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Preface

International Conference on Computational Thinking Education 2017 (CTE2017) is the first
international conference organized by CoolThink@tl€ated and funded by The Hong Kong Jockey
Club Charities Trust, and ereated by The Education University of Hong Kong, Masssetis
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. Computational thinf@i9 is consideed as an
indispensable capability to empower students to move beyond mere technology consumption and into
problemsolving, creation and innovatiomhis 4year initiativeeducated over 16,500 upper primary
studentsat 32 schoolson computational thinkinghtough coding education. Moreover, through
intensive professional training, the Initiative develops the teaching capacity of 100 local teachers and
helps them master the coding and computational thinking peda@ugy time the project teams target

to affect greater change by sharing insights and curricular materials with policymakers and educators
in Hong Kong.

“Computational Thinking Educatibn i s t he main theme of CTE2017
the latest development of how to facilitate studen’ CT abilities, and d
outcomes on the implementation of CT development in school education. It comprises keynote and
invited speeches by internationally renowned scholars, panel discussions, academic paper presentation
booth exhilttion on STEM/Coding products and solutions, and student and teacher pesetation

and demonstration.

CTE2017 gathers educators and researchers around the world to share implementation practices ant
disseminate research findings on the systemateathing of computational thinking and coding
across different educational settings. There are 18h®rbes under CTE2017, namely:

Computational Thinking

Computational Thinking and Unplugged Activities inliR

Computational Thinking and Coding Educatiark-12

Computational Thinking and Subject Learning and Teaching1i2 K

Computational Thinking and loT

Computational Thinking Development in Higher Education

Computational Thinking and STEM/STEAM Education

Computational Thinking and Nefiormal Learning

Computational Thinking and Psychological Studies

Computational Thinking and Special Education Needs

Computational Thinking and Inclusive Society

Computational Thinking and Early Childhood Development

Computational Thinking in Educational Policy

ComputationhThinking and Teacher Development

General Submission to Computational Thinking Education



The conference received a total of 43 papers (25 long papers, 12 short papers and 6 po$tdrypapers
authors from 13 countrigsee Table 1).

Table 1:Distribution of paper submissions for CTE2017

Country/Region No. of Country/Region No. of
submission submission

The United States 15 United Kingdom 1

Hong Kong 9 Canada 1

Taiwan 3 Israel 1
Singapore 3 Australia 1

Malaysia 3 China 1
Germany 2 Spain 1

Korea 2

Each paper with author identification anonymous was reviewed by at |é@tstri3ational Program
Committee(IPC) members. Related sibheme chairs were responsible to conduct metsgews and
make final deci sions on the submitted papers
comprehensive review process, the conference accepted 17 long papers, 12 stsoainpapgoster
paperqsee Table 2).

Table 2: Review results of submission acceptance for CTE2017

Sub-theme Long paper Short paper  Poster Total

Computational Thinking 0 1 1 2
Computational Thinking and Codin

Education in K12 1 1 1 3
Computationallhinking and Subjec 3 1 1 5
Learning and Teaching in-K2
Computational Thinking and loT 0 1 0 1
Computational Thinking 1 0 0 1
Development in Higher Education
Computational Thinking and 5 1 1 "
STEM/STEAM Education
Computational Thinking anNon-
. 2 0 0 2
formal Learning
Computational Thinking and 1 1 1 3
Psychological Studies
Computational Thinking and
: i 0 0 1 1
Inclusive Society
Computational Thinking and Early 2 1 0 3
Childhood Development
Computational Thinking and Teact
1 1 2 4
Development
General Submission to 1 3 1 5

Computational Thinking Education
TOTAL 17 12 8 37



CTE2017 has three conference days comprising five keynote speeches, two invited speeches, three
panel discussiondjve academic paper presentation sessions, booth exhibition on STEM/Coding
products and solutions, and student and teacher poster presentation and demonstration.

Keynote and Invited Speeches

CTEZ2017 hasnvited five internationallyrenowned scholaras the conference keynote speakers: (1)
Prof. Hal ABELSON from Department of Electrical Engineering and Computer Science,

Massachusetts Institute of Technology, The Un
Val ues, Comput atMisonaar A otrii@ensy’AINNG fZ2)om Esquel
Computational Thinking Education I mportant as

CRICK from Cardiff Metropolitan University,
Curriculumg: CEmpeddit i onal Thinking into Engl a
Dr. Shuchi GROVER fronsRI International, The United Stat¢é<sCo mput at i onal2: Thi n
Considerations for Peda ¢rofgyi WALENSKYAfO® dlatswesten t 7 ) ;
University, The United States' Tr ansf or mi ng Knowl edge -Based L ec
Model ing”) .

The conferencénasalso invitedtwo internationallyrenowned scholaras the conference invited
speakers: (1Prof. Gautam BISWAS from Vanderbilt Univerg vy , The URGTSIMeA St a
Computational Thinking Environment for Learning Science i ng Si mul ati on )and |
Ms. Eliane METNI from International Educatiohssociaton Lebanon (“ Empower.i
Nurture Computational Thinking dinnovation in kK1 2 7 ) ;

Panel Discussions

CTE2017 hasthreepaneldiss si ons: ( 1)Thitk@@ganigdtatt ooal Pol i cy”
Prof. SiuCheung KONG from The Education University
of Computational Thinking Devel opment i-wmingLoc al
CHU from Baptist Rainbow Primansc hool , Hong Kong) ; and ( 3)
Computati onal Thinki ng Damer S8UNwvom e iEdutatiofURiaersity | 1 t a
of Hong Kong, Hong Kong).

Poster Presentation and Booth Exhibition

CTE2017" s Poster Pr ergaorltwade iesearches omtempatdtional thiokimg a s
education and CoolThink@JC achievement in the first year. There are four poster categories, namely
international academic poster papers, posters
Associd i on of . T. Leaders in Education (Ai TLE)
presented by The Hong Kong Association for Computer Education (HKACE) and posters about 2017
CoolThink@JC Competitions participating teams.

The academic poster paparover diversified international computational thinking research outcomes
highlighting the importance and pathways of computational thinking development in aspects covering
K-12 education, teacher development and STEM education.

The posters prepared byTAE share with participants on how Hong Kong teachers design and



implement lessons and pdssson activities on computational thinking development, coding
education and STEM / STEAM education. Teacher
schemesand reflection are also illustrated with real classroom examples.

For the posters presented by HKACE, students show their computational thinking learning experiences
of different events such as Hong Kong Olympiad in Informatics (HKOI) and IT ChallengedAwa
(ITCA). Also, they explain how these learning activities equip students with programming and
problem solving skills.

This year the CoolThink@JC Competition attracted more than 100 applications from 40 primary
schools. In the first round of the compietit, the participating teams produced -an® video to

describe the problem they would encounter in their daily lives and then apply their knowledge and
skills on Computational Thinking to produce a creative and innovative solution with coding technique.
30 teams were shortlisted in June to enter the final of the competition which will be held in October
2017. The videos of these 30 finalists are showcased here at the conference poster display session.

Apart from poster display and presentation, there are 20 booth exhibitions, among which-4 are in
charged by 12 Cool Think@JC Cohort One School
actual learning outcomes and how they benefit from computatiométingieducation. Students also
share their experience with participants on designing Apps and programming robots. The other 16
booths are conducted by local technological companies and organizations related to computational
thinking education and develogmt. They exhibit a wide range of STEM/coding solutions and
products.

On behalf of the Conference Organizing Committee, we would like to express our gratitude towards
all members for their contribution to the success and smooth operation of CTE2017.

We sncerely hope everyone would enjoy and get inspired from CTE2017.

On Behalf of CoolThink@JC

Siu-cheung KONG
The Education University of Hong Kong, Hong Kong
Conference Chair of CTE2017

Tszwing CHU
Baptist Rainbow Primary School, CoolThink@JC Reso8at®ol, Hong Kong
Conference Chair of CTE2017
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Evaluations of Programming Compl ex

Lisa L. RUAN, Evan W PATTON, Mike TISSENBAUM

Massachusetts Institute of Technology
llruan@mit.edu, ewpatton@csail.mit.edu, mtissen@mit.edu

environments make the flow of logic and programming
easier to understand for yourigarners (Weintrop &
ABSTRACT Wilensky, 2015). App Inventor leverages this programming

To understand computational thinking in App Inventor, it @PProach to allow users to create fully functional mobile
important to be able to effectively evaluate computation@Pplications for Android devices.

complexity in blockbased programming languages. In thy, inventor has nearly 3 million users from 195 different
past, there have been a handful of complexity measugggintries and has given eiso more than 7 million android
proposed for texbased languages (Weyuker, 1988). In thighns  (http://appinventor.mit.edu/explore/abasthtml).
paper, we will attempt to implement 2 such measuregy, |nventor's audience stems from a variety of
Hal stead’s Pr odsta@menticoud, nBophLkgroundsincluding educators, designers, researchers,
Inventor on a dataset of projects from 50 random users. Tifernment workers, and entrepreneurs; as such, the App
goal is to determine whether or not text programmin@yertor dataset is rich in quantity and breadth. Also, since
standards for complexity can be generalized to blogkyccupies a niche between everyday logical thinking and
programming languages. This paper shows that theyggitional programming languages, it is an optimal to

complexity masures we implemented are not adequalgguage to study for conclusions on the progression of
measures for complexity in App Inventor. This resuffomputational thought.

indicates a need for different measures of complexity that
more accurately portray block programming proficiency 5  ggfrware Complexity

We hope this study'will be a gateway into.a bett% his 1977 bookElements of Software Scienddaurice
understanding of the intrj,eHGh&Sdintdducddd Boftward ¥hétrit n@rdedto P!

sre?/gerlimr:?é?]?g?gg%agﬁa?gi;ﬁstmg:gge contributions to t asure program complexity and give structure to thg
P P 9- understanding of the software development process. This

KEYWORDS metric, aptly dubbetl Hal st ead’ s progr ammi

Data Analytics, Computational Thinking, Blotlased t © compute the time (defined

Programming, Programming Complexity, Appventor create a program by analyzing the relationship between
operators, operands and their appearances in a program. In

1. INTRODUCTION this study we define operands as bodies ofrinfion and

In an increasingly automated age, there is a growifgerators as functions that interact with those bodies of
recognition for individuals in all walks of life, not justinformation. This measure focused on the relationship
programmers, to develop their computational thinkir@tween the total number of operands/operators and the
(Wing, 2006). Computational thinking is generalljpumber of unique operands and operators. The calculation
understood as thebiity to recognize and solve problemgor programming effd (E) was performed in 2 parts:
using computational means (Brennen & Resnick, 2012) @ifficulty (D) and volume (V). The difficulty and volume
this spirit, we aim to further understanding of how learney¢cre defined as follows:

build cqm_put_a_tional thinking by analyzing the diffe_rences Given: n1 = # distinct operatons2 = # distinct

and similarities between blodkased progmaming

. operandsN1 = total # operator$\2 = total # operands
languages and textased programming languages. P ? P f P

. . Effort = n1/2 * N2/n2* (N1+N2)*log2(n1+n2)
In this paper, we apply a datliven approach to apply text
programming complexity standards to bldzksed Thus, this difficulty measure rewards programs that use
programming and discuss the implications of the resultitgps distinct operands and instead reference previous
complexity progression for each spled user, as well asoperands. In other words, more consolidated programs will
several App Inventespecific takes on the meaning ofvaluate with higher complexity. For example, a program

complexity, and possible directions for future work. that utilizes one cerdt function to execute similar
procedures would be more complex than a program that
2. BACKGROUND defines each procedure individually. In the blocks given
below, the first row represents a more complex program
2.1. App Inventor than the 2nd row.

App Inventor is a blockased programming Ianguagem 1988, this measure was evaluated byriela. Weyuker

(G"”eftz .1986) that aims to increase access to_ramgung who concluded 2 main drawbacks. First, the effort to write
capabllltlte_s gnd further the r.each of programming educat|8He program P may be greater than the effort to write a
by simplifying - programming  concepts _with Vlsua”ycomposite program P;Q. Second, the effort measure makes

intuitive blocks. The design of visual blocks in thesgo use of statement order. We combat the first drawback



by employinganother complexity measure, statement  3.3. Implementing Measure Complexity

count (also mentioned in the same paper), in addition to Our first approach to programming complexity was to use a
the effort measure. We assume the second drawback hodatement count. The statement countasents the size of
less importance in terms of programming effort in App  the program and acts as a naive measure of complexity. In
Inventor since App Inventor is a blotlased languge and  App Inventor we define a statement as a block. To

statement order is generated by compiler code. implement the statement count, we simply iterate through
/1, when (ELIID Fiun each xml file (which we convert to an element tree using the
P M R python elerent xml tree library) and count all the block

SRl B2l - B Speed - RRRE-UY speed - |

Y oo~ W ioacig - M [ heading - declarations we have.

/i whon (GEIED Flung 7' when (RS F 3.4. Programming Effort
x y speed heading  xvel yvel x| y speed heading xvel yvel H H
6| CIID_ETT0 o | CTR cet (21D - R o |, get (TETED Our second approach to programming complexity,

. Hal stead’s programming effort,
Figure 3.Complex vs not complex block programs  nuanced. In order to adequately implement this complexity

3. METHODOLOGY measure, we went through several steps.

, , 3.4.1. Operator vs. Operand

3.1 Qata Source, Sampling, File Types First, we needed a clear way to differentiate operators and
For this study_ we looked at users_who had created at ! yoerands. In this paper, we assume that every block is either
20 projects, which wsersdlest d,NBeraths or af oPefaid $HsCsBeins intuitive for
was so we would have sufficient data to analyze leamiggmnonent blocks asaeh component block interacts with
progression for each user. Attempting this type of analysig, component in some way, so they must either retrieve
on users who have only created very few (such as 1 ofiymation (which we will classify as an operand) or
projects would be unreliable and would not give US @ange the component somehow (which we will classify as
reasonable undeending of progression over time. It iSyn gperator). The component blocks come in 4 different
important to note that we looked at users’ entifeqories with the following classifications; methods,
programming h'|story, not just their high ComF_J'ex't)(;omponent blocks (reference blocks for the entire
projects. Experienced users were at some point al§@nnonent), events, and set/get blocks (which modify or
beginners, and thus their project history also contaipgrieve component variables, respectively). In the above
projeds representative of beginner behavior. order, we classified all blocks irhé¢ subcategories as

From this pool of experienced users, we randomly sampleerators, operands, operators, and operators for set blocks
50 and extracted their projects. Since the sample @Rd operands for get blocks.

completely random, we assume no knowledge of aQye mentioned above that we assume all blocks are either
demographical effects. We filtered out projects with mogg,arators or operands. The distinction is not as obvious for

than one screen, since we believe multiple screens offerctﬂ}ﬁt_m blocks, so we manilg classified each builin
transferring capabilities that should be further studigf,c.k as an operand or operator.

separately. Projects that used multiple screens accounted for
less than 20% of all projects, so we still retained a large pa

2. Determining Uniqueness and Final Calculations
of our ddaset. A small number of cqrrupted or outdatelgiOr component blocks, each component block has an
projects without timestamps were omitted. '

internal mutation (properties of blocks that allow them to
- change shape or slightly alter funcfjoregardless of
32 _Bunt-m Blocks vs. Component Blocks L whether or not it has an external mutation, and this internal
Within App Inventor, there are 2 broad classifications f0ftation combined with the block definition uniquely
blocks. First, buikin blocks are available for use in anyjatermines the block identity. For buiitt blocks, we
program andare universal in application and are dividedqqmed each block tag is unique save for blocks that have
mtq 8 categories; control, logic, math, text, lists, COIOrEropdown nenus that change the operation, definition
variables, and procedures. blocks, and large grouped blocks defined by all parameters

The other group contains component blocks, which dreS U ¢ h as  "proceduwhichs weal | no
specific to the components, or parts of the app. Componetiféerentiated using additional block properties.

are akn to features of an app. For example, an app migis 4150 found that, due to the nature of App Inventds, it
use a text box. The text box as a component has componggLsipe to create many functioning programs that only use
specific blqcks, such as a block that will change the font sigga ators and thus cannot be evaluated in the original

of the text in the text box. Such blocks are very compenegtq formula. We propose 2 treatments of such cases. The
specific, and can vanyildly depending on the components;st and naive treatment is to assume that the effort made
that are used in a program. There are more than a hunq§eéhe yser is 0. Tilis clearly not always true, as there are
components, and each can have more than 20 compOngRny perfectly functioning apps that use no operands
specific blocks. As such, while built blocks can be « ¢ ,'ch as the A pp lnventor tut
tabulated and manually analyzed, component blocks &g approach is to assume that the ratio of operators to
treated a little differently and grouped according t8perands is 1. In this case we end up withftilowing
behavior. We will highlight the differences in analysis ifyrmula:

section 3.4. E = (N1)*log2(n1)*nl/2




3.5. Creating a picture of a user programming languages have some key differences

Once we have functions to calculate the complexity ofeadekh ghl i ghts the need to adapt
project, we combine the complexity and timestamps of eagbmputation. Below we discuss the implications of these
project to create a graph of the progress of complexity fifdings for blocksbased languages, with a partanfocus

each user. At this point we note the timestamps of then several key features of App Inventor.

projects we previously filtered out (projects with multiple

screens or malformed files) and include them in the graph4. App Inventor Components

as breaks in the graph. This is to preserve accuracy wieoentral difference between App Inventor and traditional
comparing users against eaclinet An example of how text programming languages is its featbesed approach to

such a graph would appear is shown next. programming. Let us first elaborate on the programming
- processn App Inventor. There are 2 main interfaces of App
- Inventor, the designer and the blocks editor. The Designer
- is used to modify the layout of elements (components) on
. the screentext boxes, buttons, sound players, etc. while the
- /\,\ blocks editor lets a us@access actual programming blocks,
R S I such as if statements and booleans. To create a functional
Figure 4.Statement count vs. project number app, a user must first drag and drop components onto the

Above, the 6th project is not included in the data set.  gcreen in the Designer view, and then decide how the rest of

the programming blocks are goingtointéracwi t h t he a
4. RESULTS components. The bulk of the computational thinking needed
Figure 5 plots the statement count vs. project number for@ll create a program involves this latter step of
fifty sampled user¢ i . e. 4 on the X c@&mnuntcatihgn With Cc8nipénénts athraughe ¢omgonent
fourth project). Figure 6 represents the effort measure ¥$ocks and using them in tandem with biitblocks to
project number. create solutions.

This way of programming embeds a mental distinction
between components and other variables and makes it
possible to make valid prograr
blocks at all. If we consider such programs, since the
operators are communicating with informatiomnfr the
components, one approach could be to treat components as

operands. However, t his does
SR W b A : : components are clearly more complex operands than an
Figure 5.Statement count vs. project number average block. In this sense components might act not as
- variables but as informationrgis and sources. This means
user s’ patterns of interactio

are fundamentally different from text programming
languages where everything is treated equally.

/\ 5.2. Effects of Visual Intuition
/'\ / \\ N /\ / Another major aspect of block programmingdaages not
e N Lo o o S A4 available in text programming languages is the visual

implications of the blocks themselves. Since the blocks can

Figure 6.Effort vs. project number be placed in a-limensional space, it is possible users may
Both sets of graphs are noisy, punctuated with paals  pe clustering blocks according to their computational
appear as if there is no clear pattern of cgmplexny _ thought processhe 2D space adds an extra layer of
progression as defined i ncohsérdtiontbate drgafiagon snd KibségQehtt meas ur
and the statement count. understanding of blocks and how they relate to each other.
5. DISCUSSION 5.3. Rigidity

Results show that Hal st e aldsersofApp laventoaarenmastricged te the biocks thabewist | i
count do not provide adequate insight into howrsisare in App Inventor. This is very differentfrom text

becoming more proficient at block programming. As sucprogramming, where there is a lot of freedom to define

to understand complexity in block programming languagesatever functions or methods are needed. Computational

we cannot simply apply existing text programminghinking in this constrained environment could be different
language metrics. Given that metrics are invaluable fivan in a more open text programming environment and thus
understanding important meassigich as complexity, thisaffecting our reults.

paper is an important step towards developing measures that

can help us better wunder s 64 A®roblemSBolvibgeMemdlitg” s code evol ves
block programming. This in turn, has importank is likely many users are approaching App Inventor with
implications for understanding the different ways to builghe purpose of solving a specific problem, rather than to
computational thinking. Knowing that text and blockcreate increasingly complex projects. Thus, the complexity



of the project will likely depend on the complexity of thallows us to more accurately evaluate the computational
problem itself and may n o tomplexiyyrot appsndreatad in #\gpr Inventop Pasdiblec i e r
using the language. This kind of understanding may requitieections could be to focus on componéidck interaction

finer grained analysis comparing the problem space andaanvisual clustering of blocks. Other approaches include
individual user's @lution in comparison to an "expert's"row or column organization, or novel ways of using existing

solution to the problem. blocks to replicate text programming functions that do not
exist in App Inventor Even more possible measures include
5.5. Consequences in Educational Programs the speed of adaptation of new App Inventor features, or the

Studying the intricacies of computational thought behirg@mount of data transfer between screens.

block programming languages may enable us to better

understand how to design curricula for aggiypurpose. For 7. CONCLUSION

example, if the end goal of a program was to teach texext programming complexity standards, in particular

based programming using App Inventor as an introductiga | st ead’' s Progr ammi ngareEf f or t
then it is imperative to understand the differences betwegst very applicable in determining App Inventor fluency.

the complexity of blockbased programs and text programsghis paper is a call to action for more studies on revealing

so we coud better design the transition from one to anoth@{fe nuances of complexity in blotlased languages and

(Parsons & Haden, 2007). towards providing insight into factors such as the physical

organization of cod blocks within a program.
5.6. Classification of Blocks

In the process of implementing the complexity measures e REFERENCES

also began classifying blocks in App Inventor as operandéng, J. (2006)Computational Thinking

and operators. This is a shift froredting blocks as a means ~ Communications of the ACM: Viewpoint, vol. 38;
to achieve a product or desired function towards treating 35.

blocks as more traditional computational elements. TIg$ennan and Resnick. (2012)merican Educational

type of computational thinking. Instead of analyzing if a pc.

user can create a specific end product using given blocks,
we can focus on how users might be perceiving each bl

if they are building intuition for texbased programming
concepts.

ert, E. P. (1986)Towards second generation
interactive graphical programming environments
In Proceedings of IEEE Workshop on Visual
Language. IEEE CS PresSilver Spring, MD 61-70.

6. LIMITATIONS AND FUTURE WORK Weintrop, D., & Wilensky, U. (2015, July). Using

Due to additional questions about datansfar, we did not Commutatlv_e A_sses*nents to Compare Conceptual
include any programs with multiple screens, which is Understanding in Blockbased and Textased
another possible area for us to study. Nevertheless, we hopeProgramsICER, vol. 15 10%110.

the findings of this work will pave the way for otheHalstead, M. H. (1977Elements of software sciendéew
investigations of programming complexity in bleblsed York: Elsevier

programming Iaguage;, as well as opportynmes for f”_rthQNeyuker, E. (1988). Evaluating Software Complexity
_research on communication between d|ff<_erent bodies of “\jeasureslEEE Transactions On Software
information and how they relate to complexity. Engineering, VOL14. 13571365.

Parsons, D., & Haden, P. (2007). Programming osmosis:
IKnowledge transfer from imperative to visual
programming environmentS.. Mann & N. Bridgeman
ds.), Procedings dfhe Twentieth Annual NACCQ
0onferenceHamiIton, New Zealand®09 215.

6.1. New Measures of Complexity
In section 5, we mentioned many properties of App Invento
are unique and differénfrom most text programming

languages. A logical next project would be to create a ne
measure that accurately captures these differences a
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science [Bdre 2016]. The skill set learn by studying

ABSTRACT Computational Thinking is complementary to more
This paper presents the results of a preliminary investigati@$fablished areas taught at HE computing degrees. This
into how the teaching of computational thinking | nvestigation | ooks at studen

particu|ar|y a|gorithmic th|nk|ng and programming to Humanities in the final two years of SChOOl, in alempt to
university undergraduate students varies depending %€ whether there are negative or positive correlations to
aptitude and perceived enjoyment of STEM subjects duril@gning elements of Computational Thinking and of a core
their secondardevel (preuniversity) educatin. We element of Computing degrees, programming. Focusing
investigated a specific component of computationggrticularly on algorithmically thinking and on object
thinking, algorithmic thinking, comparing against ®riented programming, weund that an aptitude in STEM
student's ability to develop knowledge and understandingf@youred performance in learning objectented

introductory programming. programming notions, but found no difference between
KEYWORDS aptitudes in humanities and in sciences witesrning
Perceptions, Algorithmic thinking, Computational Algorithmically ~ Thinking ~(Futschek 2006) with a
thinking, STEM methodology highligted in later sections.

1. INTRODUCTION 2. Methodology

Computational thinking [Papert 1996; Guzdial 2008; Wing)'1 The Research Question . .
J. (2008)]is increasingly being integrated into variou$t! Mterest is on whether particular preferences in
national curricula, being regarded as a key skills, with Wiﬁ?gcondary .SChQOI have_ a p05|_t|ve .correlatlon W.'th ab|l|_ty to
potential utility, for schoehge children. It is recognised earn algorithmically thinking in Higher Education. Using

both for its important role in developing knowledge an{,li1e methodology above evmeasured data gathered from

understanding of foundationabmputer science concepts,'s’tUdemS a'bout attitudes and aptitudes of Siiided and
but also for its potential in developing more gengraipose othgr SUbJeCtS. and how well they performed on the
problemsolving skills across the curriculum. This pap articular algpnthm course.

investigates whether algorithmic thinking (an integral p 2 Pedagogical Investigation

of computational thinking) can be as easily taughthose e dlnyestlggtlon took p?rt tﬁvert t\(/jvo tsemets_tt_arst 'g one
with a natural interest in computational science and th enc year, one semester the students participatéd in an
who do not process such an interest, and whether tﬂgo_”_thm cla_ss, and fche s_econd semester_d|fferent students
changes with aptitude to more technical subjects in sch .rt_|C|pated n an_objeccmented programming class. The
Aptitude and interest are restricted as to what studefif?Ice for using different groups of students was due to the

preferred subjestsubjects were at the time of secondaHZanSfer of knowlgdgqoerformance Ina latter module, for
school graduation. instance objeebriented programming could have been

There are many views of computational thinking f%jghanced by attending an earlier, for instance, algorithmic

instance a recent report of a workshop shows the rang @kgg _mOdgle' hof .
definitions, and opinions on the subject (NRC 2010) So e h.e3|gnle '?1 one hs_e|r(r_1ester ]E_:ourse ?_uc ocusing on
researchers adopt the origin notions of procedural teaching algorithmic thinking to firgtear, firstsemester

thinking, as developed by (Papert 1981) to define w dents ehrolled in t_hree undergradua_te Qegree
Computational Thinking is. This view sees it as a-$tgp programmes: Computer Science, Software Engineering and

step list of detailed and unambiguous instructions such tﬁé{smess Information S_ystems. Students par_t|C|pated_ In-a
can be interpreted and executed by an automated ag%#\?.l of 11 weekly sessions, Wh?re each session consists of
Others view it as an effort to expand the human capacity 18F€€ componest distributed during the week.

problem solving, by providing abstract tools able to aid in . o
the management of tackling complex tasks. A lot (ﬁlgorlthm_lc Thmkmg

researchers also dismiss the notions of linking'€ S€SSIONS c_onS|sted of: .

computational to the processing of rioers, whereas somel Part A consists of a one hour session (workshop) of a
argue it is a way of enabling humans to solve problems by handson puzzle solving activity.

means of providing precise methods for doing so. Whateer Part B consists of a formative learning session (a one
viewpoint adopted, most researchers seem to agree thatour lecture)

computational thinking is an integral part of computer



1 Part C consistef a one hour session (workshop) of a It could be argued, however, that software development and
puzzle that includes writing pseudocode. programming is an art as much as it is a science and that

For the workshops (Parts A and B) students were requitétfergraduate students can best develop their programming

to work in groups. The fist session was purposely keffills through apprentiestyle learning (Kolling and
simple, and we now use it as an example of tigarnes, 2008; Bemedsen and Caspersen, 2008). Recently,

methodology, itonsisted of: there has been more emphasis placed on the importance of

T Part A (workshop): present students with physical ~ Software carpentry” skills,

copies of Tower of Hanoi puzzles with a large numberf‘j € '? S e fo fﬁ ‘c Ir afts mla n %h Iob? ' to
of even and of odd disks. evelopment of software solutions to real world jeats.

) . Seminars and tutorials can particularly lend themselves to
Part B (lecture): lecture on recurspn this style of delivery, where experienced teaching staff are
T Part C: (workshop) Tower of Hanoi puzzles handed ofht only able to demonstrate the technical skills, but also
to students again, drasked them to write pseudocode explain the thinking behind the decisions that they make
to solve a Tower of Hanoi with either an even or an  (Kolling andBarnes, 2008).
odd number of disks (students who do not immediatel@iven that sound computational thinking skills aids in most
recognize recursion are given extra support until theystages of the software development process, there is an
are able to connect the concept from the lecture to théncreasing and explicit emphasis on developing these skills
examplefrom the workshop). in modern undergraduate computing curricuy. focusing

For another illustrative example, we detail the secoR® key skills such aalgorithmic thinking from early on in
session. The main aim behind this session was to devéfop P 0gr ammer ' s career, stud:
understand of sorting algorithms. Students were givéANtextualise programming as a tool to be used for
cardboard pieces with numbers written on it, rangii@@, €Xxpression of creativity and for problem solving. Studer_lts
and askd to find the maximum. Following the same patte@€ able to analyse problems and formulate a solution

as all other sessions, students were placed in grodgnpuationally (Cesaret al 2017). An emphasis on
Differently from other sessions, they were asked (in th&pmputational thinking within the context of apprentice
groups) to first think about attempting to find the maximur$fy!e learning, may reduce the risk of disengagement as
value of the numbers (sortinge cards) if they could only more technicallyable skills will have the opportunity to

work by themselves, then if they could only work within thEefine their skills under the guidanoéa more experienced
group, and finally to think about how they would solve @cademic member of staff.

the groups could talk to each other and divide the cards. The S )

idea behind this is to aid participants indieiag themselves S|m|lar'ly to algorlt.hm|c thmkmg,. the sessions were broken
what an algorithm is as well as to bring their awarenessdgWn into formative and practical learning, namely they

the existence of parallelism as a means to efficiency. TRRDSisted of: _ _ _

session is based on ideas developed in (Adams 2005). 1  Part A consists of a formative learning session (a one

For the formative learning portion of the session students hour lecture)

were taight the concept of a sorting algorithm and present®d Part Bconsists of a two hour practical session

with some standard examples of sorting algorithms, namely (coding the concepts learnt in the lecture).

insertion sort, selection sort, merge sort, heapsort, quicksgitparticular, during the term each week (note that each
bubble sort and variants. For the final workshop (Part @kek contained Part A together with Part B), was given by:

of this. particulasession, students were given Rubik's cubgs  \veek 1: Introduction to programming, including

and given 3 sequences of moves, then asked to use thesearying programming paradigms.

sequences to solve the cube, and write a pseudocodegfor
their solution (an algorithm that would sort all sides to th
desired configuration).

=

Week 2: Introduction to integrated development
environments.

1  Week 3: Understanding how to perform operations,
Programming and their implications to varying paradigms.

Teaching introductory programming within Higherl ~ Weeks 4 and 5:Understading statements and directing
Education can be particularly challenging due to the values.

diversity of educational background of incomingl  Week 5: Maipulating Data.

undergraduate students, as a single annual intake of students \yeeks 6, 7 and 8: Object Oriented concepts.

is likely to include a broad range of prior iemg
experiences.As a consequence of schdeVel computer
science education reform (Browemhal, 2014), an increasing
number of first year students are likely to have had so
exposure to programming in schools or colleg&ame
students, perhaps thrgh their own extracurricular efforts
may have developed considerable technical skillbis

3. Results

e compared students aptitud
humanities at both Aevels and GSCE with their ability to
learn algorithmic thinking, with the methodology
'highlighted above. More sgifically, we focused on
variance in ability seemingly increases the risk Gfudents v_vho had grgde C and apove at a combination of
disengagement because the teaching material may eitheffgEnematics, computing and physics aleRel, and those

viewed as too difficult (Mohet al, 2013) or too isnplistic. who had a grade C and above at a combination of history,
literature and drama. The performance of both groups was

similar; the first group had an average grade of 62.4%, with

’



a standard deviation of 13.4, whereas the humanities graqyp CONCLUSION

had an average grade of 61.3% with a standard deviatioRgf presented the beginnings of angming investigation

9.4 (see Figure 1 for more details). Of the 92 students uggd how susceptible students, of varying aptitudes and
for the first study(algorithmic thinking), 23 had taken the,yiydes, are to learning computational thinking skills.
requirements of aptitude in the three stem subjects:

mathematics, computing and a science subject, and 17
satisfied the requirements of having taken the humanités REFERENCES _ _
Eng“sh |iterature, history and drama. For the mudy AdamS, R., Be”, T., MCKenZle, J., Wltten, l. H., & Fe”OWS,
(programming) 21 had taken the requirements of aptitudeVh (2005). Computer Science Unplugged: An enrichment
the three stem subjects: mathematics, computing andl extension programme for primaaged children.
science subject, and 18 satisfied the requirements of having
taken the humanities English literature, history and dran®gnnedsen, J., & Caspersen, M. (2008). Exposing the
Although thedifference between STEM and humanities fdProgramming Process. In J. Bennedsen, M. Caspersen, &
the algorithmic group was significantly small, the differendd. Kolling (Eds.), Reflections on the Teaching of
for a more traditional approach to teaching objmignted Progranming: Methods and Implementation. New York:
programming was more significantly different, the averagegPringer.
programming grade for studentstiva STEM aptitude was )
17.9%, with a standard deviation of 67.1, and those with BFown, N., Sentance, S., Crick, T., & Humphreys, S.
aptitude in humanities was 16.7% with a standard deviatigi)14). Restart: The Resurgence of Computer Science in
of 47.5, more details can be found on Figure 1. This suggedts Schools. ACM Transactions on Computing Education,
that Computational Thinking approaches are moreilgeadl4(2), 9:+9:22.
taught to varied skilled students, as compared to the core
elements of Computer Science. This suggests that along §i€&ar E., Cortés, AEspinosa, A., Margalef, T., Moure, J.
standard computer science subjects, HE students might » .. Suppi, R. (2017). Introc
benefit from having a dedicated module of "ComputationalParallel programming and performance engineering in
Thinking" as that woul "even the playfield" and thus allowinterdisciplinary studiesR. J. Parallel Distrib. Comput.
educators to keep the levels of motivation similar to studeht#p://doi.org/10.1016/j.jpdc.2016.12.027
regardless of their background. We also analysed their
ability to write pseudocode. Futschek, G. (2006, November). Algorithmic thinking: the

: key for understanding computer science. In International

B .o Conference on Informatics in Secondary Schd&oislution

"es mees eem . ° and Perspectives (pp. 1488). Springer Berlin Heidelberg.

ele el R Guzdial, M. (2008). "Educain: Paving the way for
e . seeeemer - computational thinking”. Communications of the ACM 51
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ABSTRACT advancement of computing curricula, many aspects of CT
Researchers have hypothesized strong connections concepts remained underrepresented in corresponding
between Computational Thinking (CT) practices and assessments (Grover, Cooper, & Pea, 2014). Therefore,
STEM learning. However, there is a lack of consensus on fine-grained assessments are required to evaluate th

what constitutes an adequate set of CT knowledge andS Ubt | e aspects of students’ C

skills. In this paper, we present an initialrfrawork for Our lab has develope@omputational Thinking usin%
evaluating students’' CT |Gdfadd dhd ModeWRCTSIM) ! & Riflptitébsedt N e
primary CT concepts and practices that students can learn learning environment that promotes learning of science
and apply in a learning by modeling environment. Our 54 computational thinking (CT) concepamd skills
overall goal is to develop assessments that study the using dearning by modelingpproach (Wilensky, Brady,

synergy between STEM and CTorwepts in K12 & Horn, 2014; Sengupta et al, 2013). In this paper, we
curricula. Towards this end, we discuss the results from a present an initial CT assessment framework linked to
teachesied classroom study we conducted on STk CTSiM and evaluate its effectiveness. The assessment
CT-learning in our CTSiM environment. framework defines key CT did and practices that
students need when they are building models in CTSiM,
KEYWORDS as well as the methods for assessing them. Section 2
Computational thinking, learning by modeling, CT reviews three aspects of relevant work from which we
assessment, evidencentereddesign, classroom study define the methodology used in this paper. Section 3
introduces CTSiM andhe focal CFrelated knowledge,
1. INTRODUCTION skills, and practices that students need to learn and

Computational thinking (CT) involves a collection of develop to become proficient model builders and problem

abilities and practices for solving problems analytically, Solvers. In Section 4, we present a classroom study that
thinking recursively, and using abstraction (Wing, 2006). Was administered by a middle school teacher with no

CT could benefit communities beyond computer science intervention from the researchers. In Section 5, we report
practitioners, by drawing from hdamental skills and ~ the main results of (1) incorporating key CT components

practices of various disciplines (Wing, 2006). In addition, N CTSiM, and (2) assessing these components in the form
CT can benefit teaching aréarningin other domains, of a case study. Finally, we discuss the implications of our
using skills and practices that originate within CT (Wing, results and future work i§ection 6.

2011, Barr & Stephenson, 2011).
A series of studies have®hin that appropriate use of CT 2. RELATED WORK

skills and corresponding tools can deepen the learning of 2.1. CT Constructs

science, technology, engineering, and mathematics Given the wide scope of CT, there has been little
(STEM) subjects (Garc#Pefalvo et al., 2016). CT shares  agreement among researchers on what constitutes CT
a reciprocally enriching relationship with math and (National Research Council, 2010; Brennan and Resnick,
science,meanwhile, synergistic learning of science and 2012). In addition, the close relationship between CT,
CT skills has been demonstrated through a series of mathenatics, algorithmicthinking, and problemsolving
studies (e.g.Weintrop et al., 2016a; Basu, Biswas &  skills also veils core ideas in computation that it
Kinnebrew, 2017). The deep CT skills can transfer to and encompasses (GareRefialvo et al., 2016; Weintrop et
benefit other learning angroblemsolving contexts al., 2016a).

(Grover, 2015), as CT requires fundamental i

understanding and development of solutions rather than 1° understand how programming supports the
rote learning (Wing, 2006). Therefore, CT is essential for development of CT, Brennan and Resnick (J(defined

preparing students for future learning (Bransford, Brown, & framework for CT with three components: (1)
& Cocking, 2000). computational concepts, (2) practices, and (3)

perspectives. In this framework, computational concepts
These potentiddenefits of CT have led to the inclusion of  include the fundamental knowledge of a computing
CT into STEM classrooms. For example, the Next system, such as loops and conditionals; comijoutalt
Generation Science Standards (NGSS) in the United practices involve actions such as iterative building,
States have included CT as a core scientific practice (The testing, as well as debugging; and computational
NGSS Lead States2013, Barr & Stephenson, 2011). perspectives descri beviewt he |

However, although K12 educators pushed for the (Brennan & Resnick, 2012). In addition to focusing on
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what students learn about CWeintrop et b (2016a) 3. THE LEARNING ENVIRONMENT

proposed key CT practices that are commonly applied in

STEM domains that include (1) data, (2) modeling and 3.1. CTSIM

simulation, (3) problemsolving and (4) systems Openended learning environments (OELEslve the
thinking. These CT practicedefine how students learn ~ potentialto provide meaningful learning opportunities to

CT and provide a theoretical fodation for integrating students. While working with an OELE, students usually
CT in STEM classrooms. construct solutions to authentic problems. They may also

generate and test hypotheses with artifacts (in the form of
2.2. Assessment of CT studemgenerated pgrams (Land 2000)).

Assessments provide information on how well students cTsiMm is an OELE that promotes synergistic learning of
understand and apply the content they are taught. Suchgcience and computational thinking (CT) concepts and
information can help instructors infer the effectiveness of gyjis using dearning by modelingpproach (Sengupta et
their teaching and leaimg (Mislevy, Almond, & Lukas, al, 2013). In CTSiM, students use bleskuctured
2003). constructs to modescientific scenarios using an agent
CT assessments have been applied in various learning based framework (Wilensky, et al., 2014). Student models
domains, for example, authoring environments that cater are converted into NetLogo simulations (Wilensky,
programming game design activities for novice learners 1999). The learning and modalilding tasks in CTSiM
(e.g., Repenning, loannidou, & Zola, 2000; Berlandl et involve five primary activities: (1) reading and
2013; Moskal, Lurie, & Cooper, 2014eintrop et al., comprehading domain contents and &€&lated concepts
2016b). For example, Scratch (Brennan & Resnick 2012) from two builtin resource libraries; (2) building a
uses multiple means of assessment that involve analysis conceptual model of the science scenario using an-agent

of studenicreated programming portfolios, artifdeased based framework (defining the
interviews, and design scei@; meanwhile, and their envir on meviors), (8) pro
AgentSheets (loannidou et al.,, 2011) uses reoccurringconstructing computati onal m o

patterns in game design and science simulation contexts behaviors using a blodkased visual programming

to evaluate students’ u n d danguage; n(d)i rumningo theirC MadelsD aNstipogot e  t h |
progress in advancing CT assessments, many simulations to analyze the behaviors generated; and (5)
fundamental aspects of CT havet meceived sufficient comparing t hei roameapgrenhodelthab e h a v
attention especially in the context of blels&sed executes synchronously with theirs (Basu, Biswas, &
programming environments (Grover et al., 2014). Kinnebrew, 2017).

