inventor Al extension. The skills learned
contain colloquialisms, interjections, and e&pons through experimenting with theText Mixer integrate
andfocus on the themes of love and heartbreak from smoothly with the CT framework and help students to better
an adolescent perspecti@fotarba, 2013) understand Al.
f SHAKESPEARE: These works are featured in 6. REFERENCES
university and high school English courses, and consisBrennan, K., & Resnick, M. (2012). Nelwameworks for
of Early Modern English versé&. T. Wright, 1983) Studying andAssessing thBevelopment ofComputational
To generate responsentences from a mixture of language Thinking. Proceedings of the 201hnualMeeting of the
models, we resampled the model at each vgengeration American Educational Research Associatigancouver:

step. For each word, we sample from the three models based®merican Educational Research Association.

on the mixture coefficients inputted to the block (Seure ~ Foster, J., & Mackie, C. (2013). Lexicahalyss of the Dr.

1). Using the sampled model, we feed in the input sequence Seuss Corpugoncordia Working Papers in Applied

of previously generated words until an esfesentence Linguistics, 4,1-21. _ _

token or the maximum length has been reached. Up0||1<otarpa, J A (201.3)Jnderstand|ng Society through Popular
completion,we have both a sequence of newly generatecMMus'C New York: Routledge.

- . alyn-Smith, J., Lee, I. A, Martin, F., Grover, S., Evans, M.
words and the corresponding list of language models eac A, & Pillai, S. (208). Developing aramework for
word was generated from.

ComputationalThinking from aDisciplinaryPerspective.
Proceedings of the International Conference on
AETEETIRD whh percertage b oM CETIETEITIIE Computational Thinking in Education 201i8ong Kong:
peare - roen . . -
e e T The Education University of Hong Kong, 1-886.
MIT App Inventor. (2@7). Anyone Can Build Apps That
Impact the WorldRetrieved January 24, 2019, from

3 0 [ textthatis like (RTINS with percentage | get FITEIRECCIIR

| -

Figure 1. Example Text Mixer block in MIT App Invent

4. RELATION TO CT FRAMEWORK http://appinventor.mit.edu/explore/
With the conversational AText Mixerextension, students Pennington, J., Socher, R., & Manning, C. (2014). Glove:
can explorehe proposed Al concepts, practicend GlobalVectors foWord RepresentatiorProceedings of the

2014Conference offempirical Methods inNatural
LanguageProcessing (EMNLP)Association for

Classification. In the Duet App, th&ext Mixerextension Computational Linguistics]5321543.

contains ML models to classify and organize words inlatenV an Br ummel en, J., OO6Brien, M.,
spaces (the representation spaces where neural network$2018). Autonomou¥ ehiclePerception: TheTechnology of

organize information). The models use this organization to Today andTomorrow.Transportation Research Part C:

determine wordsd | ikel i hoodEmergingdeshpaloaies, 838446t in the sente
o . ] ] Winston, P. H., & Shellard, S. A. (199@tificial
Prediction. The Text Mixerextension predicts the best next |ntelligence at MITExpandingFrontiers US: MIT Press.

word in the sentence by using three ML language modelsyright, G. T. (1983). Th&lay of Phrase andLine In

The mixture coefficients determine how often a model is Sh a k e s mhicPeatanseterShakespeare Quarterly

chosen (e.g., if the DEeuss mixture coefficient is relatively  34(2), 147158.

high, then the Dr. Seuss language model will likely be

chosen). The ML | anguage models then use the fiseed text

perspective.
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Programming based on Computational Thinking
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ABSTRACT

The purpose of programming education isr&nt students with the abilities of logical thinking and solving problems. In the
basic education stage, many developed countries are promoting programming education based on computational thinking ir
order to respond to rapid advance on science and tegyndlowever, it is an important issue that how to teach programming

is beneficial to students and let students be able to apply the prebleimg skills to other knowledge fields. In addition,
projectbased learning is a teaching method in which stisdgain knowledge and skills through learning by doing and can
train s t-aomfidence, sedmwsrk dnd sédfarning ability. Hence, in this study, we designed a prdjased learning

teaching activity to teach students programming based on coipatdhinking. The results show that propbetsed learning

can effectively enhance studentsé motivation, satisfact

KEYWORDS
computational thinking, programming instruction, projeased learning, virtual reality
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Flipped Learning Approach for Coding Education in Higher Education

Hui-chunHUNG
Taipei Medical UniversityTaiwan
hch@tmu.edu.tw

ABSTRACT (National Institute of Educatn, 2016). Therefore, it is

Programming skills are seen as an essential competency ifperative to enhance the programming ability of university
the 21st centuryn respons to the new curriculum for Basic ~ Students.

Education announced by the Ministry of Education of 4\ ever, traditional programming learning emphasizes the
Taiwan, most universities in Taiwan had announced thneory of programming language structure, algorithm. It is a
ability of programming as the key indicatofe traditional  pigp jevel entry for students with theon-computer science
programming courses emphasize coding statement ang,ciground, and itis easy to lead students to lack motivation
algorithmic theory might. It is a higtevel entry for students ¢, practical programming, problesolving and software

with noninformation backgrounds, and it is easy for yeyelopment capabilitiesTherefore, the improvement of
students to lack motivation to learn. Therefore, th'sprogramming learning is an urgent task.

exploratory workin-progress study attempts to present an

undergraduate programming ceearto conduct empirical The rise ofinformation technology has spurred traditional
evidencebased research at universities. Therefore, thdligher education toward the reform of technolaggisted
improvement of programming teaching is an urgent task. Tdearning. With the popularity and flourishing of open
enhance the programming learning outcomes and motivatiogducational resources, Massive Open Online Courses
of university students, this project conduct empirical (MOOCS) are seen as a revolution in globahkigeducation
teaching experimental research in universities, from theand scientific literature (Lépeldleneses, VazqueZano, &
integration of flip classrooms, combined with the Roman, 2015), which aims to provide students with an open
development of livecoding and code annotations materials. and flexible learning pipeline. ®OCs allowing students to

A compul sory cour se, fi | master setfiiestedilearmng aceogding tatheif Ieaening pace,
Programmi ngo, has been d eogditiagps; and chamaaieristicBpxr(2013) grepasedr Sanall
programming skills of the school. It is expected to be aPrivate Online Courses (SPOCs) to use MOOCs'-high

valuable reference for programming innovative teaching. quality teaching videos to match the teaching design and
classroom activities of school instructors to improve the

KEYWORDS effectiveness of teaching and leimign At the same time, it
dalso uses largscale data analysis to improve classroom
effectiveness. SPOCs is designed to combine MOOCs'
courses and increase the lecturer's influence, students'
productivity and engagement.

programming, python, SPOCs, higher education, flippe
classroom

1. INTRODUCTION
Programming has brought a wave of learning around thd0 enhance the programming learnimgitcomes and

world. More and more learners from different backgroundsmotivation of university students, Therefore, this

have joined the ranks of learning programming, starting withexploratory workin-progress study try to conduct empirical

a number of online courses. In higher education, thé€aching experimental research in universities, from the
information literacy of students has become one of the keyntegration of flip classrooms, combined with the
abilities. In response to the wecurriculum for Basic development of liveeoding and code annotations materials.
Education announced by the Ministry of Education of A compul sory cour se, il ntr
Taiwan, most universities in Taiwan had announced thd® r ogr ammi ngo, has been desi
ability of programming as the key indicators. Programmingprogramming skills of the school. It is expected to be a

is an important tool to carry out computational thinking valuable reference for programming innovative teaching.

which can hip students to critically think and solve

problems. 2. LITERATURE REVI EW

|Programming is a tool aims to solve the problem in real life.
Traditional assessments are not easily adaptable to new
Fléevelopments in computer programming education. New

€

Nowadays, programming is no longer a professional skil
that only the specific information engineers have.
Programming skills have been regarded as one of the bas . . X .
core competencies, which can affect tfaional economy arning me_thods, such as _collaboranve_learnmg, project
and competitiveness. It is regarded as an essential ability iHase_d learning (PBL)-kearning, and mobile learning, are
the 21st century. Higher education also emphasizes th ork|_ng to explore new ways to enhance the programming
students have a broad knowledge base, logical thinkin arning outcomes. Various tools have bee_n introduced n
ability, and critical thinking through general education. The e education process to strengthen teaching and learning

Ministry of Education is scheduled to implement the nevvaCt'V't'eS; Thes_e tools p!ay an important role imieing -
12-year National Curriculum in the 2008 academic year. Itstudents learning experiences (Rubin, 2013) These digital

also lists information technology and programming as fools are essential In progrf?mmmg tzachlng and Ietarnmg
compulsory curriculum for national and high school student ecause programming softwareé and environments are
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closely related to computers and require a computer as 4, RESULTS

platform for implementing and testing programming |n this study, the curriculum witthe flipped learning for
grammar (Syahanim, Mohd, & Salleha, 2013). Theprogramming course for different background students was
programming process involves a variety of activities, proposed. Moreover, a total of -W&ek python
including planning, design, testing, and debugging. To learfyrogramming online course has been designed based on the
how to develop a program, students need to understand th@udents of different backgrounds in the general education
syntax of aprogramming language. The complexity of cyrriculum The video material produced by the real teacher,
programming and the difficulty of understanding programthe content is combined with the teacher's actual

Iogic_often lead to frustration and lack of motivation in explanation, screen recording for demonstrations, and
learning programming (Kelleher, 2005). program source code.