Therefore, more advanced test instruments need to be
developed to enrich the CT assessment toolbox.

GTSIM @ Vander

raity
1 | Buid | Run | compare |

Agent Type: | Cars ¥ Procedure: | update-rollercoaster-speed D]

[ science Boak | Programming Guide | No

Actions

2.3. Evidencecentered Design of assament — ] p| PPP———
Evidencecentered design (ECD) is a methodology that T

emphasizes the use of evidentiary reasoning as the jF==—————= wor [

determining factor in designing assessments (Mislevy et [e———"— I

al., 2003). Three components, i.e. the student model, the "“{—l w1 matar o Ji
task model, and the evidence modeg assential while P &

defining assessments under the ECD framework (Mislevy ([ svspes = [ o sy &

et al., 2003; Chrysafiadi & Virvou, 2013).

- | | Gtherwise do:

The student model consists of the knowledge, skills, and ‘ I ”mw

abilities ( KSAs) t hat can
knowledge states. The task nebdlescribes a collection

of tasks, their presentation material, and work products. """ === s st prevs gt - dovm i cirn |
The evidence model serves as the bridge between the [F——

student model and the task model that defines instructions [F—

on how a task response provides evidentiary information [z - L

T
about he student’'s knowledge state iIslTevy et al ., 2003) .
Since there is a lack of consensus in describing what  Figure 1 Computational model building interface.

co_nstitutes CT constructs, our methodology presented in cTSiM has a learning progression that consists of two

this paper eclectically draws from a set of key CT aspects jniroductory training activities and a series of modeling

presented in the literature toorfn CTSiMspecific activities (Basu, Biswas, & Kinnebrew, 2017). Students

knowledge, skills, and abilities (KSAs) (Mislevy et al., begin by constructing shagawing agents in the two

2003). _We give a detailed de;cri_ption of the student, task, training units and then proceed tthe primary learning

and evidence models of CTSiM in Section 3. and modeling activities that cover five science topics:
kinematics, dynamics, collisions, diffusion, and ecology.
Figure 1 shows a screenshot
and the blocloriented domairspecific language for
building the rdlercoaster model (kinematics). The

ent s’

Otherwise do:

Otherwise da:
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learning activity on the foreground is constructing part of worked together as a class on the introductory units to

the computational model for the rollercoaster caragent. f ami | i ari ze themsel ves with
basic concepts of agebhaised modeling (e.g., agents and

3.2. Student, Task, and Evidence Models in CTSiM the environment, properties and behawiegents). From

We use the overlay model (Desmarais & Baker, 2012; day 5 to day 8, students worked individually on the

Chrysafadi & Virvou, 2013) to describe thstatesof rollercoaster modeling activity. Students modeled a

students’ knowl edg easpeSs, asd e iltersoastemens thae moyed @rf a t@ak in 4 stages: (1)

well as their ability to combine the CT constructs to solve being pulled up by a motor at a constant speed, (2)
complex problems in CTSiMare inferred from their accelerating along downlapes, (3) moving on a flat
performance (i.e., whether or not theyreatly answer a segment at a constant speed (ignoring friction), and (4)
question). An overlay of stlimbingupslagpeandtdgaecleratingt As students builthe o n 1
student model captures their CT knowledge state. The computational representation of the motion of a
learning gains between the prand postests indicates rollercoaster car, they interacted with computational
whether a student has improved his or her understanding concepts,such as variables, -donditionals, and loops.

of a CT conceptAlthough the value of learning gains  They also familiarized themselves with domain concepts

does not necessarily associate with a probabilistic model, such as acceleration, speed, distance, and their
comparing an individual learning gain with the relationships. For example, that distance is a (linear)
aggregated results from a classroom can give a reasonablefunction of speed over time. On the last daysaldents
measurement of how much a wekihe €hand scienceTpdgsts, ovinah datl ghe same s
progressed with respect to the average. Alternatively, one questions as the pretest (the teacher and students never
can also study student s’ @seussgdthesuestionsor soluiagnkduringthe atgdy).t h e i |
knowledge states through a series of assessments.

Summative papeandpencil pre and postests on both 5. RESULTS ) ) )
the CT and the science domain topicenstitutes We present a theoretical result and an analytical result in

CTSi Ms assessment task o utl'luisspiaqueThe_&fyeore{icgl_égsugéﬁ acqllegtion qf key ¢ i ¢
paper, we focus on these papedpencil CT knowledge, skills, and abilities (KSAs) that we defined
assessments. It is noteworthy that the task model under USing ECD principles while drawing from the existing CT
the ECD assessment framework is different from the | i t erature. We then analyze

learning task model that involves mdidg scientific performance on the KSAs (as the analyticasuf.
scenarios and running simulations as described in Vanderbilt researchers were not present during the study,

previous work by our research group (e.g., Basu & andwe did not collectany demographic information from

Biswas, 2016). For the papandpencil assessment,four ¢ he class. ~As a rgensesbrd, st U
types of question are administered: multiple choice, fill in  €thnicity are not known to us, so we cannot discuss issues,
the blank, short answ, and design. Each question will ~ Such as gender differee, in this paper.

have a presentation format and an associated level of )
complexity. 5.1. CT Knowledge, Skills, and Abilities

) ) ) ) _ With the methods described in Section 2, we define two
The evidence model of CTSiM defines the grading rubrics categories of KSAs in CTSiM: (1) 4 key CT constructs
for the summative test questions that human raters use in 5ng (2) 11 key CT skills and practices. The CT constructs
processing a st udesis.tEach test e SiPOrgig &&(1) LfuentialeRecdi of statements, (2)
question is associated with one or a combination of CT |50, structures, (3) conditionals, and (4) variables and
knowledge, skills, and abilities (e.g., determining which assignments. The CT construatensist of the most

statement will be executed in a conditional structure). The f,ndamental and domaigeneral computational block

evidence rules in the assessment can also update thegictures of CTSIM.

guestionKSA mapping in the student model when a

student creates a work product (responding to a question). In addition, the CT skills and practices are: (1) gathering
information; (2) defining the

4. STUDY SETTING concept.ual models; (3) specifying in t.he conceptual

model interface, environmental properties that affect

agentbehavior;(4) definingagent behaviors by building

computational models; (5) Assessing stuetmistructed

models by running simulations; (6) debugging models; (7)

dividing problems into suiproblems; (8) modularizing

and reusing computational solutions; (9) understanding

s s rCeIfiti%nsh(iJo% b%tvveenS variabl%sr iln & syﬁteén; (20)

unders{z]inding syste%s at different lev@l§ of abstraction;

and (11) solvingnquiry problems using themodels.

The data we analyze in this paper came from a classroom
study with 37 eightigrade students in the USA. The study
lasted 9 days (oRkour per dayand was administered by

a science teacher. Another purpaxeconducting this
study was to use the kinematics modeling activity of
CTSIM to prepare for a hands activity of building
paperollercoasters n t he teacher’
the studywe offered copies of CTSiM to the teacher and
assisted her to become proficient with the functionalities
of the learning environment. This collection of CT skills and practices is defined by
synthesizing wetknown CT frameworks (g. Brennan &
Resnick, 2011; Weintrop et al, 2016a) and emphasizing
CT aspects that are specific @I'SiM. For example,

On the first day (day 1) of the study, all participating
students took papdrasedpretestson CT skills and
kinematicscontents. On day 2 through day 4, the students
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gathering information is comparable to ti@dlecting data
practice in Weintrop et al (2016a); understanding systems
is related to th&ystems Thinkingractices; and our agent
basedmodelingrelated CT skills and practices (No. 2, 3,
4, and 5) correspond to thdodeling and Simulation
practices.

We believe the key Cgonstructs, as well as CT skills and
practices, are necessary for the dint to become
successful in the learning activities in CTSiM. Some
KSAs, although not directly linked to CT, also foster
student ' s |l earning. For
information, students generate evidence as they read the
two resource libraries in GIIM. This information is
necessary for understanding the domain content
knowledge, building computational models, and
reasoning about system behaviors. On the other hand,
some KSAs involve metacognitive strategies and are
difficult to assess in papendpencil based assessments.
For example, students divide problems into-putiblems

in CTSIM as they work on the learning tasks and
incrementally build computational modeds a smaller
scale. Yet this KSA cannot be directly assessed in our pre
and postess. Similarly, debugging and querying skills
are not assessed as well.

To illustrate the questions asked in the-jaed postests,
we present and briefly discuss question 3 as an example.

Q3 Consider the following program
If (Quiz scords greater than 7)
Then: If Quiz scords equal to 10)

Then: Get the O6Youbre a
El se: Get the 6Good job
El se: Get the O6Try harde

Bill gets a score of 9 on the quiz while Janet scores 10
points and Km scores 5 points on the quiz. What stickers
should each one receive?

This question assesses
if-conditional structures that requires them to analyze a
conjunction of logic statements. Only when both
condi tquizsseosi s( “gr e at e rquizstoeen

is equal to 10”) evaluate
“You are a pro’” executed.

We show the links between KSAs and the questions in our
pre- and postests in Table 1. Based on the distribution,
CT constructs arexssessed in the format of multiple
choice andill -in-blank questions (Q1 through Q4), and
CT skills and practices are mostly assessed as short
answer questions and design code snippets (Q5 through

Q8).
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Table 1 KSAs assessed in CTSiM questions.

KSA Appearance
Sequential executior All questions
(KSA1)

Loop structures (KSA2) Q1, Q6

Conditionals (KSA3) All questions except

Q1

Gather information (KSA4) Q5, Q6, Q7, Q8

Define  agent propertie Q6, Q7

(KSA5) , i
e Befitd P laBent  MeRdvibr & Q5981 &8 1 n 9

(KSAB)

Define environment Q6, Q7

(KSA7)

Simulate w/ model (KSA8) Q5, Q6

Divide and conquer (KSA9 Q7,Q8

Modularize and reuse (KSA1( Q7,08

Define relationships in syster Q6, Q8
(KSA11)

Define  multtagent  system: Q7
(KSA12)

5.2. Summative Assessment Results

We then performed pairedtésts on the participating
st ud e nteéssahd ppstest scores. On an aggregated
level, the students showed significant learning gains in CT
A Mrinnmiy¢u We

summarizes the analysis of CT pposttest results.

T%brleg.ﬁ Megns (and,stgndard deviations) of-grest

A et i ~ 1L oBSSESSment scores.
r §®st iPeSk e I t-stat

test test p-value Co h edn
14.05 21.59
2.36) (247) 461 <0001 091

s t u We plsogdivided #hg aggregatgdn rgsidcgrding fo n e

i ndividual KSAs. Tabl e 3

learning gains in each KSA. We discuss the results and
their irgpHcgtion«in the next section.

b orahié 3. eAve'raaepr&1 &oset asSebsthénfstbfe

(standard deviations) andvalues per KSA.

nt
S

Pretest Posttest p-value
KSA1l 14.05 21.59
(2.36) (2.47) <0.001
KSA2 2.46(2.13) 4.57(2.10) <0.0001
KSA3 13.78 20.78 < 0.0001
(8.70) (7.81)
KSA4  8.89 (7.07) 15.81 <0.0001
(7.76)
KSA5 2.78(3.08) 6.65(3.63) <0.0001
KSA6  8.89 (7.07) 15.81 < 0.0001
(7.76)
KSA7 2.78(3.08) 6.65(3.63) <0.0001
KSA8 4.22(2.36) 6.30(2.12) <0.0001
KSA9 4.68(5.55) 9.51 (6.59) 0.0002
KSA10 4.68(5.55) 9.51 (6.59) 0.0004
KSA11 5.84(5.65) 10.38 0.0002
(5.65)
KSA12 0.81(2.26) 2.89(2.76) 0.00012

al s o Qo measurethe h e n
effect size associated with the learning gains. Table 2
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6. DISCUSSION that are synthesized from thieeratureof CT pedagogy

and assessment. Results of this case study showed the
From the results of the classroom study, we found that potential of our assessmeframework in understanding
students not only achieved significant learning gainsatthe st ydent s l earning of CT <co
aggregatetevelb ut al so i n each of pirtiiganta@ieved sighificarfl I8aknind qaifls in the CT
using the ECD framework. As the existing work on CT  KSAs defined in our assessment framework. This paper
education has stated, teaching CT content should not be giso demonstrated the benefits and feasibility of
carried out as a standalone subject that is isolated from the jntegrating CT$M in everyday STEM learning contexts

real world; instead, students should leari @ the even for teachers with little experience with computer
context ofproblemsolvingand its application (Weintrop based learning environments.

et al.,, 2016a). During the classroom study, the teacher
documented a few anecdotes, which provided empirical ACKNOWLEDGEMENTS

evidence of benefits and rationales for continually ; ;
integrating CTSiM into STEMIasses. g::ntvzﬂlzlraszbeen supported by NSF Cyberlearning

To begin with, the teacher reported that the participants

enjoyed the system. A girl told the teacher that she did not REFERENCES

realize that she could fall in love with programming Barr, V., & Stephenson, C. (2011). Bring

(Teacher: “1 think one gi rdompiiteiohal thirkivigeto KI®:MvRalis Ifvéivediald h e r
calinginlife,asshe s a real ‘natur al "whatisthdrold ofthe c6npaer sci@ncdeducdtion

and has never done it b e f oconemunity? ACMdnfohds, 1219, ags4. | Yy , student
benefited from CTSIM when they built actual paper Basu, S., Biswas, G., Kinnebrew, J.S. (2017) Learner
rollercoastersThe teacher reported that the participants moéeli.r;g for ad,apt.i,ve scaffoldiﬁg .in.a computational

showed improvements compared to students in pusvio o X ; ,
earswho only sketched and built the paper rollercoaster thinking-based science learning environmésger
Y y y pap "~ Model. UserAdapt 27

For example, none of the students designed a loop at the
beginning of the track, which was not uncommon among Basu, S. & Biswas, G. (2016). Providing adaptive
previous cohorts. The teacher also felt that the CTSiM  scaffolds and measuring their effectivenesspenr
activities helped her betteananage the class because  €endedearning environments. [b2th International
students more easily realized their own difficulties while ~ Conference of the Learning Scien¢ps. 554561).
interacting with the system and asked relevant and Singapore.

specific questions, making it easier to for the teacher to Berland, M., Martin, T., Benton, T., Petrick Smith, C., &
adapt her scaffolding in a more effective manner. Finally,  pavis, D. (2013). Using learning analytics to

the teacher herself gained programming experience with  ynderstand the learning pathways of novice

the system. The study helped her become more programmerslournal of the Learning Sciences,(2p
comfortable with programming and agé@sed 564599,

modeling concepts. Bransford, J. D., BBwn, A. L., & Cocking, R. R. (2000).
The classroom case study shows that CTSiM is effective  How people learn

in helping middle students learn andmprove their Brennan, K., & Resnick, M. (2012, April). New
understanding of CT concepts and skills. In addition,  ¢-a\works for studying and assessing the

CTSiM fitted well into the sciencelassroom antielped development of computational thinking. In

students learn their science content better (Basu et al., Proceedings of the 2012 annual meeting of the
2016). To better define and assess CT with CTSiM, our American Educational Rearch Association

future work will focts on (1) refining the CTSIiM CT Vancouver, Canada (pp-25).

KSAs described in this paper to include concepts and o ] )
practices from more studies; (2) increasing the CT Chrysafiadi, K., & Virvou, M. (2013). Student modeling

assessment tools’ cover age aPRoaghgshligegaturg rgview forghelagf degade st i o n s
that address concepts with a finer granularity (e.g. adding EXPert Systems with Applications (20), 47154729.

CT skills and practices such as debugging and resolving Desmarais, M. C., & Baker, R. S. (2012). A review of

inquiry with computational models that are not currently ~ recent advances in learner and skill modeling in

being assessed), (3) delving into the test reliability and intelligent learning environmentslser Modeling and

validity (e.g., showing that students behave similarly on  UserAdapted Interaction, 42-2), 9-38.

guestions covering same KSAsand (4) aligning

, Garce-Pefialvo, F. J., Reimann, D., Tuul, M., Rees, A., _
st ud_ent s ber f ormance on 't h@]orﬁﬁr;airlieﬁ,ﬁ(20§16)Atr18ver9ié1w%i"tl?eﬁwﬁs?r lzatl
of 'e?m'”g behaviors in CTSIM (Zhang, Biswas, & relevant literature on coding and computational
Dong, in press). thinking withemphasi®n the relevant issues for

teachersBelgium: TACCLE3 Consortium.
7. CONCLUSION “
. Gr,over, S. 2015) . Syst,ems c
I'n this paper, we present Eegrninaof(foﬁﬁufation ItTMn(ingin-%iln students

learning and using computational thinking with @pen
ended learning environment in a classroom setting. We
defined our focal knowledge, skills, and abilities in CT
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ABSTRACT

The importance of Computational Thinking (CT) as a goal
of science education is increasingly acknowledged. This
studyinvestigates the effect of computationadigriched
sciencecur ri cul um developmentuod € t
practices.Over the coursef one sbool year,biology
lessongeaturing the exploration of NetLogo modelsre
implementedn the classrooms dhree9th gradebiology
teacherst an urban public secondaghoolin the United
States Onehundredthirty-three biology_ s_,tudents took specific learning objectives and used these to guide
both pre and posteststhat wereadministeredat the development of science curriculum and assessment

beginning and end othe school .year.T he stud ge(]/eﬁo edour learnig objectives upona theoretical
responses toelevantassessment items were codattl

scoredusing rubris designed to evaluatbeir mastery of
two learning objectives redting to modeling and
simulation pactices.The first learning objective was to

opportunity tolearn abouthem.
For the reasons given above, we believe tleateloping

practices inthe science disciplinesis not yet well
assessments that develop and measursetipgactes

worked to explicitly daracterize core CT practices

of four strands of CT practiceBata PracticesModeling

on

Sci

they will at least be exposed to CT practices and given the

CT practices in the context of science subjectsais
spr,oductive endeavor However, the character of CT

understood, noris how to create curriculum and

(Grover & Pea, 2013). To address this gap,group has

as
our
. We

taxonomy of CT in STEM that our group previously
proposed(Weintropet al.,2016. The taxonomy consists

and, Simulation Practices Cowputational Problem

explore the relationship %gl\ﬁn&v Brgcﬁcesgnd Sgyé{e%ng Jlehmkin%) Priciictefe™ € ter

and its behaviorThe second learning objective was to
identify the simplifications made by a modehacht e m’ s
pre- and postest scores were compared using a Wilcoxon
signedrank test. Results indicatestatisttally significant
improvement with respecto the secondof the two

with computational scientistand feedback from hig
school science teachers.

translated elements from each strand of the taxonomy into
learning objectives through a process involving interviews

h

learning objective, suggestinghat thecomputationally The general aim of our larger research agenda is to address

enriched biology curridumenhanced t u d a&biityte ° t h e g u €as engaging: itofhputationallyenriched

identify the simplifications made by a model science curriculum help stud
In the present study, we addresmore focused version of

KEYWORDS this question and investigate whether engaging in three

Computational Thinking, STEMEducation Learning computationallyenriched biology units over the course of

Objectives Curriculum, Assessment the school year helped participant students develop CT

practices specifically two practicewithin the Modeling
1. INTRODUCTION and Simulationsstrand of our taxonomyBelow, we
The importance of Computational Thinking (CT) as a goal describe our study design amgalytical approachthen
of science education is increasingly acknowledged pr esent results from a ¢
(Quinn, Schweingruber, Keller, 201®/ilensky, Brady & pre- and postassessment®ur resultprovidesupportfor

omp a

Horn, 2014. Teaching CT in the context of science not our claim that computationallgnriched science
only presents students with a more authentic image ofc ur ri cul um can foster student

science as it is practiced today, it also increasesss to CT practices.

powerful modes of thinking and marketable skills for

many careers (Levy & Murname, 2004). It is estimated 2. STUDY DESIGN

that by 2020, one out of every two STEM jobs will be in  We investigated our research question by analyzing
computng (ACM Pathways Report 2013). However, from the fourth iteration of a desigrased research cyc
students from groups that have beenstdiically (Collins, Joseph, Bielaczyc, 2004he implementation
underrepresented in STEM fields (such as women andspanned the 2018016 school yeaand wagdestedn three
racial minorities) are less likely to enroll in computer 9" grade biology classroomsat our partner school.
science classes (Margolis, 2008; Margolis & Fisher, 2003) Students were given a CT practices -p&t at the

data
le

and thus are not traditionally exposed to CT practices. Webeginning of the school year and a CT practices-{gss$t

believe we can impre access for all students, especially at the end of the sobl year. Over the course of thehool
those underrepresented in CS, by embedding CT practices/earthey patrticipated in three CT science unitach unit

in subjects such as biology, chemistry, and physics, which approximately four days longVe investigated the role of

all high school students are expected to t&khile this the CT science units in
does not ensure that these students willpbesonally CT practices by looking for statistibasignificant gains
motivated to engage in our CT curriculum, it ensures that in scores for particular items from ptte posttest.

17

stude

C

€

r



2.1. Participants

We partnered with a publisecondaryschool (serving
grades 712)in aneconomically depressertighborhood

in a large cityin the Midwestern region of the United
States The school was selected on the basisthaf
willingnessof its teacherand studentso participate in
our study.The size of the school was typical for an urban
public secondaryschool, with @aproximately tvelve
hundred studentsnrolled The majority of the studeng
the schoolre considered to be adcial minoritywithin

the United State$71.1% Black, 24.5% Hispanic, 1.6%
Asian, .3% American Indian, .2% Pacific Islander, .9% Bi
Racial, 1.4% White)with dxty-two percent from low
income households. The school is characterized as
selectiveenrollment meaninghatthe student population
is academically advanced and highly motivated. We
addressed our research questions by analysgjection

of the pre- and postest responsegiven byparticipating

9t gradebiology studentsA total of 1330f these students
distributed across thrdmology teacherstook both test
Due to time constrainta numberof thesestudents did not
complete the entire assessmentTen studentsdid not
conplete the assessment item measuring niegr

objective 1 and 24 did not complete the assessment items h o u | d

measuring learning objective these students r e s p o
were therefore not included in thealyzeddataset

2.2. CT Science Lessons

The biology students participated in three
computationallyenrichedbiology units over the course of
the school year. Eaamit tookapproximaely four school
daysandemphasized the exploration and manipulation of
computational models of centific phenomena or
concepts.The first unit was orpredatofprey dynamics
and ecosystem stabilityzor this unit students explored
population dynamics in a simulation of an ecosystem
consisting of three orgamis (grass, sheep, and wolves)
(Wilensky, 1997b) Studentsnvestigated the populatien
level effectsof parameter$or individual organisms (such
as initial population and reproduction rabg)running the
simulation with differentvalues for each organism
Throughtheir explorationthe studentdearned about the
complex population dynamics that emerge from the
interactions between individual organism¥he second
unit was on AIDSForthis unit students explored a model
that simulated thediffusion of the infectious disease
through a populatio (Wilensky, 1997c) Students
investigated the effects of parameters for individual
interactions (such ake probability of individuals to form

a couple, and the probability dhe diseasetransfer
between partneyon therate ofspread of the diseasehe
third unit was on genetics. For this unit students explored
a model that allowed them to change mating rules in a
population of fishStudents investigated how changing
parameters such &fe span andnating choice could
bring about changes in the oa# allele frequencies in a
population of fish.All units were meant to help students
develop expertise regarding learning objectives for
Modeling and Simulations PracticeBy engaging in
science content through the exploration of NetLogo
(Wilensky, 1999kimulations.Net_ogo simulations were
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chosen because the agbased modeling environments

make complex systems phenomésiach as thoseatured

in the biology lessons)more intuitively accessible
(Wilensky, 2001). Additionally, the NetLogo user

interface makes transparetite relationship between a
model 's code and the phenome
makes NetlLogo a power ful t ool
transitionfrom consumers, talesignes and buildes of
compuational modelsln order b help students develop a

flexible setof CT practicesotherCT-STEM unitsfeature
simulations built in modeling environmentssuch as
Molecular Workbenci{Concord Consortium, 201@nd

PhET (Perkins et al.2006) and introducestudents tca

range otomputationatools fordata analysis and problem

solving

2.3. CT Assessments

Thepreandpost est s were designed t
mastery of CT practices. In this report, we present results
concerned with two particular learnimdpjectives within

our Modeling and Simulations Practicetrand. The first
learning objective falls under the satvand element

Using Computational Modeland states that a student

be abl e t o explore
pagameters in the interfac o r  This & a very bas
skill but it plays animportantrole inst ud déand s
scientists ) abilities to | earn
particular parameters and system behavior at the macro

levd. The second learning objective falls under the-sub

strand elementAssessing Computational Modeénd
states t hat a student shoul ¢
simplificat i on Fhistearming obegtivea mo d
i s i mpor t aepisterhotogical tdeelapment, a&s’

it relates to their understanding of a computational model

asa tool that idhoth powerful andi mited with regards to

the construction of new knowledge.

Both pre and postests required students to interact with
computational simulations. of the pretest, students
interacted with a simulation (shown in Figure 1, below)
thatmodeled climate change and showked relationship
between temperature and amount of CO2 in the
atmospheréTinker & Wilensky, 2007)For the postest,
students exploka simulation (shown in Figure 2, below)
that modeled the relationship between the pressure of a gas
and its volume and number of particles a sealed
environmeni{Wilensky,1997a;2005.

Go / Stop

0

abo

cloud-coverage 25 ° % CO2-amount

= powWered by NetLogo




Figure 1.Screenshot of preest simulation modeling the
relationship between temperature and atmospheric CO2
levels.

were relevant to our focal learningbjective. Bur
categories emerged that characterized response types
across both preand postest response3.hese categories

are Noticing Paramete8ystem Relationships, Including

B powered by Netlogo

1: Pressure vs. Time

setup Go/Stop
(]

Number of Molecules 225

Update Number of Molecules

ticks: 9

Explanatory Factors, Comparing Across Tgjaand
Correctness.

responses by

These categorieare outlined, described and illustrated
with examples from the data in Table 1, belvVie scored
students
category included in tleresponse andikingthe sum of
these points. This resulted in scores ranging fren O

awar d

Table 1.Preandpost est rubric for anal
= responses and characterizing their ability to explore a
model by changing parameters in the interface or code.
m— T = Student Example
Relationships
Figure 2.Screenshot of podéest simulation modeling the Response describes relationship between sy
relationship between the pressure_of a gas and its volume parameters and mactevel patterns.
and number of particles.
To &ssess st ud dm éxgldre aarbodel byt i e Bre-Test | “The temperature increasks.
chgnging parameters in t_he interface or code, we analyzed “| slid the walkposition to its maximum
their responses to test |tem_s (qu_oted below) tha_t asked PostTest| and the number of particles to its
them to attend to the relationships between adjustable - "
) minimum!.
parameters and systeewvel characterigcs. In ader to
assess st udoddertify simplditaiiohsintadee s | ExplanatoryFactors
by a model, we analyzed their responses to test items that Response provides some explanation for relationshi
asked them for the ways in which the simulations differed between svstem parameters and maevel patterns
from the realworld. These assessmétgmswere selected W y P P i
toinvestigate student s’ mastery “ﬂ%ﬁightHdé@not&elaa%nceltoegéiﬁt@i ng
objectives across two very different ogputationally Pre-Test sky because it is blocked by CO2
modeled phenomena '
) “A bigger area and less patrticles shoulq
2.4. Data Analysis PostTest| produce a large amount of pressure si
We used a combined tafpwn (learning objective driven) i_ta'las of space for the particlés.
bottomup (data driven) approach to create rubrics for Comparison
ev a_l uating S tu .d € A farg” poskest S PQ ﬂessp?or?se ctorﬂpareg 'ddta across multiple simulg
guestions and characterizing their mastery of both learning trials
objectives. '
) o “When | increase the CO2 amount thé
2.4.1. Learning Objectivel seem to be IR light flying all over the plad
For the pretest, in the context of the greenhouse gas Pre-Test | But when theraresmaller amounts of CO
simulation, students were askedit@lore the relationship molecules the IR light have a better char
bet ween a systemds pabyameters |PhogingstraightintgBeskyy i or
changing a particular parameter and reporting on the “To come up with these values | first tid
resulting systertevel behavior. In particular, they putin we nwinbek of particles and t
resp)nd_ed to the prof“pt S € t clo u d cove "P8sPrést tcc())ntaiqr%eros'ize at fts‘max. After that, | trig
some time to experiment with different settings for the the number of particles at its minimum a
‘C@2mount’ slider. What haplpens tthgcorg'zgllngrs%e%mgne]a&irﬁ LU e i f
you increase the amount of the CO2 in the mddety i
the posttest, n the context of the gdaw simulation, Correctness
students were asked to explore the relationship between a
system’'s parameters and beh 5%/390'83? cortgegtly %dHrSSBea ﬁhenaasesgrgeptgrﬁpa ters
to get a specific result. In particular, they responded to the | pre-Test | “Thetemperature increasés.
guestion: “What izeahdunember 6for —contpainer—s
particles will result in the lowest pressure in the container? PostTest “Number of particles25 Wall
What steps did you take to|come |ROPtoREEt h t hese val ules?”
We exami ned -sandupdstestt responsgss e

sorting responses into categories based on similarities that
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2.4.2. Learning Objective 2 PreTest | BECause you can control how much Cf
As part of the preest, students were askexidentify the and cloud coverage there”is.
simplificationsmade by the greenhouse simulation. As “ | lif tadd birac
part of the postest, students were asked to identify the PostTest nlreal I, you cannota d'orts?h rac
simplifications made by the gdaw simulation. For both ostlest | mo i.cu es "nor can you adjust the w
tests, they responded to the quegog,orgr\g.: “AL computijati o
simulations are only approximations of figal What are Completeness Score: 2
some of the simplificatios of this simulation that make .
different from the real wo 1| Regponse refers to specific elements or factors tha
] missing from, or extraneous to, the model.
We examineds t u d e n-tasd posfest eresponses,
sorting responses into categories based on similarities that “There are humans on earth and hum
. S . Pre-Test
were relevant to the learning objegtive wereanalyzing. alsocan add to the amount of héat.
Six categories emerged that characterized response types - ;
across both preand postest responses. These categories The real world, does not have this ma
are  General Issues, Representational Issues, PostTest | boundaries and an infinite number
Controllability, Completness, Procedural Limitations particles
and Qf'FTafsk__ They are arrange.d in order O.f Increasing Procedural Limitationsi Score: 3
sophisticatiof, described and illustrated wittxamples ] ) )
from the data in Table,2below.We scor ed s { 3e§ronsg srefers to interactions, behaviors,
responses by awarding them the paialue of the highest relationships within the model thdiffer from real life.
category included-Off-T a s k " (valfie zgrowiasn t CO2 might not speed up that much whei
given to responses that did not address the assessment Pre-Test absorbs IR light
it em, or consi stSeocksranfjedfram dopn' t now i
0-3. Particles don’t tr
PostTest o . . .
Two researchers analyzed st ude nt|Hissinulationwhgiereal life fleydnje t w
assessment items for both faed postests. They coded
responses (identifyin the categories presented in the . : . .
rubrics) and then scored them. The researtivges-rater To test whether the |nt¢rvent|on played a rPIe in their
development ofCT practicess udent s scores

reliability for the pretest was at 97% for the item

measuring the first learning objective and 90% for the item

measuring the second learning objective. Hndter
reliability for the postest was at 95% and 80%,
respectively.

Table 2. Preandpost est rubric for
responses and characterizing their ability to identify
simplifications made by a model.

Student Example

General Issue$ Score: 1

Response refers to general, as opposed to spe
inaccuracies or missing factors.

PreTest “In reality, other factors could come ini
play rather than just CO2 and clouds.
“Inaccuracy in particles and wall positic

PostTest can make itlifferent from the real world.

Representation Issueis Score: 1

Response refers to representational limitations of the
model.

“Obviously, sunlight is not a bunch of litt]
Pre-Test - -

sticks raining dowi.
PostTest |“| t * s not attually

Controllability i Score: 2

Respome refers to the existence of control over factor,
the model that one does not have control over in real
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item on both preand posttests were compared using a
Wilcoxon signeerank test The findings of this analysis
are reported below.

3. Findings
analyzing students
3.1. Learning Objective 1

S udent s’ aver agestitemcnoeasaringf o r
their ability to explore a model by changing parameters in
the interface or cod&vas 2.03. Their average pdsst
score was 2.19hep-value obtained using the Wilcoxon
signedrank test was 0.23 (V = 1486)he difference in
student scores is therefore not statistically significant and
we cannot make the claim that engagement in our
curriculum helped students improve their CT skills with
regard to this learning objective.

Inadd ti on t o c¢omparandnppstestt uden
scores for this learning objective, we comparée t
frequencies of categories dtleas that appearedn

st ud e ndnd postgstrresponses. Examination of the
bar chart below reveals that during the -fst, many
studentswere concerned with macrtevel effects of
changing parameters, while at the time of the jpest
many more studenteferredto explanatory factors in their
responsesThis suggests thelpoked more closely at the
model and triedto understand the feractions at the
micro-level that explaired the macredlevel phenomenon.
While the comparison of preand postest scores
indicates that students are not necessarily developing
sophistication regarding their ability to explore a model,
the changing frequency of categories gives us insight into

t



one specific way students may in fact be developing Figure4.Fr equenci es of categori es
expertise. responses to the prand postest items assessing their

mastery of learning objective 2
Learning Objective 1: Explore a Model by

Changing Parameters 4. Discusson
_ Thi s study extends our grou
comeomes: | translating our theoretical taxonomy into learning

[ . objectives that can be used to guide the design of
curriculum and assessment. The study makes an empirical
Explanacory Factors | — contribution by presenting evidence that engaget in
parameter-sysiem Relaionstips [ T ——— our CT-STEM curriculum helpedparticipating students
develop their ability to identify simplifications made by
computational models. Our data also gives us insight into
®Pre-Test W Post-Test how students might develop their ability to explore a
. . ) ) computational model.Toward this, we will conduct
Figure 3.Frequenciesof at egor i es i ncl wdaftdlivel aRalysist of akicularSstudents and examine
responses to the prand postest items assessing their  jndividual developmental trajectorie®ur next stepalso
mastery of learning objective 1. include refining our preand post assessment items so
that they are more closely aligned with each other, and
with our learning objectives. As well, we are refining our

Students’ aver aigsites measueing f curricllum gacrgss the science subjects) so thatnitore
their ability to identify simplificationsnade bya modl closely aligned with our learning objectives and
was 1.39. Their average pdest score was 1.63. The p  assessment items. Thisfinementncludescreating more
value obtained using the Wilcoxon sigaethk test was opportunitiesfor studentsto explicitly reflect on and
0.02 (V = 647.5).The difference in student scores is discuss their individual ways of exploring models, as well
therefore statistically significant (at the 5% significance as the simplifications they notice in different models.
level) and this supports ogtaim that engagement in our

curriculum helped students improve their CT skills with 5. References
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while they are different in this way, both items are cause and effect relationships between elements at the
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values and syste-level behavior and are therefore theoriesThese simplifications were therefore awarded the

comparable assessmentsof udent s’ abi | ihighegtscore @reepeipts).or e a
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ABSTRACT

Computational thinking (CT) practices, especially
abstractio and evaluation, are central to developing
expertise in scientific disciplines, and considerable
synergies exist between CT and scientific expertise. We
present a pedagogical model based on the Equation
Based Model (EBM) for developing computerized
simulgions to describe physical phenomena.
Specifically, EBM emphasizes the importance of
mathematics as a central tool in science, and aims at
fostering students
as part of their modeling processes.

We analyzed a finateamproject of participants who
decided to investigate a specific physical phenomenon in
a course based on the EBM approach. Our analysis
focused on characterizing the abstraction and evaluation
practices, and the role they play in the scientific inquiry
The students applied multiple levels of abstraction,
starting with themathematiesystemlevel perspective of

the conceptual model, and eventually constructed a
computerized model of the conceptual model. They
applied mathematical tools throughout theqass, and
verified and validated their modelsThe graphical
simulation that the studentsbuilt enabled themto
investigate and enhance their comprehension of the
problem explored. We concludi¢hat this pedagogic
approach has the potential to promote amegful
learning and knowledge transfer of computational
thinking that were acquired during the course

KEYWORDS
Computational thinking, scientific inquiry, equation
based model, abstraction, model evaluation.

1. INTRODUCTION

Computational thinking (CT) draws on concepts and
practices that are fundamental to computer science and
computing (Wing, 2006). Some of these practices are
also central to developing expertise in scientific
disciplines, and there are considerable syneiggween

CT and scientific expertise (Sengupta et al., 2013,
Weintrop et al., 2016). Therefore, it is not surprising that
recently, much effort has been invested in exploring the
potential of CT to enhance modahsed learning
approaches using computingh iISTEM education.
Indeed, using computing in modehsed learning has
been recently recognized as a suitable pedagogical
means to engage students in scientific inquiry (National
Research Council (U.S.), Pellegrino and Hilton, 2012).

“Scienti fi wolsno éressing aaeatific
theories in a form that can be directly manipulated,
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all owing for description,
(Rapp & Sengupta, 2013, p. 2320). Scientific modeling
is an iterative process, consisting of building, testind, an
revision. More specifically, this process involves: (a)
embodying key aspects of theory and data of phenomena
into a model, (b) evaluating the model using the criteria
of accuracy and consistency, (c) investigating the
characteristics of the model in @d to illustrate
theoretical arguments about the mechanism or internal
structure, and (d) interpreting the model and obtaining

" abstr a#sights abous theyinvestigateduphangmenen (Sehwaezt i c

and White, 2005; Hughes, 1977). Furthermore, today
computers serve as an iorgant tool for creating and
using scientific models. Thus, modeling requires
students to develop, among others, the following
interrelated key practices: abstraction and evaluation, on
which this paper focuses.

Abstraction enables the problesolver to handle
complex data and to think in terms of conceptual ideas
rather than merely in terms of their details (Wing, 2006).
Therefore, Wing (2006, 2008) claimed that abstraction is
a key practice in computing and that the alzsima
process concerns making decisions as to what to
emphasize and what to hide. This process, when
successful, brings about a representation of the
phenomena studied, that is, a generalized idea or an
abstract structure, from which one can learn aboitia
range of more concrete items with shared characteristics.
Additionally, there are multiple levels and ways of
abstracting. Therefore, mastering this practice involves
the ability to understand the relationships between the
different levels, transforrfrom one level to another, and
choose the most suitable form to represent the model.
Abstraction also plays an important role in scientific
inquiry, since scientific inquiry requires one to
generalize a range of phenomena into one coherent
conceptual modeBengupta et al. (2013) investigated the
degree of correspondence between abstractions in
computational thinking and scientific inquiry. Modeling

in scientific inquiry using computing involves two types
of models: a conceptual model and a computerized
model whose output consists of a simulation that enables
one to study the behavior of the investigated physical
system (Oberkampf, Trucano and Hirsch , 2004).
Specifically, in physics, a conceptual model consists of a
mathematical description of the physigdlenomenon,
and a computerized model that consists of
implementation of the conceptual model in terms of
programing a computerized system.

Because abstraction concerns constructing a conceptual
presentation of the phenomeneraluationis necessary
throughout every phase of the modeling process.



Therefore, the following question should be asked by the

problems ol ver: “How
simulation should be criti
Trucano and Hirsch , 2004, p. 352).  Accordingly,

evaluation consists of the following dimensions: (a)
Verification refers to determining whether the
computerized model is an accurate implementation of the
conceptual model and (b) Validation involves
determining whether the computerized model accurately
represents the realorld experimental measurements.
This is achieved by using the simulation obtained from
the computerized model. Accordingly, when evaluating
their modeling artifact, students should carefully
examine the simulatishoulds
justify the output logically and avoid intuitively relying
merely on the similarity to the results of other
experiments.

2. RATIONALE AND RESEARCH

GOALS

Scientific modeling, and in particular, abstraction and
evaluation, are not trivial practices.fict, there is much
empirical evidence on
are asked to employ these practices. One prominent
example is the report by Schwarz and White (2005),
according to which
evaluate and revise aauel in light of new data and
insights remained limited, after they participated in an
inquiry-oriented physics curriculum and engaged in the
process of building computerized models.

Here we describe a pedagogical model aimed at fostering
st ude nt ton andidvauttiorapeactices, as part of
their modeling processes in physics; we also present the
results of our
objectives are as follows: (a) to identify and describe the
abstraction and evaluation practicesttwere manifested

in students' physics modeling processes, (b) to
understand how (if at all) these practices can enhance
deep scientific inquiry, and (c) whether and how the
pedagogical model can enhance or hinder these practices.

3. PEDAGOGICAL MODEL

We describe a unique program in computational physics
aimed at introducing students to content knowledge and
practices involving analyzing and solving physics
problems by building computer simulations. Using an
integrative approach, the program introducescepts,
tools, and practices from physics, computer science, and
applied mathematics (Landau, Paez and Bordeianu,
2011).

The program was implemented at The Davidson Institute
of Science Education, the educational arm of the
Weizmann Institute of Sciencen israel. Thirty high
school students (11th grade), who major in physics at
school, attend-hour weekly meetings during which they
study topics in physics, math (differential equations), and
MATLAB programming.

The processes of scientific inquiry and tnglding of
computerized models are demonstrated, with emphasis
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on evaluation practices. More specifically, in addition to

conf i den cphysics rcontenp dhe Ipédagggicah approach exposes

stuénts yto thes ingeily sappb&ch and Qlacticek thanp f ,

physics experts consider angpdy when modelling
physics phenomena. Special emphasis is on teaching
content knowledge in the physics domain when relating
to the knowledge of how, why, and when to apply this
knowledge to answer questions and to solve problems
(National Research Counci{U.S.), Pellegrino and
Hilton, 2012). We believe that this pedagogic approach
may promote meaningful learning and knowledge
transfer.

he course i based.on th _Equ?ﬂBaIse Model
Iﬁgl\ﬂ Iinr§ \E;vkﬁch ér;ngjdtelf%gu iFs'first peﬁ&med by
describing the conceptualodel of the system using a set
of differential equations. EBM was chosen because it
resembles a general systelagel approach to describe
physical phenomena (Parunak et al., 1989). Uhden et al.
(2012) referred to the role of mathematics in physics:
“ t fole of mathematics in physics has multiple aspects:
it serves as a tool (pragmatic perspective), it acts as a
language (communicative function) and it provides a

function).” (p.
importance of mathematics as a central tool in sciences

st udent @nd inuphysies; i partigwar. The participants in Hthe w

course practice programming in MATLAB, which is a
high-level language and is used in scientific and
engineering computation, especially whadgaling with
differential equations, manipulating data and functions,
and visual representation (Sen and Shaykhian, 2009).
MATLAB was used for implementing the conceptual
model as computer simulation.

i nvestigat i olhe couise is baseduod a learrbngdoingoappkoach.ou r

Initially, participants are given a scientific paper that
presents a physics problem and its computerized solution
using the EBM approach. The students are requested to
reconstruct the experiment described in the paper, and
use it to evaluate the model, tegperimental data, and
the results described in the paper. In addition, they are
requested to raise a new question and to inquire about it
by using the model that they developed.

At the end of the course the students develop a final
project. They choosend define a new problem and
perform the whole process in pairs. While the process
develops, they write a report in which they describe the
conceptual and computerized models and the scientific
inquiry processes that they encounter. They are asked to
descrbe their considerations, assumptions, and to justify
their actions. In the next section, we describe the analysis
of one report out of 15 projects that students conducted
at the end of the 2015 course. This particular work was
chosen by the teacher of tleeurse, who justified his
choice, since this work reflects in general his students'
projects.

4. FINDINGS

We analyzed the final report of the team project of two
students who decided to investigate the -twaly
problem in physics. In the analysis, we focused

t

st udway t of ' logigal fdeduativg | reaseng Wskustdral t h e y
486) .thel ndee
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characterizing th@bstractionand evaluationpractices,
as i dentified in the
explanations and justifications.

4.1. Abstraction

Development and representatioof the conceptual
model: To define a systertevel perspedte of the
problem that needs to be solved, the students began their
investigation by using
describes the magnitude of the gravity force that occurs
between two objects in space.

ml xm2 xX G

2

Figure 1. Newton's gravitation laws

Next, the students used vector representation to describe
the gravity forceby relating to its direction as well:

—
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Figure 2. Vector representation

In the next step, the students decided to use Newton's
second law with the previous vector equations to find
new equations that enable one to find the location and
speed of an object at any time in space.

Further steps led to new secemdier differential
equations, which, as the students explained, "connect
between the position vector and the acceleration vector.
This is possible because the gravitation force is the only
force acting on the bodies."

_muGX(mO-TM) S mIXEX(R(B-1(0)
-0 ’ PO ¥

Tt
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Figure 3. Representation of differential equato

Finally, in order to enable the system to be tested for
specific cases, the students defined a set of initial
conditions. They justified this decision as follows: "It
must be remembered that the solution of these equations
will actually provide a set of functions, rather than one
specific function. Hence, to find a specific function we
must define a set of initial conditions; different initial
conditions wil/| l ead to

Multiple levels of representatiorBeyond the system
level perspective of the conceptual model in terms of
Newton's laws, presented in the previous section (which
we wi || refer to as “The
students described three additional levels of abstraction,
needed to castruct a computerized model of the
conceptual model, and they explained the roleaxdh
level.

di

The second abstraction level was to represent the system
in terms of a set firsbrder differential equations. The
students explained that they need to tramsfitre second
order differential equations to the first order differential
equations because they use Ordinary Differential
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The third abstraction level is implementing the system in
terms of a MATLAB code. In this stage a computerized
model of the conceptual model is obtained.

The fourth abstraction levé$ graphically representing
the objects’ movement, obt ai
pyt .of. t omputerize el.
gt tthla r:fgfﬁrl’natior(?,5 ﬁ\uitg;?gd
by the simulation, was obtained by solving the position
and velocity functions: "We construct the simulation and
use the information to create different graphs, to draw the
0 b j epathss dnd to present the @ynic occurrence
and the objects’ mo v ement t |
actually enabled the students to perform inquiry using
different case studies and enhanced their comprehension
of the physical problem investigated.

4.2. Evaluation

The students wrote a fage report; half of it (15 pages)
was dedicated to a chapter entitled "evaluation of the
model and discussion of the results". The students stated:
"In this part we will try to examine the simulation we
have built. We will also compare the simulation to othe
known experimental data and we will use different tools
and try to understand if the description and the results of
the simulation are correct, reliable, and realistic.”

Validating the modellnitially, the students used the
computer simulation that tlgebuilt to examine the
conceptual model. To this end, they used the existing
experimental data starting with Kepler's three laws of
planetary motion. Owing to the limited scope of this
paper, here we will describe only the evaluation of the
results obtaing from the simulation using Kepler's first

law of planetary motion. Accordingly, the students tried

to confirm that the simulation creates an elliptical path
for all the planet s, with th
points. To test this, they determintiht "the initial data

that will comply with Kepler
is 10,000 kg and the other planet's mass is 1 kigey

created the simulation accordingly and observed the
visual display (Figure 4) to determine whether the

obj ect sdeedpoekiike an ellipse.

il

gure 4. Simulation of K

Fi

Next, they set the goal of proving that what they see is
indeed an ellipse using the mathematical definition of an
ellipse. After they had proved it, they checked the path



obtained with different initial values:inally, they also
mathematically proved the second part of Kepler's first
law, according to which "the sun is one of the focal points
of the ellipse." Similarly, they examined the second and
third laws of Kepler.

Verifying the model When analyzing
results over time, they noted an error expressed in several
paths: "After the first round, it can be seen that the graph
becomes much | ess regul ar
explained the error as beirayresult of the numerical
computation, claiming that "Most of the inaccuracy in
the simulation is due to a lack of precision in solving this
differential equation. Therefore, as time progresses, the
path changes and diverges

As a resultaiming to improve the computerized model,
they decided to develop an alternative algorithm for
computing the objects’ pat
to check the correctness of the analytic algorithm [of the
solution of differential equations] by usingamputer is

to compare it to a different algorithm." They chose a
numerical algorithm to calculate a planet's path based on
dividing it into fragments.

Next, the students ran the models (based on the two
alternative algorithms) multiple times and examitieel
graphs of the object’
They concluded that "it shows that the orbits are very
similar to each other, which means that the two
algorithms are “close”
reality."

However, they noted some tirgependent differences
between the paths obtained from the analytical algorithm
and the numerical algorithm: "the longer the time since
the beginning of the simulation, the differences (between
paths) become bigger and they drift apart; this also
occurs ashe velocity speeds up.”

Based on the simulation results, the students also noted
that the deviations in the paths obtained by the numerical
algorithm are smaller than those obtained by the analytic
algorithm. Their analysis led them to the following
condusions:

(a) The first conclusion relates to the computing effect,
in the context of proximity to reality: "the numerical
solution remains closer to reality than does an analytical
solution. This can be explained by the possible lack of
precision of the eamputing. At lower speeds and less
acceleration, the difference may be negligible and hardly
noticeable; however, when dealing with high velocities,
the velocity affects the position each time it becomes
larger, and this might lead to different results."

(b) The second conclusion relates to cumulative errors
resulting from the computing process: the students
concluded that computing the analytic algorithm causes
a cumulative error that significantly increases over time,
compared with computing the nhumexi@lgorithm.
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5. DISCUSSION AND CONCLUDING

REMARKS

The analysis of students' reports revealed that the
students used higlevel abstraction and evaluation

practices, which in turn, enhanced their scientific

tidyGiry. Bhe SUHNB Erdakd'muliple abstrackvels,

explained the assumptions they had made, and this
hel ped them to deal with the
ces&ibed tndthBYBaticBlly £ @rhp8t&tiSndl abstractidntbe Y
the physics system governing the tivody problem,
transformed this representationcmde in the MATLAB
environment, and created a graphical simulation to
describe the dynamics of the physical system they chose

fro if&Btight€ FHey dis¥ performed various actions in

order to evaluate the conceptual and computerized
models. They validateché conceptual model using
Fesperima@ntaledpta Kepted's daws & glanetdryOmogon)w a y
and verified the computerized model using different
algorithms. Based on the above, we can infer that the
student s’ perfor mance, actio
experts' scieific inquiry.

Moreover, we assume that the modeling used in the EBM
approach will enable students to acquire CT practices
and will promote understanding the synergy between CT

s mo v anchescientific thihking: hn thee EBM apyoadh,i thee d .

modeler first has to define ehconceptual model of the
system, usually using mathematics, as our study
describe the

Mathematical thinking has been perceived by the
researchers as a tool that helps one to reason precisely
and analytically about formally defined abstract
structures andt "helps to move from [an] informal and
complicated real world to a simplified abstract model"
(Kramer, 2007, p. 41). Indeed, the students in our study
used mathematical thinking to describe the physical
phenomena, and transferred between multiple
abstaction levels. We concluded that mathematical
thinking was also important for students when they
verified and validated the conceptual and computerized
models and communicated their ideas.

I n today’' s gl obal and digital
computaibnal practices that will enable them to solve
problems in different contexts and various domains.
Thus, students should take advantage of deep learning
opportunities and use transferable knowledge (Pellegrino
and Hilton, 2013). Transferable knowledge ilves the
ability to use concepts and practices learned in one
context, transfer them to another one, and apply their
cognitive ability, which Salmon and Perkins (1989)
termed as highevel transfer. More specifically,
knowledge transfer can be defined amdful action
based on analytic analysis and reasoning about the
connection between the two contexts, and then suitable
ways can be found to use the knowledge in a new
context.

We can conclude that the course described here indeed
exposes students to knaslge regarding the use of
abstraction and evaluation in scientific modeling. More
specifically, students were constantly exposed to the



tools, strategies, considerations, and assumptions that
scientists used in the modeling process. They also were
requestd to describe the artifacts they had built as well
as explain and justify their actions during the
development process. We believe that this pedagogical
approach will contribute to students acquiring the
cognitive knowledge and practices that are needed to
perform highlevel transfeof CT.

Finally, there are many studies that describe students'
difficulties in using mathematical thinking in physics and
science. However, educators should support and
encourage excellent students, as we demonstrated in this
study. More work is needed to examine the role of
mathematics in enhancing hidgvel computational
thinking, which may encourage students to engage in
deep learning and transferrable knowledge.
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ABSTRACT (WilkersonJerde, Wagh & Wilensky, 2015). These

Computational Thinking involves core computer science €nvironments employ visual programming languages
concepts and practices that apply to multiple disciplines (VPLs) to facilitate program and model building, and
including science anchathematics. Currently, there is a graphical simulation output tightly integrated within the
strong drive toward integrating computer science into the environment to demonstrate the results of executing the
K-12 STEM curricula. Several genefalrpose program and model structures. VPLs limit the chances of
programming environments have been developed to making syntactic errors allowing learnéofocus more on
support the learning of CT and computing concepts and the logic and execution flow of their programs, and to
practices. Domai-specific modeling languages (DSMLs), Visualize the results of program execution.

on t_he ot_her hand are designed for specific applications in\ypen building complex scientific and mathematical
engineering domains. As compared o gemrptmpose  models using general purpose VPLs, students may require
programming languages, DSMLs provide ease of use andgjgnificant support (Wilkersodede, Wagh & Wilensky,
more power to express domaspecific concepts, thus 5015y System designers may provide students with pre
increasing productivity in specific application domains. In jhlemented modeling constructs, to scaffold modeling
this paper, we present design guidelines and a design;gys that are beyond the scope of what they need to learn.
process for constructing DSMLs to facilitate STEM  pyyiding students with a framework of such constructs
learning by computational modeling. To illustrate the may help tlem focus on tasks that are matched to concepts
process, we provide a case study esigning a DSML  4q processes they are expected to learn while the
specifically for the kinematics domain. complex, and sometimes, unnecessary details of the

implementation are kept hidden.
KEYWORDS

Computational thinking, Domain specific modeling
languages, Visual programming environments, STEM
learning, Design guidelines

Such a framework can be systematically developed using
domain specific mading languagegDSMLs). DSMLs

are frequently used in software design to systematize and
facilitate the development of systems for specific
application domains. The DSML concept is explained in

1. INTRODU(.:T.ION ) Van Deur sen, Adomainspecific lgnguage 0 ) : “
Computational thinking involves crosscutting cortsep (DSL) is a programming language or executable

an_d practices that apply.to multiple disciplines including. specification language that offers, through appropriate
science and mathematics (National Research Councilpotations and abstractions, expressive power focused on,
2008). Wing (2006) i ntr oduUspeudually ferictédad, dpartici& Brebtef 8dmhi® N a |
Thinking ( CTtrépresertsraeuwisersally  Enaracteristics of this approach are that thifine
applicable attitude and skill seeveryone, not just  constructs based on domain terminology for building
computer scientists, would be eager to learn and'useB u t models and applications, and specific constraints imposed
the idea of synergy between programming and sciencepy the domain can be incorporated into these constructs t(:)L

learning goes back decad e gyoidWolatthnsof ddimaiR grificiless (1980,
pioneering work with Logo programming that showed

procedural thinkinglevelopment in children, and Perkins In this paper, we describe a desigmqess and design
and Simmons (1988) research that showed the existencéuidelines for constructing DSMLs in support of learning
of similar patterns of novice misconceptions in math, environments in science diSCiplines. To illustrate the
science and programming. Other researchers haveProcess, we provide a case study of designing a DSML for
explored similar ideas to leverage the synergistic benefits the learning of Physics by building computational models,
of computational modeling and STEM learning SpPecificallyin the domain of mechanics revolving around
(Sengupta, et al., 2013). Newton’'s | aws of motion.

Several programming environments have been developedz BACKGROUND
to support the learning of CT and computing concepts andv.' | . f . icall id
practices (e.g. Alice (Pausch, et al., 1995), AgentSheets Isual environments for programming typically provide a

: : t of block constructs to build computational artifacts.
(Repenning, 2000), $atch (Resnick, et al. 2009)) and for e . .
synergistic learning of CT and science (e.g. CTSiM (Basu, ' ©F €x@mple, Scratch (Resnick, et al. 2009), a widely used

et al. 2013), CTSTEM (Jona, et al., 2014)), DeltaTick Visual programming environment adopts a Lége
' ' ' ' framework for joining blocks to construct programs
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(artifacts). Under the hood, these blocks are converted intoConciseness: Only relevant concepts in the domain
textual code, which is executed, much like a traditional should be targeted. Duplicate constructs that serve the
interpreted programming language. Sndplarvey & same purpose should be avoided.

Monig, 2010) expands Scratch's features. Though student
have used these environments to build models that suppor
STEM learning, their primary focus has been on learning
programming and computing concepts, and by extension,
the learning of CT @ancepts and practices (Maloney, et al.
2008, Brennan, et al. 2012, Werner, et al. 2012, Koh, et al.
2010). Consistency: All the constructs of the DSML should
contribute to the purpose of the language.

eparation of Concerns:If the target concepts can be
separated into multiple neswverlapping sets, separate
DSMLs may bealesigned for each which will enable each
to grow independently and be more adaptable for future
changes.

AgentSheets (Repenning, 200®)nainly targeted to learn
CT by making games and science simulations. Alice
(Alice (Pausch, et al., 1995), is anathieh programming 5. THE DSML DESIGN PROCESS

environment where students can build 3D virtual worlds. In this paper, we target only sa independent DSML
RoboBuilder (Weintrop, et al. 2012), FormulaT racing constructs that can be used across tasks and possibly
(Holbert et.al. 2010) and IPRO (Martin et al., 2013) are across different units in a specific domain (e.g.,
examples of gambased visual programming Mmechanics, electricity, fish tank ecology). In some

environments where studentsogram agents or game  Situations, it may be desirable to scaffold students with
parts using DSMLs. task specific high el modeling constructs, but our focus

. . in this paper is on the more generic modeling constructs
In contrast, systems like CTSIM (Basu, et al,, 2013), (o 4 variables, laws) that support model building in a

DeltaTick (WilkersorJerde, Wagh & Wilensky, 2015)  gomain. Furthermore, assessment characteristics may also
and CTSTEM (Jona, et al, 2014), are visual jmnact the design decisions of DSML, but ifistpaper,
computational modeling environments that are designed e consider the task independent DSML to be agnostic of
specificallyto support.synergistic Iearning of STEM and ihe assessments we may develop in the learning
CT concepts. They differ from systems like Scratch and gpyironment. This does not preclude assessments being
Snap! in that their building blocks are derived from qegigned around specific DSML constructs. DSML design
DSMITs spe_C|f|caIIy designed for the_ target science support a science learning eviment is likely to be
domain that is the focus of student learning. iterative since it involves close interactions between the

instructional design expert, the language developer, and
3. MOTIVA TION domain experts. To simplify the language definition task,
Although generapurpose programming environments one may go through three step process for designing a
provide the power and functionality to build models in particular DSML.

STEM domains, basing the model building language on ) ) ] ] )
DSML constructs may help students to: 5.1. Define the learning and instructional goals in the

domain

The target of this phase is to identify the learning and
instructional goals, jointly by the domain, instructional,
and system designers (one person may play multiple roles

1 Express solutions in the terminologies and at
the levelof abstraction of the target domain
9 Build programs that are concise and self

documenting in this task This will generally involve specifying
I Enhance productivity domain concepts at the right levels of abstraction, and
1 Make it easier to reuse knowledge and practices that the instructional tasks will be based on. The
procedures learning goals will also include CT concepts and practices,
Make it easier to verify and validate models which will further influence how donia concepts are
and results generated from the models represented. A formal process, such as Evidence Centered

Design (ECD)may provide a systematic approach for
developing goals, tasks, practices, and constructs (Harris,
et al. 2016).

1 Relate theconstructed model with the actual
phenomenon

4. DSML DESIGN GUIDELINES 5.2. Identify the scope of the computational modeling

In our work, we have adopted the following design @sks _ _ o
guidelines/principles for DSML design for science The learning goals and instructional tasks identified need
learning environments. These guidelines are inspired byt0 be translated into the scope of the modeling and

Van Deursen, et al., 2000 andr&ai, et al., 2014 among  Problem solving tasks that the students will work on in the
others. domain. In doing so, the types of tasks students will

o o perform are to be identified. Trefore, it is essential to
Simplicity: The language constructs should be intuitive. jgentify at the conceptual level, how students will perform
Well-established notations from the domain should be g5ch type of task, what computational constructs that they
used rather than inventing new ones. The constructsrnay use, what domain constructs they may be provided
should be descriptive and distinguishable, yet compact.  yjith and what kinds of relationships they would need to

define among these constructs. The scope of the tasks will
also identify features that need to be included in
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programming and modeling environments. Sometimes the further assume that all motion is relative to a fixed frame
target environment may be pdecided, and this impacts of reference. In the modeling environment, this is

how students will perform the requiréasks. represented by anaxis parallel to the bottom edge of the
computer display with positive values corresponding to

5.3. Link the designed DSML structures to their moves to the right. Similarly, the-axis is orthogonal to

implementation in a specific environment. thex-axis with a positivey implying moves upward on the

Finally, design decisions are to be made on how the Y-axis.
conceptual form of the domain constructs defined in the
previous step are to be mapped to the implementational6.1.2. Define the concepts & practices withihe scope
details. These decisions will be specific to the target The target concepts we want to cover in this case study
modelling environment, but the designer must consider are: (1)position which is specified as a vector with two
how each construct will be implemented in the modeling componentsk andy specified relative to the origin; (2)
environment. For example, model building may employ a displacementwhich is the difference between current
simple drag and drop interface, batsimulate the model,  position and a prspecified origin; (3distance which is
it will have to be converted into a form that runs in a a scalar quantity implying how far away an object is from
separate programming environment (e.g., Netlogo, the origin; (4)velocity as the vector rate of change of
Simulink). Another example is to have the modeling position; (5)speed which is the magnitude of the rate of
constructs integrated into the target programming change of position (velocity has two cooments: a speed
environment. (magnitude) and a direction which is defined with respect
to the x andy axes; and éSPcce&eratiom which is the
udent s

At this point,tt he desi gn must co r\/éc{ordcﬁaﬁge if \;élgcity
perspective (e.g. complexity of modeling, ease of use, '

system performance, etc.) and then refine accordingly. There are many practices that may be targeted when

Often the need for new constraints or the need to modify designing a complete curriculum, but here weearthe

the current constructs to meet specified leargimagls may following: developa model representing the acceleration,

become apparent. These findings may result in speed, and position of a point object that is derived from

backtracking to the first step of instructional design. the laws of kinematicsand use the modelo solve
problems or generate data to support explanations, predict

Some of the domain constructs may be mapped to "braryphenomena, analyzestgms, and/or solve problems.

modules instead of language constructs. Providing
libraries is an elegant approach taffolding, and making ~ As part of the modeling tasks, we want students to use

the learning process manageable. various computational constructs, such as variables,
functions, control flow, conditional statements, and
6. Case Study: Developing a DSML in Boolean operators to model kinematics phenomena. We

Kinematics also want tem to learn CT practices categorized as data
practices, modeling & simulation practices, computational

We will use Snap! (Harvey & M6nig, 2010) as our target proplem solving practices and systems thinking practices
modeling environment to develop and illustrate our case j, Weintrop, et al., 2016.

study of developing a DSML in kinematicSnap! is an
agent based visual programming environment, where eachg 1 3. pefine the instructional tasks
agent is represented by a Sprite. Snap supports creatin
and destroying sprites programmatically as well as
manually. Each sprite can have its own set of variables
(properties), functionsral a script defining its behavior.  position. We want them to go through the following tasks:
There are options to create global variables and functions
which may be shared between the sprites. Using Snap! as
our implementation environment, we now describe the

%or this case study, we assume thatgtudents will work
with a single physical object which starts at a specified

9 If the object has a constant velocity, incrementally
record the distance traveled over a period of time.

design of a DSML for 4 and 2dimensional study of 1 If the object has a constant velocity, calculate the

motion in Kinematics. time required to travel a certain distance or to go to
a certain position.

6.1. Define the learning goals and instructional tasks 1 If the object has a constant acceleration, calculate

in the domain the velocity and position of the object over a

As the first step, we identify the scope of the domain and
then define the concepts and practices that matches the
scope. Lastly, we will identify the instructional tasks.

specified time interval.

Cdculate the acceleration needed to reach a
velocity in a specified period of time.

6.1.1. Define the scope of the target domain 1 Calculate the acceleration needed to travel given
For this case study, we choose tdimensional motion as distance in a specified period of time.

our domain, and limits its scope to the kinematics concepts 1 Calculate the acceleration needed to bring an

of position, velocity, acceleration, and time. We exclude
circular motion from the scope of learningrdain. The
concept of gravity is simplified and represented as
acceleration in a specific, i.e., negatiyalirection. We

object to zero velocity in a certatime or at a
certain distance or position.
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To accomplish these tasks, the students may use plottingThe simulation of the physical objects (Sprites) in Snap!,

functions provided by the system. This helps them learn can be thought of as a continuous representation process

and explain the targeted domain and CT practices. in which at evey simulation step (multiple times in a

second) it inquires the state of the model and graphically

6.2. Identify the scope of the computational modeling represents the state. To scaffold the simulation model
tasks building task for the students, the DSML provides a
As part of this phase' we discuss how the various template behaVior, where the students model hevstiite
instructional tasks are to be mapped to computational of the physical object should be updated for one
modeling tasks. For this case study, the basic flow for all Simulation time step, and this repeats for a period of time

the modeling tasks would be as following: that may be specified in the problem definition or by a
_ _ . o variable set by the students. That template behavior is
1 Students will be provided with a scenariowitne listed in TeMddckel2” as “Updat

or more objects. The objects may or may not be

assigned an initial position and initial speed. Table 1 lists all the variables. Basically, the variables

students manipulate are a subset of variables defined in the

T Students have to specify what variables to DSML. Most variables represent physical quantities
associate with each of the objects, these variables associated with objects, a restriction that the DSML
are linked to physical quantities defined in the imposes on the modelirgnvironment to avoid physically
DSML. meaningless models. The names of the variables are self

1 Students will build and execute computational explanatory other than “Del
models that described the motion of those objects. . P€! t aTi me records the pericg

In other words, they will need to model the last simulation step to the current, which may be used to
calcdate for example, how much the physical object

rela::onsrr:lps beltwgten_ dlffertentthphyspill properties moves from a current position to the next position based
such as how velocity impacts the position, on the current velocity and acceleration.
s

acceleration impactsthee |l oci ty using Newton’

laws as interpreted in kinematics. Their models Table 3 lists all the functional constructs. The term
have to be consistent in the way they specify setP_qsition(X, Y) sets the va_riable PositionX and
scalars and vectors and their relations. PositonY to the values pas_sed in as parameter X and

) ) . parameter Y respectively. The construct

9 Students will verify the correctness of their models setDisplacement(X, Y), setDistance(distance),
by comparing the behaviors generated byrthei setVelocity(Vx, Vy) and setAcceleration(aX, aY) acts
model against those produced by an expert accordingly. ChangePosition, ChangeVelocity and

simulation model. They will not have access to the ChangeAcceleration uptks their corresponding physical
expert model. The comparison of behaviors will be properties with respect to their current values and the
done by studying animations of the scenario values provided.

modeled and plots of variable values across time. g rest of the functions support plotting capabilities. The
In some cases,glents may not be provided with  term plot(name, x, y) can be used generally to plot a point
the results of an expert simulation. They may have on the graph. Assuming tharget environment supports
to study the plots to determine the correctness of  plotting on multiple graphs, each of the plotting functions

their models. takes in as parameter, the name of the graph to plot on.
i ) Rest of t he plotting functi
I Students may change parameters in their models parameter . The value of the p
and simulate them again to solve additional or " YEach of these functional
problems and answ questions. They can use the  corresponding physical property on the axis provided and
plots to justify their answers. on the other axis automatically tracks the time elapsed
To accomplish such modeling tasks, students will also I/:Ioimlthle stirtsofethe“3|\r(n\,t;lit|%n&Ifen? gxs 'Sé)rlgvédzd 'ta tam
have access to genegalrpose computational concepts o
such as constructs for updating variables, using Table 1 DSML version 1— Variables.
conditional statements, Boolean ogers, specifying DeltaTime Distance
functions, and imposing a control flow. PositionX VelocityX
PositionY VelocityY
6.3. Link the designed DSML structures to their DisplacementX AccelerationX
implementation in a specific environment DisplacementY AccelerationY
We will provide two versions of the DSML to illustrate
the ease with which DSMLs may be scaled to include Table2. DSML version 1- Behaviors.

other tasks and constructs. For this case study, the DSMLsUpdateModel()
will be used to program the behaviors of Snap! Sprites.

The first version of the possibleSDAL appears in Tables

1-3. Table 1 lists the variables, Table 2 the behaviors, and

Table 3 lists the functional constructs.
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Table3. DSML version 1— Functions. kinematics can be merged with a DSML for electricity,

setPosition(X, Y) plotPositionX(name, axis) and used to model circuits, where charges move based on
setDisplacement(X, Y) plotPositionY(name, axis) kinematics principles. A carefully designed DSML should
setDistance(distance)  plotVelocityX(name, axis) be scalale and thus should support iterative evolution of
setVelocity(Vx, Vy) plotVelocityY(name, axis) the language. For example, here we did not provide any
setAcceleration(aX, aY) plotAccelerationX(name, language construct for gravity. But, that can be added
changePosition(dX, dY) axis) without any changes to any current construct and can be
changeVelocity(dX, dY) plotAccelerationY(name, used with the existing functional consits (e.g.
changeAcceleration(dX, axis) changeAcceleration).
dy) plotDistance(name, axis)
plot(name, X, y) setLabel(name, xLabel, 8. CONCLUSION

yLabel) In this paper, our focus was on the design of DSMLs for

To simplify design, the plotting and kinematics constructs learning Physics by computational modeling. In our
are kept separate as shown in Tables 4 and 5. The variable&elated work, CTSiM (Basu, et al., 2017), we have adopted
and behaviors are omitted as they are same in bothdomain specific modeling constructs for studetotmodel
versions. The advantage of separating the DSMLs is thatvarious science phenomenon e.g. mechanics with roller
they can evolve independently, when more features orcoaster, the fish tank ecosystem, for middle school
behaviors are added to one or the ntAeother advantage students. In the future, we would like to run formal
is that a very high level of abstraction can be used forone,€ X per i ment s to compare stud
without affecting the other. For example, the plotting Programming and model building with énwithout a
DSML could be abstracted just saying Plot(varX,varY), DSML-based environment. Furthermore, we are currently
where the points X and Y are plotted at every simulation €xploring the domain of high school Physics to identify
step. This provides students a visualization of the dynamic suitable set of DSMLs for high school students to develop
behavior without having to learn plotting functions. In Systems that support synergistic learning of CT and
other cases, details of the plotting functions, such as STEM.

choosing axes, setting scales, and then plotting variables
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ABSTRACT In environments where computation thinking (or CT) has
Significant research has been done on gender disparities iPeen used as a tool for learning domains other than
STEM and computer science wilfie goal of broadening ~ computer science, it is important to take into account
participation in these maldominated fields. At the same disparities in attitudes on computer sciensed the
time, the role of computational thinking (CT) as a tool to specific STEM discipline as attitudes because differences
improve computer science skills along with STEM in attitude can impact learning. While Van Braak (2004)
learning is becoming increasingly significant. This work concluded that girls felt less confident with computers
seeks tadd to this research through an analysis of the role than boys, to our knowledge, no work has looked into
confidence in computational thinking plays in developing confidence levels in conational thinking and the
STEM engagement and abilities. In the study reported in influence" t'he levels have on performance in a science or
this paper, 40 high school students (21 girls and 19 boys)math activity.

completed a Scratch project omodeling inelastic The purpose of this study is to analyze the effect

collisions in their Physics class. Prand postsurveys  confidence levels in CT dimensions have on cross
were conducted to analyze confidence levels in CT. gisciplinary lessons that integrate computer science an
Resglts showed a statlstlcallly S|gn|f|cant d|ffer_ence i physics. This study analyzed individual CT confidence
confidence levels in fo.u.r CT d|men5|on§: abstracpon, flow ratings prior to the completion of an assignment utilizing
of control, decomposition, and conditional logic. The  gcrarch to build a simulation model of a physics scenario.
results show that boys were more confident than girlsin o g n a | ysis of students’' abil
applying each of these dimensions. However, performance;, puild their modelslso we d t h at girls’ a

on the modeling assignment showed no statistical ihejr assignment correlated poorly with their overall

difference. We discuss the results and its apptioatito confidence in applying CT concepts and practices. We

future work. discuss the results and their interpretation in subsequent
sections.

KEYWORDS

computational thinking, gender, STEM, motivation, 2 THEORETICAL PERSPECTIVE

curriculum Studies have beeconducted that show girls have low
1. INTRODUCTION confidence in doing well in science topics (e.g., Kay, K. &
Rapid advances in technology have created an Shipman, C., .2017)' .AS p_reviously mentioned, they also
environment in which computation is changing science show low conflden_ce Inusing computers (e.g., Va_n Braak,
and math research and practice. This has also had’-F- 2014). We briefly review CT concepts anacfices,

implications in pedagogy, where curricula are being @1 d then discuss prior work o
reshaped to ensure students experience, understand, angCMPuter Science subjects.

learn to use computational tools in multiple disciplines. ) o

Combining computational modeling with STEM content 2-1. Computational Thinking o .

has also been shown to synergisticaldepen learning of Our definition of CT is framed within two theoretical

the STEM topic and computing concepts (Sengupta etal.,c 0nstructs: 1.) The Royal So
2013, Wilensky, Brady & Horn, 2014). Furthermore, ~Computational thinking is th process of recognizing
Wing's influential 2006 AasReplsof cempytation inthe ywarghthat syrioyndsigand
Thinking,” has resulted i RPPYING{PpILaR] tecniayes,fialh eGmMPUpE Scigngeqy i e

that have sought to desceiband analyze the role understand and reason about both natural and artificial
computational thinking (cC¥pemgandPmreessesseWi no “Z%Gq 65 ng- 2

problems, designing systems, and understanding humar3fover andPea (2013) list elements that comprise CT
behavior by drawing on concepts fundamental to !ncludlng abstractions, systematic processing of
computer science” (p.33). Igormatipnygymbelsystemgand regresgneations, fow of
educational disciplines from sdence (Weintrop et al., ~ control, decomposition, iterative, recursive, and parallel

2016) to literatureBurke, Q., & Kafai, Y. B., 201 thinking, conditional logic, efficiency and perfoance
_ _ ) constraints, and debugging (pgs-489).
At the same time, there is growing awareness of the gender

disparities in STEM. This has led to a number of studies
on building female interest in predominantly male
disciplines, such as computer science (Wang et al., 2015).
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22.Girl sd6 Confidence Level sapplyimge€ch @ilpdimension toSave rmealrld groblems.
Significant research has beosfidenct davals were datarmingd usipg a-pogit | nt e
in computer science; most notably, the effect of computer Likert scale. Students had accésshe definition of the

science stereotypes on interest (MasterCheryan, S., & four CT terms while working on the survey. Answers to
Meltzoff, A., 2015). The authors described three the

predominant stereotypes that have been studied: (1) “ ma
technologically oriented, 38nThheAssgumerdt| | y awkward, ™ (2)
perception that it requir eThe leabning dbjedtiva rot the collisioraproject (vds)to ¢ o m

s ci enc dating ansl doess rot involve communal
goal s, such as helping or
This study takes into account the stereotypedbatputer
science requires a specific level of intelligenaad uses
pre-post test questions as a means for asggsenfidence
levek.

I n terms of building gi
study by Vekiri concluded that girls benefited from
instructional practices that highlighted the relevance of

construct an inelastic collision simulation model using
Scvatzh. KSiudegts set ihital lochtibne,r dileic ar{d2 0 1 5)
velocities for their chosen sprites (representing rigid
objects) and then wrote code to model and visualize the
collision between two sprites. Students chose sprites, such

as spaceships, cars, or other relevant objects to visualize

(1 sthelr gollsjore. Stugepts yiepe alsa, agked, o depict dng ;¢

mass of each sprite’in the visual representation.

As previously mentioned, this physics class had

information science to other disciplines (2013). This result previously completed three Scratch assignments. In each
seemingly supports further integration of CT related assignment, students were initially introduced to the
assignments into other STEM disciplines as it may physis topic in class through lectures, readings, or non

positively influence gir | sprogramning assightnents. Theth theestudentewerk giveh c

science. the relevant Scratch assignment. A primary component of
each assignment i nvol ved ea

3. Method translate concepts and laws in physicemftepresented
by equations that they had learned in class into a

3.1. The Classroom computational model.

This study was implemented in a high school physics

classroomy in Nas?wille, Tennesseeg.] The clags?/oom,':inaI grades were determine_d by three factors: th_e
student’s ability to (1) incl

consisting of 40 students (21 girls and 19 boys), previously

completed three physics assignments using Scratch:aSSig”mem instructions, (2) build the simulation slod

forces, onedimensional motion, and prajéle motion.

Prior to the first assignment, the teacher introduced the

students to the Scratch environment.

3.2. Pre-Survey

For the purpose of analyzing confidence levels in CT, we
focused on four core dimensions of the CT framework:
abstraction, flow of combl, decomposition, and
conditional logic. Students were given descriptions of
each dimension, as shownTable 1

pretest were exported to a Google Sheet for analysis.

Table 1 Computational Thinking Dimensions

Dimension Description

Abstraction Hiding all but relevant data about an
object in order to reduce complexity an
increase efficiency

Flow of When designing an algorithm to solve ¢

Control problem, computer scientists have the
option of using control structures such ¢
sequential structures, setmn, or
repetition

Decomposition Breaking down a complex problem or
program into parts that are easier to
create, understand, design, and mainta

Conditional If an action or condition is true or false,

Logic will result in a specific action

The presurvey consisted of a Google Form in which all
students were required to rate their confidence level in
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using the block programming language (multiple flow of
control structures were allowed and utilized) from the
equations learned in class, and (3) provide an accurate
visualization of the collision process. In other words, their
task was to help othersig an intuitive understanding of
inelastic collision processes from the visualizations they
created.

The CT concepts and practices analyzed in this study were
chosen based on their relevance to the completion of the
assignment: abstraction (variable us#w of control
(process chosen for demonstration), decomposition
(understanding relevance of each variable oclass
discussion topic on ability to accurately model), and
conditional logic (what happens when the two sprites
collide).

3.4. PostSurvey
Following the completion of the assignment, students
were

asked to complete a CT post survey using Google Forms.
This form included all CT definitions previously given and
students were asked to provide an example of how they
utilized each CT dimension in theipllision assignment

(if they thought it was applicable). Students were not
graded on their ability to define the CT concepts and
practices they used in their program on the sastey.
Rather, the examples on each CT dimension provided
were used to rate their confidence levels to their
understanding of the respective CT dimension.



Assignments were graded by the physics teacher based on
the three project factors described in Section Bable 3
shows the average grade in the class for girls and boys as
well as the average grade on the collision assighme

4. Results

4.1. CT Confidence Levels
As shown inFigures 1and 2, there were considerable
differences between the initial confidence levels of the

boys and girls on each of the CT dimensiorfble 2 Table 3 Class and Assignment Averages.

summarizes the quantitative results, and clearly indicates : Class Assignment

that the confidence levels for the boys were significantly Girls 89.9 92.4

higher f§ 78t u than the girls on three CT dimensions Boys 88.2 88.4

(Flow of Control, Decomposition, and use of Conditional

Logic). For the fourth dimensiom, T@hindicating a Upon further analysis, the difference between

trend.

Abstraction
Flow of Control
Decomposition

Conditional Logic

=)

Figure 1.The Girls: Initial Confidence Levels in CT

performances of girls and boys in terms of the class
average and the individual assignment is insignificant.
While confidence levels indicate that girls experience
lower confidence in CT applications, thera@sdifference

in abilities in both the model building task and in the class
average.

4.3. PostSurvey: Qualitative Review

Students were not required to complete the -postey

due to time constraints; however, 18 students did complete
the survey.Table 4shawvcases responses from two girl
students and two boy students along with their respective
confidence level in the CT dimension.

Table 4 PostSurvey Responses.