In this study, the digital design curriculum is integrated into
3. SETTING S . )
In this study, we present an exploratory warprogess the digital leaning management system with SPOCs
study to cor){auct gm irical teachﬁn ex yerimentalgresearcrt1eaching strategy. In the future, this study will focus on the
i u>rl1iversities Thispcours lans t% ch))nduct empirical learners' satisfaction and the learning outcomes of students.
evidencebased research @in a  compulsor pcourse More details about students' learning outcomes and learning
P Y ‘attitudes toward Python. programmimgll be explored

- . b
ilntroduction to Python —Fypegs Aimiael' KEeieins = ™ tel € be

mtegratlon_of flipped classroom, liversaming \_/|deo and . _a valuable reference for programming innovative teaching.
deep learning to explore the smart programming education

in the era of big data. Based on the characteristics of SPOCs,
this study develops a curriculum learning strategybined g ] ACKNOWLEDGEMENTS
with online digital courses, physical classroom courses]his research project is funded both by the 107 MOE

online programming annotations, and peepeer Teaching Practice Research Program by Ministfy
evaluations. Education in Taiwan and Taipei Medical University, under

) the project codes: TMU10BE1-B47.
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Online course Faceto-Face course

Introduction to Python

Program annotation] Code peer review

Figure 1.SPOCs theory applied to the programming course
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Integrating Computational Thinking and Mathematics for Children with Learning

Disabilities with Google Blockly
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ABSTRACT

The aim of the study was to develapstructional materials that integrate the concept of computational thinking and
mathematical thinking with Google Blockly for children with learning disabilities. There are totally eight units to introduce
the concepts of orientation, direction, path disfance. Google Blockly was adopted to provide manipulatable visual stimuli

which helpchildren with learning disabilities to solve the problem throogimputational and mathematical thinking

KEYWORDS
computational thinking, mathematics, learning dibtds, blockly

172



Kong, S.C., Andone, D., Biswas, G., Hoppe, H.U., Hsu, T.C., Huang, R.H., Kuo, B.C., Li, lka§i,,C.K., Milrad, M., Sheldon, J., Shih,
J.L., Sin, K.F., Song, K.S., & Vahrenhold, J. (Eds.). (20B&)ceedings dinternationalConference on Computational Thinking Education

2019.Hong Kong: The Education University of Hong Kong.

n =

By e 5 278
EENY

2.4 M 0e O

A Google Blockly

O NY
vn "HY

chenhueiliao@gmail.co¥ kbc@mail.ntcu.edu.t cms100106 @gm.ntcu.eduYunseashellpeach@gmail.cém
yangcw@ mail.ntcu.edu.tw

Avnb P3 3TY CTA DBA™ Y
4/ Y Explicit Instructiony Y DA |
= & = EY Ab B 7Q 89
ayY i C®PyCcOy ~ &
E EY DA t Y
LY D p YO 71 Y2 i Google
Blockly £ ¢ N Y t W 27 0
ey’ A MY u =~ MA E
€ f !
= I | Blockly
1. >p
= 1Q 7w O*MT T " Awvn Y
zZ o T A E f y . N
é W APt Y Wing, 2006 Y € f

A
Y Google, 209 ISTE,201¥% Y "HX W z A
A 2] B H a° n° A TY,
Y Jenkins et al.,, 2032 Snodgrass et al., 206y T
Y Ahamed et al., 2030 Swaid, 201% y 1Q ¥ Qin,
200% vy T Y Repenning, 2032 Grover, Pea, &
Cooper, 2015 Good, Yaday & Mishra, 2014 y p
Y Wolz et al, 2010,2013 Howell etal., 201% | °

u o, = P A T MY N .
oA LzY > A W n yvian o n
P TZXT > i A Y Kazimoglu et al.,

.20111 Pellas& Peroutsea®01q Snodgrass et ak01§
Ber et al.2014y |

Avn A CTAVYA3AE QY G
) = A b DY t 1 z
MA = E P YuiuAvwn
CTH . AN b DYv i o n .
L} z ¥ Visual Programming Language t o]
DY % n ACn i = E
By
2. o N . LIz Y Visual
Programming Language, VPLy
c 0A 0 Lztn £ 0 Lz
Y Textbased Programming Languag®’ . C,JAVA, VB,
RUBY, PYTHON Y m . ud N Yn
" oopxnT A AYT oD €E 1" Yn

Y~6'_1 YV n . T

= AGC ny
Lz Yunr y

Uz rAqpv i’ KW
n Yv i

bl A1

zY n
L~ n

N

b oA

C® o c
N2

n P

A £ 0 z A0

TN Y 5> n’ O AT LlzX

AgentCubes, Alice, Kudo, Google Blockly, Scratch,

Code.org Y Z M Scratch a” avyAld yvY
wd a Y KW Wp - AW, y & N

Y& o TK®T  sSAA oNn i A
TyYzgc© en A o 0 . Uz

Y Block-based ProgrammiggyY K W MO™H 0

lEv KudW, AGC Iz Y  Snodgrass, Israd

Rees¥ 2016t Av¥in MY~ V2 i Scratch + Ll

zw t , E W \% 3 .Y

Vi

w: MO =
>
=

QqEXdi AL° AWnMYb £ A
LI z Y Block-Based Programming t LzYTt
., D . Y kO B Y' n KA
m V xkBA . XHiaYHV nKusw®
lEA Google Blockly p D L
[T — e = : % - = '
= =
e ey ' ® pe—
— e

1 Google Blockly, Scratch, Code.org o 0N
Lz

3. D
AvnA D A NH
XN" A £Yo~" KWwudt VYu
Yo L YAvwn’® D . =
s t N’ n WA . EYuoy Y
4/ ¥ Explicit Instructiory P .Y Israel
T Y2015 B'Y A/ TCAXN oy
A YuXxvn Vo n° N
Arn Y ~  E PA Lo KWXi A
t A N Y W Wy
moY, € N A Ny Y
o} W n

Y 1w £

AY
"

M

N

il

N

<€ v
o

£ A

QL

ANJA D Ab B TQX 8Y
ACP EJ B ik
KW 7 CNwb Py W

d E ELOnnAwaMY N D

£ 0 QAY Google Blockly p Yz

173



CA, . t Blockly KWYaKvinA n I[€é
s KEYwe DA |

3> & Y AAA8YL Y . D
oL'H " A Yy £ 103 15 kY
A CP BFY Q Ju o)
L TEAAN » AJ NCY g k¢C
OHYnA kY @ KAYIy Y ©n O
W oy N Ky M = E. 'V
twy y v | n o KEY? R
y d P Y u D
M noyb =
\'a 15 w©w MY
twWwyY Q P U
A 8|
(7]
]
¥
t
2Blockly D K O
4, awwnLgw
55 N PY EMY qgFd° & VYA
av’ MKY 1 W Y ton!
L
5 °
AvnoO T3 MOST 1062511-S-142 -
004-MY3 t k=Y 1 I
6. 8 "

Ahamed, S. |., Brylow, D., Ge, R., Madiraju, P., Merrill, S.
J., Struble, C. A., & Early, J. P. (2010). Computational

Thinking for theSciencesA ThreeDay Workshop for
High School ScienceTeachersProceedings of the 41st
ACM TechnicalSymposium on Comper Science
Education.ACM, 42-46.

Bers, M. U., Flannery, L., Kazakoff, E. R., & Sullivan, A.

(2014. Computationall hinking andTinkering:
Exploration of arkarly ChildhoodRoboticsCurriculum.
Computers & Educatiorv2, 145157.

Good, J., Yadav, A., & Mishra, P2017). Computational
Thinking in ComputerScienceClassrooms: Viewpoints
from CSEducatorsProceedings oSociety for
Information Technology & Teacher Education
International ConferenceAssociation for the
Advancement bComputing in EducatiofAACE), 51-
59.

Google(2019). Exploring Computational Thinking.
Retrieved January 4, 2019, from
https://edu.google.com/resources/prograrsfaing-
computationathinking/

Grover, S., Pea, R., & Cooper,(8015). Designing for
Deeper_earning in 8BlendedComputerScienceCourse

for Middle School Students Computer Science
Education 25(2), 199 237.

Howell, L., Jamba, L., Kimball, A. S., & Sanch&aiz, A.
(March). Computationar hinking: ModelingApplied to
theTeaching andL.earning of EnglishProceedings of the
49th Annual Southeast Regional Confere#(&M, 48
53.

ISTE (2011).Operational Definiton of Computational
Thinking for K 12 EducationRetrieved January 4, 2019
from http://www.iste.org/docs/et
documents/computationéhinking-operational
definition-flyer.pdf

Israel, M., Wherfel, Q. M., Pearson, J., Shehab, S., &
Tapia, T.(2015). Empowering K12 Students with
Disabilities toLearnComputationall hinking and
ComputerProgramming TEACHING Exceptional
Children, 48(1), 4553.