CT* CL* Post

Gl A 4 | only made new variables for
things that | would use, rather thai
creating this based off of what |

I _ originally thought | might need.
_ FC 4 When making the scratch
o _ (program) | used the sequential
commosition structure for putting together the
e _ commands.
Gonditional Logic _ D 5 | broke it down by writing out the
momentum formula in terms whicl
1 ’ ‘ ’ | was then able to enter in.
CL 5 This happened because of when
. . i . one of the sprites hit the other, the
Figure 2.The Boys: InitihConfidence Levels in CT would then move off the screen
Table 2 t-test Results on Confidence Levels. together. This was the end game.
CT Dimension | Girls Boys t-test Level of G2 A 2 I originally started with a big
Mean Mean Significance equation to solve for final velocity,
(SD) (SD) but that didn't work. | then decidec
Abstraction 1.92 2.62 0.0921 to use only specific variables to
(1.12) (1.45) solve for Vf, using a different
Flow of 1.538 25 0.0306 approach and fewer total variables
Control (0.877) | (1.508) FC 1 Repetition—l didn't think one of my
Decomposition| 1.61 2.538 0.0409 sprite’s masses would work, but |
5(1.121) | (1.450) just put something in and it
Conditional 1.769 3 0.0166 happened to work, so I continued
Logic (1.166) | (1.581) my project that way while it was
working. | decided that as long as
the mass was working, | would
4.2. Assignment Grading keep going. _ _
Students were required to use the Scratch snipping tool to D 1 I'nstead of using one big equation
paste an image of their code to a Google Doc that was I'd pla_1ned, | made several s_mall
submitted to their teacher. In addition, students were equations to sqlve for one thing.
CcL 2 | decided that if the mass for one

required to submit a link to their projects in order for the

sprite worked, | could make the

teacher to evaluate the ue performance of the model.
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other work based on the mass of
the one before.

undertaking the physics activity. Previous studies have
ranged from research no opinions following an

Bl A 4 Writing out all necessary variables educational activity (Atmatzidou, S., & Demetriadis, S.,
before figuring out what meeded 2015) to an understanding of computer science
to do with them. perceptions in terms of motivation to take computer

FC 3 science courses (Vekiri, 2013). This study highlights the
D 3 Setting up loops. initial lack of corfidence experienced by girls, and
CL 4 Making if/then situations. suggests further studies that delve into improving initial

B2 A 1 No unnecessary variables assignment scaffolding that can better address the initial

FC 1 The placement of the change in tF confidence disparities.
variable by which the sprite move Lastly, although there is no significant variation in
and the comrfnfimctj_lfor move?;nt performance in this clasoom (the majority are high
:‘garl?hpeutrv?/gsse ';'I t,ets Svgfen}gq; tice;I performers), the takeaway message may be that a weaker
barring indiv%ual variables. the us student, irrespective of gender, may need more scaffolding

o N to aid them in their model building tasks.

of a forever loop and an if/else
clause L 5.1. Project Limitations and Future Implications

b 1 R‘,thrgl;f;ndﬁ;m&sgmﬁ;?f as Concept assessment resuihdicate that the girls may

oL 2 iflelse loop with the Boolean of benefit from the use of programming tools to simulate a

physics concept. While this study conducted a confidence

contact used level survey prior to the completion of the assignment, an

*CT  (Computational - Thinking — Dimension),  CL  gnqjysis of posassignment confidence levels (viaikert

(Confidence Level from PrBurvey) scale or similar) may provide additional insight into the

In the table above, it is important to note that both the girl effect the completion of a programming assignment has on
and boy that submitted lower initial confidence levels in not only confidence, but also interest in CT and computer
the CT dimensions were able to produce quality examplesscience in general. We conjecture that building scenario
for each CT dimension used in their code for the jest models provide a iter understanding of how STEM
survey. Also of note is the length of responses by the girls concepts may relate to reabrld scenarios, and that may
versus the boys. We should also note that on the averageprovide additional motivation for both girls and boys to
girls tended to submit longer examples of each CT pursue STEM disciplines. Indirectly, this may also help
dimension, with girls average B2 words per response overcome the low confidence levels experienced bﬁ,giﬂ

and boys average 9.65 words per response. thus increasing their engagement with STEM disciplines
early in their education.

5. DISCUSSION This study included a small cohort of students. Based on
The role of confidence has been shown to play a confidence level and performance results, future studies
significant role in likelihood to pursue STEM careers (e.g., should be implemented that analyze the effect of CT
Moakler, M. & Kim, M., 2014) and the preliminary confidence levels in a programming in physics application
findings of this studycorrelate to the lower computer of a larger cohort to determine whether this trend holds. In
confidence levels experienced by female computer scienceaddition, this study specifically assessed the role of CT
majors compared to their male counterparts (e.g., Beyer,confidence levels in a physics application. In order to
S. et al, 2003). These two studies were conducted with firstdetermine if a broader STEvhpact exists, studies should
year college students, but based on the findifgthis take into account multiple STEM disciplines to analyze if
study—confidence issues need to be addressed at an earliethe effect remains the same on a broader scale.

age. However, keeping in mind the importance of introducing

As previously noted, the goal of this study was to the relevancy of computer science in other disciplines,
understand the effect of confidence levels on eross describedn the Theoretical Perspective, initial instruction
discipline abilities. With this work, it can be seen that related to the computational tools needed to better

initial confidencdevels are not a good indicator of content understand a scientific concept can be seen as a beneficial
understanding (Physics and CT) and ability to apply the approach to building confidence and interest in both
content to solving problems; however, the significant STEM and computer science. Contentfpenance of the
difference between initial confidence levels in CT needs girls indicated a significant ability to complete a STEM

to be addressed particularly based on previs findings assignment using a computer science tool. Future work
relating confidence levels to career choices. For instance,with this framework may contribute to an understanding
though no posinterviews were conducted to determine of the synergy between STEM and computer scienae
girls’ confidence, it may synergythat tap impaffuture career directions. out t o t
how well they perform with respect to the rest of the class,

and they sbuld be encouraged to become more engaged . . .

: o multiple components. As a means of improving the

in STEM disciplines. ) Lo . :
analysis of CT understanding in this physics assignment,

A unique component of this study is that confidence levels CT content assessments could be developed to analyze
regarding computational thinking were assessed prior toe a ¢ h s t ndetstanding of a relevant programming

Future applications of this approach would involve
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tool separate from its usage in the physics model. Martin, M. & Kim, M. (2014). College Major Choice in
Furthermore, research should be done on the translation of STEM: Revisiting Confidence and Demographic
programming and CT knowledge developed using block  FactorsThe Career Development Quarterly,(8),
based programming languages into {eated 128-142.

programming abilities. For example, in this physics Master, A., Cheryan, S., & Meltzoff, A. (2015).
classroom students completed four Scratch assignments. Computing Whether She Belongs: Stereotypes

A gnit could be devel_oped vyith the four completed yh4der mine Girl s’ I nterest an
assignments, as an increasing amount of CT and compyter Sciencaournal of Educational Psychology,
programming ability is needed for each new assignment. 1083), pp. 424437.

Following the completion of the unit, students could be ,

introduced to an object oriented programming language Office of the Press Secretary. (). Fact sheet: New
and tested on their ability to program collision using the ~ComMmitments to support computer science education.
new language with a focus on whether students were able The White House. Retrieved February 4, 2017, from

to capture CT dimensions, such as cdodal logic, https://obamawhitehouse.archives.go_\h’mess
abstraction, etc., using the new language. office/2014/12/08/facsheetnew-commitments

supportcomputerscienceeducation

Royal Sciety. (2012). Shut down or restart: The way
forward for computing in UK schools. Retrieved
February 4, 2017, from

The results from this study indicated that while girls have
a significantly lower confidence in CT applications, there
is no difference in their ability to perform CT tasks when
compared to theimale counterparts. There are many ) . . . .
initiatives currently working to bring computer science _https.//royalsomety.org/~/me(_j|a/_educat|on/compu{|ng
education to high school classrooms (Office of the Press in-schools/201:D1-12-computingin-schools. pdf

Secretary, 2014). This study further supported the conceptSengupta, P., Kinnebrew, J.S., BasuB&was, G., &

that the introduction of computer science and €lated Clar, D. (2013). Integrating computational thinking

content to already existing STEM curriculum can provide  With K-12 science education using ageased

a resource for building gi eomputation Athegretisasfiamewaikglucaianardi d e n ¢ ¢
computer science. As we move towards a broader Information Technologies, {8), pp. 351380.

availability of computer science education at the van Braak, J. P. (2004). Domains and detaemts of
secondary school level, it is importdn take into account uni ver si t y-pesceéivedicemptter’ sel f

CT confidence levels as a means of more effectively competenceComputers and Education, 48p. 299
impacting a greater number of potential female computer 312.

scientist. Vekiri, 1. (2013). Information science instruction and
changes in girls’ and boys’
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ABSTRACT required t_o' specify curricula by themselves considea

How is computational thinking education in Germany? statespecific curriculum framework.

This paper aims to investigate computational thinking \we will analyze documents of requirement curriculum
education in K12 German secondary schools. The famework for different federal states. Since the four
methodology is based on analyzing the competéased  foqeral states (North Rhindestphalia, Baden
curricula frameworks for Computer Sc@n in four Wiirttemberg, Bavaria, and Low&axony) have the
highest popula_tted federal stgtes in Germany. In gddmon to highest ppulation and the population of these four states
Computer Science education, we also consider other; g gher than half of Ger man
subjects, e.g., Physics, because computational thinkinganalyze the curriculum frameworks in these states. Since
may also exist in other subjects. Finally, we compare hese four states are based in the West Germany, we also
computational thinking ducation in Germany with  axe one state with highest popidatin East Germany
international level by taking the ACM recommendation (gaxony) into account. The analysis is based on the nine
for Computer Science curriculum into account. core components of computational thinking summarized

by Yadav and colleagues (2017).
KEYWORDS

Computational thinking education, K12, Germany, ACM
Computer Science curriculum.

Since most components of computational thinking are
related to Computer Science, we will istigate the state

specific curriculum frameworks for Computer Science. In
1. INTRODUCTION addition, we also consider the curriculum framework in

What is Computational Thinkg® No clear definition for ~ Other subjects, e.g. Physics, in order to examine the
this concept has been developed yet. Yadav andCoverage of computational thinking education.

colleagues (Yadav et al., 2017,) and Denning (2009) \ye analyze whether arvpcabulary in the description of
suggested_that the notion of computational thinking had expected competences or learning objectives in the
the root in Computer Science _v‘vhen_ Polya, (1945) cyrriculum frameworks match the term (or synonyms of
discussed akouthinkli g@ri alpmie deinfs& & spelific tdhmPonent of computational
paper “ How .tRecenBy Lhis enotion tof  thinking. In this case, we can conclude that this component
computational thinking is embedded in the work of Papert is coveed in the curriculum framework being
(1980, 1991), which focuses on the LOGO programming investigated.

l anguage and whi ch ai ms at supporting student
algorithmic thinkirg and problem solving abilities. Yadav 3 RESULTS

and colleagues have summarized different components for,
computational thinking based on Wing (2008) and Barr
and Stephenson (2011). According to Wing (2008),
computational thinking consists of the process of choosing
the right abstractions and automation of those abstractions
Based on this idea, nine core computational thinking
concepts have been proposed by Barr and Stephenso
(2011): data collection (DC), data analysis (DA), data
representation (DR), problem decompsition (PD),
abstraction (AB), algorithms and procedures (AP),
automation (AU), parallelization (PA), and simulation

S

North RhineWestphalia has the highest population in
Germany (17.9 Mio., Statista, 2015). The curriculum
framework of this state is based on five competence areas
((2) argumentation, (2) modeling3) implementing, (4)
representation and interpretation, (5) communication and
cooperation) and five content fields ((1) data and
I%tructuring, (2) algorithms, (3) formal languages and
automata, (4) computer systems, (5) computer science,
human and society Here, we use the curriculum
framework for secondary education. The expected

(Sh) competences “student identif
' objects, their attributes, their operations and their

Based on these nine components of computationalassoci ati ons” ( NW, 2014, pp.

thinking, we aim at investigating the computational for a specifigoroblem entities, attributes, and relationships

thinking education in German saile (8" grade to 1% and their cardinalities and represent them in an entity

grade). relationship diagr amprbblermat ch

decomposition (PD).The competences , st
2. METHOD classes with attributes, methods and association

(riel ationships noted with card
the concept of polymorphy to
r(ﬁ[\IW, 2014, pp. 28) are specific to objextented
programming paradigm. However, this competence may

Germany has 16 federal states and each state defines
framework of outpubriented requirements in terms of
expected competences for each grade. School teachers a
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be considered a part of the componebstraction (AB) Table 1 Coverage of computational thinking in
of computational thinking. Similarly, the expected GernLan SChOOlS

competences students mod'fy ase del ” and
,students model a relattionlal dakD%lﬁPéﬁg ‘@c"‘f‘?e‘ﬁﬁ’a‘wf bD‘? S ent
relationship diagram“ ( NW, 2014, P omput& dcipncear e r el afed t
database modeling, howeveanche considered a part of  gr—pr N e Y P

abstraction (AB).1 n t he content fi eweéspha“aAl glorj t hms” , tihe
competences “student s anaf-yze elxpflalin anid mold if y

al gorithms and programs”, Ba&fzmyergent s|de'vedilob |itlerptive &
recursive  algorithms  applying the  strategies

Modularization Divide and Conquer, and Backtracking Bavaria L L L L A

and “students evaluate t hédlowadabnyCcilency| off [algof i ixhms wi
respect to memory usage arstfj\‘xowt.h.\X rxumxbe)z' )gfone at++ons”
(NW, 2014, pp. 29, pp. 34) cover the component

algorithms and procedures (AP) of computational ACM CS XXX X X
thinking. Int he content field “fFor mal Tangpdy&dcd € S n
automata”, the competencest *‘students nalyze and expl ai
the attributes of finite automata/ pudbwn automata and \'fvoer;?ph;gne O

their behavior for a specific {|lnput” “Istludlent s| devel c
formal language, which is accepted by atéirmutomaton Baden X

orapuskdown automaton”, and MEEBRPend s devel op |an|d

modify finite automata or pustiown automata for a  |Bavaria X X

pr ob (MW, 2014, pp. 30, pp. 363an be Lower-Saxonyx  [x

considered a part of the componantomation (AU) of Saxony S

computational thinking. Also in the sanoentent field

“Al gorithms”, student s expl ain t he principle of

concurrency” (NW, 2014, p pBadentvartemtBaytar®® Tondpltef ScBrieé Edlicatibnh €
component parallelization (PA) of computational from the 11th grade to 12th grade. From tHegade to

thinking. the10" grade, school students in Baedhirttemberg are

The curriculum framework in Physics in North Rhine offered the sa al | ed “ jteohhicalr fasit i o n
Westphalia seems to complemenhe curriculum education” courses, which ser
framework in Computer Science with respect to Science education. The framework of requirements
computational thinking. comprise five areas: (1) Information and data) (2

algorithms and data, (3) problem solving and modeling,

(4) work principles of computer systems, and (5)
informatics and society. Since in the"?2area, the
framework specifies three co
the ability to apply basic datatypes andadats t r uct ur e

The curriculum framework for Physics addresses the
componentslata collection(DC) anddata analysis(DA)

of computational thinking that we do not find in the
curriculum framework for Computer Science. The
following expected competences are specified in the

curriculum framework for Physics in North Rhine st IUd ent f th ﬁ ve .t he abilit y" t
Westfalia address the componeladta collection (DC) I mp1 emen em 1 n o programs-,
ability to apply modul arizat

“Students have the ability to search, to analyze, and to .
evaluate by comparison relevant information and data in from German, BW, 2004, pp. 439). These requirements of

different sources as well as in selected scientific expected competences coee following components of

: : co tatignal . thinking: data 1 ntation (DR),
publications for p HPly, 2014,a | "hoﬁaé%n? *M’% e@Ftracnon (AB).

pp. 28) ; “Student ernteandaneasunee on( %

criteriontdriven, and explain and use complex devices for zi[’]glyorjhms and prgc? ures ( PCIn the irneigf problemthe

observations and measul?hemeﬁ‘f'@ CE(}% %n] G 0Ne\N
componentgrablem compo |on( ), abstr ction

2014, p.28). In addition to competences addresdatg
collection (DC), several other competences emphasize (AB), and algor]thms and procedures_ (AP) _Of "
dat a anader)tsshialvx;ethea‘biﬁiytoanalyzedataCormOUtat'Or'aI th.|nk,!ng.“ St uc
gualitatively and quantitatively with regards to of p roblem S0 lving”, ,,St u d el
coherences, rul es or -Rhathprnﬁja ngisoé "pr?f\ﬁvss ' S
2014, p.28); “Student havemapﬁ)aéprtgnlgmsn‘ﬁtooetlsoa&(gvétlé’:\&s'%g.de
and explain and predict physiegaichnical processes using
theoretical models, mathematical modeling techniques, Similar to the curriculum framework for Physics in North
thinking experi ment-Bh 20Md &KhineWéstghalia,o nPhysic edugation in Baden
p.62). Wiarttemberg addresses the two componedita
collection (DC)anddata analysis (DA)that complement
to Computer Sciece education with respect to
computational thinking educa
ability to observe and describe phenomena and

40



experimentsgoabr i ent ed . " ; “ st ud e ng availdbla wre thet Ihterneta(Nlj 2014). Whe tspecified
collect measur ement dat a amnppiadesdrd symmarized in fogr dearsing ardad €lm. "

“ st ud e nhe abilithta eorduct experiments, collect data and their traces, (2) computer competence, (3)
and assesdfPhda®dmM 6(BWp. 1 0 algorittinf&{prabdem sotviag, ahdxa(4) @utomated processes.
the ability to evaluatPh, résultthe odtfraerpegi méreti s” “@BWor
2016, pp. 12). competences “ st udagonthnsintlege scr i b

own words”, student s repr
graphically”, “students exec.!
“student s develop an algoritt

structures (2N Icover th@ domponemt p . 2

The present curriculum framework for Computer Science
in Bavaria is not based on qut-oriented competences
yet, rather it is based on learning contents that need to
input into school curricula in Bavaria. The competence
based requirement framework for schools in Bavaria has 3/90rithms and procedures (#). In the leaming area

been developed and is planned to be applied from the. @Yt omated processes”, the

school yea 2017/2018 . Since the competendmsed describe adtomata as a”composmon of their states and
: : : ; transitions and student s d
requirement framework is available on the website of

Bavaria's State Institute go%i) mr%tgh t‘?\edmnggn?&torna%na(ﬂﬂ OfEaucat

Research (BA, 2017). According to this framework, computational thinking. The c¢

Computer Science education starts from tHeggade. and simulate a given automaton using an appropriate
After the 9" grade, the following competence is expected Ul a tion

from the student: . “Stud en tc8mp&13n?5|méfla7t|§n (§) md corﬂp%tgtl8n'a]lpth9nlg<|r?y d a? a

ggqusl(tar;?g:qauézgnrtg ?::;?t)l?se(%g"éﬂ)veenéoéég ?Tll'ggélThe curriculumframework for #-10" grade schools in
ni ion) P velop Lower-Saxony supports few components (AP, AU, and

graphically” Sl) of com ) o
) putational thinking. We hope that the
(http://www.lehrplanplus.bayern.de/fachlehrplan/gymnas curriculum framework for secondary schools in Lower

ium/9/informatik. This competence covers the :

components data representation (DR), problem tsh?:ﬁﬁy support more other components of computational
" ) ; g.

decomposition (PD), abstraction (AB)f computational

thinking. After the 18 grade, the following is expected: ~ Considering the curriculum framework for Physics in

“Students represent al g o lower$arany, the expectgdscampetencesspeasified i his

graphica”y for a given proce@'iented prob|em usmg framework address the Componedma collection (DC)

contr ol s t rang datg, pnalysis »(DA) of computational thinking:

(http://www.lehrplanplus.bayern.de/fachlehrplan/gymnas “ St udent s pl an si mathemaak per i

ium/10/informatik). This competence requires learningin d ocument experiments’ results

algorithms and procedures (AP). using appropriate diagrams and identify functional
reI t|{§> s" “Stud

Afterthe 12'gr ad e, “student s have a]at ZQ){)y‘tlthlﬁé‘oﬁs?pqza),

oo il e 2 e e Sftourd"e 43780 @ § Fefaldaton wfne n ¢ a
p-/AWWW.IENrPIANpIuS.bayern.de/lachienrplan/gymnas ., o 5 o | r ement data GTR/ CRWS or t

ium/12/informatik. This competence is in accordance “students eval

with automation (AU).The competence §gg ?Ogls H‘R&S me as uPh,@002 Nt ’ s
typical conair r e nt scenarios Uusi B 97) h&st crofnpﬂet%ncess Indlcatenaacé(m F;En%

) O pl ntary part
ach|ev<tadt_ by IE[E? kcomp((j)ner!ti_arallellzatlon (PA) of to ComputerScience curriculum in Lowe®axony with
computational thinking education. respect to computational thinking education.

Complementary to the curriculum framework for Saxony has the highest population (4.0 Mio., Statista,

Computer Science, the curriculum framework for Physics - :
. ; ’ ) 2015) among the f|ve federal states in East Germany. Page
in Bavaria address the compntisdata collection (DC) curnculum framework

anddata analysis (DA):* St udent s are (Https'?/wwal gcﬁdle sécl%&l de/Ipdb/web/downIoads/Ip
infer physical knowledge from course texts, to search gy_informatik_2011.pdf?y2 summarizes the goals of
information and to work up results in documentation and Computer Science education. This summary of goals

Fefrlecet Smep:!:ctts aoft [I)h)(/)src]:glspﬁfs?gmntsr ﬁmﬁs?or)liaﬁ as:dq,mdu eE thé Edhnbohentata collecton (DC), data
societal relations and are aware of chances and limits Ofanalyss (.D.A) data representatlon (DR). problem
hysical sehgamions.” (BA decomposition (PD), abstraction (AB), algorithms and
phy ’ : : procedures (AP).On the contrary to the four states in
The curriculum framework of LoweBaxony is West Germany, where DC and DA are not addressed in
competencéased. This document distinguishes between Computer Science education, thedéral state Saxony

“

processoriented ad contenoriented competences. does. The specification of t|
Lower-Saxony offers Computer Science education from | nf or mat i castdbmation (AU) €¢SA,s2614, pp.
the 8" grade. At this moment, only the curriculum 1 5) . The learning area “Appl|

framework in Computer Science fdf §rade to 19 grade

1 http://www.isb.bayern.de/schulartuebergreifendes/paedagogik
didaktik-methodik/kompetenzorientierung

41


http://www.lehrplanplus.bayern.de/fachlehrplan/gymnasium/9/informatik
http://www.lehrplanplus.bayern.de/fachlehrplan/gymnasium/9/informatik
http://www.lehrplanplus.bayern.de/fachlehrplan/gymnasium/12/informatik
http://www.lehrplanplus.bayern.de/fachlehrplan/gymnasium/12/informatik
https://www.schule.sachsen.de/lpdb/web/downloads/lp_gy_informatik_2011.pdf?v2
https://www.schule.sachsen.de/lpdb/web/downloads/lp_gy_informatik_2011.pdf?v2

componensimulation (SI)( SA, 2011, pp. venhdojsuppli€aourse Espezially, in addition to gaining
curriculum famework addresses almost all components of knowledge, abilities and skills in Computer Science, ACM

computational thinking excepiarallelization (PA). mo d e | curriculum promotes “t
In the subject Physics, the curriculum framework in elements of mathematics and computer science, including
Saxony addresses electric parallel circuits A 2011, ~ Pinary numbers, logic sets, and functi

pp. 15), which are not in the context pdrallelization ACM, 2003, pp. 15) and topic
(PA) (Barr & Stephenson, 2011). Similar to other Physics logic, functions, sets, and their relation to computer

curriculum frameworks, in the state Saxony, the SC¢i ence”. (level 3, ACM, 200:
componentslata collection (DC),data analysis (DA)are considered required important in Computer Science
supported: “Students | ear nedpgiongndioyproplemsoling. ¢ 53¢ egori ze, a

use information in order textend, to structure, and to

apply their knowledge. Acquisition, usage, evaluation and 5. CONCLUSIONS

presentation of i nf-®h 804l i ol@blejl shows g ihe federal states in Gegnany, that have

pp. VIII). in total more than half population of Germany, cover
several components of computational thinking. The

4. ACM CURRICULUM FOR K 712 CSE coverage of computational thinking components is
The ACM model curriculum divides Computer Science heterogeneous among different federal states in Germany.

education (CSE) intour levels: Level  Foundations of It is worth to note thadata collection (DC), data analysis
Computer Science, Level 2: Computer Science in the (DA) are not considered in the four investigated
Modern World, Level 3 Computer Science as Analysis curriculum frameworks for Computer Science in West
and Design, and Level-4Topics in Computer Science. Germany. However, these components addressed in

On level 1 (recommended for grade8 students are the state_ Saxony in East Germany_. Considering _the four
expectd to “apply strategi es SP®S INjWest, Bermpapy, Hakings e cwrigylum; g
routine hardware and software problems that occur during rameworks for Physics info account, we can notice that
everyday use.” (ACM, 200 3 Dbothgyriculum gameworksin, Gogputer Scignge and, ¢
graph as a tool for representing problem states andPhys]cs are complementary with pest to computational
solutions to compl ep. 14, amb | BiRKOG edycalien, pince shgycqver mgst components of
“understand the fundame nt gmpuigtiony thigkingfexceptihgcpmhonamylatin ¢ o
usefulness for solvingreator I d pr obl ems” SI)(' ACM, 2003,

pp. 14). Thesecompetences meet the components Surprisingly, the state Saxony in East Germany addresses
problem decomposition (PD) and algorithms and almost all components of computational thinking except
procedures (AP)of computational thinkingln addition, parallelization (PA).

t he compet e n-specific tobs,esoftwasenan® n ¢omnaring the Computer Science education in Germany
simulations ~ (e.g., environmental ~probes, — graphing 554 ACM model curriculum for KL2 Computer Science
calculators, exploratory environments, Web tools) to ith respect to computational_thinking education, ng
support learning and resedftle carfﬁ‘ec ted: 4h8 Cémpondiblem 1 3)
addresses  the ~componensimulation (Sl)  of decomposition (PD), abstraction AB), algorithms and
computational thinking. On level 2 (recommended for procedures (AP) are recommended in curriculum

grade 9 or 10), students should have conceptualfameworks for Computer Science in Germany and in
understanding of “the basifmbdeRercduh. @l 9orithmic probl
solving (problem statement and exploration, examination

of sample instances, designpgram coding, testing and Based on the analysis results in this paper, we would
verification)"”, whi ch me g§cammendy edycators o, Ray morg rafegtions 1p ¢ the
problem decomposition (PD) and algorithms and componentsarallelization (PA) and simulation (SI),
procedures (AP)of computational thinking. On level 3 which arenot_con5|dered_|n Computer Sue_nce curriculum
(recommended for grade 10 or 11), students should gainframeworks in three of five federal states in Germany. In
under standi ntaideas abdutithe prdcasmef addition, _since big data is increasingly a problem in
program design and problem solving, including style, cOmputation, we would also recommend to embed
abstraction, and initial discussions of correctness and Methods ofiata collection (DC) and data analysis (B)
efficiency as part of the IBGPMRUgrSEigncegyrigylagbgcayse thegegcamponents (a
2003, pp. 14) and “si mpl e cauypnlybefeupdinPhygics curiculum flamewerks, s
(ACM, 2003, pp. 14) address the componedtta

representation (DR)and abstraction (AB) (in addition 6. REFERENCES

to other components mentioned above). On level 4 ACM, (2003). A Model Curriculum for KL.2 Computer
(recommended for grade 11 or 12), students attend the Science: Final Report of the ACM-2 Task Force

courses that deepen gained knowledge, abilitidss&itls Curriculum Committee, ACM.

in Computer Science. Students have the choice between http://www.acm.org/education/education/curric_vols/k

an Advanced Placement (AP) Computer Science course 12final1022.pdf

that “emphasizes probl empas®i7yLleHiphnPLBS) Bformatik, B&drd. t h m

devel opment, and introduc e sipsinweBeglahuébayethdel @ structures
(ACM, 2003, pp. 18) or a projettasedcourse, or a
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ABSTRACT

This paper addresses two problems which usually occur in
learning Mathematics: first, students who face difficulty
understanding and are too shy to participate in discussions
and subsequently do not manage to resolve their doubts,
and second, dull-Earnhg websites. The many rules in
Mathematics compounds the problem further. We thus aim
to address these problems through a gamifiedremerce
oriented Mathematics learning practice system, Alzebra,
for informal learning. Focusing on principles of
Informaton Systems Analysis and Designc@mmerce
oriented computational concepts are embedded in the game
to motivate online practice. The system concept, design
methodology and user testing outcomes are presented.
Significance lies in deriving perception towlar
gamification and components which users liked or disliked
and the efficacy of our hybrid approach in systems
development.

KEYWORDS

Design; gamification; Mathematics practicec@mmerce;
computational concepts.

1. INTRODUCTION

Blended learning isincreasingly popular. However,
educators may not be available faodace at all times to
help students with their problems. Hence, two problems
need to be addressed (Chen & Jones, 2007; Li, 2016). First,
students who have difficulties grasping conceptslass
and who are shy. They tend not to participate in the
activities or interact with their peers in class even though
they do not understand what they are learning in class.
Instead, they would be forced to revise topics on their own.
The second probie arises if the 4.earning platforms are
dull and mostly texbased or unexciting.

In the learning of Mathematics (MVid, 2016), the
enormous number of rules that need to be followed often
makes understanding complex Mathematics frustrating.
These pose chlanges to motivate students to access online
materials to carry out sestudy and to keep them engaged
throughout their online learning process. Hence, we aim to
develop a gamified computeided learning system,
Alzebra,to carry out revision and reinftement outside the
classroom.

Bearing in mind several learning strategies, our objectives
are to:
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a) assess the improvements that can be made to existing
related systems and choose the best features that can
be adopted;

explore the possibilities of gansfil learning in online

education.

2. RELATED WORK

2.1Learning difficulties faced by students in

Mathematics
Other than the small number of students who have been
identified as having dyscalculia (Mathematics learning
disability), there are a few reasons why students face
difficulties grasping concepts in Mathematics (Taylor &
Galligan, 2006; MVid, 2016):
a) studers who experience this problem often possess
characteristics such as lack of confidence due to
constant failure, do not activate prior knowledge to
solve problems, have trouble memorizing basic Math
functions, have problems focusing when facing
guestionsrivolving multiple steps, lack of cognitive
thinking skills, and afraid of being wrong..
there are also a few teachetated variables, which
cause students to have problems in understanding
concepts in Mathematics.
research has also suggested that cultrim-related
variables such as spiralling curriculum causes students
to experience significant problems learning and
applying Mathematics concepts. This may be due to
cognitive overload.

b)

(¢
~

2.2Mathematics Learning Strategies
Many Mathematics strategies haveeb around and are
used by educational institutions. Some of the approaches
available are classrocbased techniques such as
metacognitive strategies, cognitive strategies, and social or
affective strategies while others are softwhased
approaches wherzlucational technology, is used as one of
the teaching strategies (Taylor & Galligan, 2006; Yang,
Chang, Cheng, & Chan, 2016; Centre for Advanced
Research on Language Acquisition, 2016; MVid, 2016).
Due to the fact that both means of instructional dejive
methods are diverse, the outcomes from both approaches in
relation to students’

ce
I
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2.3 Gamification in Educational Websites

Gamified learning is a term used to describe the integration
of game mechanics in learning ttprocessto make
instructions more engaging and fun. It has the potential to
help the way students need to feel engaged when learning,
that is, through growth angdvancement, recognition and
rewards, a higher goal to pursue, and a sense of teamwork

Kapp’s (2012) study states
suggest that gamification can be used as a tool in education
to spark interest in students to learn. Mom\students
who have used a gamifiedLearning platform produce
higher practical test scores compared to those who use the
non-gamified version.

Furthermore, according to the Gamification Survey carried
out by Talent LMS (2016), 79% of the participahtsve
shown a positive attitude towards the integration of
gamification in their university or institution. Out @5%,

the participants are alreadyamersthemselves whereas
50% of them play casually and 27% of them moderately to
fairly often. In additionover 60% of the participants would

be motivated by leader boards and increased competition
between students and 89% would be more engaged with an
e-learning application if it had pointsystem.

Based on this, it can be concluded that the strongeister

of the participants in game may indicate that
implementation of gamification in educational websites
can be accomplished. An example of existing systems
implementing gamification in education is the Khan
Academy.

3. SIGNIFICANCE
There are several contributions from this study:

a) This study contributes to how Information Systems
Analysis and Design principles and computational
components integrated witha@mmerce and
gamification can be used to design applications
which have the pential to motivate online
practice. The application of computational
concepts to the reaborld corresponds with
computational thinking (Wing, 2006).

b) A deeper understanding of the perceptions of the
student community needs to be first identified and
designed for if gamification is to work well. This
finding supports that of an earlier paper (Wong &
Lee, 2016).

c) Consistent with (TalentLMS, 2016), prior user
gaming experience influences acceptance of
gamified applications.

Objectoriented design is cosffective and
sustainable.

d)

4. METHODOLOGY

4.1Sample
The sample students are 10 students who are weak in
Mathematics studying at the puaiversity level. Learning
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Mathematics online is foreign to them though they know
that these systems exist. The testing qukis one week
each (initial survey and uségsting).

4.2Procedure

Adopting agile methodology, rapid prototyping and design
thinking, two phases are carried out, involving two
iterations in each phase. The first phase involves the initial

duled fand thB Setdhd phds€ the' bRta RAifgCTh&sé &re WH

elaborated on below.

First phase:

An evaluation of existing-eearning websites (objective a
above) based on Ni el sen’ s
Website Interface, and Website Functionality is carried out
to determine improvements which can be made and
opportunities for deueping systems meeting our
objectives.

Subsequently, for design and development, the first
iteration includes the basic content management features.
The ®cond iteration includes the add questions page,
practice page, show hint antheck answer sectionni
practice page, quiz page, and view result page. Next, a
survey is carried out to
the use of technology in learning Mathematics online.

Second phase:

The first iteration involves the pokaiccumulating function

in the prototype, user garden pagearketplacepage,
leaderboard section, and FAQ page. Within the user
garden, ecommerceoriented activities are introduced to
motivate practice. The second iteration includes a comment
section in all topic pages.

5. SYSTEM CONCEPT

This Website is developed to integrate the concept of
gamified learning into awonline educational website. On
registering to become a member, users will get their very
own garden which they can visit through the link located at
the User Login Inforrationdropdownlist.

The system works like a normal online educational website
which enables students to learn on topics, do practices,
attempt quizzes, and view their results. Other than those
minimal requirements for an educational website, an extra
erhancement is incorporated into the system, that is, a
pointaccumulating system.

The main idea of this point accumulating system is to
encourage students to revise topics by attempting practices
and quizzes and keep them engaged when they are on the
website. For every correctignsweredquestion,students

get to earn points. Points wélso be given when students
have completed a quiz.

On registering, each student will have their own page called
“My Garden”, this is where
nurture in order to gain more points. The way they cultivate
their plants is by buyng materials from a page called

c

I

det el

h



“Mar ket Place”. There are
on each seed in order for it to be fully grown. Once the plant
is fully grown, it can be sold to earn points. The names of
students with the highest points accumediwill be shown

on aleaderboarét the home page.

The final system' s use
interfaces (Figures 2, 3, 4 and 5) are presented below.
Gamified Web-Based Learning System

o

A‘i‘y
\
e

Do Practice

!

Sudent Administrator

Topics

8

Comment on
Topics

lintain Persona
Profile
=
)
e
ey
<<QXI%>

* View ivarket
A7
%&a A

laceo

Buy items from'
Market Placeg

Figure 1.Use Case Diagram

1.What is 9 +12?
Answer: Hint: Answer:
2. Relative to angle N, which side is the opposite side?
E
. A
N D
Angle ED

Hint: Answer:

Angle NE

Angle ND

None of the above

Figure 2.Practice Page Screenshot
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Computational concepts are used here to design the game
story for the topic trigopnometry. There are altogether ten
slots in the garden. Five of the slots apen,while the
other five of them are locked’hese open slots will be

slots need®e purchased for 150 points each to get more
space for users to plant their seedlings. Upon registering,
each user will be given a seed. Each seed has to beediat
weededfertilized, and cleared gbestonce respectively to

be completely grown. To grow the seeds, users have to visit
the market place to buy the materials needed.

Grown plants can be sold by users to earn more points. A
mysterious seed will bgiven for free to users every time
their accumulated points have reachéiD points Each
time users get a seed, it will be automatically be planted in
one of the open slots in their garden. If users do not have
any open slots left, the seed will be disted. Users will

be competing with other membears the system to get the
highestranking on the leaderboard based on the points they
have accumulated. To earn points, users must do practices.
With each question correctly answered, users will get five
points. Besides that, users can also gain points by doing
quizzes.

User Login
Information

‘

‘ User Garden ‘

Navigation Lirks ‘

OpenSiot OpenSiot Open Siot OpenSiot OpenSiot

Locked Slot Locked Slot Locked Slot Locked Slot Locked Slot

Figure3.User ' s Gar den

s Gar den

Figure4.Us e r

Page

f Bigure 3ishowsmtbe laybua for timeeUsat Garden Page. u s e

Cc a s ewhatd the gaeds mece(vdd ibygusersare flgnteda Thel locked e r
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Market Place

Here, you can get all items needed for your plant to grow.
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Figure 5 Market Place Screenshot
6. FINDINGS

6.1 Findings from the initialsurvey

Findings from the initial survey involving 30 users are as

follow:

1 73% of the participants think that learning
Mathematics will be useful for them in their future.
20% of them do not think that learning Mathematics
will be important to them. The sehave a neutral
attitude towards learning Mathematics.

1 61% of the participants have a great experience
learning.

23% of them do not have a positive attitude towards
classroom experience while 16% of them have a
neutral attitude towards the classroomesignce.
Those who have positiveattitude towards the
learning experience mostly understand what they
havelearnedn class and have friends who can help
them when they face problems understanding
Mathematics.

1 73% of the participants think that they cdmwell in
Mathematics. 13.5% of them think that they are not
good in Mathematics and another 13.5% of the
participants have a neutral attitude towards their self
confidence in Mathematics.

1 47% of the participants find learning Mathematics
through technolgy easier to understand. 23% of
them find it uncomfortable learning Mathematics
through technology while 30% of them have a
neutral attitude towards theseof technology in
learning Mathematics.

Subsequently, based on the result of this survey, a basic

gamified Webbased learning platform was developed.

6.2 Findings from beta testing
Beta testing involves 10 students. Findings based on the
Technology Acceptance Model indicates that overall,
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Alzebra has received positive response from the ten

participants. Furthermore, it is observed that:

1  All of the participants managed to use the website
without any difficulties (ease of use). 80% of the
students think that the design and layout of the
system are@eptable. They can navigate through
the site easily. 20% of the students find the layout of
the website can be made more interesting.

1  70% of the participants have a positive attitude
towards the concept gamein educationalvebsite.
They are able to @ept gamification in education
while 30% of the students prefer the normal web
based learning system with no gamified concept
included.

1  Similarly, 60% of the students think that online
competition such as leader board is challenging and
fun while the resthink that it is annoying.

1  60% of the students will use the comment section

provided to interact with other members online when

they are facing problems understanding the concepts
of the topic while 40% of them think it is
unnecessary.

A majority agree that they can do better if the

website is incorporated as part of the Mathematics

subject.

1  Three of the suggestions made are to improve the
gamification portion in the website. The paint
accumulating system can be motivatinglaes
majority (6 out of 10) finds online competition
stimulating while the rest of the participants think
that the reward provided isngmicky.

=

7. CONCLUSION

From these results, students appear to prefer attractive
websites and prefer not having their performance or
comments displayed publicly. The latter is typical of more
conservative Asian culture and the influence of prior
gaming experience towards acceptance of gamification in
elearning. Furthermore, there is improvement in
acceptance towards such learning envinents compared

to the initial survey. This finding supports that of two other
related projects, i.e., on teaching augmented reality to
youths and rafting (Wong & Lee, 2016; Low & Lee,
2016). Noting the comments and suggestions above, to
meet the needsf a majority of the users who are not
gamers, we need to improve on our design with game
mechanics which matter to the users.

This is a course assignment. The sample size is small and
findings are not generalizable. Nevertheless, we hope that
eventually this eLearning platform will provide a better
user experience for students, hence keeping them enthused
to carry on their selétudies outside of a classroom.
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ABSTRACT global, and ethical impacts). In this curriculum standards,
The new K12 computing curriculum draft for Taiwan CT isregarded as an important concept to enable students
secondary schools was designed to launch in 2018 but thef© apply appropriate strategies and tools to solve complex
draft only outlined themes and contents for students to Problems effectively in the real world. Department for
learn, without further details on key concepts to be education of England [DOE{2013) issued a national
covered in the contents. Therefore, 2616, a Delphi ~ curriculum that renamed the subjecanme ICT into
study was conducted to survey the opinions about whatComputing. The statutory programmes of study clearly
“key learning concepts” Ssthaotuedd t fulity Gomiutiriyiedubgtion eqyips
implementation at the secondary level based on the draft.Pupils to use computational thinking and creativity to
By adopting the Delphi method, different viewpointsfrom under st and and change the wo
computer scientists andecondary school computing are taught to become digily literate- able to use, and
teachers were collected to build consensus of key concept£Xpress themselves, solve problems and develop ideas.
through a series of convergen®ased on the research Australian Curriculum, Assessment and Reporting
results we found the computer scientists and computing Authority [ACARA] (2013) also published a new the
teachers had opposing opinions about whether the Foundation to Year 12 Australian Curriculum. The
secondaryschool students should learn the advanced Technologies learningrea draws two subjects, which are
concepts. The purpose of this study was to understand the Desi gn and Technol ogy” and
different views on learning concepts of the draft between The goal of Digital Technologies is to enable students to
two groups. The data analyzed in this study were based orfefine, design and implement digital solutions. The
the Delphi survey in 2016. This studyufod computer ~ learning  strands include: (1) knowledge and
scientists tended to be more conservative about this issueunderstanding: students learn digital systems and
therefore they suggested that the advanced and theoreticdlepresentation of data; (2) processes and production skills:
concepts are not essential at the secondary level, e.g.students can collect, manage and analyze data, and create
recursion, searching, sorting, data compression, datadigital solutions by certain skills (investigating and
conversion, ad divide and conquer. This was because the defining; generating and designing; producingd a
computer scientists considered these concepts as whatmplementing; —evaluating; and collaborating and
they had studied in college. Rather, computing teachersmanaging). Throughout the learning contents of the
knew how to simplify these concepts for teaching at the Foundation to Year 12 Australian Curriculum, one of vital
secondary level. The research findings camesas useful ~ @ims is to develop understanding the skills in
references for revising and implementing the computing computational thinking in £/12.

curriculum in the future. According to tle development of ICT (Information and
Communication Technology) curriculum standards,
KEYWORDS planned by the ISTE, CSTAustralianand Engl and,
Computing curriculum, Delphi survey, Computational obvious that computer science has become an important
thinking, K-12 education field in K-12 schools and the concept of CT

(Computational Tinking) is the essence of the recent
curriculum developmentMeantime, ISTE, CSTA and
1. INTRODUCTION related organizations iAustralianand England outlined
International Society for Technology in Education [ISTE] the learning contents of curriculum standards, built up a
(2014) and Computer Science Teachers Associationglossary to define the words and phrases of the ciluric
[CSTA] believed CT (Computational Thinking) is standard and provided teaching guidelines, examples and
essential for students, so collaborated on a project tot he portfoli o of student s’ w
prepare students to become computational thinkéo equip teacher for their future instruction under the new
should understand how digital tools could help them solve curriculum standards
problems. In fact, in 2011, CSTA has issued a revised K In 2014, the ministry of education [MOHh Taiwan

12 computer science curriculum standard (CSTA, 2011.) announcedhe Grades-12 Curriculum Guidelines. In the

that addresses the importance of computer science ing aqes 112 Curriculum Guidelines, a new learning area
concept, practice and the dpation .Of crosatiscipline Technology which includes Living Technology and
and outlines five strands of the curriculum standards (CT, Information Technology, is added and will be launched in

collaboration, computing p_ractice_ and programmin_g, 2018 academic year. Computational thinking & ¢enter
computers and communication devices, and community, theme of the new K2 computing curriculum draft in
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Tai wan. The purpose i s t oandmeamvhile@mpstingitehehers exgdsbaibviewsi t y o
computational thinking and to enable them to formulate by teaching experiences. Therefore, we believed there
abilities of problem solving, team collaboration, were some different points on those learning concepts
creativity, and communicating andpressing. It is also  between these two groups and it is worth discussing.
meant to make student s’ gd . eat attitude, in . infor toi
society and habits of utilizing information technologies. §_o, the purpose of t[h's ;tudy was to' underStand” the
different views on learningconcepts of the &2
In elementary school, the instruction focuses on the computing curriculum draft between computer scientists

practice and application tafdcobputingleatidetse st udent s’ abilit
utilizing information technologies in daily life. In Grades

7-9, the instruction emphasizes to utilize information 2. METHOD
technologies and computational thinking to solve
problems. In Grades 112, by exploring computer
science, the instruction enables students to redfiee

prlnC|pI.e of computatlonal j[hln.klng and it puts emphasis curriculum in Taiwan. The Delphi survey was to derive
on the integration and application. ; .

_ _ _consensus from a panel of twemtye experts, including
A required course, named Information Technology, will nine computer scientists and twelve secondary school
require students to take one hour per week or equivalentcomputing teachersComputer scientists were college
time in Grade 7 through Grade 9 and two creatitSrades  professors from CS related fieldshevhad research or
10 to 12. The learning performance of Information educational experiences in secondary school CS
Technology includes (1) computational thinking and education; whereas, computing teachers were certified

problem solving, (2) information and collaborative secondary 6mputingteachers who owned either a CS
creation, (3) ICT angommunication and expression, and  related master or PhD degree.

(4) using attitude of ICT. The leargjrcontents includes
six categories, which are (1) programming, (2) algorithm
design, (3) system platform, (4) data representation,

The data analyzed in this study were based on the Delphi
survey which investigating the key concepts
recommended for a proposed nationallX compuing

This study was to analyze the results of the $asvey.
After three rounds of surveys, all of experts should know

processing and analysis, (5) application of ICT and (6) eac h oth er ‘s opinion S, an d th
. ' ; . their thoughtful views.In the results and discussions
ICT and social, legal and ethical issue. In fact, the ) .
section, we | ooked into the

curriculum draf only outlines the key themes in each
content category. (see Appendix A for details).

Three selective courses are planned to implement at
Grades 1412, including Advanced Programing, Projects 3. RESULTS
in ICT application, and Robotic Programming. Students
could lean more professional knowledge and skills
needed for future career and learning performances which
include expression and sequence of operation, ICT
creation and ICT attitude.

and rounetable dscussion to express the different points
in the two groups.

This section describes the results from the Delphi study
following the six categories of learning contents: (1)
programming; (2) algorithm design; (3) system platform;

(4) data representah, processing and analysis; (5)
application of ICT; (6) ICT and social, legal and ethical

To provide teachers with great flexibility, the-1 issue. Based upon the results, the different views on the
computing curriculum draftonly outlines themes and secondary level learning concepts of computing
topics for students to learn, without further details on key curriculum draft between computer scientists and
concepts to be covered. It will certainly be a challenge to computingteachers had been depicted.

the textbooks writers and the computing teachers to decide

which concepts to teach and which to skip. 3.1. Programming

We condicted a Delphi technique study to give Experts fro[n the two groups haq different views about )
suggestions for the “key I‘g%?tni n‘@e%oln%%rprf'sngt%o%%eprnﬁl u
in the K-12 computing curriculum draft in 2016. Thefirst (1) *“ 1.1 Basic concepts of
draft of Delphi survey questionnaire consists of six themes Computing teachers thought students should leaen th
(programming; algorithm design; systerfatform; data  types of programming languages to grasp the concepts
representation, processing and analysis; application ofabout the categories of programming paradigms.
ICT; ICT and social, legal and ethical issue) and 117 However, in many of computer
learning concepts developed from the computing programming paradigm was too abstract for students to
curriculum. After threerounds of survey, the expert panel learn before they learn this programming laage.
derived 92 key learning ogepts. Concepts which are not Computer scientists also argued that such learning
yet get consensus from the experts had been examined andoncepts would cause the students to learn in rote because
provided recommendations for when included in learning. they could not understand about the paradigm exactly.

The results serve as useful references for computing

teachers and textbook authors when implementing the new( 2) 1.3 1mp l. ementat i o n of al
cumiculum. At the same time, the study found the Wa&S on the concepts of timeomplexity. Computing

computer scientists and computing teachers had differentteaChers thought this was an essential concept tha; students

points. Computer scientists put great attention on theS Noul d know; however, in comp
depth, breadth angrior knowledge of learning contents, was too difficult for secondary school students to learn.

51



( 3) “1.6 | mpl ement ati on ahfe corhputerdsciemists woaried that lthg topid wolldrie
recurso n , searching, sorting,taaumgchtdiasi dehearndatcanmuarn”
The difference between the two groups was the learningthat this topic should only include fundamental concepts

of recursion. Lots of computer scientists thought recursion and methods, e.g. the principles and importance of data
was too difficult, but i n convenspn rathen gan ttheaetidaleparss’ of the datai o n ,
concept of recursion was relatetb mathematical conversion algorithms. More practical examples and
induction taught in mathematics class, therefore it would handson activities should also be included in instruction.

not be too difficult for students to understand, in addition, But the computing teachers did not mention about this.

this concept was important for realizing the computing

power by programming. 3.5. Application of ICT
Experts from the two groups hambnsensus in all of
3.2. Algorithm design l earning contents, “5dath Dat ¢
Experts from the two grogphad different views about searching, data organization and representation, data
what “key | earning conceptcsdmpuwunt ifroggur ahdaramianhngy sdé srit en“tbs..
- : projectsmultimedia applications, programming
Gecompositorndion conrol © The key difPBLEGALI NS ps amdolEe h Con
P y Fr&b§Fat'Pve digital creatic

were planned at grades 7 to 9 in the computing curriculum

in what grade should this content be taught. The content
was planned to taught at grade 7. From some computerdraﬂ some computer F,cienttisrt]sibelieved th%t onely S niors
had enoug% abilifled Yo cBnduct

scientists’ perspective, thiahas%hoolrétgdenf)s
focus on expressing the problesolving process by projects

flowcharts @ pseudocodes rather than introducing the
algorithm to the grade 7 students.

h o

3.6. ICT and social, legal and ethical issues

(2) *“2.4 concepts and ap pExpestsaftorn the twoodroupd had differare nidws hboutl at a
structurest r ee and graph.” Bothwhgaoupkeggrearhhay tdnwapt s’
important. However, due to the limited instruction time,
expertsfrom the two groups had different opinions about
what concepts or skills about data structures should be
included, e.g., concepts and application of tree traversal.

“6. 3 I nformati on security,
Although the opinion was not obviously disagreed, som
computing teachers pointed out that due to students have
limited knowledge about advanced techniques in
(3) “2.5 concepts and a onputes sclernc@he leadihg cohceptsdofiinf@mation |
algorithms—recursion and divide and corgu . " security should be emphasized on its importance but not
Computer scientists thought recursion was too difficult.  the algorithms.

(4) “2.6 performance analysis of al
scientists suggested that at secondary level, the content oft. DISSCISSION
performance analysis of algorithms should be focused onIn summary the major differences between t@mputer
observing the programing efficiency rather thanderiving s ci ent i st s’ and the computi:
the time/space complexity, which was too theoretical. learning concepts are as the following:

Students only need to learn simple tools and methods of
performance analysis and its conceptf program
optimization.

%orithms.“ Computer

(1) Projecting the curriculum from the learning contents
of different learners

Computer scientists in our stueyere college professors
3.3. System platform in CS related fields, and they tended to view kh&?2
In this topic, experts from ¢éhtwo groups had different ~ computing curriculum drafon the basis of courses in
view about what key | ear nuniveigitieg, gspegiallywhenthe same teymirologieg vieren i n
contents. adopted in thecurriculum draft.Besides, some learning
contents outhed in thecurriculum draft are either well

“3.1 The devel opment and e ¥gunUchirsBsin Thllegd YeSmip&®ify Rufricibinh & MS -

Both groups, especially the computer scientists, thought it j,5tured field in computing discipline, e.g., algorithm,

was not essential to learn the evolution gedsonage of machine learningand big data. Based on the computer
the computer science. They did not think those conceptsg ¢ i ent i st s’ past l earnnng ar

are not required for understanding computing, and they ynjversities, computer scientists tended to disagree to

were afraid that students would only memorize the teach secondary school students with similar concepts
knowledge. The other reason was that there are debates Ofhught in the college, especially those theoretical or

“

representative personage difficult concepts for college students. These differences
_ _ _ could be found in learning coapts of programming,
3.4. Data representation, processing and analysis algorithm design and data representation, processing and

Experts from the two groups haq different views about analysis. Computer scientists were oppoeéhcluding
what *“key Il earning concepttheoretical ort dtiancéde coricépts Nsdch fadurdibne Nt s .

“4.3 Concepts and meddto dsSeNINg qnd SYting,, dafa . cooRressipy and data

consolidation, data compression, data conversionS i n cC81Version.
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Computirg teachers, on the other hands, had practical advanced and theoretical concepts should not be included
experiences in teaching computing acendaryschools. at the secondary level, e.g., recursion, searching, sorting,
They knew how to explain the core aspects of these data compression, data convers and divide and
concepts by demonstrating relevant examples andconquer. This might due to the lack of teaching
supporting student s’ | era r nexperiggnces intsécondary schamlp, orithe past learoimg lors  (
example, visualization programming platforms), therefore academic experiences in these topics. Generally, computer
were more inclined to include the theoretical contents. scientists seemed not to believe that abstruse theories
could be simplied and taught at secondary level by
applying examples or learning tools.

It is common in Taiwan that computing subject at The experts in this study were selected with the
secondary level is either applicatioriented, in which  consideration of their professional knowledge, teaching
application softwa_re (such as Microsoft Offices or experiences, and familiarity of the -¥2 computing
Photoshqp) are delivered and the students only learmn I0W «rriculum draft. On the basis of the results the study
level skills to use computer software/hardware; or gyggests that, in the related researchessetected experts
knowledgeoriented, which focuses more on theories and o 1d have all of the specific knowledge or be fully
factual knowledge ircomputer science. It is a general qgpriefed the rationale of the K2 computing curriculum
impression that computing subjects in the schools are graft prior the research. As a result, they can consider
either too trivial or too theoretical. computing learning concepts from both sides of theory and

Computer scientists in this study, in general, hoped to Practice.

inspire students’ inter estpBased®n the @dedrch Mirglings,othe rasdaichie® inatiied  f
their probem-solving ability by applying computing skills  future can develop the materials and tools or conduct
for everyday life or careers, rather than to learn factual experiments in secondary schools to test the different
knowledge. They thought secondary school studentsviews which have found from the studg.g., recursion,
should learn by hanesn experiences and develop their searching and sorting, data compiessdata conversion
interests in computing fields, especiallygrogramming  and divide and conquer). Furthermore, the results can
and algorithm design. They also suggested that the historyserve as useful references for revising the computing
of computer science is not required in learning computing, curriculum in the future.

because they were afraid that would become rote learning.

The points could be found from their disagreement with 6. ACKNOWLEDGMENT
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5. CONCLUSIONS Appendix A: The Learning Contents for the

The purpose of thetudy was to explore the differences of Draft Computing Curriculum
opinions about the learning concepts of thelX
computing curriculum draft between computer scientists 1 programming

and computing teachers, and discuss possible reasons. 1.1 Basic concepts of programming langua(®g)

Based upon the results, it was revealed that computer 1.2 Structuredorogrammingconditional structures
scientists had more conservative attitude toward including and loops (G7)

advanced learning concepts. They suggested that some 1 3 |mplementation of array&G8, G10G12)
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2.

1.4 Concepts of modular programming (G8)

1.5 Implementation of modular programmi@8)

1.6 Implementation of fundamental algorithms
recursion, searching, sortingnd divide and
conquer (G16512)

Algorithm Design

2.1 Basic concepts of algorithamoblem
decomposition, flow contrdiG7)

2.2 Concepts and application of arrgy38)

2.3 Introduction to basic algorithresearching and
sorting(G8)

2.4 Concepts and application of fundamed data
structurestree and graph (G1G12)

2.5 Concepts and application of fundamental
algorithms—recursion andlivide and conquer
(G10G12)

2.6 Performance analysis of algorithms (GGQ2)

System Platform

3.1 The development and evolution of system
platforms (G9)

3.2 The architecture anoperations of system
platforms (G9)

3.3 Concepts of netwoifg techriques(G9)

3.4 Concepts of network applications (G9)

3.5 Task management and resources allocation,
distributed system, routing (G4B12)

3.6 The future trendof system platform§G10-
G12)
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4. Data Representation, Process, and Analysis

4.1 Principles andnethods of data digitalization
(G9)

4.2 Methods of digital data representati@@o)

4.3 Concepts and methods of data processlizig
consolidation, data compression, data
conversion (G9)

4.4 Basic oncepts of big datg510-G12)

4.5 Basic concepts of data mining and machine
learning (G16G12)

Application of ICT

5.1 Data processing projeetiata searching, data
organization and representation, data computing
and analysi¢G7)

5.2 Information technology projectsiultimedia
applicatiors, programming application&9)

5.3 Concepts antbol use in collaborative digital
creation (G16G12)

ICT and social, legal and ethical issues

6.1 Future study and career development of
information technology related areas (G7, G9,
G10G12)

6.2 Impacts of information technology on society
and human lifdG8, G9, G16G12)

6.3 Information securitygthics, and legislation (G7,
G8, G10G12)

6.4 Fair-use doctrine for information technology
(G7, G16G12)
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ABSTRACT tools for regular practice to gain proficen in
Teaching computational thinking can be viewed as Mathematics and numeracy.

cultivating the capacity for logical thinking and problem

solving skills applied to foundational subjects such as 2. ALGEBRA GAMIFICATION
mathematics. We report a pilot study on how carefully
designed mobile app games that gamify elementary
algebra learning are used in an annual cdepscience . 4 . . :
tournament and also at an annual mathematics festival inMProve in k12 mathematics learning (in fact toutas
Hong Kong. We define mathematics gamification as the an Algebra Challenge How shoult_j the Algebrq
process of embedding mathematical concepts and theirChallenge be addressed from teaching computational

logical manipulations in a puzzle gatiilee setting aided }hinki.ng Ski”ShWith an gim to urr:'derpin tTe foundatido_n of |
by computing technologs. We have evaluated the |€2Ming mathematics? Can this complement traditiona

learning efficacy of our mobile app games to gain classroom learning? It ha§ _been' recently recpgnized
numeracy proficiency in an annual computer science (8Mong them are mathematicians like Keith Dewior

tournament for middle school students in Hong Kong. Stanford University) that garﬂmlaying activities allow
players to grasp mathematical concepts and foster a sense

of motivation that leads to numeracy proficiency
especially when the game is designed to embed abstracted
' mathematical subjects{d].

Elementary algebrathe first cornerstone of H2
mathematics-has been highlighted by the National
Academy of Engineering in [3] as a critical area to

KEYWORDS
Mathematics education, mathematics gamification
mobile app gamesgaagogy, K12 mathematics.
Algebra gamification is a pedagogical approach to
learning elementary algebra. This can be especially useful
1. INTRODUCTION when used at an early stage of @K education to give
Marvin Minsky, in his 1970 Turing Award Lecture, students a heads up with learning an advanced topic that
assert edhe tompute; scientist thus has a might only be encountered later ilassroom teaching. In
responsibility to educati othisépaperwwetrgporthor how this idea of rhathénthtice n t
debug their own problersolving processes. [ 1] .  Mgamifidation can be designed as mobile game apps that are
pointed out that cultivating the capacity for logical suitable for middle school students when the mobile apps
thinking and problenrsolving skills of students, while they  are deployed in mathematioslated game tournaments
are young, to learn foundational subjects such asand then toanalyze preliminary efficacy of learning
mathematics is of the essence. The emphasis is on the toolsehavior based on collected data. Put simply, this teaches
and motivations fostudents to acquire problesolving studentshow to think (about learning mathematics) at
skills in lifelong learning of mathematics. Computer multiple levels of abstractiori the goal of teaching
science and its software technologies might just offer an computational thinking[2]. The particular instace of
intriguing way for students to persist and persevere in gamifying algebra in this paper is due to Terence Tao, a
learning mathematics. We describe a pilot pedagbgic mathematician at the University of California, Los
study on learning K12 mathematics through mathematics Angeles, who remarked in his online blog article [9] on
gamification ideas and tested at a computer science* Gami f yi ng Al gebra” that:

tournament in Hong Kong. ) .
9 g The set of problersolving skills needed to solve algebra

problems (and, to some extent, calculus problems also) is
somewhat similar to the set of skills needed to solve puzzle
type computer games, in which a certain limited set of
moves must be applied in a certain order to achieve a
desired result one could thery to teach the strategy
component of algebraic problesolving via such a game,
which could automate mechanical tasks such as gathering
terms and performing arithmetic in order to reduce some
of the more frustrating aspects of algebra ... Here, the
focus is not so much on being able to supply the correct
answer, but on being able to select an effective problem
solving strategy.

We define mathematics gamification as the process of
embedding mathematical concepts into puzzle glkee
instantiatiols that are aided by computing technologies.
We focus on the software development for typical
computing technologies run on a mobile device of the
learner. Game playing is essentially the manipulative of
mathematical objects or structures in a logical manne
such to acquire useful mathematical insights that
otherwise are not obvious or taught in traditional
classrooms. Also, the engaging galike nature can
potentially motivate students and serve as instructional
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Tao’s insightful remar ks aathemmaticalintuioh &nd thdt such arwiroprovetleogm f a c t
namely that (i) certain kinds of -K2 mathematics are be measured? These questions were explored in The
amenable to gamdesign that can motivate student to Algebra Game Project founded by the first authdi],[1

learn, and (ii) problersolving skills can be cultivated and detailed answers to these questions along with the
through this gamifying process as a means to learning thesoftware development will be published in other venues.
mathematical subject. In other words, there are several

ways to solve elementary algebrastrategizing raves in 3. MOBILE APP GAMES WITH

a mathematical puzzle game is one of them. With the aid
of computing technologies, this introduces novel MATHEMATICS = GAMIFICATION

perspectives to learn elementary algebra for young |n this section, we briefly describe the mathematics
students. Also, in [10], Tao developed a software mock gami fi cati on building on Tao’
up of the game as shown in Figure 1. software implementation in two mobile apps. One mobile

app is Algebra Maze and the other is Algebra Game, and

both mobile apps areeely-available for download at the

[Algebra game mark 2 ne Apple iOS Store or Google Play Store [11].
Suhtractd (Tevel BETR In Algebra Maze, we combine maze solving and linear
Sx+ 3= x + 11 algebra equation solving together as shown in Figure 2,

which is the game play screen shot of Algebra Maze. The
goal is tomove the purple avatar toward the treasure (i.e.,
equivalently solving the linear equation). Each movement
of the avatar corresponds to a mathematical operation on
the equation given below the maze. For example, the
Subtract x buttonfi + 1 gofresponds to the avataroving upward
one unit, and the buttofl + 2carresponds to the avatar
moving leftward two units. Hence, the operatiorxaman
up-down movement and the operation on the constant is a
left-right movement of the avatar. With the rules above,
we can deducehat the position of the avatar also has
Figure 1.Terence Tas software mockip. algebraic meaning, i.e., each position in the maze
The idea of Tao's algebra game is to reduce a given linearrepresents a different equation with the same solution but

algebra equation to a f or nyihvdifferént ceeffitients or onstaftdr d a numer i ¢
value on the lefthand and righthand side respectively

through a selection of a finite numbergien clues. Let's In the initial levels, the treasure is visible, and in

give an example using a screenshot of the game as showgUPseqent higher levels, the treasure is rendered

in Figure 1. Initially, the puzzle state is the algebra |nV|S|bI_e,|.e.,h|dden from the player as shown in the right
equation “5x + 3 = x + 11~ hapgsigeqfifaure g Hengepthe playgr geeds omake ysg o
possibilities “Subtract 170f «Dhgigenb9r»atLgp” «&50ptNgct
The player chooses one of the three possibilities by location of the treasure. In sorfevels, the player has to

clicking on the avatar icon. Say, suppose the player first get a key, which is in a certain position of the maze,

chooses “Subtract 1", pefoge opening ie'%dfeg doorglorgfed (npagby to the

Divide by 2

(correspondingly, the puz zliegsurg This gedingisiequiyglent fopskingthe playgrfo « 5

2 = x + 107 (since botnh “siXePeNst0 § gertajnipquatign, firsy hefgrg fhey salvg 4his

+ 3 = x + 11" get subtract eé_qléatma.}l,:magynv@ n the avatar Ioca_ltes th_e (po e_ntlally
hidden) tfeasure, the algebra equation will be in the

One possible “solution” todddier PdMzzdemgt ¥ ERumd@r iF¢GIUT €0 |

the sequence of “Subtractgopkd t hen “Subtract X" t hen

“Divide by 2" then “Subtract 1" and then finally “Diuvi
by 2" to yield *xalotfivemoves T h'f Al9eraGans, weslitthe clyes ipto two parts, one is
to reach the desired state. It is important to note thatwhatt € opefator =" +and the other

matters is not the final value of x, but it is rathke such as the-ferm or the number as in Figure 3. Hence,
inquisitive problersolving process while playing that is  the combination of the clues is more general than the
valuable original design. The goal in Algebra Game is the same as

Tao's algebra game: To reduce a given linegetah
The benefit to computational thinking is obvioustdents equation to “x=numerical _solu
learn a foundational subject (e.g., mastering algebra) while 3 finite number of given clues. As shown in the right hand
playing. There are several intriguing questions: first, how s | de o f Figure 3, i f the pl a
to engineer the difficulty level of the game automatically? “ d r o p ” it on the button “2~

Second, how does a computer (not human player) solve adivided by two on bdt side. Algebra Game is not only

given puzzleefficiently, i.e., with the fewest number of about solving a linear equation, it also contains other
moves? And, third, how to engage the human players in mathematical insights. For example, consider an equation

an entertaining manner so that they keep on playingitand, » 3=2”" wi th -t handl ti@s 9%, tt

unknowingly, develop a better number sense or equivalent to ask if we are able to use 2 and 3 tetooct
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23. The players can develop their number sense through - Previous
playing this game. Let us use another example, consider =

an equation “24x=48" with “bs QQ\)@ QQ “ 2,
then this is equivalent to asking the players to factorize 24 - @Q ﬁ' \9\)@

by using 2 and 3 (pne numbers). Other than the @@ ¥ QQ\)
factorization concept, there are many instances of N ) Gﬁ i,_ \}\)\)
mathematical manipulations that can be embedded in the # - QQH \} @ Q

Al gebra Game such as the ¥l ‘ s’ ()\)\) p Q al so
known as the coin problem) in the form of making up a = \)F [ J \}_ Q

number from twogiven clues. In essence, given the PP

available clues at each level, the player can only perform N 6x-3=5x+6

a limited number of operations, and this restriction helps QIEd0 o

to stimulate computational thinking in finding a sequence _ S

of moves to solve the problem. Coupled withet  Figure 2.Algebra Maze mobile app game with méiie
mathematical analysis underpinning the difficulty level gamification design and freefyvailable for download at
design in the Algebra Game, players can further develop iTunes App Store and Google Play Store.

intuitions to develop mathematical insights and intuition

while playing the Algebra Game.

The mathematics gamification process also requires  45x=-387/x+3024

analyzing the scoring at each puzzle game level that can

be evaluated according to different reasonable design '
criteria. For example, scoring can be evaluated in terms of
the number of moves needed or the speed to solve eacl
level in the case of the Algedh Game and the number of
“redo” on hitting obstacl
hidden treasures in the case of the Algebra Maze.
Furthermore, concrete mathematics can be purposefully
interleaved at certain levels of the games. For example,
after a consadive sequence of games involving
factorization in the Algebra Game, the mathematical
statement ofThe Fundamental Theorem of Arithmetic
(stating that all natural numbers are uniquely composed of
prime numbersgan be displayed to the player in order to
highlight game features (e.g., the prime numbers as clues)Figure 3. Algebra Game mobile app game with the
with the mathematical rudiment. In this way, the players Selected choice displayed at the rigaind side and freely
learn about fundamental mathematical knowledge (such asavailable for download at iTunes App Store and Google
The Fundamental Theorem of Arithmeticn E u c | Play Stere.

Elements that is not typically taugin classroom). In

summary, we find that the Algebra Maze and the Algebra 4. CASE STUDY OF COMPUTER

Game can provide players with new perspectives to SCIENCE CHALLENGE TOURNAMENT
gaining new mathematical insights while training their IN HONG KONG

individual number sense and problawilving skills that )
are critical to deviep their capacity to view mathematics 1 he Computer Science @lrenge (CS Challenge) was a
at multiple abstract levels. tournament organized by the Department of Computer

Science at City University of Hong Kong on 21 May 2016
for both primary and secondary school students in Hong
Kong [12]. A pair of students forms a team, and there were
altogeher 32 teams from 19 primary schools, and 53
teams from 33 secondary schools, making a total of 170
students. One of the tasks in the CS Challenge was called
the Algebra Game Challeng@ which the Algebra Maze
and Algebra Game are used for the primarjost
students (as shown in Figure 4) and the secondary school
students (as shown in Figure 5) respectively. Each of these
two tasks lasts for a fixed duration of twenty minutes. We
experiment with a pedagogical initiative of teaching
computational thinkingo the participants as follows: a
workshop for all participants was held a month before the
CS Challenge, whereby participants were introduced to
basic computer science knowledge and the mathematics

2]
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behind the games. On the day of the CS Challenge,

howeve, participants used the mobile app software *
described in Section 3 that allow more diverse game
playing dynamics and also enable the use of data
collection and data ana-l yt
playing behavior. The mobile apps in [11] were not

available to the participants as they were posted online
after the CS Challenge was over.

We describe in the following how the first task of Algebra
Game and Algebra Maze based on data analytics of the
data collected in the tournamenWe analyze the
perfomance evaluation of learning efficacy based on the
time spent at each level, each move thaser has taken,
and the number of “redo”
difficulty at each level is calibrated based on our
mathematical analysis of the game (from etsyard),

and we expect to have a reasonable difficulty curve so that
players gain confidence instead of frustration at early
levels. Let us evaluate Algebra Game first. In Figure 6, we
see that the number of student drops sharply, about twenty
percent, fom Level 9 to Level 10 which can also be
observed in Figure 7, the time spent in Level 10 almost
doubled in Level 9. In fact, the number of moves needed
in Level 10 is also almost double that needed in Level 9 as
shown in Table 1. We conclude that theatatumber of
moves needed at each level is a crucial factor in the
difficulty -level calibration design of the game.

Figure 4.Primary s hooAIst dent tournament fAIge%l[
Mg\zle atthe Cor)%pﬁter Scient ehCha Ie%gve %nPMay 2 11] €

@
=)
(o]

Interestingly, the average number of moves needed at
Level 12 is around 8.8, and yet the time spent in Level 12
is the highest. This implgethat the total number of moves
needed is not the only factor that may affect the difficulty
of the game for human players. Finally, the reason for the i
longer time spent ievel 1is that students are initially sl
warming up (as they get familiar with the game interface
and rules). If we omit the information in Level 1 and
proceed to compute the correlation coefficient between the
time spent and the average number of moves takem, the
we have a correlation coefficient that is 0.807 which
reveals that they are highly correlated for the twelve levels
being analyzed.

Figure 5.Secondary school student tournament of
Algebra Game at the Computer Science Challenge on
May 2016.
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Table 1 Table of average moves taken by players in each ol
level of the Algebra Game. . [ | |
Level 1 2 3 4 5 6 1 2 3 4 5 EL(‘“.]? 8 9 10 1 12

Average | 3 | 2.65 | 3.84| 3 S S Figure 6.Percentage of number of students vs. the total
Moves number of completed levels of Algebra Game during the
Level 7] 8 9 10 | 11 | 12 twenty-minute duration. An unlimited numbef levels

Average | 4 5 |477|101| 20.1| 838 were designed in the Algebra Game.

Moves
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ABSTRACT 2. BACKGROUND

This paper describes the findinf@m the Education Building on a legacy of experience in developing
Devel opment Center’'s (EDC) ndqidna jskfl tandapdgLefC® Anipgy 1985t Noaon,a |
Thinking (CT) call ed *“ Br o#9d7e Dahmsg& L&Efa 2002 Educatn Devetopment

Elementary School Teachers and Students in Computer Center, 2012; Ippolito, Latcovich, Maly@mith, 2008)

S

Science through STEM Integration and Statewide EDC’ s STEM+C project produc

Col |l abor at i on. cessudedtodefinetee n tpsfilet thae definédp in concrete terms, the work of a

primary job functions and work tasks of a CT Integration “ Comput ati onal Thinki"ng tlhrete
Specialist in today’s educ adentfied and ealidatednwtts expe” CT édacatsrs thee s ¢ r
how the requisite knowledge, skills and practices ofthe “ comput ati onal thinking” s ki
CT integration specialist were assembled and vetted. The are used by CT integration specialists. An occupational
article presents ways this profile can be used to guide profile of the type produced by EDC presents a detailed
elementary school teachers in integrating CT into their  synopsis of what a partiad professional does, as well
classrooms and as a framework to guide the development as the skills, knowledge and behaviors that enable him/
of CT learning activities and assessments, then sets the her to succeed in the workplac&@hese occupational
directions for future work. profiles provide important information to educators who

use them to guide the design of{sexvice and irservice
KEYWO_R DS - . curiculum and training programs. The process
Computational  thinking, elementary education,  gmpioved was one that had been used successfully for
integration, skill standards, workforce development. decades to develop curriculum for technical occupations
1. INTRODUCTION (Big Dgta) and n.ational skill stgndard§ for emergi_ng
There has been much recent debate about the definitions |ndustr|e§ (B|050|enc¢s) and .|ndustr|es unde;rgomg
of CT and the relative merits of different definitions substan'gg{ﬁ.changes N profgssmnalh.and technr:cgl job
(Wing, 2006; Committee for theWorkshops on _retsp%nsoll tl ities t(HbuTatn Serv(lj((:jes). This r_eseg_rc IS not
Computational Thinking, 2010; Cuny, Snyder & Wing, inténded 1o contribute to or address ongoing diSCussions
2010; Barr & Stephenson, 2011; Lee et al., 2011: Grover related to transfer. It is meant to help (_jescrlbe what
& Pea, 2013: Engelmann, 2014; Voogt et al., 2015;  Classroom teachers and/or CS supspecialists need to
Weintrop et al., 2016). This debate has created confusion kF‘OW z_ind be able to do when integrating CT into various
within education circlesEDC was funded by the disciplines.
National Science Foundation to develop curricular 3. DEVELOPMENT PROCESS
modules “iMods” that integrpa tr®dificq’ DiA(_’?U"MO pl%&ése fb@v%lop?né‘ dy mat h

lessons at thes1-6" grade levels. To build a better
understanding of CT integration within elementary
schools, the projectpsarheaded an effort to research
what Kindergartes8" grade (k8) teachers need to know
and be able to do to successfully integrate CT into
classroom lessons. The project team conducted a
modified DACUM (Developing a Curriculum) process,

a wellresearched methodology used to develop
curriculum designed to prepare people for career success,
to create the profile. The resulting profile includes the
universe of work tasks associated with a specific job and

> - Expert workers can describe and define their jobs
the skills, knowledge and behaviors needed to conduct more accurately than anyone else.
those work tasks successfully. .

0 An effective way to define a job is precisely
describe the tasks that expert workers perform.

CUrriculuM) (Norton, 1997) was used to produce the
profile of the CT Integration Specialist. DACUM &
internationally known methodology used by expert
practitioners in an occupational field to identify the
major areas of work and the constituent tasks that define
successful job performance. The DACUM method has
been used internationally for more thaif laacentury to
develop curricula based on identified core workforce
competencies. This process rests upon three basic
principles:
0

This paper describes the research process and findings

resulting from the application of a modified DACUM 6 Alltasks, in order to be performed correctly,
process to describe the work activities of the classroom demand certain knowledge, skills, resources, and
teacher who integrates CT into disciplines they teach behaviors.

and/a the specialist who assist them in CT integration.
At the time this research was conducted, no such job as
the “CT I ntegration Speciald

Traditional DACUM analyses invite expert practitioners
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DACUM approach used successfully by EDC engages
expert workers from a range of related occupations who
share a common core of work tasks, knowledge, and
skills.

The work process involved three distinct steps: building
a team, defining a leaing occupation, developing a
profile of the CT integration specialist.

Building a team: EDC assembled a project team that
included 3 highly qualified skill standards developers
experienced in conducting occupational analyses. Their
first and perhaps mbdmportant task was to recruit
individuals recognized by their peers as experts in
integrating CT into K8 curricula to serve on m@ational
panel to define the work of a CT Integration
Specialist. The DACUM process requires the following
criteria be useé to select panelists: 1) recognition by
peers as experts in their field (integrating CT into
disciplinary lessons), and 2) a minimum of 2 years
experience in performing the work described in the
profile. In addition every effort was made to include
gende, geographic, and cultural diversity among the
panelists. The 11 panelists represented a range of subject
areas, occupational levels, and work settings (elementary
and middle school educators, technology specialists and
computer science educator§jr the purposes of this
research we dubbed these
Specialists and framed
definition of that roleThe panel was convened by the
National Science Foundation funded STEM+C project
entitl ed ABr ¢a th&lamentayy Sereal t i
Teachers and Students in Computer Science through

i dIVI

own work. Panelists came to consensus arotimal
following definition that set the boundaries for the
occupational profile. AThe
recognizing that CT is integral to learning, is a teacher

who models and integrates CT across academic
disciplines and/or /owbf-school activies by
establishing an inclusive culture while using, modifying

and creating CT activities and assessments of student

|l earning. 0

Developing a profile of the CT Integration Specialist:
Once the learning occupation was defined and agreed
upon, the expert el developed a profile of the CT
integration.

The profile development work session involved panel
members in a guided dialogue that includes
brainstorming, identifying and organizing work
responsibilities, revisiting and refining those work
responsibilites until consensus was reachethe
ensuing guided dialogue provided descriptions of
concrete, observable activities for which the panelists use
CT and that met the definition of the Learning
OccupationThe work session yielded the first draft of a
profile of the CT Integration SpecialisBubsequent to
the twoday work session, the expert panel members
reviewed and commented on the draft profile.

SI d“e%T i If| rGhatl 'a?%e
€ qfdLUin edt ' "fol
Integratlon Speci al

tfhuenctpl QE
Thinking

ci pa 1. Establishesa CT learning
enwronmenin the classroom

STEM Jntegration and StateW|de2 dreatgﬁqe%solr:nlar'1s?ha{mf)e(gratelai‘f3
panel 6s wor k sessions wer e plcb c a
Devel opment Centerbds world hev?ﬁ"a‘ﬂﬁuj?cisers i n Waltham,

MA in August 2016.

Defining a learning occupation:The panel 6s
was to come to agreement on the learning occupation
defining the CT Integrati
occupationo, adapted from
other countries (Leff & Aring, 1995) is an invedte
construct used to describe a set of cross cutting tasks,
skills, knowledge and attributes required to perform a
range of job functions conducted in a group of related
reatlife occupations. In this regard the learning
occupation of CT Integration Spelisd was meant to
help define the work of both teachers at various grade
levels, and also technology and computer science
specialists who support classroom teachers as they
integrate CT into their curricula. For the purpose of
developing curricula, the pfite identifies the universe

of work functions and tasks that a CT Integration
Specialistmightbe called upon to perform. The Learning
Occupation provides a framework for development of
courses/professional development. It is not meant to be
a fNj oibptdieesmecd performed by

The first task undertaken by this panel of experts was to

discuss and refine the proposed Learning Occupation so
that it captured the essence and commonalities of their
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and

The panelists identified 68 activities/work tasks
performed by CT Integration Specialists described in the
learning occupation. Each of the 68 taskss grouped
under the job function (or duty) category to which it best
corresponded. In addition, the panelists developed lists
of the Skills, Knowledge and Behaviors of CT
Integration  Specialist as well as selected
Equipment/Tools and Supplies used ay thee engaged

in those activities listed (see Table 1 below for the duties
and tasks of a Computational Thinking Integration
Specialist).

4. NEXT STEPS: Although the profile identified

athe voriidsks th which &1 1MtdgitbR Specialists
engage, concrete exaraplthat describe what this work
ilooks |like in actiono are
dialog between CT Integration Specialists and-non
computer science educators who are struggling to

n



understand CT and connect it to learning objectives in
their classedn summer and fall of 2017 EDC will host
a CT Workshop for a small group of NSF ITEST and
STEM+C grantees whose work focuses on integrating
CT into various disciplines. Workshop participants will
develop a framework that describes what CT looks like
Ai nomdtat various grade |
progressions related to the concept/constructs that
undergird their CT work. The profile of the CT
Integration Specialist, along with other CT resources
will inform the development of that framework.

e

Profilessuch as these have many uses. The profile can be

used:
0 by teachers learning how to integrate

computational thinking into their classes and as a

professional development resource;

by faculty at the postecondary and secondary

levels to design or modifyrpgrams and/or

courses;

by school superintendents and other employers

creating job descriptions and interview questions

for hiring; and

by job seekers developing their resumes and

preparing for interviews.

Authors hope that this work pushes the fieldafard in
thinking about what it takes to integrate computational
thinking into the disciplines; and helps to clarify the
emerging skill sets needed for teachers seeking to
become CT Integration Specialists.

Table 1: Duties and tasks of the CT integration

infuse CT (e.g., algorithms, data, modeling/simulation,
programming).

Task2H. Creates differentiated instruction to accommodate differe
learners (e.g., remediation & enrichment activjtle®,
ESL).

Task2l. Provides modifications and accommodations for students

special needs.

Task2J. Provides supports to address common misconceptions af
v e | LTaadtheldisc@ibeong | ear ni ng

Task2K. Procures materials and resources.

Task2L. Creategontingency plan (e.gtechnology failure).

Task2M. Creates an assessment rubric.

Duty 3: FACILITATES STUDENT LEARNING

Task3A. Builds CT vocabulary.

Task3B. Uses CT technical language (e.g., algorithm, abstraction,
function, debugging)n aconsistent manner.

Task3C. Uses models to simulate real world phenomena and
processes. (e.g., makes connections between physical m
of real world phenomena and computer models of the san

phenomena).