Jenkins, J. T., Jerkins, J. A., & Stenger, C. L. (2012). A
Plan forImmediatd mmersion ofComputational
Thinking into theHigh SchoolMath Classroom through a
Partnership with thé\labamaMath, Science, and
Technologyinitiative. Proceedings of the 50#nnual
SoutheasRegionalConference ACM, 148152.

Kazimoglu, C., Kiernan, M., Bacon, L., & MacKinnon, L.
(2011). UnderstandinGomputationall hinking Before
Programming:DevelopingGuidelines forthe Design of
Games td_earnlntroductoryProgramming through
Gameplay. International Journal of Gam8ased
Learning(IJGBL), 1(3), 3052.

Pellas, N., & Peroutseas, 2017). Leveraging Scratch4SL
andSecondLife to MotivateHigh School Students'
Participation inlntroductoryProgrammingCourses:
Findings from &CaseStudy. New Review of Hypermedia
and Multimedia23(1), 5179.

Qin, H. (2009). TeachinGomputationalThinking through
Bioinformatics toBiology Students ACM SIGCSE
Bulletin, 41(1), 188191.

Repenning, A. (2012). Programmi@pesBack toSchool.
Communications of the ACMY(5), 3840.

Snodgrass, M. R., Israel, M., & Reese, G. C. (2016).
InstructionalSupports forStudents withDisabilities in k-
5 Computing: Findings from &rosscaseAnalysis.
Computers & EducatigriLOQ 1-17.

Swaid, S. I. (2015). BringinGomputationalT hinking to
STEM Education.Procedia Manufacturing3, 3657
3662.

Wing, J. M. (2006). Computational
Thinking. Communications of the ACM9(3), 33 35.

Wolz, U., StoneM., Pulimood, S. M., & Pearson, K.
(2010). Computationdlhinking vialnteractive
Journalism inMiddle School.Proceedings of the 41st
ACM TechnicalSymposium on Computé&cience
Education.ACM, 239-243.

Wolz, U., Stone, M., Pearson, K., Pulimood, S. M., &
Switzer, M. (2011). Computation@hinking and
ExpositoryWriting in theMiddle School. ACM
Transactions on Computing Education (TOCEK)?2), 9.

174


https://edu.google.com/resources/programs/exploring-computational-thinking/
https://edu.google.com/resources/programs/exploring-computational-thinking/
http://www.iste.org/docs/ct-documents/computational-thinking-operational-definition-flyer.pdf
http://www.iste.org/docs/ct-documents/computational-thinking-operational-definition-flyer.pdf
http://www.iste.org/docs/ct-documents/computational-thinking-operational-definition-flyer.pdf

Kong, S.C., Andone, D., Biswas, G., Hoppe, H.U., Hsu, T.C., Huang, R.H., Kuo, B.C., Li, Ko4i, C.K., Milrad, M., Sheldon, J., Shih,
J.L., Sin, K.F., Song, K.S., & Vahrenhold, J. (Eds.). (20B&)ceedings dinternational Conference on Computational Thiimg Education
2019.Hong Kong: The Education University of Hong Kong.

Computational Thinking and
Evaluation

175



Kong, S.C., Andone, D., Biswas, G., Hoppe, H.U., Hsu, T.C., giuarH., Kuo, B.C., Li, K.Y.,Looi, C.K., Milrad, M., Sheldon, J., Shih,
J.L., Sin, K.F., Song, K.S., & Vahrenhold, J. (Eds.). (20B8)ceedings diternational Conference on Computational Thinking Education
2019.Hong Kong: The Education University bliong Kong.
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judgments(Athreya & Mouza, 2017)The thinking proces
ABSTRA_CT _ __consists of dwerorder and higheorder subprocesses,
This study investigates the measurement of computationgynere a higheorder thinking is related to problesolving,
thinking performance of secondary school students usingiical thinking, creative thinking, and decisiomaking.
multiple-choice questions. The sample group of 775 gradecomputational thinking is a cognitive process, which
eight students are drawn from 28 secondary schools acroggfiects the ability to think in abstréans, algorithmically
Kazakhstan. Students respedd to a Computational  ang in terms of decomposition, generatiisn and evaluation
Thinking Performance test of 50 multipthoice questions.  (selly, 2014, p.38) Computational thinking is related to
The test covers the concepts: logical thinking, generalisatiolpatial ability(Ham, 2018) academic succegdmbrosio,
and abstractionThe validity and reliability of the multiple  Aimeida, Franco, & Macedo, 2014: Durak & Saritepeci,
choice questions are determined using an Item &&®  >017: Gouws, Bradshaw, & Wentworth, 20481 problem

Theory model. The item difficulty and discrimination solving ability (RomanGonzalez, PéreGonzdlez, &
coefficients are calculated, and the item characteristic curve§iménezFernandez, 2016)

for each question and test information functions for each
quiz are generated.he results of the study show that the 2 METHODOLOGY

gg:ﬂ%&;h;;gi rgje(::sg%n lizsti?)?’]sarretﬂit nllfir? val(la?fgrnn(? arfclfb(lﬁA bespoke computational thinking assessment was designed
P 9p because wst of the asessment tools for computational

students. thinking are based oparticular programming languages
(Jamil, 2017)or some specific tool{Morero-Leon &
KEYWQRDS o , ~ Robles, 2015; Oluk & Korkmaz, 2016; Seiter, 2015; Weese,
computational thinking, measurement, evaluation, muHiple 2016; Zhong, Wang, Chen, & Li, 2015ontextspecific
choice questions, item response theory evaluations of computational thinking might be biased due
t o st ud e knbwdedge pnd iexperience in those
1. INTRODUCTION particular progamming languages or tools. In this study, the

As computational thinking ibecoming more popular trend test is more neutral as it is not danguagespecific

in education, many countries integrated it into their nationaimeasurement. The national curricula of the Kazakhstani
curricula. The most common way of delivering school s, the annual pl ans of
computational thinking in schools is through teachinga n d st ud e ndolwidg experienobel bave been
computer programmingn some cases applying the pair explored in order to construct test questiorise multiple
programming technique and using unplugged activities choice test is witten taking into consideration the national
(Bell, Witten, & Fellows, 2015jo teach computer science curriculum, annual plans for informatics and Informatics
concepts in classroomsh@& increased usef educational textbooks(Shaniyev et al. 2017a nd st udent s6 e
robots and programmable kits is alsoesating the teaching with problem solving.

of computational thinking. Howeveteaching methodare

still in the early stage of developmeiithe evaluation of 2.1. Multiple-choice questions

computational thinking is as important as its integration intoAs a frequently used assessment type in schooliple-
curricula, aswithout clear and verified assessment, attemptschoice questions (MCQjave several advantages including:
to integrate computational thinking into any curriculum efficiency for largescale studie@Becker & Johnston, 1999;
cannot be verified. Moreover, in order to judge the Dufresne, Leonard, & Gerace, 2002; Roberts, 2006)
effectiveness of computational thinking teaching strategiesaccuracy(Holder & Mills, 2001) objectivity (Becker &
measures must be approvéatt would allow teachers to Johnston, 1999; Haladyna & Steven, 1989; Simkin &
assess what children legi@rover & Pea, 2013)There isa  Kuedhler, 2005; Zeidner, 1987)and compatibility with
need for standarde tests that can assess whether studentslassical and item response theoriesladyna & Steven,
can think computationallftinn et al., 2010)The aim of this  1989) Multiple-choice questions are éhmost suitable
research is to establish a valid measurement of format for assessment of higherer cognitive skills and
computaibnal thinking performance of students by using abilities (Downing & Haladyna, 2006)such as problem

multiple-choice questions. solving, synthesis, and evaluation; and they are more
effective on improving learningHaynie, 1994; Smith &
1.1. Computational Thinking and Evaluation Karpicke, 2014) The multiplechoice questiondor this

Thinking is a mental process with a highder cognitive  study have been carefully constructed in line with the
function used in the process of making choices and
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context relevant recommendations on writing good mukiple location. The item discrimination shows the steepness of the

choice items provided by the auth@swning & Haladyna

item characteristic curve in its middle section offtlet. The

(2006), Frey et al. (2005), Gierl et al. (2017) and Reynoldssteeper the curve the better the item can discriminate; the

et al. (2009) In addition two experts with experience in
assessing computational thinkingeviewed these est
questions. Each item in this multiptdoice test has four
respnse options, with one correct answer and thre
distractors. There are 5@ultiple-choice questions (set of 5
quizzes with 10 questions each) in tteést with maximum
score of 50. It is aoducted online with a@uration of 100
minutes.

Figure 1.Samplequestiors.
Note: The sample questions can be accessed through:
http://bit.ly/SampleQs

2.2. Item Response fieory
Iltem Response Theory (IRT$ a paradigm for the design

analysis and scoring of test instruments that measure

flatter the curve the less the item can discrimiiBtker &
Kim, 2017) The item discrimination parameters fha 0 .
item difficuty par amet er

T
i sparénteter.is T h e
& ¢ 0 .-parameger IRT model suits better in this study, as

the guessing par anrsghifcantini3c 0 i s
parameter model. e coefficients of item difficulty and

item discrimination are presented in tables 1 and 2. The item
chaacteristic curve plots are presented for each quiz in
figures2-6. The Cronbach Alpha is calculated for the items
based on the responses from the sample size of 775. For the

| RT analysi s, the fAmirto and
RStudio.