Task3D. Provides examples of CT ranging fromncrete to abstract
(e.g., links common practices from the classroom to how {

pertain to computers using CT).

Task3E. Provides operended guidingjuestions that promote
CT (e.g., provides opportunities for open ended artifact
construction that engagéudents in abstraction and

automation).

Task3F. Calls out CT throughout the day (e.qg., through thinking

aloud, identifying when algorithms are being used).

Task3G. Exposes students to artifacts that use CT to solve real wg

problems.

Task3H. Empowers students to take ownership of learning througt

Use, Modify and Create process.

Task3l. Manages student groups to promote collaborative learning

(e.g., pair programming, gender balance).

Task3J. Provides opportunities to practice CT viitisubject matter
content (e.g., identifies patterns in nature and man made
phenomena, decomposes problems inteoblems,

develops algorithms).

Task3K. Provides opportunities to collect, use and represent authe

data for storage, manipulation, aaolysis on a computer.

specialist (excerpted f G- Eolgegesp pephuhougCry her ppfesson
CompUtat'onal Thmk'ng (CT) Integration SpeC|aI|st, Task3M. Provides time for iteration design and development cycleg
2016.) Task3N. Provides opportunities for students to share their
Duty 1: ESTABLISHES A CT LEARNING ENVIRONMENT IN understanding of CT.
THE CLASSROOM Task30. Guides students through seifaluation and reflection.
Task 1A. Creates studeaéntered spaces that accommodate their n¢ Task3P. Provides opportunities to program at various levels of
Task 1B. Obtas physical resources (e.g., technology). difficulty within subject matter content.
Task1C. Establishes expectations and procedures. Task3Q. Organizes students into teams based upon interests/
Task1D. Establishes systems for management of resources (e.g., programming platforms.
equipment). Duty 4 ENGAGES STAKEHOLDERS IN SUPPORT OF CT
Task1E. Creates an environment respectful of divergent ideas and LEARNING
abilities. Task4A. Hosts events that promote CT (e.g., model CT using
Task1F. Promotes student dispositions conducive to CT (e.g., technology, Hour of Code, robotics competitions).
celebrates failure as a first attempt in learning, encourage Task4B. Communicates importance of CT and demonstrates activi
persistence when setbacks occur, develops iterative related to CT to community.
refinement of initial ideas). Task4C. Advocates for CT integration at various venues (e.g.,
Task1G. Fosters collaboration. discipline specific conferences).
Task1H. Promotestsdent leadership (e.g. engages mentors). Task4D. Shares CT standards and i@formation resources.
Taskll. Promotes ethical use of resources. Tak 4E. Works with school system administration to support CT (¢
Task1J. Encourages multiple solutions to the same problem. attends board meetings, invites administrators to observe
Duty 2: CREATES LESSON PLANS THAT INTEGRATE CT Task4F. Seeks support from professionals who use CT in their
WITH ALL SUBJECTS everyday work.
Task2A. Determines CT outcomes asnifested within the subject Task4G. Promotes CT through political avenues.
matter. Task4H. Partners with businesses for CT support (e.g., funding,
Task2B. Researches lesson plans that lend themselves to CT. speakers, field trips).
Task2C. Collaborates with peers to identify how to integrate CT (e| Duty 5: TEACHES STUDENTS TO APPLY CT CONCEPTS
vertical alignment, cross curricular connections). AND PRACTICES
Task2D. Aligns lessons to stdards (e.g., NGSS, Common Core, Task5A. Teaches how to compare and contrast human and compy
Mathematics, CSTA, State CS standards). intelligences (in terms of power of afinhits of each).
Task2E. Develops a course outline that indicates location and Task5B. Teaches how to assess the difficulty of a problem from a
allocation of time for CT integration. human and a computer perspective.
Task2 F . ldentifies students’ p | Task5C. Teaches user interface of tool or environment for creating
Task2G. Creates Kinesthetic computer based learning activities thj artifact (e.g., program, model, animation, mobile app.).
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Task5D. Teaches Computer Science concepts (e.g., instructions,
sequences, expressions and evaluation, booleans, variab
and control mechanisms such as loops, conditionals,
randomness) and their applications.

Task5E. Teaches iterative development.

Task5F. Teacheslebugging technigues.

Task5G. Engages students in CT practices. (e.g., collecting and
analyzing data, using models, giving instructions,
decomposition).

Task5H. Engages students in analyzing artifacts made by others u

Task5l. Teaches how to modify artifacts to address a new problen

Task5J. Teaches how to create their own artifacts using abstractid
and automation.

Task5K. Teaches how to use an artifact to study or solve avedd
problem.

Task5L. Teaches how to detaine whether the artifact has met its
intended purpose.

Task5M. Assesses student learning of CT concepts (e.g., CSTA, IS
Common Core).

Duty 6: ENGAGES IN PROFESSIONAL LEARNING/
DEVELOPMENT IN SUPPORT OF CT AND
CONTENT AREAS

Task6A. Stays currenwith emerging technologies, methods, tools,
standards, curriculum, programming languages / theory.

Task6B. Maintains professional qualifications.

Task6C. Seeks out mentors.

Task6D. Mentors others.

Task6E. Attends relevant conferences.

Task6F. Engages in crosdiscipline training.

Task6G. Participates in professional organizations.

Task6H. Develops ambassadors to promote CT.

Task6l. Participates in a personal learning network (e.g, Twitter,
Google docs).

Task6J. Shares best practices aasources.
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ABSTRACT 3) Parents come from diverse background and have

To foster new generations becoming creators of different opinions on education. Can
technol ogy, Co o | Tidgnal mkirgdgC ( “ C oampputatianal thinking education play a definite
Educat i on, -Yearmproject sponsorad by Jmekey role to convert parents’
Club Charities Trust in Hong Kong, aims to advocating thinking?

that comput f'“ ional thinkin %) I—i|o§vto].ia til tfheur&edgla énrr?gnlgy%tgljto ?ﬁhlér{ctel I
everyone (Wing, 2006, p.33). parentchi d° communic tigns’.& For e§am8lee, it te

upper primary schad students, and in that parent
education is one of the components. Particularly, parent
education focuses on paraitild relationship in learning
computational thinking. Thus, we propose several
approaches involving coding hands workshop,
instructicnal video learning and unplugged activities to
enhance the parenhild mode of learning in a larggcale
project involving 32 primary schools in Hong Kong.

has been recently recognized (among them are
mathematicians like Keith Devlin from Stanford
University) that gamglaying activities allow
players to grasp mathematical cepts and
foster a sense of fun leading to proficiency in
foundational subjects related to Science
TechnologyEngineeringMathematics (STEM)
(Mackay, 2013).

KEYWORDS 5) Can we scale up the paretfiild learning
Computational thinking, pedagogical challenges related to activities to accommodate a large number of
parentchild educationCoolThink@JC learners?

These challenges may call for the need to traffe
1. INTRODUCTION between learning efficacy at an early stage of-a42K

I.—‘rM equ ation and the im%e entatiortl compr%exity of

learning 'tasKs.! The efféctivEngss ‘of Saodnﬂu
learning should then be evaluated based omgtlerm
study with rigorous statistical evaluation.

Cool Think@JC (“Computat:i on[Sh%
n.d.) is a fowyear project created and funded by the
Jockey Club Charities Trust, with support from the
Education University of Hong Kong (EdUHK), the

Massachusetts Institute B&chnology (MIT), and the City
University of Hong Kong (CityU). 3. PROPOSED APPROACHES

Parent education is one of the highlights of the project. Its Here we list down several approaches that will be carried
aim is to f ostandingofpcampetational’ out undee Coolthink@J¢ “ Comput at i onal

thinking through activitybased workshops whichinvolve  Ed u c at i @nd suBject th peddgogical efficacy

adultyouth parmership. evaluation.

Based on our observation and ongoing experience of 1) Small Workslop: Coding experience workshops

organizing parent education workshop in primary schools, that involve handson activities for creative

we put forward pedagogical challenges and propose ideas applications by both parents and children. It will

in the following sections, for enhancing the link between be run once per school annually in2ehour

parents and children ier&rning computational thinking in workshop format, and the venue will be held at

Hong Kong. the school compound. Foeach of these
workshops, we accommoda28-30 parenichild

2. PEDAGOGICAL CHALLENGES pairs andhe content in these workshoffsllow
closely the progress of the computational

Here we list down several pedagogical challenges: thinking curriculum being taught in the specific

school. These small workshops serve to inform
parents ofa common language in learning
computational thinking.

1) What are effective methodologies under which
parent and child can learn basic computational
thinking knowledge?

2) Large Workshop These coding experience
workshops typically imolve around 10 parent
child pairs. The materiala these workshops can
resonate with worldvide STEM movements

2) Can parenthild pair leaning complement
traditional classroom learning?
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such as the MIT Scratchay ( “ Abou't S tnrahavec dpproachesiue to the different number of
Day, "anatheHo) of Code ( “ Tparenichidopair and the environment under which the
Code,” n.d.). The wor k adivibigs that ara cabried out,ntsstnecessaey rict carefully
with a competitive nature to allow parents to study how the learning contents, platforms and
work with their child to collaborate on building a technologiescan be leveragedfor effective delivery of
working system and to sedfssess on their computational thinkingducationWe will study some of
learning of computational thinking and how it is these issues to addrefise learning efficacy and the
relevant to the broader theme of STEM subjects effectiveness fotechnologiesto address the challenges
in schook. This means that the contents for these listed on Section 2 and report them in a longer paper
workshops ought to be moexperimentgleven

allowing for triakand-error form of learning that 4. CONCLUSION

encourageparentchild pair to put into practice

what they have learnt in schooEor example, This paper presents five pedagogical challenges in

this might beusing MIT Scratctor theMIT App developing activities for parent education. A number of
Inventor software to control hardware orto approachessome have already been tried out in small
configure arobot b navigatea mazeTrial-and class section in primary schools, some are under planning

and to be launched in large class sections (100 pahddt
. L pairs) to be offered in the coming summer. It is hoped that
Instructional Video:To complement thebove these activities can support thgarent education in

workshop, we will put online electronic CoolThink@JC( “ Comput ati onal Thinki
instructional videos in the formf Massive Open n.d.).

Online Courses (MOOCHat arecompried of
easyto-follow short video clipgndto deliver the 5. REFERENCES
content to parentdn this way, parents who are '

error form of learning is the mafocus.

unavailable to attend thgreviouslymentioned “About Scratch Day” (n.d.).
workshops or who wish to refresh their memory from https://day.scratch.mit.edu/

after attending these workshops can benefit from «- mputational Thinking Educa
theseinstructional digital materials March 7 2017 from

Unplugged Activities This involves thedesign http://mww.coolthink.hk/en/ct/

and delivery of activities that do not require 2 Mackay, R. F. (2013)Playing to learn: can gaming
computer and focus on fundamental ideas behind transform education? Graduate School of
computer science such as algorithm and its Education, Stanford University. Retrieved from

connections to mathematics® Un p | ugged pyss//ed.stanford.edu/news/playifegrncan
Activities i n Co d r.d.)oTheg idéa is to gamingtransformeducation

create several tablegach having its own

computer scienceelated theme and allow the = T h € Ho urn.do.fRet@eediarch 8,201 7from
parentchild pair to work through problem sets https://hourofcode.com

that are facilitated by personnel trained in “ Unpl uggedin Sadeoryy i  ines . ) . Ret
computer science“(Unpl ugged inAct i viMartche s 8, 2017, from

Teaching London Comput i nlgtpsi//codeorgtturriculum/umptugged
problems are degined in such a way that it starts  « Unplugged Activities in Teac
easy (potentially involv_ing playing digital (n.d.). Retrieved March 8, 2017, from

games) and progressively become ~more https://teachinglondoncomputing.org/resources/in

challenging in the latter part, whereupon the role spirinc-unpluagedclassroonmactivities/
of parents in guiding the child becomes more pinngunpitigg

apparent. Note that the definition of digig@mes ~ Wing, J. M. (2006). ~Computation  thinking.
means any form of games that involve discrete Communications of the ACM, A38-35. doi: 0001

mathematics. A collaborative form of learning is 0782/06/0300
the main focus in these unplugged activities.
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ABSTRACT critical issue of how computer science teachers, dealing
Understanding how t e a c h eWith largep glagsnpizes eand cyrficylar grgstricgions, can
computational thinking in computer science classes integrate CT into their classropactivities—connecting
addresses a critical need. We report on how high schooltechnology, content and pedagogy (Mishra & Kohler,
teachers implemented a-0 hour electronic textile unit ~ 2006).

in which students designed different wearabléth the In this paper, we focus on the implementation of-& 6

LilyPad Arduino as part of théxploring Computer ek (3640 hour) electronic textiles unit within two high
Science curriculum in two classrooms. Our analysis gchool classrooms situated within the Exploring Computer
focu_sed on how teachers brought out computational Science (ECS) curriculum (Goode, Margolis & Chapman,
thinking through students’yd NHelirbric Ctdxiile? TeSxtile® NSt fabritpskd® C t S
three key areas: strategic problem galy iteration, and computing, incorporate basic electronics such as
interfacing between abstract and tangible computation. In microcontrollers, actuators and sensors with textiles,
the discussion, we address what we learned about. o nducti v e t hread ansd(sees i mi |
teachers’ pedagogical ¢ 0 g, Pefplef Elsénib e Kardi, 2019, k1o
computational thinking tangible to students. experienced ECS teachers from two separate urban
KEYWORDS sch_ools impl_emented the curriculum in their classrooms
during the final two months of the school year. Two
researchers observed the daily implemeotatof the
science education, teacher practigesdagogical content  curriculum, documenting classroom activities and
interactions in extensive field notes, video recordings and

Electronic textiles, compational thinking, computer

knowledge.

nowlecge photos of students’ work. The
guided our analysis “What kin

1 I.NTRODUCTION . L the two teachers emp) in supporting and situating

The introduction of computational thinking into thelR computational thinking withinthe et e x t i | e uni t ?

curriculum has become a global effort. Computational di scussion
thinking (CT) was defined by Wing (2006) as a way of
approaching and conceptualizing problems, which draws
upon concepts fundamental to computeiesce such as
abstraction, recursion, or algorithms. Early work in this 2, BACKGROUND
area primarily focused on defining computational While computational thinking is related to the creation of
thinking, specifically its cognitive and educational code, it is important to note how understanding
implications as well as highlighting existing contexts for programming is not the same thing as CT itself (Wing,
teaching computationahinking (e.g., NRC, 2011). While 2006 ) . As Wing (2006) states,
much subsequent work has focused on the development okcientist means more than being able pimgram a
different environments and tools for CT, as well as computer.” I n other words, it
curricular initiatives in the KL2 environment, there is  approaches to problems that exist in the world (not just on
growing need for more empirical work situated in actual the screen). In terms of teaching programming,
classroom environments (Grover & Pea, 2013). considerable research has focusedcontent, drawing
¢ attention to the ways imhich particular programming
understanding of exactlyhow schoolteachers can concepts anq practices, such as loops and debugging, can

be taught within classrooms (e.g., Soloway & Spohrer,

incorporate CT into their existing classrooms (Barr & 1991). H bis dri by th i i
Stephenson, 2011). Thus far, most studies focused on CT ). Here, researc IS driven by the need lo recognize
what concepts and practices are difficult to learn and how

tools and environments had researchers themselves learni

: ; ; : to scaffold students
implement projects or were situated in -ofitschool o . : )
contexts where youth voluntarily engaged on topics of focused orcontext highlighting different kinds of project

their own choosing (e.g., Grover, Pea & Cooper, 2015; spaces in Whi_Ch Iearnin_g prograr_nming can occur, Whether
Denner, Werner & Ortiz, 2012). While theseudies in game design, robo_ﬂcs, creating apps, or constructing
provided important insights about the feasibility of wearables (.g., Kafai & Bke, 2014). Here, efforts are

engaging students in CT, they could not address thedriven by the recognition that teaching and learning
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focuses on the teec
personalization strategies to make computational thinking
accessible in students’ wor k.

One glaring absence from these efforts is a lack o



programming needs to be contextualized in ways that strategies these experienced ECS teachers use@iin th
engage students’ existing implementatos dfthe newtextiles curriculum unit.

Because teaching computational thinking is newer, 3. METHODS
research has generally focusedorem broadly on 3.1 Context

conceptual or hypothetical contexts (Grover & Pea, 2013). The Exploring Computer Science (ECS) initiative
One area of work defines the actual nature of comprises a ongear introductory computer science
computational thinking (e.g., NRC 2011) in terms of cyrriculum with a tweyear professional development
Cognition and its relationShip to eXiSting diSCiplineS (e.g., sequence. The curriauh consists of six units: Human
mathematics and engiréeg). Another area of work has  Computer Interaction, ProbleSolving, Web Design,
focused on developing Gfbcused curricula for K2 Introduction to Programming (Scratch), Computing and
contexts (e.g., the AP Computer Science Principles pata Analysis, and Robotics (Lego Mindstorms) (Goode
course, Exploring Computer Science, Bootstrap). Finally, & Margolis, 2013). The instructional design of the
another significant area of work in this area relates back to cyrriculum adopt inquirybased teaching practices so that
questions of designing contexts. As with teaching ga|| students are given opportunities to explore and design
programming, researchers have identified the importancejnyestigations, think critically and test solutions, and solve
of developing particular environments and tools for real problems. ECS has successfully increateetsityto
supporting CT, often overlapping with those that teach representative rates in Los Age and has subsequently
programming (e.g., graphical programming fdees,  scaled nationwide to other large urban districts and
dlgltal and tangible Computational construction kltS) regionS, now with over 500 teachers nationwide.

While all this work tends to focus on the potential or need = i i i

to bring CT into education, what is missing are studies of Within this successfully implemented, inquibpsed
how teachers actually implement these ideas in their Curriculum, we noted an opportunity to bring creative
classrooms and the gigular ways in which technology making in the form of_&extnes into computer science
content and pedagogy intersect that has been described ggassrooms. The curriculum was -developed by €

technological pedagogical content knowlediyishra & textiles and ECS experts to combine best practices of
Kohler, 2006). teaching and crafting-extiles based on a constructionist

philosophy alongside ECS principles, style, and writing.
The research on actual computer science teaching, inThe wrriculum contains big ideas and recommended
particular with a focus on CT, has focdsfr the most  |esson plans, with much room for teachers to interpret and
part on preservice teachers and ways to integrate CT in pring in their own style. The-extiles unit consists of six
classrooms (e.g., Yadav, Mayfield, Zhou, Hambrusch & projects, each increasing in difficulty and creative
Korb, 2014). Case studies have been developed tofreedom, that introduced concepts asidlls including
examine the strategies used by teachers to address CT igonductive sewing and sensor design; simple, parallel, and
their classrooms (Griffinet al, 2016). The area that computational circuits (independently programmable);
0ver|aps most with CT is focused on algorithmic thlnklng programming seguences, |00pS’ conditionals, and Boolean
(Ragonis, 2012). Our work contributes to this emerging |ogic; and data from various inputs (switches and sensors).
body of knowledge by examining how experienced As an exarmle, the fifth project of the curriculum is a
computer science teachers teach CT using electronick panner ” project in which st
textiles. Much arly research usingtextiles has focused  create a letter in a classroom banner. Each letter includes
on broadening participation in areas of computing and two switches used to generate four lighting pattern effects
engineering by reshaping githuskbeddilidually proyraninfalfleCHDE. VTReSfinap I a n
interests in those fields (e.g., Buchholz, Shively, Peppler project consists of a personalized textile artifact that
& Wohlwend, 2014; Kafai, Fields, & SearleQP4). One jncorporates a handmade human sensor created from two
study (Kafai et al, 2014) identified several CT concepts, aluminum foil conductive patches that when squeezed
practices and perspectives that students learned whilegenerate a range of data. In this study, students used this
making an eextiles human sensor projeet precursorto  data to program éferent lighting effects so that the lights
one of the projects in the curriculum discussed in this changed based on how hard a user squeezed their project.
paper. Student artifacts included stuffed animals, paper cranes,

Using etextiles affords different opportunities to observe and wearable shirts or hoodies, all augmented with the
teaching strategies because they (1) integrate CT within S€NSOrs and actuators.
engineering (i.e., circuit design) and coding (i.e., software 3 2 pata Collection& Analysis

design) and can illustrate how teachers make connectiongn Spring 2016 two high school teachers, each witi28
between them; (2) are hybrid neguin nature (i.e., @  years of computer science classroom teaching experience,
textual code on the screen and as physical circuits on thepjloted the unit in their ECS classes with 24 and 35
textile) and can make visible how teachers navigate students in two urban schools in a major city in the western
between different modalities; and (3) allow for creative ynited States. Diing the implementation, two researchers
expression and aesthetics through personalized projectsjisited the classroom four days a week, documenting
and can dmonstrate how teachers respond to and areteaching with detailed field notes and pictures of student
supportive of student interest. FOCUSIng on two ClassroomSWork Supp|emented by p.rand posﬁnterviews with the

from the Exploring Computer Scienc(ECS) program  teachers, video recordings, and daily reflectibysthe
(Goode, Margolis & Chapman, 2014), we examined what teachers.

68



For this paper, we conducted analysis of field notestaken* t r avel i ng sal esman” probl em

from the two classrooms. Out of a total of2B days of earlier in the ECS curriculum with designing efficient
data for each classroom, we selected a set of six field notesircuitry in et e xt i | es: “you have |
for each classroom. These focused on key lessons in thestring [conductive thread] so you have to kind of connect
curriculum, including: learning to sew using a stitchcard all your lights, get it how you want in the cheapest way
(Project 2), working with a preprogrammed possi ble.” This approach to
microcontroller (Project 3), collaboratively programming path without creating a short circuib® a type of strategic

a microcontroller as part of a classroom banner (Project problem solving that shows computational thinking off the

5); creating and programming an individual ramsensor computer screen.

project (Project 6). Based on the existing framework for
the AP Computer Science Principles course
(CollegeBoard, 2016), we developed a preliminary coding
scheme looking at how teachers incorporated key
computational thinking principles into thetlassrooms.
Two researchers (Authors 1 and 2) entered into an iterative

Likewise, with crafting, students learned other sorts of
algorithms for the physical construction of the project. For
instance, one teacher developed a simpteans of
expressing a way to tackle the problem of sewing a two
dimensional circuit on a thregimensional space (i.e., a

. . . : .. stuffed ani mal ) : “fileting”
cycle of coding the field notes, comparing their analysis, . ; . ;
. : sewing two identical cutouts of the stuffed animal (a front
and refining the coding scheme. Throughout three cycles,and a back) togeén on part of one side a  * fiinl et ”

we began to identify what was unique iniestiles that
related tothe core content and practices identified in AP
CS Principles.

order to sew the circuitry before connecting the edges and
stuffing the creation. While the approach was not new
(outlined in Buechley, Qiu, & de Boer, 2013), the teacher

4. FINDINGS named the approach (nasuchd& i | et

Within the etextiles unit, we saw evidence of many ways Way that students formalized it as a strategy for

in which teachers brought out computational thinking approaching the creation of lighp stuffed animals. In
through students’ inter ac tthisohpe of tyadon, wheg thestgaghgr models fulgsgfor o f
most promient aspects include: 1) strategic problem Problem solving and creates an environment where
solving, 2) iteration, and 3) interfacing between abstract students can contribute their pwproblem solving

and tangible computation. In order to clarify how the approaches, it may be argued that students not only
teachers translated and implemented the curriculum within learnedhow tocreate algorithmsbut also practiced how

their classrooms, we highlight the interens between  t0 approach problems algorithmicallyor develop an

how the curriculum promoted the particular CT element i@l g or i t htowad prebiem sotviago

and then how teachers expanded upon these elementg 5 |ieration

within their classrooms. Within the world of software design, iteratieror the

4.1. Strategic Problem Solving process of continual repetition and revisieis essential
One area of rich computational thinking was in strategic for the Completion and refinement of different algorithms
problem solving, the a@®nstruction of problems into a and programs. Iterative design, or the cycle of prototyping,
sequence of steps or “rultestdng aggd teysionyHsi alse keyy tengipeering a c h
problems, sometimes referred to as algorithms (Ragonis,Production. Within the gextiles unit, students were
2014). We found that teachers developed means ofengaged with iteration on both levels. Within the unit, the
strengthening strategic problem solvingcross the production of individualized projects drove the process of
intersecting domins of code, circuitry, and craft in e iterative design, that is, fixing and resolving mistakes
textiles. In regard to coding, one of the teachers enabledthroughout @sign, visible in changed circuit diagrams,
students to develop multiple ways of structuring code to sev_eral different versions of code, and constantly refined
solve a problem. By not dictating to students a single way Projects.

to approach a problem, students themsebame up with  gayond the curriculum, teachers actively incorporated this

different approaches. For instance in the collaborative gihos of iteration into the classroom through several
banner project that required students to use two SWitCheSstrategies. While the curriauh outlined the basic

as inputs to create four lighting patterns, student groups g idelines for projects, students were encouraged b

f

used either nested conditidhdd ® cdink up Wit GriginaP dedign® ME BuknS s

means for slving that challenge, the latter of which ,ohlems and issues that individual students faced often

(“and” statements) the t &[0 iho alkibing eRdiate A doRstiuRidrf! Bot® N

introducing. By subsequently highlighting the two main teachers thefore actively addressed the process of
approaches used by students, the teacher supported thejfeajing with mistakes and making revisions throughout
formalization as problem solving strategies thatldde the unit in several ways. First, they created supports for
(and were) applied to other problems as well. dealing with mistakes, for example, providing tools

In terms of circuitry, teachers helped students develop andeXplicitly designed for iteration (seam rippersjnd

apply rules for connecting components in a functional Shar i ng concr et <extilesconstuctienn d t
circuit, for instance c on $eddhowtheydealtyigbragkenthrepd). fecond, tgaghers o
mi nus t o mi n umsergjound linstb comneca expJigily valued the process of iteration, regularly sharing
negative pins, and making circuitry efficient. Related to St udent s’
the latter, one student drew a parallel between the highlight something the creator had learned that was of
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value to the class as a whole. In doing so, they stressed theonnection for students during the creation of their
importance iteration and refinement alongside the final individual codeable circuit projects (specifically the
product. cdlaborative banner and human sensor projects). Mostly,
Teachers also positioned themselves as collaborators this occurred through individual design consultations; for
Sinstance one teacher worked with students to consider how

(rather than authorities) ithin this environment of
. - . . . the programmaubility of their project was influenced by the
iteration. Not only did they share thetextiles projects size of their sensor pates. As a result of this kind of

that they had personally made, but they also modeled theactivity, students not only became familiar with working

many mistakes and revisions that they faced within their on both hardware and software, but also started to develop

own persqnal journeys (.)f creation. Addltlonally, because a capacity of moving back and forth fluidly between these
of the variety of unique issues of construction on student two domains

projects, teachers worked alongside students to

troubleshoot in the moment. One teacher required studentdnformation abstractiors universlly acknowledged to be

to work in pairs to check ae anpditanbtypk efr comsputational ahinkirtg,r whetretri a g r
and code before they could move w later tasks. This  dealing with binary numbers or subroutines and
supported peer troubleshooting and revision, allowing the procedures (Grover & Pea, 2013). In terms -téx¢iles,

teacher to come over only when both students were this mostly involves taking the real world phenomenon
befuddled. From this perspective, iteration appeared bothrelated to an artifac(e.g., touch levels, placement of

in direct project wor k a n tEDsS) and ¢ohverting ieta dighaé repsesentgiiensianghe g i ¢
approach: hHrough shared problem solving, modeling computer (e.g., variables, statements). Within the
projects at various stages, and building a shared curriculum, students had numerous opportunities to
knowledge base abouttextiles by compiling tips and  practice formal information abstraction such as declaring

tricks learned through mistakes. variables and incorporating Boolean logic into their

4.3 Interfacing programs.

As opposed to many computer science classes whereHo we v er teachers contri bu:
programmingakes place mostly on the screen, one unique understanding for information abstraction resulted most

and prominent affordance of usingextiles to teach CT  strongly from their efforts to contextualize this concept

is how it fosters a need for students to become morewithin the process of -&extiles construction. In other

familiar with the intersections betweeabstract and words, because-textiles creates a highly visible context

tangible forms of computation Specifically, thigesults for moving in between real world phenomena (e.g.,

from the high level of interaction that inherently occurs physical touch, switches) and computational inputs (e.g.,

when creating an -textiles artifact: handrafting a numbers, ranges, conditions), both teachers leveraged this
functional circuit that can be controlled via purposeful as anatural context in which to instill an understanding of
planning and development of code. Througtexiles, information abstraction. For example, one teacher worked
teachers were given adhily visible and potent context to illustrate how variable declaration allowed the
through which to teach important CT concepts including c o mp ut er to make use of real
information abstracti on andkpemagoin pow hadtyourogch théfit [he varibldea ¢ h e r
encouragement of this intersection is discussed below,we created] will store it there and we can use it for cur If

1

followed by a discussion of how they used this to EI se St atements”. Tarmfodthe r s f |
contextialize understanding of information abstraction nature of éextiles construction through the process of
and manipulating data. troubl eshooting student s’ i

teachergonstantly went through a cycle of testing, where
students would be asked to
physical format (what it actually did) and in the abstract,

E-textiles is a unique educational computing context
because it involves the creation of codable circuits and

s st Tar ey v ol TS ot (1o code) i provsd 3
y form t for th|sw rk, the teaches

or
1t‘lu2nlc S|n mCO\znn Ba?:kcatndI f(;)rtﬂ bet(\:/\/(laer:a t{;ller realms of et ﬁi]e tan |tﬁe and the :ﬁ)ﬁrgc{ the ppny%cal %nd Hqé?e "
y 9 dlgltal (e.g., onscreen) explicit for students, enabling them

dgsgnmg, .constructlng,. and .t.roubleshootmg ta}nglble to develop more experience with information abstraction
circuits, while also planning, writing and tigleshooting first hand

the code to control these circuits. One specific strategy

was to create conditions where student experiences withTeacherssimilarly helped tudents gainexperience in
programming and software were immediately (and reading and manipulating computational dat#hat is,
always) correlated with some piece of hardware; that is, learning how to make sense of information gathered
no one was ever expectenl ¢code purely for the screen through computational inputs or outputs and leveraging
without a physical LilyPad Arduino circuit output. For these for a computational purposes. This skill was
example, even during lessons primarily focused on cultivated most actively throughe creation of the human
coding, both teachers actively pointed out the relationship sensor project. In this project, students created personal
between the onscreen lines of code with physical artifacts (e.g., a pink bear, a cosmicétgmed top hat, a
components (g@. pins on the LilyPad for inputs and large origami crane) that contained handmade touch
outputs) and behaviors (e.g. this line of code makes thatsensors (aluminum patches sewn onto their projects) that
LED turn on). Teachers further strengthened this were programmed to read the conductivity levels of a
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person touching both patches. Teachers worked to givemistakes. Further, by sharing their projects and discussing
students many visceral opportunities to deal with realmul t i pl e users of their proj
world data within the context of their human sensor the teachers brgint out the broader usability of projects:
project. One teacher, for instance, desmlithe processof st udent s’ projects (as their
testing the conductivity of himself and his wife, describing relevance outside the classroomhese features are

how they could each get different ranges based on theirimportant because personalization has been shown to
different sizes. Based on this, he then required students tosupport student interest in CS classrooms (Grifi al.,

test out the conductivity ranges of at least four different 2016). Furthermore, these practices highlight strategies
people within the class and use these as baselines tdhat can make teaching more culturally relevant, providing
develop more universal ranges in developing their code. one means for equity to become a key part of classroom
This brought personalization to interfacing between instruction with computational thinking (Goode, Margolis
digitally written data and physical touch, especially as the & Chapman, 2014).

teacher modeled how he tested gemsor with his wife Further, we want to consider teaching strategies that focus
and as students tested their sensors with each other. It is ’ 9 9

impossible to tell how directly this affected students notjgst on content or prpjgcts byt on the larger plassrpom
overall, but at least one student described taking hisworkmg_enwro.nment, within which the electronic texnlg
project home so he coul d tEgSsLimt wgsuupplerﬁ]elntgd. T{%t&vo t%achgr%\?(be&]stHd eg i vi
rangegeven going so far as to use his hands while sleeping.engaged V.V't.h vastly Iarge_num ers of stude_nts an

Notably, reading data from a sensor and breaking it down 35)_and within more_restncted time constraints (the class

into usable ranges that could be expressed mathematicall eriod) and spaces d("e" r? classroomtwherg matenaltrr:ad to

(i .e., “sensorvalue < 100 Otetu&aw gmetr%.éa)p(/aanlemcl%gn%egg]hénos O Es a
particular challenge for studentevidenced in a related extiie iImplementations, especially in aterschsaimer

guestion on a pogest.In the next year we plan to bring camp, or wegkend workshops. The teachers ursed

more curricular scaffolding to this task while supporting S trategies su ¢ h as modeling (
the efforts of teachers to personalize this aspect of "Progress projec ts), peer sSUER

. oo . wor k), and tips and tricks t
computational thinking for deeper learning. creations. Other strategiedich this paper does not have

5. DISCUSSION room to address deserve further attention such as the
Our paper contributes to the emerging body of research onorganization and management of materials and time, and
teaching practices of computational thinking that are not validation of student work during class discussion.

just focused on coding but extend into other domains, suchpy, themselves the strategies discussed above are nothing
as physical crafting and electromcs. In our analysis We naw inand of themselves, having been found in much
focused on key aspects@mputational thinking (CH- exemplary science and mathematics teaching (see Ball,

strategic problem solving, iteration, and interfacing Thames & Phelps, 2008). However, it is the application of
between abstract and tangible aspects of compuingt these teaching strategies to computational thinking that

teac_hers addressed w_ithin th(_a new electronic_ textiles presents a unique and promising appraagho support
curriculum. In the following sections, we further discuss gi,dents in this emerging field of pedagogy. These

aspects oft e a c peslagsgyregardingcomputational  girategies are similar to what Mishra and Kohler (2006)
thinking in their classroom activities. described as technological pedagogical content

Across the analyses of the various teaching strategies inknowledge (TPCK) or the unique knowledge that teachers
their classrooms, we noted the element of personalizationneed to develop in order to embegthnology in their

as a critical aspect of teaching computatighaiking in instructional practice to support student learning.
this context. First, based on earlier research on theHowever, the original description of technological
importance of aesthetics in learning withestiles (Kafai pedagogical content knowledge focused on how to

et al, 2014), the curriculum intentionally forefronted the integrate different technologies such as video or games
persona| nature of each student project’ resu|ting in into the Classroom, whereasthe ECS context, teachers

different implenentations by each student. This aspect of focused on integrating computational thinking with
personalization is rarely discussed in contexts of content. To hlgh'lght this distinction, we should reframe
pedagogical content knowledge but can pose challengesinf PCK as “computational pedago
teaching because of the vastly different problems that arise®’ (CPCK), acknowledging the specialized content

in individual student projects. Teachers naebe flexible knowledge (Bd] Thames & Phelps, 2008) that is

in taking advantage of them to promote deeper learning. €merging in relation to computational thinking in K12
Second, in this study the teachers took persona"zaﬁoneducation. Much more research is needed in documenting
beyond individualized projects and worked it into their CPCK teaching practice within other curricular efforts to
classroom practice. For instance, teachers modeled thejldevelop best practices that can be shared and developed

own projects, fistakes, and design processes in ways that |, hjg paper we considered how experienced ECS
validated “process’” N

al 0n g §dsdoBm teathér® drith&cled compltdidhdl thihkgh ih I N 9

iteration as an important aspect of computational thinking. {he context of learning with-extiles. While the unit was
Tr_ns also provided a backdrop that faC|I|ta_ted sharing designed with certain goals in mind, largely related to
mistakes and processes that could help tit@eeclass programming, we sought to apply th® CS Principles

learn. It is less risky to share the mistakes you have madeguidelines to identify where and how aspects of
when your teachers have already shared their own
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computational thinking such as iteration, abstraction or Griffin, J, Pirman, T. & Gray, B. (2016Jwo teachers,

problem solving were
practice. We found particular affordances for learning
computational thinkinghiat etextiles may be uniquely

situated to promote, especially in regard to tangibility and
personalization. Because it was the first implementation of

this new ECS curriculum unit and one of the firsertiles
projects where the teachers were the meadérs in the

classroom, our data collection focused primarily on the
teacher modeling, leading, and discussing with students.

In future iterations we plan to look more closely at how

teaching strategies intersect with student learning to

understand morebaut the depth and breadth of learning

S| GCS (pd 466466 ). New York, NY: ACM.

Goode, J., & Margolis, J. (2011). Exploring Computer
Science: A Case Study of School RefoAtM
Transactions on Computing Educatjdrl(2), 2.
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Curriculum is not enough: The educational theory and
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NY: ACM.
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ABSTRACT Although computational thinking is not equal to

This study put fousteps problem decomposition, pattern ~Programming, the blocky progmming languages, such as
recognition, abstraction, and algorithm, into giige by Scratch, mBlock and so on, are good tools for developing
integrating the blocky programming language, Scratch,t he capabilities of students
into a mathematics course. The teacher guided the- sixth current study not only employed Scratch to learn
graders to apply the four steps of computational thinking computational thinking, but also used it to implement a

to writing a blocky program to solve dailife equality problem tke students confronted in their Mathematics
axiom mathematics prédms. The results showed that the course. One main purpose of these programming
method was beneficial for promoting the learning languages is to solve computation problems. Scratch is a
effectiveness of mathematics, and also found that therevisual programming tool and is suitable to be used in

was a significantly positive correlation between the different subjects such as games, science, music am so
performance of blocky programming and the mathematics [, 6]-

posttest. There was no significant correlation between
creative tendency and safficacy after the experiment.
Selfefficacy had a positive correlation to learning
motivation both before and after the experiment.

Scratch has been introduced to young students from
eight to eighteen years o]d], and they have been found
to be highly motivated to write programs. Another study
found that fifth and sixth graders perceived usefulness,
high motivation, and psitive attitudes toward Scrat¢,

KEYWORDS 5, 9] Ke (2014) applied Scratch for secondary school
Scratch Computational Thinking Mathemdics, Self students to design mathematics games, and found that the
efficacy, Learning motivation integration of the blocky programming and Mathematics

game design could promote the potential of the students

1. INTRODUCTI_ON . learn Mathematics, and made the students have
Computational thinking has a broad definition which significantly more positive attitudes toward the

refers to the thoughts and plans or comprehension proces%ievelopment of Mathematic§2]. Furthermore, this
when students are confronted with any uncertain factor or .o t h o d was beneficial for 5
new issue. Computational thinking also has a narrower reqaction on their dailyife mathematical experiences.

definition which means the basiomwepts and processes — 1he mathematics concepts and blocky programming were
used for solving problems in the computer science doma‘”'integrated when the students solved the problems or

The term was officially proposed in 20082], and was  ¢reated the games. They not only took part in achieving
later divided into four phas¢$3], described as follows. the learning target of mathematics, but also carried out

The first phase of the computational thinking process computational thinking, and transfed the reasoning
is to deompose the problem so that one problem can beprocess into an abstract program. It has been found that
analyzed and divided into several smaller questions. Thisusing Scratch in computer science can promote the
is called the “probl em de ¢agniiigedeysl and sekificacygfiihg sfuslents, uhitdaes t h e
second phase is to identify the patterns in the datanot resultin high learning anxiety, and the students spend
representation or data structure. In otherds, if the less timelearning and creating a new progrghj. The
students observe any repeated presentation of data oblocky programming (e.g., Scratch, App Inventor) did
method, they can identify their similarities, regularities, or retain the learning motivation and interests of the students
commonalities. Therefore, the students do not need to[7]. The scholars employed another blocky programming
spend time on the repeated work when they write the €nvironment,Code Club into elementary $wols, and
problem. The thirdphase is to generalize or abstract the found that it could motivate the creative digital design of
principles or factors to become a formula or the the young students [10].
corresponding programming language rules. The students
have to try to model the patterns they found in the previous

step. After testing, the students identify the kegtér software, Scratch, and applied the four phases of
presenting the model in this step. Finally, they design the ., rationalthinking to solve mathematics problems.

algorithm in the fourth phase, ensuring that they include gy rpose of the study was to explore the correlations
all the steps for solving the problem systematically. between selefficacy and learming motivation, and

between selefficacy and creative tendency. From the

Therefore, the current study also integrated the
mathematics course with the blocky programming
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results, the critical factor correlated with sefficacy The self-efficacy questionnaire originates from the
could be identified when the students were involved in the questionnaire developed by Pietri Smith, Garcisand
proposed treatments. In addition, this study also aimed toMcKeachie (1991]8]. It consists 08 items with &b-point
confirm whether the students made significant progress in Likert rating scheme. The Cronbach's alpha valas
Mathematics and in problem solving by using the blocky 0.894 The Creativity Assessment Packet (CAP) was
programming. Therefe, the research problems are listed revised from Williams (1991[)L1], including the scales of

as follows: imagination,curiosity, and so on.
Q) After t he treat ment , wa.s nt s’ | earning

2.3. E)Epgri%entaﬁ [:t)roucéjdl?re

Before the experiment, the studewisregiven time toget

(2) Was there a significant correlation between the used to the blocky programming environmehigure 1
performance of blocky programming with the shows the flow chart of the experimeBach period in the
learning effetiveness of mathematics? mathematics class is 40 minutes in edatary schools in

Taiwan. At the beginning, the instructor spent eight weeks

(i.e., once period a week, and totally 8 perio@s)ching

the students to become familiar with the blocky

programming environment.

effectiveness of mathematics significantly promoted?