4. RESULTS

The dfficulty coefficients of majority of items are between
the range 0f0.8 and 1.3. All item characteristic curves for
items fit well except for three items, item1(lack curve

in Fgure 4 and item6(Xépink curve in kgure 4 in
Abstraction quiz (Q3), itm7(X7-yellow curve in kgure 5

in Pattern Numbers (Q4) quiz with the difficulty coefficients
of 3.0, 1.8 and 2.0 respectively as shown in Table 1. The
Cronbach AlphgField, 2013)coefficient for all 50 items is
0.87 (>0.7).

Table 1 The coefficients of item difficulty.

attitudes, abilities and other variables. This theory is based Q1 Q2 Q3 Q4 Q5
on the relationship betweeniteme! $8n 0958 p FFoHoffomanic@eqg o/nh a
item and the personds dggler froermapneer—-eve gh—anR—o-ver
measure of the ability the item was constructed to measure ltlem2” 7 -0.2 0.4 0.8 0.1 0.2
IRT is based on a mathematiaabdel, which describes in ltem3 | 0.2 0.1 -0.6 0.2 0.5
proba_bilistic term_s_, h_ow a test taking_persc_)n with a higher ltema | -0.3 01 01 0.0 04
standing on a trait is likely to respond in a different response
category o a person with a low standing on the t(@stini Item5 | 0.2 -0.4 0.3 0.1 -0.1
& Nering, 2006) IRT has several advantages over ltem6 | 0.0 0.0 04 04
tradional test theory, such as, sample independency,
measurement of range of different abilities, accounting item | Item7 | -0.2 | 1.0 -0.2 0.4
difficulty, accounting for guessing, and supporting adaptive | tem8 | 0.6 0.0 0.3 0.1 0.4
testing(Thissen & Wainer, 2001)

Item9 | 1.3 0.2 0.5 0.2 1.1
3. DATA ANALYSIS ltem10| 1.2 0.5 0.2 0.0 0.3

The responses fanultiple-choicequestions were converted
into dichotomous items, Os for wrong responased 1s for
correct responses. Tée data from 775 1B4 year old
participants are tested according tep&ameter and -3

The discrimination coefficients are between the range of 0.3
and 2.3 as shown in Table 2. The test information functions
for each quiz show that the average ability respondent is

parameter IRT modeld hese data are collecterbin 775
(549 boys, 226 girls) '8grade students aged -13 years
from KazakhstanThe relationship between the probability
of correct response to an item and the ability scale is

tested the best.

Table 2 The coefficients of item discrimination.

described by the item characteristic cufBaker & Kim,
2017). The item difficulty is a location index that shows

where the item is located along the ability scale. An easy

item functions among the leability students, a hard item

functions among the highbility students. The
discrimination of an item, telldhow well an item can

differentiate between students with the abilities below the

01 Q2 Q3 Q4 Q5
ltem1 0.9 1.1 0.3 1.2 0.8
Item2 1.3 1.2 1.0 1.6 0.9
Item3 1.2 1.6 1.5 2.1 1.1
Item4 1.8 1.9 1.4 1.9 1.1

item location and those with the abilities above the item
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http://bit.ly/SampleQs

Item5 1.2 2.1 1.0 23 1.2 information functions for each quiz show that the most
omb o s 06 17 12 information is obtained for the average ability. The
em i i ' ' ' Cronbach Alpha result, the item difficulty and
Item7 2.3 1.4 1.6 0.6 15 discrimination coefficients, the test information functions
and the item characteristic curves are indications to justify
ltem8 | 1.4 1.9 1.4 1.4 1.3
em the establishment of the validity énreliability of the
ltem9 | 0.8 17 1.0 22 14 multiple-choice questions to measure computational
ltem10 | 1.1 13 12 16 11 thinking performance of students.
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Research orthe Construction of App Inventor Program Evaluation Indicators

based on Computational Thinking

Yue LIANGY, Jinbao ZHANG
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lybnu@mail.bnu.edu.crzhangjb@bnu.edu.cn

ABSTRACT

Based on the current status of Computational thinking research and practical problems of App Inventor courses, this study
constructs the App Inventor program evaluation indicators based on Computational THihisregjudy redrs to the existing
research and related standards, established an evaluation indicators system initially. Delphi method was used to invite !
experts in the field of computational thinking and 8 experts in App Inventor to establish an expert constdigbitm gpnsult

on the rationality of evaluation indicators and to modify and improve the indicators according to expert opinionsuttythis st
three rounds of expert opinion consultations were conducted. After each round of expert consultatidoal atalgsis and

indicator revisions were conductefiiter three rounds of expert consultation, the rationality of each indicator was greatly
improved, and the opinions of experts tended to be consistent. The App Inventor program evaluation indwatdiEryse
school) that contained three filstvel indicators, nine secondary indicators, and 27 {lewdl indicators were formed based

on computational thinking.

KEYWORDS
computational thinking, App Inventor, evaluation indicators
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Development of aComputational Thinking Scalefor Programming

Yuankai CHU, Jyhchong LIANG, Mengjung TSAF
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ABSTRACT

The purpose of this study is to developcale to assess studdtemputational thinkindor programmingA total of 427

middle school studentwere surveyed with a questionnaire about their computational thinking in a computer programing
context After an explorative factor analysis, a total of 20 items categorized in five factors were drawn in the final version of
the scale. The five dimensiomgere dstraction,agorithm, decompositiongvaluationand generalizationIn addition,the

validity and the reliability of the scale were also examined in this sftgreliability of Cr o n b avasi®bfor the overall

scale This suggests that theade is good enough for examining studéetsmputational thinking in a programming learning
context.
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The Learning Effectiveness of Integrating Computational Thinking and English

Oral Interaction

Yi-sian LIANGY, Ting-chia HSU*
2National Taiwan Normal University, Taiwan

mianmian0202@gmail.com, ckhsu@ntnu.edu.tw

ABSTRACT

This study was aimed at exploring the effects on stude
thinking when the educational robots with computational thinking are integrated into thdgsaeaktlearning of English oral
interaction.On the other hand, the control group used the unplugged board games, and integrated computational thinking into
the English oral interactive learning game. The experimental results indicated that through the integration of computational
thinking and the gae-based learning of English oral interaction, whether with the unplugged tools or the educational robots,
the same computational thinking with English oral interactive ghased learning content can all effectively improved

| earner sé | e aonrEnglish and eomputationahthirking. However, the learning effectiveness of the group
adopting the educational robots was significantly higher than the group using the unplugged tools.

KEYWORDS
board game, educational robotics, computational thinking, dsased learning
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Establishing Equitable Computing Programs in Informal Spaces:

Program Design, Implementation and Outcomes
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ABSTRACT This work is situated in a larger effort to improve the

This work examines the design, implementation andtéaching of CS through a threpronged approach in the
outcomes of a computer science (CS) infal learning United States: teacher professional development, a college
program in a public library offered through a university field-experience course, and sustainable partnerships with
library partnership in the United States. The first purpose oformalinformal spaces. In this paper, we focus on the latter

this work focuses on dilemmas encountered by prograniwo strategies. The fieldxperience course combines
providers when designing informal environments that focuscollege classroom meetings with fieekperience in formal

on engagingjiverse young students with CS Concepts_ Foror informal Settings. CO”ege meetings focus on Identlfylng

this study purpose, we analyzed over 80 reflection journal&S teaching resources, mtidg CS classroom lessons,

from program facilitators, illustrating both content and discussing CS pedagogy, and reflecting on the -field
pedagogical decisions related to the design of the computingXperiences. In the field, groups of undergraduates meet
environment, along with programobservations and With educators to plan lessons, lead classroom activities, and
interviews with children. Secondly, this work captures facilitate programming events. In this work, we exanuine

l earning vignettes that Sycle pagnership petweem yndegpraduates and ligrary siaff n g
understandings of computational concepts, practices anfl€ mber s i n a Scratch Technol o
perspectives. Data collected to the second research purpolrary for three semesters.

came from mulp | e sources, i nc EalskrfbSer, afldhdt twd dnfefyRduates with computing
computational artifacts, ¢HhidtihdesBnd as th8 T plodrdmViilitafoleSe P T O ¢
observation fieldnotes. Findings of this study shed lights onnqergraduates worked closely with faculty in education and

the design, implementation and outcomes of informalcg as well as librarians, through weekly meetings to design
computing programs for children from diverse bgrckinds,  ang implement the STC program activities following
as well as provide insightgule pddic@<Lidestitied thdehrfify sdelcks afd &N 0 S

development outside the classroom. education literatte (e.g., Shah et al., 2013).

KEYWORDS The STC was offered on Saturday mornings for 2 hours over
a tenweek period each semester in three consecutive
semesters. Any child interested in participating was
permitted to attend. A total of 80 children between ages 7

15 attended the STC at least one semester. The ratio between
1 INTRODUC.TI.ON ) ) male and female participants was about 1:1. On average, 5
Computational Thinking (CT) involves skills that help 14 cpiigren participated in each STC session. Most children
children analyze and solve reabrld problems drawing on 44 o prior experience with Scratch. Figure 1 shows the

computer science (CS) principles (Wing, 2006). Many ,mher of participnts who attended the STC each semester.
children, however, experience and use new technologies in

their daily lives mostly as consers while few have
opportunities to become creators of computing innovations. Numbers of Participants at Scratch Technology Club
Further, females and nefsian minorities are under (Semester L, I1, III)
represented in computing (Cuny, 2012). Partnerships with
both formal and informal environments, where
undergraduates with C&bkground assist local providers is 5
one way of addressing this challenge. Libraries, in "
particular, are unique informal learning environments
because in recent years they have reinvented themselves t

computational thinking, informal learning program design,
equitable practices

offer a variety of lowtech and highiech activities itended ‘ | 15

to improve visiting children6sd computational skills (M

2009). Nevertheless, research documenting the ways in Figure 1.Numbers of Participants at STC.

which universityl i br ary partnerships help promote childrenbd

CT knowledge and skills is sparse (e.g., Bilandzic, 2016§or the purpose of this work, we examine the design of the

Kafai et al., ®08; Myers, 2009). program, focusing specifically on dilemmas encountered by
facilitators, as well as their decisions on addressing these
dilemmas when implementing the program. Additionally,
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we present learning vigitites to examine the role of the STC
i |l dr ends

in foster.i

ng

practices and perspectives.

2. METHODS
2.1. Participants

Program facilitators included 7 undergraduates who were
responsible for the design and implementation of the
program in three consecutive semesters (Figure 2).

chi

Coding Sub-Categories Definitions Excerpts
Categories
i Dilemmas Diverse Learners Refer to learners® diverse ~ “The girls chose 10 look at the games that - C 0 n C |
background with seemed more feminine like a sweet domut
programming, skills, maker that yoit would see in a commercial
interests and so forth. like EZ-Bake, While the boys went 1o see

Minecraft and Pokémon clones.” — (Tim,
Semester I)

“We used Seratch to code Finch Robots and
learn some advanced features. We took what
they learned last week, and implemented it

s tiris week with mare advanced concepts
experience, such as prior  Tusiead of going through a maze, we went
knowledge, background, through an obstacle conrse, and had 1o use
expeclations, motivations — sensing.” — Jan (Semester I1T)

and so forth

Figure 4.CodingScheme and Excerpts Example.

Decisions  Addressing Personal
Factors

Interview data were analyzed qualitatively using a

Facilitator  Gender Major/Year . ' 3 .
Semesterl " s corr_1b|nat|on of a prlo_r|_ther
Dan M cs/d questions and themes that emerged during the interviews.
semeserl  &n M cs/nd The six themes included in the coding scheme are: a)
Jome  E EoTeden backgroundinformation; b) motivations and interest; c)
Semesterll . s surprises; d) enjoyable learning experience, €) challenges
Aeron M csiznd and f) reflections. Additionally, field notes and other
Figure2.Pr ogr am Faci litator qu Ilta%vg cg?t Mo rfi‘rbalyZEd and goded mﬁo two
Categories, ractices and CT perspectiZdspractices
refer to how children learn about CT knowledge and skills
In addition, we selected 11 children particifsatFigure 3) whi ¢ h included Aitesting and
based on the following criteria: (i) regular participatoninper specti ves refer to childr

the STC, (ii) different levels of programming experience, towards computing (Brennan & Resnick, 2012).
and (iii) gender/ethnic diversity.

Participant Age Gender Ethnicity Prior Attended Notes
Experience ~ Semesters
on Scratch
Becky 9 F White Limited Semester |
Melissa 8 F Turkish No Semester | ELLs
Alex 9 M Asian Yes Semester;|
American Semesterlt
Semesterll
Anna 9 F White Limited Semester ||
Semesterll
Lily 10 F White Yes Semester |
Semesterll
Jim 9 M White No Semester {I
Semesterll
Tim 8 M Asian No Semesterll ELLs
Ella 9 F White No Semesterll
John 15 M White No Semesterll  Homeschool
Sophia 9 F Asian No Semesterl| ELLs
Kate 10 F Asian No Semesterll ELLs

Figure 3.Children Participant Demographics.

2.2. Data Sources

Data were collected from multiple sources including: (a)
weekly reflection journals completed by program facilitators
on content and pedagogical decisions (N=80); (b) collectio
Scratch

of childrenods ( ] 1 .
participation in $C (N=22); and (c) interviews with environment that helped all children, independent of their

children on their experience at the STC (Nzll).background knowledge develop CT knowledge and skills.

Additionally, detailed field observations of STC sessions,
were collected to provide an accurate description of th

activities.

2.3. Data Analyses

Program faci | urralsweoerasafyzeovusingk ¥
the constant comparative method to identify dilemmas faced"
by instructors and decisions to address those dilemma¥/

Chil drends Scr anayked throughj anct s
aut omati c anal ytical system
Scratch automatically analyzes Scratch projects and
produces scores in seven domains related to programming:

a) Flow Control; b) Data Representation; c) Abstraction; d)

User Interactiity; ) Synchronization; f) Parallelism and g)

Logic. Dr. Scratch also provides an overall score, ranging

from 0 to 21, and assigns the project a level ranging from
ABasi co, ifiDevel opi ngo and AN
between 0 to 7) means that the projeses introductory
programming features; iDevel o
14) means the project includes intermediate programming
functions; and AMastero (scor
the project was at the developed staged with advanced
programming fetures (MorenelLedn et al., 2015).

3. FINDINGS

3.1. Dilemmas of the Design of Informal Learning
Environment (Program Design)
Four types of dilemmas were discussed by program

dacilitators as they considered the design of the STC. The
pr o jlistc dilgmma, focused on Agwotglesign g legming 4 ¢

Participating childrenoés b a

éncluding their prior knowledge in programming, ages,

interests, and goal#é\s Ted, one of the two undergraduates
facilitating the STC in Semester | noticed after the second
we ek of thehgils chdseautdlook dt the games that
e%mei rgore feminine like a sweet donut maker that you
ould see in a commercial like EBake,while the boys

ent to see Minecraft and Pokémon clones.

(Hatch, 2002). Through this analysis a coding scheme washe second dilemma focused on participation rates among
developed. Figure 4 shows an example.

children, which varied from week to week anywhere from 1
to 10. For instance, at any given week, the facilitators were
not aware whether the participating children would attend or
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n o tWe wdte readto start our Scratch Club in the library. applications. Figure 5 illustrates designed CT activities
However, no kid came to the club ( Yvett e, Seowiced bye the prdgham facilitators throughout three

Moreover, every we dlkererveravl3 c beméstens ettrat  fJemonstratd : confiections between CS,
kids who came to the Scratch Club today, some of themcanceh i | dr enés interests and dai l
for the first tim® ( Yvet t e,. THidransitonak r 1)
participation made it difficult for facilitators to plan ook Semesieri Somesieri -
activities and prepare equipment to meet the needs of '  eemesme conitonal sitement e tonce
Chl|dl’en . 5312 gggloulgged Activity: Harold
The third dilemma related to the resources provided by the — ° l%‘;‘i‘.i“é‘l?a"é%i%’?éiﬁlson J Comrdmate: operator sending _ Stonpoaring Stegy
. . Sprite, Scripts etc.
library. In fact, the space and resources from thafjbwere P
. A . 3 Learn To Code Scratch & Math (I} loop Creating your own
limited, and therefore planning based on number of function; pen ‘ Volleybal Game
.. . . CSUanugggdActlwtles. Image
participants attending was important. Thus, the fourth Representation
dilemma is the culmination of the first three which is about 4 Blockson Loops Making Scratch Game: Introdction to 3

Underwater Love Printing i Basic

how to balance and maximize the effects of the numbers of 5 Variohles and Operators  Scratch & Math 1) Learing more
children and the resoees to design a learning environment 5 Unplugged Actviy: Variables. sbout 3D Prining T
that engages chlld(en develop CT knowledge and skills in o CSumlugged anrobiem  Making Scrach Game: Pong Gar Fogeteet Finch Bt
short segments of time. Solving Introdutory

7 Conditionals and Loops Finch Robots (I) movement; Roboticsi Finch
Creation of Individual Project sounds. Botsi More Featoes

3.2. Addressing Dilemmas in the Design of Informal

A X N 8 Creaﬁ!vny——Mu_smlnstrument P_rogrammlng Technique with Creative Prggramming with

Learnlng EnVIronment (Program Implementatlon) Creation of Individual Project \Ijlar:‘c;\b::;bols (Iy loop function; Makey Makey

When Ted and Dan first started to design$fie in Spring 9 Motion Sensing Blocks  Makey Makey: Create your piano. Advanced Fetures
. . . Creation of Individual Project with bananas in Scratchi Cloning andmore

2016, they sought out advice from the university faculty Creating Scraich Project