(3) Was there a significant correlation between -self
efficacy with creative tendency and learning
motivation before and after the treatments?

2. METHOD Beforethe learning activityf applying the éur phases of
o computational thinking systematicallythe students
2.1. Participants completed theCreativity Assessment Packet measure

The subjects includgdne g:lass ofsixth graders of an ook the pretest and completed the learning motivation
elementary school in Taiwan. A total @0 students and selfefficacyquestionnaire

participated in the studylhey were taught by the same

instructor who had taught thatathematicscourseand Demonstrating and teaching the blocky 8 periods
rogramming environment
Scratchfor more than ten year3he average age of the £
students was 12. ‘
Pre-test of mathematics learning effectiveness,

. programming implementation performance, 1.5 period
2.2. Measuiing tOOlS_ _ _ learning motivation, self-efficacy, and creative
The research tools in this study included phetest and tendency.
posttest of the mathematidearning achievemestthe L
posttest of _Scratch Pro.grammlng |mplementatmnd the . Application of Four Phases of Computational .
qguestionnaire for Mme a s U r i r Thinkingto Integrate Blocky Programmingwith ; '3periods € @ Ni n g
motivation creative tadency,and selefficacy. Mat“e"’a““c"”’sei:'t“at‘fd problems).
The tgst sheetef mathematicavere develpped by two Post-test: The students analvzed andsolved _
experienced teachers. The st consisted ofl10 P e ey sy 1.5 periods
calculation questions about the prior knowledge of abovementioned approach.
learning the course unit "equality axionwith a perfect JL
score_ of 100. Te pQSﬁQSt consisted 010 calculatlc_)n Post-test of mathematics learning effectiveness,
guestionsfor assessing the students' knowledge in the | programming implementation performance, 1 period
equality axiomunit, withaperfect score of00. The items LD st el T e
in the pretest are different from the items in thesttest, ) ]
but they had the same difficulty degx Figure 1.Experimental procedure

Thereafterthe study spent three weeks (i.e., once period a
In terms of the postest of programming performance, \eek, and totally three periods) on the enhancement of
there were totally five situated problems for the students applying the four phases of computational thinkargl
to solve using the blocky programming with the four jntegration of blocky programming in asixth-grade
phases of computational thinking. Each programming mathematicscourse In other words, dring the learning
problem was scored as 20 points,luing 5 points for  activity, the teacher guided the students in how to employ
assessing whether the students employed proper blocks, $he four phases of computational thinking for analyzing
points for checking the usage of variances, 5 points for the situated problems in the mathematics course, and
evaluating the formula transferred from the meaning of the finally how to write blocky programs for calculating the
problem by the students in the program, and 5 points for results of ach problemThe teacher explained how to
confirming if the output was correct or not. Consequently, employ the four phases of computational thinking, step by
five programming problems were worth a total of 100 step. From the first phase, the students tried to analyze and
points. decompose the situated problem which the teacher

The questionnaire of learning motivation was modified designed for demonstration. Secondly, thelstis were

from the measurpublished by Hwang, Yang, and Wang guided to find out whether there was a pattern or similar
(2013) [3]. It consisted ofseven ite,ms (e.,g. "It is situation based on the results of the analysis, that is,

important for me to learn what is being taught in this pattern recognition. Thirdly, they had to conclude or

class") with &-point rating scheme. The Cronbach's alpha transfer the analysis to a formula or programming
value of the questionnaire was 28 presentation. Finally, tlyefound the limited problem
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solving steps, or algorithm, so that the program could be
written based on the steps.

The students practiced this method six times, each time
taking half of a period. Therefore, there were totally six
situated examples implemtend during the three periods of
the mathematics course. At the same tirhe, students
learned mathematics from solving the blocky
programmingproblems througthe four computational
thinking phases

&% 4r @3 owe
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The blocky
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write the
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After the learning activity, there were totally five

programming problems for evaluatinghe blocky

programming performance of tlgudents with the four

computational thinking phases involved in both the blocky

programming and the mathematics lgems. The test

took 1.5 periods.

an

Finally, they also spent one period on the gest of the
pertandpaperbased mathematics tdst measuring their
learning achievement§hey also answerdtie motivation

and selfefficacy questionnaire so asto identify whether
any changebad occurredh their learning motivatioand
self-efficacy after the different learning method was
employed for learning mathematid$ere were totally 15
periods spent on the experiment, which lasted for a total
of around theefourth semester (i.e., 15 weeks). The
experimental treatment after pretest viras weeks.

2.4. Data analysis

The pre and postest were compared via a pairegimple
t-test. Therefore, whether the students made progress o
not was assessedhe same analis method was also
empl oyed for comparing
and selfefficacy before and after the learning activities.

Their blocky programming performance was also assessednot noticeably
by the teacher. Correlation analysis was performed toé%%

identify the r el ationship betwe
programming performance and their ptest results.

Correlation analysis was utilized for checking the

mathematics from the Application of the Four Phases of
Computational  Thinking to Integrate  Blocky
Programming into the Mathematics Course.

3. Results

3.1. The paired sampletest on the preest and postest

in mathematics

The research design hypothesized that the students would
make progress in the learning objectives of the
mathematics unit. Therefore, a paisainple ttest was
performed on theretest and postest in the mathematics
unit.

The students did not use conventional instruction to learn
mathematics; rather, the four phases of computational
thinking were applied to integrate blocky programming
into the mathematics course. Table 1 shavat this
approach did indeed contribute to the learning
effectiveness of the students. They made significant
progress in the mathematics unit of equality axiom after
the experimental treatment &72; p<0.05).

Table 1.paired sample-test on the preand postest

N Mean SD t
&Posy s e@ho@.35st udednt ' 272
test
Pretest 20 80.75 16.66
*p<0.05

3.2. The correlation between the performance of blocky
programming and the mathematics petgst

In this study, we attempted to verify the correlation
between thg@erformance of blocky programming and the
mathematics podest. The results showed that they did
have a significantly positive correlation (Pearson=07673
p<0.01), as shown in Table 2. When the students had
better performance on applying the four phasds
computational thinking to write a blocky program which
solved the situated problems of the equality axiom
mathematics unit, they also had better learning outcomes
on the postest of the conventional peandpaperbased
mathematics test.

3.3. Thecorrelatin b et ween
their creative tendency and learning motivation

iThe selfefficacy of the students applying the four phases
of computational thinking to integrate blocky

significantly correlted with their learning motivation
(Spearman correlation valugx623"; p<0.01), but was
related to their creative tendency
earman correlation valué:=232 p>0.05), shown as
|eé%e st ugent SZp %S)I ocky
Table2. Correlation between seéffficacy and creative
tendengy and learning motivation (N=20)

correlation among the s+tu

EFelrhan corrdiatiot Motvatior?  SBR t T &dafivk © "

efficacy and creative tendency when they were IearningCoefficient efficacy tendency
mathematics by means of conventional inStrUCtion'Motivation 1 0623 0.189
Moreover, the same method was used fagcking the Selfefficacy 0.623" ' 1 0'232
correlation among the learning motivation, sefficacy Creative tendency 6189 0.232 '1
and creative tendency after the students learnees;55or - -

75

efficacg &and t s 6

S

S

t h e pragramning n inte ' thel enathematiosg cawrset iwasa t i ©

[



4. DISCUSSION AND CONCLUSIONS

This study not only put the four phases of computational
thinking into practice, but also applied it to solve
mathematics problems with Scratch, one of the blocky
programming languages. The results indicate that the
implementation of the programming wasfeetive; in
addition, the students’ I
results in the mathematics concepts fiest both
improved remarkably in comparison with the {est of

the same mathematics unit.

The implementation of the programming had a
significantly positive correlation with the learning
effectiveness of mathematics, implying that the students
who had better Scratch scores outperformed the other
students in the mathematics concepts st The

s t u d e neffisacy waecbrfelated with theiearning
motivation, but not with their creative tendency. In other
words, the students who had higher learning motivation
possessed higher sefficacy. In future studies, teachers
could try to design mathematics games for students to
design programs anlearn mathematics at the same time,
as the teachers in this study only designed dddy

situated mathematics problems related to the mathematics

learning unit for the students to apply computational
thinking to solve the problems. Future studies cal$
integrate different subjects to learn computational thinking,
programming, and certain subject knowledge (e.g.,
physics, mathematics) at the same time.
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ABSTRACT to offer quality teacher development programmes (Yoon,

This article documents the design and evaluatibra Anderson, et al. 2016) for building the capacity and
teacher development programme in computational confidence of teachers in delivering CT education. This
thinking (CT) education. The results suggested that after article reports on the design, implementation, and
taking a teacher development course (TDC), teachersevaluation of a teaem development programme in CT

enhanced their CT content knowledge; however, some education in the context of the CoolThink@JC initiative
teachers still did not have sufficient cistgnce in teaching ~ (CoolThink).

CT in their classrooms. Subsequent modification to .

address this lack of confidence among this cohort of 1.1. Effective Teacher Development Programmes

teachers is discussed. The literature on teacher professional development has
identified several key elements for the capacity building
KEYWORDS of teachers. First of all, knowing the content knowledge of

the subject is not enough for teaching the subject, as a
teacher also need to know the most appropriate pedagogy

for teaching the content to students, and this kind of

1. INTRODUCTION knowledge is referred to agedagogical content

In her influential article, Wing (2006) convincingly argued knowledge (PCK) (Shulman, 1986). Previous studies
that computational thi nki nsgggestCtma effegtive piofegsianald developmend Ifor s k i
for everyone, not just f oteacherousually inwlves assystaigad peariad ofdime, witlp . 3 3
Every child should possess not only the abilities of participants actively engaged, with opportunities to
reading, writing,and arithmetic, but also the analytical Ppractice and reflectand situated in a community of

skills involved in CT. CT can be considered as the thought practice (CoP) (e.g., Borko, Jacobs, & Koeliner, 2010).
process involved in effectively formulating problems and CoP is not a stable and short term working session, but an
their solutions through a computational or digital means interactive and recursive continuum with complex
(Cuny, Snyder, & Wi n(@006) 2 oreagtipns ampng muwtiple fagtpra (glarks& Hollingsworth,
article, CT has been incorporated intelR education ~ 20032. In a CoP, knowledge is situated in the daily
around the world (Grover & Pea, 2013; Voogt et al., experience of community members, and learning is a
2015). Blockbased programming environments such as social process which involves participation and interaction
Scratch (Resnick et al., 2009) and App Inventor (Wolber, (Lave & Wenger, 1991). A CoP model of teacher
Abelson, Spertus, & Looney, 2014 one approach used development allows participants to discuss, pesesss

in K12 education for f a c i and selefleictpry theirdeaahingeand learning (Scribner,
development (Lye & Koh, 2014). Cockrell, Cockrell, & Valentine, 1999).

teacher professional development, computational thinking
education, evaluation, teacher development

While CT education is being emphasized in many
different countries (Voogt et al., 2015), an important 2. THE PROGRAMME

challenge in its implementation in-k2 education ishe 2.1. CoolThink@JC Initiative

shortage of teachers capable in delivering CT educationThe background of this study is a feyear initiative of
(Menekse, 2015). It was reported that a large number of CoolThink@JC (http://www.coolthink.hk/en/) aimed at
teachers taking professional development programmes inpromoting CT education among primary schools in Hong
CT or computer science are new to computer scienceKong beginning from 2016. A total of 32 primary schools
(Century et al., 2013). Even tders who majored in  have been recruited as the Network Schools in this
computer science in their undergraduate studies may notinjtiative. Among these 32 schools, 12 are CoHort

be familiar with blockbased programming environments. schools, which started their CT education pangme in
Besides the subject content of CT or computer science, thethe academic year of 2016/17. The remaining 20 are
implementation of CT education requires teachers to haveCohort2 schools, will start their CT education programme
the releant pedagogical content knowledge as well (Saeli, on year later. Three teachers from each school are selected
Perrenet, Jochems, & Zwaneveld, 2012). This knowledge to participate in the teacher development programme and
involves the understanding of the content of coding, and subsequently teach ti@oolThink curriculum.

the pedagogy of delivering the content, which is not an
easy task (Grover & Pea, 2013). Therefat is important

77

A 3-level curriculum for Hong Kong grade primary 4
(Level 1) to primary 6 (Level 3) was developed as a



collaboration between The Education University of Hong presentation of the app washeduled in the second post
Kong (EdUHK) and the Massachusetts Institute of MIT session.

Technology (MIT). Another artner in the CoolThink
initiative is City University of Hong Kong (CityU), which
provides parent education on CT, andsdamool ce

The first postMIT session aimed to review what the
teachers had learned in thel&y training and to prepare

teaching support by recruiting and training undergraduate ;r]eiéi?iCh?);Slsﬂt? flP 'Shsaréd Sprsesien; t:elr m%blgbat‘:l‘:éénsﬂleh 00
students from universities in Hong Kong as teaching teache sp esented their S a' rou d received
assistants. T curri cul um ai ms to 0osPfeRef squ%D.Bﬁtsg Pcgn

concepts, practices, and perspectives (Brennan & Resnick{/sgrde Zikefrrignmcecﬁsez::]r?;?:’ir:né%tu:ézrcsétigz T%Jgslts frvc\)/rr;O
2012). Each grade level has 10 units of activities and one P ’ '

or two final project(s) for students to develop CT through }\EI]FTTIIreSé v:\)/,ggll:rtcf):ﬁgﬂtl\)—vo?gcslerono,sgir\]/lrlc')lyggs;?c?nIsmlzgfg\(lje
programming activities in the environmts of Scratch and ' P '

App Inventor. In addition to the formal curriculum, two ];?/ralita)lggtn %?e.rg]g nlth.esﬂgiia?lmgﬁ t?llgintr?ar:ggr%rénihgf
sets of cecurricular activities, one on interacting with » €SP y

physical objects through coding, another on solving knowledge and confidence of teachers in teaching CT, and

community problems using computational thinking, were how it affects the subsequent design in TDC2.
developed by EdUK for the participation of P5 and P6
students respectively. EAUHK, with the expertise in
teacher education, and MIT, with the expertise in the
development of programming environments and
experience in training teachers, are responsible for
designing and iplementing the teacher development
programme. A total of two TDCs, of 39 hours each, are
offered for each cohort of teachers.

2.3. Teacher Develoment Course 2

While TDC 1 emphasized content knowledge of CT and
basic ideas for CT pedagogy, TDC 2 had a greater focus
on pedagogy. As effective teacher development requires a
sustained period of time, within which the participants can
be actively engagednd have the opportunity to practice
and reflect (Borko et al., 2010), TDC 2 lasted for a total of
13 weeks, with weekly-Bour sessions. The teachers had
the opportunities to teach the Level 1 curriculum in their
schools, and shared their teaching exgeré with one
another for feedback and reflection. The final project in
TDC 2 required groups of 3 teachers from each school to
design and present a complete unit for CT education,
which enabled them to think more deeply about what they
had learned in thggrogramme and how to deliver CT
education.

2.2. Teacher Development Course 1

TDC 1, mainly designed and delivered by staff from MIT,
aims to enrich the content knowledge of papints on

CT and to allow them to have some initial thoughts on how
to deliver CT education in senior primary schools. The
major component of TDC 1 was aday (6 hours per day)
intensive training conducted by MIT staff over one week.
In addition, a 2hou preMIT session and two po$IT
sessions (each with 3 hours) for consolidation and projectTDC 2’ s content included di
presentation respectively were conducted by EJUHK pedagogies for CT education; analysis of video clips taken
staff. The preMIT session aimed to lay a foundation for in primary classes implementing CT; and examination of
teachers to get ready for the training afterwards. 8sho student created artifacts and discussion on howse

were paired up starting in this session so that they couldthose artifacts to assess student learning. To enable
provide support and feedback to one another throughoutteachers to capably conduct the-aworicular activities,

the programme. there were sessions on interacting with physical objects
through coding as well as solving community problems

In the 5day training, the teachers were guided through the with CT. Guest instructor@cluding experienced teachers

Level 1 formal curriculum that had been developed by in CT, school principals, and practitioners in coding

EdUHK andMIT, so that they could be more familiar with education with frontline experience in facilitating students
the content knowledge to be delivered, and have a basic P 9

idea of how to implement CT education in their primary to app_ly c_:oding knowledge_to solve_ community prqblems,
classrooms. Besides coding tasks that had to be finishe yvere invited to share their experiences and deliver th
with the computers, unplugged activiti&e(l, Alexander, essons.

Freeman, & Grimley, 2009) for deepening their A CoP approach was employed in TDC 2. Following the
conceptual understanding of CT were also included, which collaborative activities within and between schools in
was similar to the design of the formal curriculum. The TDC 1, there were opportunities for teachers in the same
teachers also engaged in pair programming (Denner,school to work together to solve learning tasks and to
Werner, Campe, & Ortiz, 2014)y working in pairs to discuss with teachers did partner schools for feedback.
finish a mini Scratch and a mini App Inventor project, To facilitate discussion among teachers, a WhatsApp
which were also features of the Level 1 curriculum for group for the whole class, and small WhatsApp groups for
primary students. each pair of partner schools were created for sharing
' : reflections and ideas on coding knowledge and teaching
Throughout the five days, teachers took part in group work methals. We anticipated that participants with less

both with other teachers from their own sch@md with . : : . )
. : . _experience in coding and CT education could benefit from
teachers from their partner school, to receive feedback in.

. : . interaction with more experienced counterparts. Also, all
using MIT App Inventor to design and develop a mobile teachers could learn from one another and elaborate their
app to address a teaching or classroom need. To allow

sufficient time to design and build the app, the understandings of content knowledgel PCK of CT.
78



2.4. Participants Q7
Participants in this study were 36 primary school teachers
from 12 Cohortl schools of CoolThink, and four staff
members from CityU who are responsible for the training

of teaching assistants. Among the 12 schools, 10 are with
Chinese as the medium of instruction while 2 are with
English as the medium of instruction. Among the 36

teachers, 25 are male and 11 are female. Their average
years of teaching experience are 12.5, and average years

of experience teaching the subject of nGputer or
Information and Communication Technology are 7.9.

2.5. Instrument

To evaluate TDC 1, and see whether any refinement was
needed for TDC 2, a survey based on the standard course 011
evaluation instrument in the institution was implemented

at the end of TDQA.. The survey has three main parts: 1)
Likert-scale questions about the teaching; 2) Lisegle
questions about the course design; and 3) &peied
questions on the most useful aspects of the course and how Q12
the course could be changed to help the ppdits learn.

Each Likertscale question is based on-acint scale.

3. RESULTS Q13
The evaluation results related to the teaching of the course

and the course itself are as presented in Tables 1 and 2
respectively. It can be seen that in general, the partisipan

Encouraging students to 3.18 0.56

proactively engage in their owr

learning.

Being enthusiastic in teaching. 3.11  0.56

The overall teaching was of hig 3.13 0.53

quality.

Table2. Evaluation on the course.
Mean SD

Q10 The learning activities of the  3.03  0.59

course stimulated my interest

the subject.

The courseenhanced my 3.21 0.7

knowledge and skills in

developing blockbased

programs with Scratch.

The course enhanced my 3.16 0.75

knowledge and skills in

developing blockbased

programs with App Inventor.

I have acquired sufficient 2.87 0.53

knowledge and skills of

computational thinking for my

teaching.

| am confident in equipping 279 0.62

were satisfied with the teaching of the course, as the scores Q14
were above 3 on a-goint scale as indicated in Table 1.

The participants particularly agreed that the instructors
encouraged exchange of ideas among participants in their

students with computational
thinking capabilities through
what | have learnt from the

learning (mean=3.34 They also agreed that the overall
teaching was of high quality (3.13).

For the evaluation about the course (Table 2), while most
participants regarded the course enhanced their knowledge

and skills in developing bloekased programs with

Scratch (3.2l and App Inventor (3.16), some of them
indicated that they did not have sufficient confidence in
applying the knowledge in their teaching (2.87) and to
equip their students with CT capabilities (2.79).

Table 1 Evaluation on the teaching of the course.

Mean SD

Q1 Delivering the course in an 3.03 0.54
organized way.

Q2 Inspiring students to think and 3.08 0.49
learn.

Q3 Providing appropriate feedbacl 3.05 0.46
to enhance student learning.

Q4 Encouraging exchange of idea 3.34 0.53
among students in their
learning.

Q5 Providing opportunities for 311 0.51
students to learning from a
variety of ways.

Q6 Guiding students to think from 3.05 0.4

different perspectives.
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course.

Q15 The course was valuabletom 3.16 0.59
development.

3.1. Qualitative Feedback

Overall, in terms of the qualitative feedback, the
participants recognized that bleblased programming
environments were effective for encouraging beginners to
step out of their amfort zone to learn coding, and the
interface was useriendly. However, they expressed that
the linkage between acquisition of CT concepts and
practices, and the learning of coding needed elaboration.
In real classrooms, they would have to explicitlystrate
what CT concepts and practices students were learning
when finishing a project. They also appreciated the
arrangement of unplugged activities and design tasks
which enabled them to better comprehend the CT concepts
and aroused their interest inataing deeper. They also
agreed that the mini projects were useful for them to
explore and develop what they were interested in freely
and creatively.

4. DISCUSSION & CONCLUSION

The results suggested that after TDC 1, the teachers agreed
that their content howledge of CT had been enhanced.
However, some teachers were not highly confident in their
ability to deliver CT education in their classrooms. This
makes sense, as TDC 1 mainly focuses on content
knowledge of CT, while TDC 2 on pedagogy. In
particular, & we found that the teachers were not confident



enough in teaching their students to use App Inventor to Grover, S., & Pea, R. (2013). Computational thinking in
build mobile apps, we have modified the design of TDC 2  K-12: A review of the state of the fielBducational
to include coding tasks in the first few lessons to further Researcher, 42), 3843.

their understanding in the use gbg\Inventor for creating Lave, J., & Wenger, E. (1991Situated learning:

mobile apps and how to connect it with the development Legitimate peripheral participatiarCambridge:
of CT. And as the qualitative results suggested that the Cambridge Univesity Press.

linkage between programming activites and the i i

acquisition of CT concepts and practices needs to be more-Ye: S- Y., & Koh, J. H. L. (2014). Review on teaching

explicit, we fave articulated more on the linkage in TDC2.  @nd learning of computational thinking through

The evaluation on TDC2 will be conducted to see whether Programming: What is next for-£2?Computers in
teachers’ PCK and confi dencW&manBehayigidlbli6d, i ng CcT educati or

have been improved. Menekse, M. (2015). Computer science teacher
professional develapent in the United States: A
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ABSTRACT in their classrooms. The research questions are: (1) how
This current study as part of mujtear desigrbased are this course design experienced bgervice teachers?;
research reports our attempt to design and implement a@nd (2) what are the implications of this course design to
course in teacher education in Korea. We have improve teacher knowledge of computational thinking
incorporated design thinking (DT) into teeurse design  through thdens of design thinking? As Table 1 indicated,
and investigated how primary teachers appreciate the rolewe designed the course including 12 modules, and each
of DT and recognize the connection between teaching module takes 3 hours. The course was designed to
computational thinking and DT. This paper reports the introduce three #service teachers the five stages of

course design, its progression, reflections, and learningdesign thinking (DT) (IDEO, 20)4while making a
outcomes. connection with physical computing using Arduino,

Lilypad, Makey Makey, and 3D printing.

KEYWO,RDS o . . , Table 1 Course Modules and Related Activities
Computational thinking, Design thinking, Physical Module Theme & Activities

computing, Teacher Education 1 Design Thinking Overview and Cases
2 Computational Thinking and Physical
Computing
1. INTRODUCTION & LITERATURE 35 Design Thinking for Educators
REVIEW 6-7 Reflections on Design Thinking (while
Drawing upon the power and limits of computing reading ‘Change by
processes (Wing, 2006), the influence of computational Thinking Lecture N

eCrafting with Lilypad

3D Printing and Physical Computing
Designirg an Authentic Plan
Presentations and Feedback

thinking (CT) in the 21st century has become widely
recognized in innovative educational theory and practice 1011
(Resnick & Siegel, 2015; Shodiev, 2014). & often 12
recognized that, however, little attention has been paid to
develop teacher education or teacher professional

development with regard to CT. This current study as part  We used both faem-face interactions and dine

of multi-year desigrbased research reports our attempt to discussions using Padlet wheres@rvice teachers were
design and implemerd course in teacher education in able to share reading materials, reading summaries,
Korea. Specifically, we aimed to introduce design questions, feedback, reflection papers, asdignments

thinking (DT) into a CT course for primary school throughout the course (see Figure 1).
teachers who were interested in applying CT into their

lesson design for primary school students. The study will ;
uncoverhow primary schooteachers perceive impacts of

DT on integrating CT into their lesson design. This paper our o Te ~ Ts
also reports our design which is a new graduate course ' gha J
titled “Creativity in the Te : g e b1 NQ DeE
Thinking” :

~-_‘ N 1 e

2. THE STUDY & METHODOLOGY = 251G o
Despite the fact that DT has been the topic for N“Q “‘NK‘NG e

educational innovation over the last few years in many ; k

countries including Korea, there are no teacher education : : ﬁ : °

courses integrating DT with CT for teacher education. To Figure 1.The Course Online Space

respond to this challenge, as teacturcators, we decided

to design and implement a graduate course in the field of3  FINDINGS

computer education in Korea.

31.In-Service Teacher so Under st
Our desigrbased research (DBRL6llins, Joseph, & Thinking Processes

Bielaczyc, 2004)adopted the design thinking process to  Padlet was collaborative in nature and facilitated in
empower inservice teachers who attetaed to employ CT service teachers’ design proc
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it helped them collaboratively engage in design thinking programs to produce outputs, record the development

processes definldh satsagthef ol | puwaeskes,and tedt. Firh vy , in the ‘share’
‘ideation’ s ttual grereavpostt motesin t hupload their projects online, present them in the class, and
Modules 35 (see Figure 2). evaluate their own learning processes. Instead of a lesson

plan, one teacher decided to write a reflection paper using
PPTs and developed a solution by apmythe design
thinking processes. Their final projects reveal that the
course helped iservice teachers reflect on a way to make
a connection between design thinking and computational
thinking through physical computing. One teacher
- - ment i oned ntolparate physicalccamputing in

Figure2.The ‘Define’ (Il eft) andnylessaneag @ ioglrio nake pgotptypes duiting gesign

thinking process.” Another te
have something in common. They involve promoting
For example, drawing upon her experiences inteachingst udent s’ creativity. Physic

courses in software education, one teacher identified theimplement tangible objects creatively while design
design challenge of #ware education for her primary thinking encourages therto search for the solutions

school How abednl imake software education r equi ring creativity.” I n a ¢
space for myike she wther rirsesvieed . concl uded t hat “ITt]lhey ar e
teachers, she became more comfortable with the designeducational effects: emphasizing collaborationd an

thinking processes and developed a prototyfeen |l earning through failures.”

solution (se Figure 3). She also gained an appreciation for

making and improving prototyping by collaborating with 4. CONCLUSIONS & IMPLICATIONS

many stakeholders (e.g., teachers, colleagues, school

staffs, financial administrators, students). This deS|ngased research reports initial design and
implementation of one graduate course to connect

computational thinking and design thinking for primary

school teachers in Korea. As our findingndicate, in

Makey service teachers appreciated the role of design thinking to
“p".i'é,i‘éard reflect on and solve their problems collaboratively while
' L"wad integrating computational thinking into their lesson plans.
ety o Movable Desks & Chairs ghis suggests the need to further explore teacher education
cmeame y integrating design thinking processes and
computational thinking. Our exploration of -gervice
teacher s’ reflections and | e
) ) o ) several key features of physical computing such as
Figure 3.Design Thinking in Computer Education promoting creative confidence, making, empathy, and

3.2. Impact of a Design Thinking Course on Teacher collaboration.
knowledge of teaching Computational Thinking

In Modules 10 and 11, as their final projects, teachers 5, REFERENCES
developed either authentic lesson plans in their own Collins, A., Joseph, D., & Bielaczyc, K. (2004). Design
educational contexts or reflection papers regarding the research: Theoretical and methodological issues.
design thinking processes to address their own educational Journal of the Learning Sciences,(1§ 19-32.
problems. Two participants created lesson plans and onelDEO. (2014).Design Thinking for EducatorfKRetrieved
came up with a reflection paper. One of the lesson plans is December 10, 2016, from
‘a 4eveblesson plan for 10 modules to integrate http://www.designthinkingforeducators.com/toolkit/
software education for corfational thinking into design ~ Resnick, M., & Sieael, D. (20154 different approach
thinking’. The | esson pl an tocodingBrighttMedium.t ages (|l ear n, i de
design, make, share). | n tshogiev,Hl (20a4)CBmputsidndl thifkingafd udent s |
basic skills for blockh ased pr ogr ammi n g .simulations ihteaching stienaetaad mathemalegper
stage, students design a project as a teamelnth d e s i @resented at the Applied Mathematics, Modelling, and
stage, students sketch their ideas visually, express the Computational Science.
movements and compl ete a sWirgnlaM. (2e06)Computatiohathinkingna k e’ stage
students create programs by objects, implement various Communications of the ACMY(3), 3335
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ABSTRACT

As digital technology is increasingly a part of all sectors
of society, educational approaches must be developed in
order to nurture students’
a computational lens. One way to acleighis goal is to
promote Computational Thinking (CT) for young
learners. The CoolThink@JC project is a fgear
curriculum pilot designed to integrate CT into Hong
Kong uppesprimary level schools. The CoolThink
framework for curriculum development isrsttured
around computational concepts, practices and
perspectives adapted from the framework of Brennan
and Resnick (2012). This adapted framework motivated
the choice of learning activities for CoolThink. This
paper focuses on one aspect of that framkwaamely
computational practices. Here, we describe how
activities in the CoolThink curriculum can promote the
computational practices highlighted by the framework.

KEYWORDS

Computational thinking, Programming
Curriculum activities, K12 education

education,

1. INTRODUCTION

Digital technologies are transforming virtually all
aspects of modern living. The ability to productively
engage with digital tools has become a requisite skill for
empowered citizens. More and more, people need to
confront and solvgroblems in computational terms in
order to drive innovation and improve quality of life
(Looi, Chan, Wu, & Chang, 2015; Yadav, Mayfield,
Zhou, Hambrusch, & Korb, 2014).

As we educate
need to
(CT) abilities in order to help prepare them to engage
effectively in a digital world. CT is drawing worldwide
attention from educational planners and policy makers. It
is increasingly being singled out as a skill that students
shouldacquire (Wing, 2006). Many advocates contend
that more traditional subjects in-K2 education should

be integrated with CT development through a curriculum
where students engage in computer programming (Barr
& Stephenson, 2011; Fluck et al., 2016; Gro&ePea,
2013; Kaifai & Burke, 2013; Tucker, 2003).

tomorrow'’s
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The CoolThink@JC Project (CoolThink) is a feygar
curriculum pilot aimed at integrating CT into Hong Kong
schools. The work focuses on senior primary school
legrpears|(dragdep 4 thrgughs6pagetiy) in biebslief that g

this is the appropriate age to spark student emerging
interest in computing, whereas waiting until middle
school or high school may be too late (Tai et al., 2006).

The curriculum design of CoolThink follows the
framework for CT set out by Brean & Resnick (2012),
which breaks CT into three partscomputational
concepts(CT Concepts) that designers engage with in
programing computational practices(CT Practices)
designers  exercise  while  programming, and
computational perspectivegCT Perspecties) that
programmers develop about themselves and the world
around them.

t hr

This paper describes three programming activities that
CoolThink is currently piloting at a dozen Hong Kong
primary schools. We focus on activities designed to
guide the development computational practices within
the CT curriculum.

2. LEARNING OUTCOMES OF

COMPUTATIONAL THINKING
The term “computational thi
used in relation to child education by Papert (1980) with
reference to Logo, a computer language desigfor
children. As Papert wrot e,
very powerful computational technology and
computational ideas can provide children with new
possibilities for learning, thinking, and growing
emotionally I n 19<ﬂvérful

affo e
8 éh%nﬁed %ver ngxt t\"f\‘/o d%caooeéN A§1 9

a"ﬁz%oe but that
éo pu rs became less expensive, more powerful, and
mor e accessible t o many,
thinking” became [r rsoiencen e n t
education starting with a highly influential article by
Jeanette Wing (2006). She defined computational
thinking as “t he thought
formulating problems and their solutions so that the
solutions are represented in a form thaat be effectively
carried out by an informatepr ocessing agent
Snyder, & Wing, 2010). Today, it is widely recognized
that CT is a broadly applicable set of skills that can help
people in fields as diverse from astronomy to zoology,
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and seeminglgverything in between. While CT has long
been regarded as a specialized skill that only computer
scientists need to develop, it is increasingly being
considered an essential cognitive ability for everyone in
a digitatmediated world, due to its alignmentithv
twenty-first century skills such as problesolving and
creativity (Binkley et al., 2012).

Figure 1 shows
outcomes (Kong, 2016). Itis structured as the foundation
of the curriculum by placing emphasis on the outcomes
of CT development, following the three key dimensions
of CT (i.e. computational concepts, practices and
perspectives) developed by Brennan and Resnick (2012).

Outcomes of programming experiences
with fundamental knowledge
1. Programming fundamentals, such as
sequencing, branching and looping
2. Algorithms in programming, such as
sorting and searching
J

Computational
Thinking
Concepts

/Outcomes of programming practices
with skills for logical thinking and
problem solving development
1. Reusing and remixing
2. Being incremental and iterative
3. Abstracting and modulanzing
4. Testing and debugging
\5. Algorithmic thinking

Computational
Thinking
Practices

COMPUTATIONAL
THINKING

[ Outcomes of programming
experiences with key perspectives
1. Expressing
2. Connecting
3. Questioning
4. Computational identity
5. Digatal empowerment

Computational
Thinking
Perspectives

Figure 1 CoolThink framework of learning outcomes
of CT adapted from Brennan and Resnickl(20

In this paper, we focus on CT Practices. Following
Brennan and Resnick, we call out the practices of reusing
and remixing, being incremental and iterative,
abstracting and modularizing, testing and debugging, and
employing algorithmic thinking. Helpin students
develop these skills is a key part of a programming
curriculum for computational thinking. As an example,
we consider how to guide the development of CT
Practices within the context of the CoolThink
curriculum.

3. DESIGNING LEARNING
ACTIVITIES TO SUPPORT CT
PRACTICES

3.1 Making CT Learning Environments for KL2

Students

This section illustrates, with concrete examples, how
learning activities for uppdevel primary school
learners can be designed to support the CT Practices
highlighted in the Cddhink framework. While
programming is challenging to learn, there have been
considerable efforts to make it more accessible to novice
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learners. One approach that has been proven successful
in teaching novice programmers is the use of bloated
programmig environments (MeerbauBalant, Armoni

& Ben-Ari, 2010). For example, Scratch (Maloney,
Resnick, Rusk, Silverman, & Eastmond, 2010) and App
Inventor (Wolber, Abelson, Spertus, & Looney, 2011)
are two commonly used bloddased programming

Cool Thi nk’ sEViopmensiohgvics progragmmers; (Ryige & Parpes,

2015).

First introduced in 1986 (Glinert, 1986) and again in
LogoBlocks (Begel, 1996), blodkased environments
provide blocks that can be dragged and dropped into a
scripting pane to build stacks of blocks. This akow
learners to develop programs without programming
syntax. The shape and the visual layout of the blocks
allow learners to understand the logic flow, making
programming more concrete and easier to use by young
learners (Weintrop & Wilensky, 2015). Syntaxags are

also reduced in blockased programming contexts as the
bl ocks only “fit together
Therefore, the learning activities in the CoolThink
curriculum are designed in the context of Scratch and
App Inventor.

The CoolThink curiculum has three levels. These are
intended in our pilot for Hong Kong grades 4, 5, and 6,
respectively (roughly ages®®). The curriculum begins
with a series of Scratch units in level 1, which comprise
the first half of level 1. The Scratch units weras an
easily accessible introduction for learners new to
programming. After the Scratch units equip learners with
some programming concepts and practices, App Inventor
is introduced as the environment for the rest of the
curriculum, beginning with theesond half of level 1 and
continuing through levels 2 and 3. Taken altogether, the
three levels will be completed over the course of three
school years. Designed to progress as students grow in
both experience and ability, the curriculum introduces
more canplex and authentic computational tasks as it
progresses.

3.2. Providing for CT Practices in Curriculum Design
We suggest that development of CT practices through
programming tasks should be a key goal of this
curriculum in order to nurture and enhancerlene r s
problemsolving ability. In the learning outcomes for the
CoolThink CT framework, five sets of the CT practices
are targeted in the design of the programming activities.
This section demonstrates how the activities in the
CoolThink curriculum can He support the CoolThink
framework’s CT practices.
Creation involves combining existing and new ideas
(Chan, Looi, & Chang, 2015). Therefore, to nurture
leaners as creative problem solvers, it is important to
support them in developing the CT practices of reusing
and remixing. Reusing refers to recallingde student
have used in previous projects and incorporating it again
in new programming tasks. Remixing involves building
on their work or the work of others to create new and
more complex artifacts (Brennan & Resnick, 2012). For
example, considerthe acv i ty “ Maki ng a
wi t h Scratch” (Level 1,

’
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coordinates to control the movement of a sprite (the 3. 3. Exampl e: The Addition
panda in Figure 2). The same code can be reused in the for Multiple CT Practices

Scratch Mini Project (to be completed after the Scratch The Cool Think curriculum’s
units that ma& up the first half of Level 1). For this Unit 6) supports multiple CT practices. In this App
project, students must create either a story or a game. Inventor game, three numbered balls roll horizontally

One strategy learners may employ is to reuse maze game from left to right at a slow pace. Players must determine
code by extracting it fr om whéetheriany tWoBohthektiremonkers sgnato ttamd i n
Scratch environment for storing and shariogle across press the “yes” or “no” butt
programming projects) into a new programming project  screen edge. This Unit provides students with an

for their Scratch Mini Project. (see the green box in  opportunity to use the CT practice of developing
Figure 4). Students can r enrcrementdleanciteratively. and t he “foreve
loop to make the cat move continuously (see Figure 5).
In order to enhance tipeactices of reusing and remixing,
the learning activities of the curriculum should be inter
related and increasingly complex.

In developing the game, learners must geneifattee
numbers in each round. Early in the unit, learners are
asked to build a program that generates three random
numbers (see Figure 6 for one possible solution to this
challenge). Learners quickly observe that two of the
numbers rarely sum to 10. Thispoblematic if the goal
of the game is to have two numbers sum to ten before the
player adds the third number. Therefore, learners need to
iterate on their design to increase the probability that the
sum of two of the three numbers is ten. Learners, under
their teachers’ gui dance, W
- guarantee that two of the numbers do sum to 10. One
Figure 2 The maze game in  Figure 3 The use of the  nsgiple approach is to generate a second number from
unit 2 at level 1. coordinates in the maze  he difference between 10 and the first random number

game. (Figure 7).
‘ random integer from '§3 | to | 'E)

Ey Numberimage1 ~ [ Picture - JUSNMOW W1 =1 "3 ™ WY clobal numberList ~

o) makealist  random integer from | '§B | to | '@}
random integer from | ) to | £}

Figure 6 Code with a veryjow probability of getting a sum o
10 from two of the three random numbers.

do | sot CIITIITITIECRR 1o | (o | make @St random integer from 0 v e
random integer from | ) to | £)
random integer from | §J to | E)

replacement 0 - ';'kthmlu WY global numberList - |

w incex ) [N

Figure 4 Reuse theodes of the coordinates (red box)
extracted from “Backpack
Project.

Figure 7. Modified code that always yields get a sum of 1
from two of the three random numbers.

Figure 5 Remix the event and forever loop to enable t
cat to move continuously.
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do settn Fo) make aist | random integer from | G0 | to | E)
random integer from to | E)
random integer from to [ IE)

L4 global dice - R0 random integer from | [ | to

) 0 |

Figure8 Anot her modi ficati
half chance of getting sum of 10 from two of the three
random numbers

on

However, this change makes the first two numbers
always sum to 10 (making the game boring). In order to
create a more engaging game, Wittt ac her s’
learners are encouraged to refine their code such that
both situations (rarely having a sum of 10 versus always
having sum of 10) occur with nearly equal chance.
Learners may further iterate on their design by
randomizing the two sitdai ons wi t h
dice”, as shown in Figure
equal chance of having a sum of 10 and no sum of 10. By
developing this solution, learners get the opportunity to
experience and understand the iterative and inaneahe
processes for constructing a computational artifact.