. . . . . 10 Creation of Individual Project Arduino Making your final
leading the field experience course and the librarians. Ted Project Presentation Soratch Acity. Broadeasting - projet vith Scech Demo

. . T ay
and Dan decided to have children freely explore Scratch and Fi 5 1mol ted CT Activiti i h
design a project of interest to them. After their first try, 'gure >.Implemente Ctivities at Batc
Technology Club.

however, they recognized that free exploration without some
initial guidance proved challenging to children. As a result,
they red e f i ne-d hoiifcreece deci di ng 32420Addfessihg $ociodulfualVfacth® to promote an
children with some foundational skills on navigating Scratch interactive and collaborative dynamics

and subsequentlyoffei ng-chfoi €e® 0 on wh &Sincelattendees & thé STQcame from diverse backgrounds,
Once children acquired a basic understanding of Scratcthe program facilitators aimed at promoting a social and
they again introduced free choice. In the following collaborative environment thatallowed children to
semesters, other facilitators followed the same format otommunicate with peers, share personal meanings, and
instruction; providing initial instruction and swdzpiently  construct learning together. To accomplish these goals,
just scaffolding as children created computational artifactacilitators employed different approaches, including peer
of interest to them. programing. Moreover, children were observed to bring new
friends orfamily members to the club. In this social and

Throughout the program, the roles of the facilitators also, _ 4 hild b d K
shifted from instructors to facilitators. Their decisions, Nteractive environment, children were observed to talk,

which included both content and pedagogicalS "@r € and h ealcpupled cuhstudentsiweere:  fi

considerations, were based on three main factors: persond]€IPing €ach other out more when we were both in one

sociacultural and physical factors (Falk & Storksdieck, ohe SeSSiOr?S and the kids seemsi_teﬂi to each other a lot.
2005). They also like to show off to their pals or new friends. It

seems that even if they had no idea what scratch was before,
they are still enjoying when in the company of otbers

3.2.1. Addressing personal factors to make learning CS (Justin, Semester Il).

approachable and engaging
Al | facilitators <coll ectyed chiédr,enés, feedback on
wanted to learn either through observations or3-2.3. Addressing physical factors tostrengthen an

conversations. In Semester I, as Jan and Aaron took over effective learning environment .

the club, they firstly too krogiagntchngaﬁors °f69“’_‘ ﬁdadet‘? rgatrr%pgeothe PW%Calc h
needs an dwehadthechildrentgst startéd on their settlng_s to ensure t_at children have gnough space t(_) test
stories, while | wenaround the room with my notebook, t h__e LT aWetha\_/é W mbva the table:s at convenient
asking them individually what concepts they want to |eam,p05|t|0n.s to gllow maximum roomrithe robot's movement;
orneedtobrushup@n. Moreover, the ﬁdnp'\f'dp"ﬂ Igpgoa;r charggrs, @nd gnouse; tether the
modi fy their planning base Iémc; \erOtcaH i Ifl‘u'ac Ieh?‘n %pghcagolq ea(oqsetr}ﬁ%clﬁsts an
feedback from the previous week. begin® ( Sophia, Semeste DA

wh at

Considering mst children did not have prior knowledge in 3.3, Capturing Learning Vignettes in Informal Learning
computing, facilitators linked CS concepts through an Environment (Program Outcomes)

engaging way. They provided children with knowledge and

skills to construct personal meaningful artifacts and helpec-3:1. CT Concepts

them establish a linkage between CS cphcand its
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Children demonstrated growth on CT concepts throughouéexploration of CS through Scratch programming.
their participation i n t heThrBughout ghe piogrdmy shildrea twerd fobmgd bd i mo s
(Figure 6). Tim entered the STC without any programminginterested and confident in exploring resources about
experience and with limited English language skills. Hisprogramming through social interactions with their peers. To
early project used only fodational blocks (left). In become weleducated citizens in the 21st century, children
contrast, the project he created at the end of the programust develop a deeper understanding of the fundamentals of
demonstrated a variety of computational concepts includingCS and develomnalytical CT skills (Wilson et al., 2010;
synchronization and logic (right). Wing, 2006). Findings of this study provided insights related

to the design, implementation and outcomes of informal

computing programs for children from diverse backgrounds.
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ABSTRACT Under this framework, the Infocomm Club students are
This paper shares a secon dt@ughfsofgvargskibsingahbipckigsedodisgandiexti on  f
students to acquire Computational Thinking skills throughbased coding. The student will learn Scratch programming
nonformal learning in afr school activities at students (Maloney et al., 2010), Python programming (Rashed &
society club. These activities are also known as sebeséd Ahsan, 2012) and Mhefebad 20A3).p | n
Co-Curricular Activities (CCAs) under the Singapore They also learn hardware skills on robotics / electronics
education system. In the school, a team of teachers managéatform such athe Arduino and Raspberry Pi boards.

the Infocomm Club where students develop coding

competency in information and communications technology3. IMPLEMENTATION OF THE

through norformal learning beyond the school curriculum. INFOCOMM CLUB CURRICULUM

The students of Infocomm Club go through a rigoroysdr
KEYWORDS curriculum in after school activities focusing on the
nonformal learning, coding, computational thinking,-co following areas: Robotics, Apps Development, Games
curricular activities (CCA), implementation. Developmenaind Network Security.

Table 1 shows the implementation of the Infocomm Club
Curriculum with the various activities.

1. INTRODUCTION

Under the Singaporeeducation system, students spend
between 4 to 5 years in the secondary school. Students are

admitted to the Year 1 of the secondary school when they Table 1.Infocomm Club Curriculum
are 12 to 13 years old. It is mandatory for these students toArea of focus  Description of activities
select CeCurricular Activities (CCA) from oe of the
following categories: Uniform Groups, Sports & Games,
Performing Arts and Society Clubs.

Robotics Development of applications on
electronics platfornsuch as Arduino
or Raspberry Pi boards capable of

At Bukit View Secondary School, the Infocomm Club is reading inputs from sensors and
made available to the students under the Society Clubs turning on devices such as motors
category. The club aims to excite students abdhe and LEDs.
possibilities of !nformati(_)n and Communicatio_ns .throug.h a Apps Building of mobile applications with
structured curriculum with Computational Thinking skills 2
. Developgwent ML TOs Aa?p' l nvent
(Wing, 2006) and expand stu entBh%nescre tive and
entrepreneurial spirit. The students spend 3 hours per week '
atthe Infocomm Club. Games Conceptualisationf game,
Development  storyboarding, prototyping and gam
2. TRAININ G FRAMEWORK OF THE creation in Scratch or Python
INFOCOMM CLUB programming.
The teachers of the Infocomm Club at our school have Network Cybersecurity, encryption /
designed a training framework for the students to be Security decryption algorithmsnd
developed in 3 areas: software, hardware and esaH. cryptanalysis techniques.

Figure 1 shows the skills which the Infocomm Club students

will acquire at the end of their Year 4.

4. HOLISTIC DEVELOPMENT OF
STUDENTS

In addition to acquiring softwarand hardware skills, the

Infocomm Club students also acquire heaare skills with

the following outcomes:

Active
Contributol
+ Confident

Software | Hardware | Heart-ware ) ) ) )
skills skills skills a. Active Contributor: The students are involved in

community service work such as providing computer
training to senior citizens in the neighborhcasdwell

Figure 1.Infocomm ClubTraining Framework
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as sharing on cyber wellness regardinine behaviour
andrisks in thecyberspace.

b. Confident Person:The students gain confidence
through participation itnfocommcompetitions where
they develop creative ideas, give presentations to

judging paned and hone their public speaking skills. Agree
48%0

c. Leader The upper secondary students have the
opportunity to coach and mentor the junior members in
both technology and presentation skills. u Strongly Agree = Agree = Disagree
Figure 3. Survey Question: Codingelps me to develop

The Infocomm Club teachers identify various competitions " ) ?
fy P cognitive skills and solve redife problems.

for the student$o participate. Through these competitions,
students are developed in higher level of software and
hardware skills. Our students have performed well in thesg. FUTURE PLAN FOR THE CLUB
competitions and won many awardgable 2 shows the |n the survey, the students were also asked whether they
students achievemeritsthe year 2018 prefer to learn more on computer animation, games
development or electronic platforms such tae BBC
Table2. Infocomm Club Achievements at key competitions Micro:bit, Raspberry Pi and Arduino. 89% of the students
in the year 2018 have indicated that theyefer to learn more on coding with
Infocomm Club Student Achievements games development. Hence, the teachers will explore
Competitions training students in other games development platforms such
as GameMaker, Unity and PyGame.

RoboCup Junior Cospace Championship Award

Pei Hwa Challenge 7. CONCLUSION
National Digital Storytelling Championship Award This paper shares the framework, curriculum and
Competition implementation ofnonformal learning activities at the

) ] ) students society club for students to acquire Computational
IDE Arduino Maker Engineering Award Thinking in a fun environment. In addition to acquiring
Competition software and hardware skills at the Infocomm Club, the
Singapore Games Creation Finalist Award students are also enriched in hesare skillsto develop
Competition their leadership ability through participation in community
] - o projects related to information and communications
iCode Competition Finalist Award technology. We hope that sharing the students experience at

the Infocomm Club would provide some understanding in
how schools can delop their students in Computational

5. SURVEY ON STUDENTS INTEREST IN Thinking through nofformal learning.

CODING AND ITS EFFECTS
A survey was conducted f&7 Infocomm Club students 8. REFERENCES
from Year 1 to Year 3 levels October 2018. 89% of the Liao, Y. K. C, & Bright, G. W. (1991). Effects of
students have expressed they like Coding / Programming ComputerProgramming orCognitive Outcomes: A
activitiesas shown in Figure.Z4% of the studenfeelthat Metaanalysis Journalof Educational Computing
Computational Thinkingthrough coding helps them to  Research7(3), 251-268
develop cognitiveskills and solve reallife problems(Liao Maloney, J., Resnick/., Rusk, N., Silverman, B., &
& Bright, 1991) as shown in Figure 3 Eastmond, E. (2010). TH&ratchProgramming
Language an&nvironment. ACM Transactions on
Computing Education, 18), 16.

Rashed, M. G., & Ahsan, R. (2012). Python in
ComputationalScience:Applications andPossibilities.
International Journal of Computer Applications,(26),
26-30.

Wagner, A.,Gray, J.Corley, J., & Wolber, D. (2013).
Using App Inventor in a KL2 SummerCamp.
Proceedings of the #4ACM TechnicalSymposium on
ComputerscienceEducation ACM, 621-626.

Wing, J. M. (2006). Computation&hinking.
Communications of the ACM9(3), 3335.

11
Agree
30%

m Strongly Agree Agree Disagree

Figure 2.Survey Question: | like Coding / Programming
activities
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What Underlies Computational Thinking: Exploring its Cognitive Mechanism

and Educational Implications

Rina Pakying LAl
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ABSTRACT identified in the literaturea ramification on a fundamental
The effectiveness of a pedagogical approach is directlyguestionregarding theunderlying mechanism of CT is
related to whether it takes the characteristics of cognitiowhether it is a domainspecific (e.g., programming) or
into account (Sweller 2007) As such, a fundamental domaingeneral capacity (e.g., general probisaiving)
questionthat has strong implicatiaerfor effective teaching The implications ofthis question bringus tothe heart of
and learning in the context of computational tiking efficient pedagogy, curriculum design, and guidance for
(CT)d is what isits nature.ls it a domairspecific or  future researchHowever, @dressing thesissuesrequires
domaingeneral cognitive capacity? The main objeetof bridging cognitive/psycholgical theories and CT research
this article is to provide an initial introduction of which is yet to be fulfilledThis paper aims tfill in this gap
generalityspecificity issues to the CT literatufeom a by providing an initial account of generality/specificity
cognitive psychology persgtive Specifically, it focusesn mechanism from cognitive psychology into the CT
a critical appraisal of the domaspecific account of CT, literature.

which is subscribed by a considerable amount of existing

conceptualisations and teaching practices. Tdrécle 2. DOMAIN -SPECIFIC AND DOMAIN -
discussesducational implicationsnder this account of CT, GENERAL CT

provides suggestionsiformed by learning theories, and |, ye tradition of cognitive psychological studies, dorain

presents a learning moder CT education. specfic and domairgeneraimechanisméave been used to
theorise processedhat underlie learning, reasoning, and

KEYWORDS knowledge. For example, they have been used to understand

computational thinking, cognitive psychology, computer problemsolving, statistal learning, and scientific

science education, learning modedgnitive mechanism reasoning. Consistent with the work @akison and
Yermolayeva (2011) domainspecific mechanisms are

1. INTRODUCTI ON processes that target learning in a particular area of

In the past decade, interest in computational thinking (CTknowledge that may pose certain constraints specific to that
has been burgeoning in both research and education sectoégea, such as computer science. In contdashaingeneral
Despite the infancy dhefield, there is a significant amount mechanisms are presses that are not associated with a
of studies investigatinghe association betwee@T and particular area of knowledge. That is, mechanisms that are
coding/progranming (e.g.,Brennan and Resnick, 2012; "knowledge and modality universal" (Rakison &
Kong 2016)as well as related disciplin@dambrusch et al.  Yermolayeva, 2011), contektdependent, and may be
2009 Kanaki and Kalogiannakis, 2018)s Voogt et al.  adapted to diverse areas. A domgéneral CT would be
(2015) note, the predominant focus in these specific areaperceved as cognitive processaseful forproblemsolving

can lead to munwarranted bias in the question of whether across subjectsis suggested by Wing (2008adav, Hong,

CT equates to or ia prerequisite to programming. a k a rand Stephenson (201&)s well ad abusch (2018§)among
(2018)further elaborates that the entanglement between CTothers.

programming, and related educational tools may shift

N . CT, as cognitive capacity,can be represented by and
researchersd attention awa fr rnvestigat’ n e-cogn
O ; romotedas adomainspectic or domaingenetal construct

undepinnings of CT. Hence, there is a conceptual and

owever, given the lack of empirical evidence, the aim of

theoretical reason to distinguish its core characteristics frorr,[T]iS article is not tqroposefor a definite mechanisrthat
its correlatesor peripheral skillsas the overemphasia the explains the nature of CRather, its objective is to explore,

latter could lead to more ambiguitieyarding its nature and in particular, the domaispecific account of CT thahe

reducethe unty of CT. Given that the current state of . L g .
. , : .. _majority of the existing conceptualisations and education
research has little knowledge regarding its cognitive : .
" g - oo ractices subscribe to. It should be notedt tthereare
characteristics, pedagogical decisions become a difficulP o ;
task emerging views that endorse a domagene_ral account,

’ viewing CT as an approach to problawiving without
Indeed,Wing (2008)suggests that an important challenge relating it to a specific area such as computer science, its
for learning and teachidgwhen including CT in the related skills or tools. However, domaspecificity is
repertoire of thinking abilitie® is deciding on how and focused in this aitle as it has larger influences on current
when learners should be taught. Implicit in this concern iseducational policies and practicd&og¢coni et al.2016)
the question of how CT opates at a cognitive level, which
is currently unknown. Mergingthese research gaps
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3. DOMAIN -SPECIFIC ACCOUNTOFCT to teach CT irpilot schools; and Singere has introduced
The domairspecific account of CT conceptualises it as aCT-based coding enrichmeletssondor learners Emerging
skill that is particularly important to computer science andfrom these initiatives are applications that supptbe:
often requires the support of techno|ogy_ Indeed, many ear|y‘reation of artefacts the Classroommrough chlldfrlendly
computer science scholars and pioneers perceived OT as 8raphical programminganguages (e.g., Scratch, Alice,
important skill set for individuals who design and executeSnap, Blockly)and robotic kits (e.g.Mindstorm, LEGO
computations with the support of computéfedre and WeDd® 2.0).
Denning, 2016) One important figure is Seymour Papert,
the coedeveloper othe LOGO programming language and 4. RETHINKING THE DOMAIN -
educational robot, Turtle, who purportedly coined CT. SPECIFIC LEARNING APPROACH OF
Influenced by constructionism Papertbs not iCe]-n of CT
situates in a context that emphasises leacoerputer
interactions as well as the thinking skills developed throught.1. Programming Languages
such elations. He speculates that children could beltis undeniable tha computing curriculum, programming
manipulators of computers and thatteracting with activities, and educational applications suppdhe
machinery is crucial to the enhancement of thinking skillsdevelopment ofCT skills and provide means for it to be
(Papert, 1980). This idea is extended to include theexpressedHowever, itis less known whether the knowledge
importance of engaging with artefacts, toadsd media. structure or schemas in these areas encontpasntirely
Through these, learners are not only promptedhtok or merely aspects of CT skillsuch as programming
computationallybut to also generate ideas and construct Ambrosio et al. (2014jlefine a schema as the cognitive
meaningful products (Harel & Papert, 1991). structure that helps learners to recognispexiic class of
problems which necessitate particular strategies or
processes. This, in turn, contribsit® the construction of
mental models. Despite programming languages allowing
learners to demonstrate CT skills, promoting CT through
S‘programming aloa may not be sufficient enough for
learners to develop a coherent mental model of CT. This
model becomes crucial when learners face novel-(hon
q programming) problems in which they need to identify the
most appropriate CT process(es) so as to devise a sfudces
languages and artefacts. While CT concepts refer tsolution. That is, a coherent mental model of CT should
' Qeflect conceptual clarity and is flexible to different problem

programming conceptge.g., conditionss), CT practices contexts. Whether programming education can contribute to

point to.processes Iearners. develop as they program (e'%UCha mental model of CT is an area to elucidate in future
abstraction), an€T perspectives are how learners relate to

P a p e eatlybideashave a significant influence o the
modern understanding of CTith a particular focus on
learnercomputer interactions, computer science corgept
and programming. Indeed, extending from his perspective
some researchers vie@T in a contextlependent manner.
For example,a wellreferenced theoretical framework
proposed byBrennan and Resnicfz012) identifies three
dimensions oCT, consising of CT concepts, practices, an
perspectived all of which are embedded in programming

) o research.
the technological world (e.g., questioning) (Brennan &
Resni ck, 2012) . Li kewi se, Onmtheotber ldhrggadiicatays folfowirg $his grocedurenoughtk i n
componehso (e.g., explorati ontp quesig anvhdihglearniagitransfer riseaa tolijestive) If a n d

hardware aspect of CT solutions (e.g., roltiother  domainspecific CT skils operatewithout any general
researchers define CT as cognitive tools for creativeconceptual knowledgergroblemsolving strategies, they
programming and digital literacyRomero, Lepage, and could be diminishedo rudimentary skilks that are only
Lille, 2017). Other organisations such as The Internationaluseful in standard or routine problems. That is, it would be,
Society fa Technology in Education (ISTE, 2011) at best, procedural skills in which learners memorise steps
highlightsthe importance of formulating problems such that of operations without a clear understanding of underlying
a computer and other tools can help. As such, there is meanings (Arslan, 2010This is different fromconceptual
supposition that CT cannot be divorced from the context oknowledgein which learnersare able tacarefully analyse
computer science or technology. new scenario@and generate novel ideas. For example, a
learner coding an algorithm that was previously taught is

Educatioml practices that emerge from the dormsgrecific different from being able to write his or her own code to

account of CT tend to promotafiroughprogramming, With  tz¢de 2 new plery ion. Ty abiy s gahe
el ect rpo n i \WhileCrdcents proi dsei)d gurriculum im o?ta{ﬁt eEpeci "gi cenrtu?y whiere many flew 2 °
P and complex problems arise in situations never encountered

r/:/?)wgwf(glk()lsenﬁnglieormgegiral i pILObmmgl(')q%_ ind rl_ealt | by learners. Yet, this ability surpasses routine problems that
P xtent (Kong, , ANGETl €1 a “domainspecific CT skills can solvdn this regard it may

2016), current educational policieemain predominantly " <ioe oot 1o investigate how domaieneral CT skills

focued on teaching CT through coding/ programming : . ; .
lessons with an emphasis on artefg§desPaula et al., 2018) gg:gﬁkéeé.?f%ﬁed intor supporthe teaching of domain

Thisis evident at an international level. To name a few: The
English National Curriculum for Computing Education

(2013) esthlished the priority to prepariearnerso use CT On the other hand, influenced bgnstructionismthere is

to understand andontribute totheir environments; Italy . L . i
aims o teach programming as a means to inroduce CT L9 PPIEAN B EETE O T oS SRR
learners; Hong Kong has launched-gear coding program ' '

4.2. Educational Robotics
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to provide rewarding learning experiences that motivate retrieval On the other hand,edomposition is a deductive
learnerg(Penmetcha 2012However, overemphasising the reasoning process that manages complexity by solving
usage of these tools without delivering fundamentalsmdler problems. Both of which are practiced in our
conceptual knowledge alongside, the depatent of CT, as everyday lives albeit we all possessiarying degree of

a thinking skill, could be underminethdeed, giving the understanding and usage. Thiggests some components of
example of using a calculator in contrast to understandin®€T may be better taught as generalised skills while others
arithmetic, Wing (2008) cautions the possibility of learnerswithin a domain subjeét with or without the support of
confusing conceptual understanding with mastery oftechnology.For example, the concept of abstraction can be
applicatilms. Moreover, constructionismmay only be taughtin map reading, a rather generic andlifeascenario
successful if learners have sufficient prior contentthat learners can relate tmplicit in this idea is the neddr
knowl edge (Yakar, 2018) . avdyrtamical tard eflexitblepeddgogybteaeneanmass th€ T
principles and robotics are often not made explitit nature of CT and iteelatedcomponents

learners As such, it requires learners to reason arfii@ce

on the underlying logic and processes during a robotics.2. Teaching Toward Transfer

activity. However, introspection is not always initiated by Transfer of learning is essential to building lifelong learners
learnersin this regardihe conceptual understanding of CT and should be an explicit goal in the promotion of CT.
may not be deliveretb the extent thagducators and poliey However, there is a paucity of studies and discussions
makers intend toTo ensure effective learning outcomes, surrounding the topic of learning transfer in Clfansfer
there is a necessity to integrate and consider other agffectsoccurs when learning in one context influenperformance

CT education. To extend from the current practices,in another context and is demonstratedvio ways: low
suggestions based on learning theories are given below t@wad transfer (to similar omtexs, problems, and
guide future directions in curriculum design and pedagogicaperformance) antligh-road transfer (to dissimilar contexts,
decisionsA learning model is presented to summarise theseroblems, and performancé)drkins& Salomon, 1992). To

suggestions. apply CT in the most effective and meaningful manner,
learners shoulthoughtfully abstract, generalise, and apply
5. FUTURE DIRECTIONSINCT CT principles in novel problems. These problems should
EDUCATION share similarities in structure but differ in surface featases
previously solved problem@estre, 2006) According to
5.1. A Hybrid TeachingApproach toFoster CT Witherspoon et al. (2017)ransfer may be most efficiently

Promoting @maingeneralCT entailsthe developmenof accomplished through instructional and teaching approaches
cognitive skills that are relevant for cressrricular  along with metacognitive strategies. Building upon the
contexts, such as problesolving strategies, information authors' recommendation and informgdéarning theories,
processing, selfegulation, and metacognitig@reiff etal.,  six suggestions are givémoptimiseearning transfein CT:
2014) This is the foundatiom which educators carupport
learning transfer in CTOn the other hanéfysteringdomain
specific CT could provide programming knowledge an
concepts such that learners can apply CT to solw?
computational problems and developed relevant skills
within the scope ofomputerscienceor technologyrelated  Learn how to learn: integrate metacognitive strategies that
areasFor example, the use dfe computer may provide an  support learning transfer in lessons

environment for learners to apply CT effectively and _ | ) . .
creatively to solve complex network problems in computerBUild foundational knowledge make explicit connecticn

science, biology, and physics. Despite targeting differenPetween CT principle; to rewlorld problems that_ Iearnerg,
learning goals and outcomes, the two domains are norf@n relate to; use alogies and metaphors to assist teaching

exclusive: domairspecific expertise can emerge from Reflective learning: create an environment for transfer by
domaingeneral knowledge given adequate experiencehaving learners deliberately analyse how they can apply CT

(Rakison and Yermolayeva, 201I)o this end, a well  n their everyday liveand have them present their ideas
designedturriculumought to integrate both modelBhat is,

a hybrid teaching approach.

Motivation : provoke learners' interests to learn and apply
d CT. Educational robotics and fun unplugged activities can
e used to introduce basic concepts while increasing
earners6 motivation.

Embed CT into a specific area:allow learners to apply
their CT knowledge to a specific area such as a programming
The hybrid approach geebeyond solely integrating CT environment to further develop CT skills

across the curriculum, which has already started to emerge

in both research and practice. Rather, successful teachirgs® formative assessmentsio test transfer. focus on
ought to also consider thture of the variousomponents, whether students can think conceptually and thoughtfully

such as abstractipn algorithnic  thinking, prdolem: when applying CT in a noveind unfgmiliar problem. Gives i
decomposition, and debugging, that CT is composedof, f €edback regarding Il earnerso
Yakar (2018) observes, - &£Banceleaning o n and probl em
decomposition are often expressed in a more generalised ) )

form than other components that may have a strongep-3- Future Curriculum Design _

reliance on computer science or tecligyl He notes that ~ Implied by the previous two points is a necessityriove
abstraction is an inductive reasoning process that simplifieg?eyond a contexbound understanding and pedagogy of CT.

categorises and processes important information for fastethis indudes the need to consideow to help learners
constructa coherent mental model of CT as the foundation
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of learning What is of interest to educators are not merelytheoretical point of view, but also from a practical

CT skills demonstrated im rudimentary form such as perspective. At a theoretical level, this article paves the path

programming, but ddwardwhenton e forscognitiva psychology td emteroCT research thgreo

use CT in diverse contexts that are reledathte ability to  further elucidate on its underlying cognitive mechanisms. It

discern when CTis the best approach to problelving. is believed that such effort could continue to shed light on

This is |l argely dependéich ¢he nateea ofn@Tr By addiessirtg,a for exanmple:| the w

could be developed througtconceptual, theoretical developmental trajectory of CT; cognitive functions that

discussions and demonstratioRer exampleusing worked  support it; and waysotenhance conceptual learning of CT.

examplesto encourageexploration of similarities and In this regard, contributions from cognitive scientists and

patternghat commonly arisevhen tackling similar families  educational psychologists are appreciated and demanded.

of problems.While the forme reduces cognitive load, the On the other hand, at a more practical level, this article calls

latter facilitates mindful abstractioltis then, and only then, for a revisit of the current pedagogwpd curriculum design;

that domairspecific teaching approaches that integrateand to argue for the importance of a hybrid teaching

programming and robotitools becomegy 0 o d fi 0o b j apprdash. Thi® is a call for promoting CT in a dynamic

think witho, as Papert (19B@Bhnputsutch.that we are devel
minds rather than rudimentary CT skills.

5.4. A Summary A Three-LayerLearning Model of CT
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