As computer programs become more complicated, it is
useful to organize the programs lapstracting and
modularizingcode. The addition game app provides an
opportunity to expose learners to absirart and
modularizing their code. Abstraction is the CT practice
of defining patterns, generalizing from instances, and
parameterization, and is essential to deal with complexity
and scale (Wing, 2011). Modularizing is the
decomposition of complex problemsyhich helps
structure largarain programs (Parnas, 1972). In order
to enhance young | earners’
practices, learners can be guided to modify their solution
in Figure 8 into the one in Figure 9.

As shown in the version of the codegtiie 9, the main
program helps devel oplevélear
abstraction by calling with equal chance the module of
rarely having a sum of 18nd the modulalways having

a sum of 1(ji.e., when the program randomly generates
eitherlor2,usng t he “gl obal dic
action is called). For
rolls 1, the program will generate three random numbers
without guaranteeing that some pair of numbers sums to
10.

Figure 9 shows a version of the program wehiire two
actions are coded as independent modules implemented
as procedures in the program. This modification helps
instill in learners the importance of abstracting and
modularizing when programs become more complex,
thus requiring the tasks to be decarspd and tackled
oneby-one.
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t he u

ell; can be g é(alu bl(e prportgn y fq{
e x a 1[ﬁlleqtlvel ég
& Interit ofVYhe deS|gn

(SMI=T global dice * R0

{ofif

random integer from to

24 global dice * M= * M 1)

=1 global level + eI 1)
| call PGE
L

then

= =1 Giobal level - 1&
= AlwaysWithSomeOfTen
—

,
I3 5 AllRandom

do [ set RGNS ES to | (o] makealist | ndom integer from

random integer from

random integer from

B ) AlwaysWithSomeCfTen

SN =T global numberList + Ll [©] make a list random integer from

random integer from

random integer from
replace list item list | get [RERENTNIENE

R AT NS ST global numberList

ncec ) [N

Figure 9 The main program and two procedures in the
Addition Game for reinfrocing the abstracting and
modularizing skills of learners.

The process described above of making small, frequent
refinements is an example of another of the CT practices,
namelybeing incremental and iterative

As well, the Addition Game activity reinforces the CT
practices oftesting and debuggingStudents often
encounter these practices through trial and error or
through “support from knowl
& Resnick, 2012). In a programming curriculum, all the
learning tasks should involve the practice of testing and
debugginp edesighsaas dheyn eyolvea éOpedadpogical C T
technique for reinforcing testing and debugging is to
provide learners with a program that involves errors in
its logic. Figure 10 shows a version of the Addition

me code t t; qontgin Iogl al rror, self
re erencmg vatial 'e) 'Ilha}e lﬁb&%acouldee c;reebuggqeog b
a teacher pointing out the error directly. However, if the
teacher presents this code for the class to test and repair,
e class to

d skill
own |n I—?gu r%% is ts%

randomly generate three numbers such that two of the
three numbers sum to 10. It is expected that some
learners will be able to immediately spot the bug in the
code, realizing that none of the numberscangpled, that

the Q1 statement only changes Q1. It is not dependent on
either Q2 or Q3. Other learners may need to test the code
to discover t hat the code
Learners will then need to go through the process of
revising the code, téag and debugging it until the
program is bugree (see Figure 11 for one possible
solution). Through this process, learners will learn about
iterative cycles of coding, testing, and debugging.

eve e|r e

roug
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set N Text - ROR .
€D =8 v | gy - /e |

set (5 . Z to [I

random integer from | [} | to [IE|

set - to | random integer from li to [:ﬁ|

Figure 10. A logical error in the design of codes ir
always getting a sum of 10 from two of the three
random numbers.

set (KD - (5D (o |
set (VK 5D o |
set (OEK - D o |

random integer from | .0 to | JE|

. ] —
random integer from [.0 to [JE|

Figure 11. The correct sequence of codes in alwa
getting a sum of 10 from two of the three randon
numbers.

3.3. Supporting Algorithmic Thinking

The practice of algorithmic thinking is aykelement in

the development of CT (Angeli et al., 2016; Barr &
Stephenson, 2011; Selby & Woollard, 2013; Wing,
2006). It can equip learners with the ability to
systematically process information, understand symbol
systems and representations, flow of colnt and
conditional logic (Grover & Pea, 2013). The CoolThink
curriculum’ s “Voting App’
example of support for algorithmic thinking. This App
Inventor activity asks students to develop an app that
presents various options to be emton and records the
votes from multiple voters in a cloud database. Votes are
tallied and displayed for voters on their individual
devices. Figure 12 shows a hiffvel approach to
developing this kind of app, together with the associated
data flow. Aslng learners to draw dataflow diagrams

can reveal to what degree they understand the necessary

data flow of the app and the logic they will code in order

to achieve that data flow.
—%* Interface

Option 1
Users —
Option 2

Option 3

Storage

Figure 12 The data flow diagram that helps elucidate
showingthd ear ner ' s

Following the detailed design of data flows, learners can
start building the Voting App. These two stages of high
level abstraction and algorithmic design can help
|l earners process
and facilitate the development of their algorithmic
thinking.

Figure 13 shows the algorithmic design of adding the
count of each “vote” by
by a user, the algorithm starts by requesting the current
vote counts ofthevote’ s choi ce
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When the current vote is returned, that value is
incremented by one, and sent back to be stored as the new
value for that choice in the cloud database.

StoreValue

_» optionl result] + 1

P
<—

\'\

AN

option2 > result2 + 1

Firebase

*  option3 result3 + 1

GetValue

(a procedure to get the

GotValue
(an event to do something with
value from Firebase) the value got in GetValue)
Figure 13 An algorithmic design showing the
algorithmic thinkingskills of learner with
implementation details on the data flow.

4. CONCLUSION AND FUTURE WORK

To nurture young learners as creative problem solvers in
this digital world, requires development of
computational thinking early in 42 education. This
paper illustrates how the CoolThink framework
incorporates learning activities aimed at developing CT
Practices in a programming curriculum for upfmrel
primary school students. Future work will address the
agdﬁi@ri)) ooITI@mk frWWO{k (?gwentq

concepts and CT perspeciives. Based on the examp e of
algorithmic thinking in the CoolThink curriculurit will

be worthwhile to explore some other computational
concepts such as synchronization and atomicity in
multiple user databases since experience with young
learners exploring these concepts in Scratch is the subject
of a recent doctoral dissertatidasgupta, 2016). It will

also be necessary to assess student learning outcomes for
the CT elements and determine if the CoolThink design
principles do indeed support the development of
computational thinking in students in the target grades.
This may be prticularly challenging for CT practices,
where learning manifests as activities learners perform
and objects they build. In order to more accurately
understand student CT learning, it seems preferable to
use a breadth of tools, including not only staddaad
test s, but also i
artifacts (e.g., design documents, written code, and final
products), and even classroom observations and small
group interviews.
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ABSTRACT shared with the group (Dillenboy, 1999). Successful

This study presents a sequential analysis of the collaborative group work requires ongoing, well
relationship of emergent roles to student collaboration and coordinated group interactions (Barron, 2003), while
computational thinking in the multimensional problem  cooperative group work only requires an initial division of

space of educational robotics. Theeiactions of six the task. Arguably, collaborative learning results in greater
groups (n=17) of middischool aged girls participating in learning otcomes for students. In our study, students were

a oneday introduction to robotics workshop were video @asked to collaborate, but were not assigned specific roles.

and audio recorded. Here we analyze one group of threeRather the students were urged to work together and take
girls interactions and t htensehanse gosmrelesemnergeddi st i nct rol e

correlae with periods of collaboration and periods of Rqopotics learning environments are mudiinensional
parall el sol o work, whi ¢ hygyehn 8acdsWhich afford MRiGErbles that M) B ¢
engagement in computatlonal thinking meludmg solutlop taken up. These problem spaces consist of a computer
plannlng, algor|thm|c operations, and design qf the robotic (programmer), a robotic device (builder), and a space to
device. Suggestions for future reseaach provided. test the robot (analyst). The multiple tools in this problem
KEYWORDS space can create a situationenm students vye for control

of the tools through adopting certain roles (Jones &
Issroff, 2005).

Computational thinking (CT) has been defined as
1. INTRODUCTION formulating problems in ways that enable us to use a
Computational thinking is foundational to success in computer to solve them, and automating solutions throug
computer science (Wing, 2006). A current goal in the algorithmic thinking (Computer Science Teacher
context of education in the USA, is to provide computer Association— CSTA, 2016). Moreover, these skills are
science instruction for all students in-1R settings  important because they create a tolerance for ambiguity,
(National Science Foundation, 2016). Rtbs is an allow for persistence in working with difficult problems,
activity that has the p o @ forpragticing gommunicatipnninarking wigh othens u d e n t
computational thinking (Sullivan & Heffernan, 2016). to achieve a common goal (CSTA). In this study, we
Yet, there is little research devoted to this relationship. focus on how emergent roles in the muditnensional
Here, we focus on how collaborative arrangements in problem space of robotics relates to collaboration and to
robotics learning envimments influence group different types of computational thinking. The aim of this
participation and engagement in computational thinking research isa improve robotics curriculum and teaching
for girls, with an emphasis on the impact of group roles on for students.

collaboration.

_ 2. SAMPLE
Group roles are an important element of computer Thjs study took place at a oday, all girls introduction to
supported collaborative learning (Hoadley, 2010).eyfh  yopotics event. The participants in this study included 17
help to define the expected pehawor of the members of thegmS ages 8.3 (M = 11.725). All of the participants were
group (Jahnke, 2010). Scripted roles are those that argyorking with robotics for the first time. The students
assigned by a teacher to facilitate the process of\yorked on solving robotics challenges drawn from the
collaborative learning. This is contrasted with emergent Fjrst Lego Leagues (2011) food factor challenge. The
roles that “ eslyear e neggtiated t afifRfsUvere divided into six teams (five teams of 3 and
spontaneously by group members without interference by gne team of 2). Due to size limitationisis paper focuses
the teacher or resear cher gnthfedstubiehtdtRabcontBrisedRe tehn? Phk data Fetnht0 ) -
Emergent roles are typical in opended robotics activity,  \as analyzed for this study consists of 3 hours and 11
such as in this study. minutes of problem solving video observations (11,516

In discussing group work, it is importatd understand ~ S€conds). Pseudonyms are used throughout.
when groups are working collaboratively vs. 3. METHODS

cooperatively. In cooperative group work, the task is = . . . . .
P y P group This study utilized the iterative sequential mixed method

divided among the members, knowledge building occurs : . . .
through individual actions, the results of which are later d€Sign and consists of three phases (Teddie & Tashakkori,
2009, p. 155). In the first phase, emergent roles were

S

Robotics, Collaborative Learning, Computational
Thinking, K-12 Education, Roles
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identified and quantitative means were used to establish3.3 Phase Il Quantitative

the amount of time that eadndividual team member  The first step in the phase Il quantitative analysis was to
engaged in each role as well as the time that they werecalculate descriptive statistics to summarize the coded
acting on their own, working cooperatively or observations for each individual student. Towl time
collaboratively. In the second phase, the transcript of all and relative duration were calculated for each observed
utterances were coded using an a priori (Teddlie & timed event (role and collaboration). The second step in
Tashakkori, 2009p. 252) coding structure of different the quantitative analysis was to describe the joint
categories of discourse, including computational thinking probabilities of certain pairs of coded behaviors for each
categories that were subsequently observed as being usethdividual student. A joint probability is the probability

by novice students in a robotics environment. In the third that an event will occur given another event. When the
phase, quantitative methods were used tscidee the time that the event occurred is also coded, the joint
sequence of events as they unfold in time and the probability includes the element of time and the
likelihood of the interrelation of the roles, collaboration, probability is calculated such that it is the probabifitst

and computational thinking. an event will occur given another event in the same time
frame. This is also called Lag(0) (Bakerman & Quera,
3.1 Phase Ii Quantitative 2011) analysis since the calculation describes the co

The first quantitative phase of this study was to record occurrence of events in the same time frame given that the
onset and offset timexf certain behaviors. All 3 hours and  displacement in time is & Joint probabilities, or Lag(0)

11 minutes of video were coded (for each student) and noanalysis, were calculated to compare role to collaboration,
overlapping of the codes occurs. The unit of analysis for role to computational thinking, and collaboration to
this phase of coding was °‘amhpatatignal thmkingf ocus.’' The codes f
the roles were: Programmer (Active or ObseyvE&ester

Debugger, Builder (Active or Observer), Analyst, Other. 4 Results

The codes for collaboration (Table 1) are based on FormanPata were analyzed with GSEQ 5.0 (Bakerman & Quera,

and Cazden's (1985) codes for participation in groupsas? 91 1) to examine the students
markers of coordination. analysis program designed to explore observational

sequential data. This program allows for the computation

Table 1 Collaboration Codes of both simple statistics, such as duencies, and
Type Description contingent statistics, such as relative frequency or
Parallel Little to no focus on the group. conditional probabilities.

Cooperative Working together, focused on ow 4.1 Roles Exhibited by Students

. result_s. L To begin exploring for patterns, the total duration and
Collaborative  Working together and _sharmg |(_jeas relative duration that each student assumed a role was
External Focused on something outside t calculated and prestul in Figure 1. For this analysis,

group. duration was expressed in seconds.
Inter-rater reliability was assessed by trainingecrond 0.5
coder and then having them view a portion of the data. 0.4 A
Results forinter at er reliability f 0.3 H
which indicate that interater reliability for this study was 0.2 H B Fiona
adequat e. Results for colo-é' i ®Izzy
3.2 Phase IIT Qualitative X @
The qualitative phase focused on the transcripts of the Qtz}é’% ?5';\\4 BKelly
discourse related to the robotics activity. The transcripts ¥ @
were coded using-griori codes based on the work of ?53\*
Wing (2006) and Barr and Stephenson (2011), including

analysis, algorithmic thinkig, designing, nospecific test Figure 1. Relative Duration of Role
outcome, points- competition and other. These codes

have been synthesized to be relevant for the activities andThe results indicate that Fiona's primary role was that of
type of coding expected and observed for novice programmer. Of the observed time, she spent 38% of her
programmers in a robotics environment. |nt@er time inthis role. lzzy's primary role was builder. This is
reliability was calculated utilizing Krippendorff's alpha evident by 42% of her time was spent in this role. The
(Krippendorff, 2004). Results for inteater reliability for data also shows that she was never engaged with the
the discourse were o =ater 9 0POJ@MNING of the rebgti Kelly pewer hathagptimaiy iwle, e r
reliability for this study was high. The coded utterances and spent 33% of her time doindnet tasks.

were then assigned to a timeequence in the video  , 5 ~glaboration

corresponding to when they were spoken. No episodes of cooperation, as defined by this study, were

observed. Students were either working together with one
set of materials (collaboration) or working alone (parallel).
Duration and relative duration were calculated for each of
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the students antthe relative duration results are presented probability of being collaborative when taking on the
in Figure 2. testing role of 95%. Kelly participated in almost every test
of the robot at the challenge arena with at least one other

C

0.8 me mber fr om t raculates arabability i on a’
0.6 — being collaborative when testing was also high at 82%.
0.4 5 H mFiona l zzy's results are similar t
0.2 +H mizzy being collaborative and 17% probability of not being
0 1-H - e i collaborative when testing. The other role that has a high
\\Q} & > @ Kelly probability of being collaborative is the analyst role. For
R \\'z? ,@}° Fiona, the probability of being collaborative is 75% and
< oy < for both Izzy and Kelly the probability is 89%. Most of
the analysis work was done at the beginning of the
Figure 2. Relative Duration of Collaboration challenge when all of the studenwere initially working

The data indicates that the students spent at least half Ogogether.

the time jointly attentive with at least one other student. Joint Probabilityi Role and Discourse Type

Additional analysis was done to determine how much of The last phase was to examine the patterns between the
the time that all three students were simultaneously role and the type of discourse. Joint probabilities were
involved in collaboration. The data was recoded and calculated and patterns emerged. For all three students, a
showed that all of the students were simultaneously codedmajority of their discourse about the analysis of the task
as being collaborative for only 34% (3,93¢ends) of the was done when they assumed the analyst role. The largest
observed time. of these was Kelly, who exhibited a 93% probability of a
joint occurrence of this discourse type and role. For Fiona

4.3 Computational Thinking Y : .
As regards CT, Izzy appears to have taken the lead in thethe probability was 8% and for Fiona the probability was

0 : . !
analysis (n =124, 43%) which is supported by the video t7h8 /IZ For Fiona, thet gllsc'c:ﬁrshe aroupd (iomplfjtatlgnal
data. Izzy maintains control of the challenge instructions INKINg was associated wi er main roles of active
at the beginning of the worlnte and leads the discussion F. .
of how the team can win the challenge. However, discourse related to the operations of the robot occurred

although she had a lot to say about the initial analysis, sheg](g;ty V&'hﬁn she vlvas |nvol\|/_id| mt tr:jg testertr:ole (n :t.lo’
said very little to say about how this was carried out. This ). Kelly was also more likely to discuss the operations

; : L of the robot while testing (n = 22, 65%). Kelly had 5
I(Sn ip;fl r?g}; )lg:de,[elgt\?r/]g %rjtigtr?]gees ?r: :Iggntlrz)r&; th.;.lﬁlé restinstances of discourse related to the variable. Of these, 4

of Il zzy's discourse most|l yoccprreegwr]ilq/tgk@g anr%moﬁrém"}efh@'e %‘ngéi g

what she was building (n = 105, 36%). occurre lle testing.

The data also indicates some conclusions that refer5 DISCUSSION

directly to the questions being asked in thelg regarding  oyr analysis indicates that roles play an important part in
computational thinking. Twenty wo per cent Qef|evdr bf @dlidboration that occurs within the group.
discourse relates to the operations of the program (n = 58,1he roles afforded by the environment: (a) were taken up
22%). However, when we look at the discourse around gng never relinquished(b) influenced the type of
the variable, it is almost neexistent. When it did occur,  giscourse that was used to discuss the activity, and (c)
the majorityof the discourse about a variable was from affected the common understanding of the different
Fiona (n = 13, 5%). This is not a surprise since she 00k systems in a robotics environment. The roles emerged
on the primary role of programmer and rarely relinquished gayly on in the process and where fairly stable throughout
that role. Another interesting fact that is apparent in the o actvity. The roles may also have been partially
data is the high frequency o_f takkgarding the design. In  gtructured by the group sharing a single technology
order to be successful with many of the challenges, resource (Jones & Issroff, 2005). The laptop and the robot
additional design was required to create an implement t0 516 sized to be utilized by a single individual. The low
be added to the robot. Izzy and Kelly b_oth had a very high frequency of discourse for both of theogramming roles
frequency (n = 105, n = 123 respectively) of discourse |gads credence to this interpretation. The testing area was
related to the design of the implement. a four foot by eighfoot arena which facilitated the group
4.4 Joint Probabilityi Role and Collaboration coming together to discuss the outcomes of not only the

The next phase of the quantitative analysis was to begin toProgramming of the robot, but also the building of the
examine patterns between the role that the studentimplemert designed to help solve the challenge.

assumed and the type of collaboration that was observedhe analysis of the discourse shows that the type of speech
One notable outcome from thls angly&s show that when a;,sedq when discussing the program, mostly when testing,
team member is involved in theprimary role (e.9.,  \as very similar in structure to the type of speech used
programmer, builder), they perform that role in aon qyring analysis. Students continued to wseds such as
collaborative way. Two roles do stand out as having a forward, backward, and turn but added repecific
higher probability of being collaborative. One is the tester yqdifiers such as: more, less, sharper. Given the nature

role which has a relatively high probability for all of the ¢ ihe programming environment and the structure of the
stucents. This was especially true for Kelly with a
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programs, for computational thinking to be more evident,
we would have expeetl to hear discourse about the
different types of blocks used and the values of the

variables. We expect students to understand the factors
that determine the robots speed, turning radius, or power

rather than just expressing that the robots is goingofast
slow (Barak & Zadok, 2009).

This is in sharp contrast to the type of speech used when

the students were engineering and building their robot.

in learning and instruction seriefNew York, NY:
Elsevier Science.
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ABSTRACT courses to foster computational thinking and innovation

Computational Thinking (CT) has become popular in  capacity is the most important thing we focus omr O
recent years and has been recognized as an essential skill Whole projecaims to use the App Inventor combine with
for the digital generation Students areexposed to the information technology course to cultivatelR
computational thinking when they do programming, and ~ students’ computational thinking. In this study, we
MIT App Inventor is currently one of the most popular ~ describe a framework of computational thinking
block based programming environmenieanwhile, Curriculum for K12 with Design Thinking by App
Design thinking is considered as a creative, human  Inventor.

centred, participative, exploratory cgproblemsolving

process that values different perspectives of a problem. 2. THEORETICAL FRAMEWORK

In this study, we aim to bring thesign thinkingin a Design thinking is considered as a creative, human
curriculum  framework of KL2 to promote centred, participative, exploratory and probleatving
computational thinking by App Inventor. The future process that values different perspectives of a problem
work is to implement and evalua® curriculum. (Brown, 2008; Dunne & Martin, 2006; Melles, G. and

Misic, V., 2011) In our research, we adopted the
KEYWORDS Standford d.schoo{D.school, n.d.)process of design
Computational Thinking, App Inventor, Design thinking which including empathize, define, ideate,
Thinking, Curriculum Design prototype, and tesThe design action plan is an iterative

process, and each action phase should achieve some
1. INTRODUCTION deliverable outcomes.

Over the past three decades, CT has gained extensive
attention and become accepted as one of the skills LT . : . .
required by those growing up in ttigital era; especially Act|_V|t|es. U'ser interview, Obs_ervatlon, Immersion.

after being defined by Wing in 2008hepresented that Dellverab!es. .E.mpathy map, list of user feedback,
computational thinking as Brouw‘%s)'}jen%f'?d"‘solving probl ems,
designing systems and understanding human behavior by (2) Define (o define clear project objectives

drawing on the concepts of Actvidiesp ut Warksheps,i Stakeloltler rmeetihgs.s h e
argued that CT' “ r epresents a uni vDelivesahlés! Desiga pref, stakeholdere map, context
attitude and skill set everyone, not just computer map, customer map, opportunity map.

scientists, would beWingager() jdglate to®dibrdidedsarf sokdtiyss’

(1) Empathize ¢o understand our us@rs

2006) After that, CT has gaineal ot of attraction, and  actjvities: Ideationactivities, brainstorming, mindmaps,
many countries and researchers have involved in this sketching/drawing.  Deliverables: Ideas/concepts
topic. Computer programming is an excellent way to sketches, prioritisaton map, affinity map, idea
develop computational thinking ski{fSrr, 2009) evaluation.

because it involves the use of computer science concepts
such as lbastraction, debugging, remixing and iteration to
solve problem@rennan & Resnick, 2012; loannidou,
2011; Wing, 2008)MIT App Inventor is currently one

of the most poplar blockbased programming
environments. The main goal of App Inventor is to teach
computing and programming to students with limited (5) Test (o review and decide

prior programming knowledge and to democratize app  Deliverables: List of user feedback, observation,
creation by providing an eadg-learn environmentlt evaluation

has experienceliroad adoption in diverse venues, and

researchers have used it in summer camps and other 3. RESEARCH PLAN

outreach activities for KL.2 students for several years

now (Ericson & McKlin, 2012; Roy, 2012;

(4) Prototype (to build and visualise ideas and solutijpns
Activities: Space prototyping, physical prototyping,
paper construction, wireframe building, storyboards,
role-plays. Deliverables: Physical  prototypes,
wireframes, storyboards.

3.1.Setting and participants
The case setting wasevenschools in Beijing, Zibo and

Wagner, Gray, & Wolber, 20).3Conform to the Huhehaotg which include 1 primary school, fBinior
situation of China, how to develop the solution program  schools and 3 high schools, and two classes in each
for the different level of K12 information technology school join the researciStudents are grouped in43
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person, and are asked to develop a app throug
collaborative learning based on the design thinking
process.

3.2. Coursestructure and activities

The Courseconsisted of three main modules, lasting 12
weeks in one semester. Each week, we are expected to
expend 2 hours of effort in class. Module 1 (6 Weeks):
In the beginning, the teacher introduced App Inventor.
Participants learned about basic componentsudiding
apps and built practice apps. Computational thinking
concepts and associated techniques argtruiried
Module 2 (2 Weeks): This module introduced
participants to the five steps of the design action plan,
andpatrticipants discuss the topic in gpsuModule 3 (4
Weeks): App design. Participargsipathize, define and
ideate the topic through the design action plahey
need to do some activities, complete deliverable
outcome, and draw thsketcles of their game. Then,
Participants built one pracgcapp, proposed an app of
their own and built a working prototype or completed

app.

3.3. Data collection and analysis

This study adopted a mixadethod approach to collect
and analyze the following data: student digital artifacts,
classroom observationssurvey, test and individual
student interviews.

4. CONCLUSION AND FUTURE

WORK

The current research employed design thinking to
develop a framework of the App Inventor curriculum for
cultivating K-12 students' computational thinking. There
are a number of fute research tasks being considered in
the agenda of this study. First, design and implement a
K-12 programming curriculum constructed based on the
framework. Second, design instruments to assess CT
knowledge, skills, and perspectives of learners in the
programming curriculum. Third, evaluate the design
thinking framework is effective by evaluating the
progression of learning outcomes of CT knowledge,
skills, and perspectives which include computational
identity and digital empowerment.
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skills are fundamental in exanihg the learning
ABSTRACT_ ) . L performance (Yang et al., 2015), but it is also important to
Programming is one of the important literacies inthe c 3 bt yre | earner s’ beliefs of
digital age. The acquisition of such knowledge and skills rogramming as their performances will be influenced by

is of vital importance to the next generation. This study their selfperceptions. Pajares (1996, p. 543) stated that
aimed to develop and validate an instrument to measure«  ph eefs that individuals hold about their abilities and

programming seitfficacy of senior primary school  ahoyt the outcome of their efforts powerfully influence the

learners (Grade4Grade 6) in a blockased environment. 5 y s they wi |1 behave’ . I n
The proposed scale consisted of two subcat@pts  jmplementation of programming education in senior
related to learners P €1 C €Rnbaty cRodls, thdre istapedsihg ndedithdeMilsdP € t e n
in (1) programming knowledge and (2) programming (e s j gn instrument s t o measur

skills. In order to assess the validity of the scale, online attitudes of programming after they are involved in some
questlonnalres_were distributed to 106 primary ;chool kind of learning. Based on sesfficacy theory (Bandura,
students who joined a cours# a new programming 1986), we developed a programming ssficacy scale

curriculum. The objective of the curriculum is to nurture among senior printgt school students. According to the
young learners to solve daily life problems. Takability theory, when learners have similar level of domain

of the scale was goodhe confirmatory factor analysis  knowledge and skills, their actual performances will be
(CFA) supported the validity of the instrument. More affected by their perceptions of personal efficacy
specifically, results indicated . thathe hypothesized (Bandura, 1986; Zimmerman, 1995). In other words, a
measurement model of the scéitethe data collectedlt person mw gain sufficient knowledge and skills for the
confirmed thatthe scale was valid and adequate for a5k put he/she may fail to achieve desired results due to
measuring programming sedfficacy of senior primary |5k of confidence and motivation. Thus, this scale could
school learners. Theoretical and practicgblications of predict the performance of the learner (Askar &

this study were discussed at the end of the paper. Davenport, 2009).
KEYWORDS _ _ 2. BACKGROUND OF STUDY
Programming, Programming salfficacy, Scale
development, Scale validation, Sefficacy 2.1. Programming SelfEfficacy

A definition of programming seléfficacy might first
1. INTRODUCTION begin with the explanation of sedfficacy. Bandura put
With the fast development of technology today, the forththeseke f f i cacy theory in the |
younger generation isxposed to the digital world where It as “people’s judgments of
they not only need to dev eddegecuteicouises gfgatiqnreguifed fo gttaip degignated p |
and interact, but also the ability to design, create, andt YP€s of performance” (Bandu
invent with new medi a” ( ReeHiGReYOka perjeq ¢ag hecoptainedsfom foyr aspects, g o 9
p. 62) so as to thrive for a better life. Cortenscientists | ncl udi ng “personal perfor m:
see programming as a new literacy that everyone hasto Vi cari ous experiems’e” b @l a voil
acquire in this century, especially for the young -~ Verbal persuasion”, and “ste

(Hutchison, Nadolny, & Estapa, 2015; Vee, 2013). Papert (Bandura, 1977). There is a strong relation between self
(1980) also pointed out that procedural thinking of appraisals of capability and performances (Bandura &
children can be fostered bgarning programming. Thus, Adams, 1977; Schunk, 1981). Studies pointed out that

children are highly encouraged to develop programming Personal efficacy if | uences individual
skills to become creative problesolvers in the  activities, amount of effortinvested, persistence in the face
digitalized world. of obstacles, and performance (Bandura, 1977; Schunk,

) 1989). People with higher sedfficacy are more willing
Evaluating |l earners’ un d etd ifvest d¥éititdicBpe Wt challdrgiRgtdsBaiiiiia,n 9
concepts and skills is a major challenge at this S®ge,  1994). Selfefficacy is not about the traits of a person, but
Wang, Li, Feng, Jiang, & Liu, 2012; Yang et al., 2015). it js a kind of selevaluation specific to a particular
Evidence of a validated i dofmdirof &efvifids (BAnBugad Z00k). Mharefctel algbie Nt s
perceptions on programming is even more scarce. It iSefficacy scale about computer programming should be
indisputable that tests of progl’amming knOWledge and deve|0ped when resehers attempt to investigate
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| earners’ efficacy of compAmair &pBepAyir a0h3niZorBargurl, aPaew,d& on t h
theory, programming sedf f i cacy r e f ILanzberg, 2018)ncendisonals (e.g., Ericson & McKilin,
perception and judgment of his/her ability in solving 2012; Seiter & Foreman, 2013; Zargury et al., 2013),
computational problems with programming knowledge and variables (e.g., Ericson & McKlin, 2012; Meerbaum

and skills. Leaners with high programming sedffficacy Salant et al.,, 2013; Seiter & Foreman, 2013) are
are more willingly to apply their knowledge and utilize considered as the fundamental programming knowledge
skills to solve computational problems. for novice. Researches also emphasized tip@itance of

Despite the fact that programming is a key ability and handling concepts of sequences, and operators (e.g., Seiter

literacy that the next generation should acquire, there have® Foreman, 2013). The ability to apply procedure to finish
programming tasks is also regarded as basic building

been few attempts to create instruments to measure . ”
| e ar n eeffisaty ofspeogrdmming. Ramalingam and blocks of a program. It can be used to avoid repetition of

Wiedenbeck (1998) pioneered a notable-eéfitacy scale codes and dujgating commands so that noviqes are able
for undergraduates in the context of C++ programming to make the”programs more modular and easier to test qnd
language. Some previous studies also amhiitis scale to ~ 9ePug (Marji, 2014). Thus, understanding of procedure is
explore | eficacy efr G+++ pogrdmiming also suggested to be incorporated into the items of

(Korkmaz & Altun, 2014; Ramalingam, LaBelle, & Programming knowledge.
Wiedenbeck, 2004) and Java programming (Askar & The other dimension iCT practices. Programming
Davenport, 2009). All these scale items are positive concepts and CT skills are supposed to be developed in the
worded statements, which reflect learne ’ conf i dmbiemsolvingf process by using features of a
their capability of handling programming related concepts programming environment. In other words, learners not
and skills. These studies reflect that these are the mainonly need to apply programming concepts but also use a
components of the scal e i nvanet afskistotackle conepatational probfemse(®ldon, c a c y
programming knowledge and skills. However, we need an Sheppard, & Soloway, 1987). Brennan and Resnick
instrumen that focuses on senior primary school learners (2012) proposed four sets of practices that are related to
(i,e. Primary 4 to 6). Since the existing scales were the process of solving problems using a programming
designed for undergraduates, some of the programminglanguage, namely being incremental and iterativeéinges
concepts are too difficult for primary school learners. In and debugging, reusing and remixing, and abstracting and
addition, our instrument is designed @®rprogramming modularizing. Debugging practice is always regarded as a
curriculum aiming at developing Computational Thinking crucial skill for novices lwang, Wang, Hwang, Huang,
(CT) through programming where the programming & Huang, 2008) Apart from these suggestions, other
languages used in this study are Scratch and App Inventorstudies argued that planning dardesigning solutions
before programming (e.g., Burke, 2012; Fessakis, Gouli,
2.2. Dimensional Structure of a Twd-actor Model & Mavroudi, 2013), and algorithmic thinking (e.g.,
In light of the past literature, therogramming seif Denner, Werner, Campe, & Ortiz, 2014; Duncan & Bell,
efficacy scale consists of two components: (1) 2015; Seiter & Foreman, 2013), which means to design a
programming knowledge and (2) programming skills. As solution through aseries of steps, are indispensable for
our evaluation targets are senior primary school learners,creating a program. The above concepts and skills are
the knowledge and skills that they should acquire are developed and deployed during the process of solving
supposed to be simplerah the undergraduates. Brennan computational problems, yet there must be a problem
and Resnick (2012tudied the programming activities of  arisen before they plan and design a solution. It is more
the kids in the Scratch online community and workshops crucial to raise questions than to solve problems (Einstein
over a few years to develop a thdienensional CT & Infeld, 1938). Consequently, problem formulation
framework.Therefore, we also borrowed key ideas from should also be perceived as an important component
Brennanand Resnick (2012) to the programming self among the skills in solving problems using a programming
efficacy scale in the current study. In brief, Brennan and |anguage.
Resnick's framework covers CT concepts, practices, and
perspectives. CT perspect3i WVEESHODef er s t o |l earner s’
understanding of themselves, their relationshipsthers o
and the technology world, which goes in line with our 3.1. Item Development andalidation

instrument that tries to measure the perception and 'N€ programming sekfficacy scale was developed in
understanding of programming. accordance with a comprehensive literature review of

programming seiefficacy, and the CT framework
proposed by Brennan and Resnick in 2012. Detailed
discussions were conducted with a legdiasearch team
including professors and researchers from the Education

) . University of Hong Kong to ensure that the language used
seven basic computational concepts that are commonly;, oach jtem is understandable to senior primary school

used among young novice programmers, mplludmg learners. The scale consists of two components with 15
sequences, Ioops, parallellsm, events, conditionals, items in total programming knowledge: 7 items:
operators, and daf(i.e. variables and Ilsts).ln most pleck_ programming skills: 8 items). Item example for CT

based language assessments, the ability of dealing withy |, owl edge is *“I have basic k

loops (e.g., Ericson & McKlin, 2012; MeerbatBalant, " ltem example for CT s

One dimension of programming selfficacy is

programming knowledge. It refers to the programming
concepts and knowledge that learners apply in
programming. Brennan and Resnick (2012) identified

t asks
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in an incremental way wit h Table2 Confirmatorydattor analgsis ant ielmbilisy bf. Al
items are anchored with-foint Likert scale, from 1 programming selefficacy.
“unable to master” to 5 ChWiRNE maygRelriSYaThi s study
fo I I owe d Brislin s —t(arislatmm) TY DG Mk MNP Y ¥R v anbragky f SR
English items were translated into Chinese, and 1 | K| ¢S ol 4A0 (y26f DT
discrepancies were discussed and carefullydifieal. iralao
Finally, we exam|r_1ed.the fa_ce validity of the _scale items 5 | &} y O2YLX SGS O2RI &1«
for further adaptation into primary school settings. ASNRASA 2F aGSLBA Ay
- dadzoaSldsSSyate o6aSl dz
3.2. Participants and Procedures = S B A kit G
Participants of this study had some experience of 3. L = oty msw@m < A p ®c)
programming before taking up this survey. The 0 O%y RAOA 23{' fv ayv a Syl
guestionnaire were administered to learners in a primary 4. I: OI? 9{ LJE Sus O2RAY3 . Pcc
school where the new programming curriculum has been 02 3/ OsSLiu 2% t220L3 0Of
implemented for a semester. The scale is targeted at I OUAZYy ® )
primary 4, 5 and 6 learners. Online survey was adopted. 5. L Ol y I LJILX & @I NRI of ®T)
All the participants filled in the questionnaisince they T2NJ SEF YHESS KU 2 aySe
were asked to finish the survey and submit the answers O NAFOGEt SUO®
during class time. In total, 42.5% of the participants were 6. L  OF y F LJLJX & 2 LISN} (: dT1
female, and 57.5% of them were male. Among all the F2NJ SEF YRILIS NI { 2 NHzA ¢
participants, 25.5% of them were from Grade 4, 51% were Of F NASNJ GKIFyYyo 2NJf
from Gradg 5, and 23.5%vere from Qrade 6. The 7.L OFy FLILX& LINROSR(®p
demographics of the learners are shown in Table 1. dralao
Table 1 The demographics of the participants of the CFcOG2NJ HY LINPHEHMMHYYAY3I &
study. 1.L Oly 2@SND2YS (KS o717
DN} RS DSYRSNJ GFrala o0& RAGARAY3I |
n p c cSyrtSalts adzo Gl ala | PRS@3ISS
T T - o 2.L Oty iSaid FyR RSOCOTC
Hpq)pqu)ﬂ":HOq)p"::ﬂHq)p"::E pTCDpE:E 3. L O|¥ NI dza S |YR K 2PT C
0dzAf R dzLJ Yé 26y LINZ
4. L OFYy YIF1S Iy load!odyn
The measurement structure is confirmed with & A uK J . W dzE NS NIA 2? ao
confirmatory factor analysis (CFA) using Amos 24. o L Oby UKAy1l 2% aztcayy
Maximum |ikelihood estimati oNBAESYsBHUK[ ! C@%NJéZ( df),
CFI, TLI, RMSEA were used as the fit indices for the /- L OF Yy F2N¥dzA I 4S I (&7
measurement model of programming safficacy FTNEY RIAfEe fATSO
constret. According to Bentler (1990), CFl and TLI 8 L OFy L}ty FyR RSaj®oT)
which is greater than .90 suggests a good fit, and greater O2YLJzul GA2ylFf LINROE
than .95 suggests an excellent fit. For RMSEA, aofiit
value close to .06 (Hu & Bentler, 1999) or more recently
the upper limit of .08 seems to be eptable among most
researchers. I n t he curr e 184. 78

(p<.000), CFI =

.92, TLI = .90, and RMSEA = .10. Both

CFIl and TLI indicate that the hypothesized measurement
model is well fitted with the data collected for the scale
development. Althogh RMSEA is not satisfying, it is
probably because the sample size is small for such two
factor model. In addition, all factor loadings are ranged

from .59 to .87,

further confirming convergent validity of

programming sefefficacy. The CFA and reliabiit of
programming setefficacy scale are shown in Table 2.

Figure 1 demonstrates the measurement model

of

programming seiefficacy.
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In addition the studyalsotried to merge the two factors  researchers to understand fingprovementsof learners
into one single factor by creating a common latamiable and reflect the effectiveness of the curriculum so as to
such that all 15 itemgould load on it. CFA results  improve the pedagogy if necessary.

suggestdthat this alternative model is not as good as the

previous twefactor model{ 2 &) 8192.50(p<.000), CFI 5.2. Limitations

= .91, TLI = .89, and RMSEA = .1). Therefore,
programmingselfefficacy should be better modeled as a
two-factor construct as propaséased on theheoretic
stance

It is also essential to identify the limitations of therent

study According to Bandura (1977), sdlfficacy
judgements consist of three inensions, namely
magnitude, strength, and generality. In the context of

5. DISCUSSION programming, Strength of se#ff f i cacy refers
The aim of this study was to develop and validate a conviction and confidence of their abilities to complete the
programming selefficacy measure among senior primary Programming task. The survey design of this study merely
school learners. CFA results indicate that the  focuses on measuring the strength of sefficacy by the
measurement structuhmsachievedgoodfit accordingto 5poi nt Li kert scale ranging f
the fitindics ( x2(87) = 184.78 (pduddy) magrler=.. ¢p», fugure res
= .90, and RMSEA = .10though the RMSEA is ndhat other dimensions. For instance, the magnitude of self

good due tothe sample size The programming self  efficacy can be measured by agkiearners to judge their

efficacy as a twdactor modelvasconfirmed. In addition, ~ capabilities of completing programming tasks in various

factor loadingsareranged from .59 to .87, demstrating difficulty levels (Ramalingam & Wiedenbeck, 1998).

the two subcomponents are adequately measuring theAdditionally, the generality of selfficacy can be

latent factor of programming segfficacy. evaluated by adding items whi
assurance dfandling tasks in different situations like with

5.1. Theoretical and Practical Contributions, and ©r Wi thout others’ help (Rar

Euture Research Directions 1998). In our study, kaepth interviews of participants

The programming selfficacy scale has theoretical after online surveys were conducted in order to have a
implications for future resech. As the next generation is more accurate understanding of their attituded
required to acquire the ability to design and create with Perceptions on programming. Future research studies are
new media, programming is widely accepted as one of theencourage_d to cover a broader scope of research methods
indispensable literacies in the digital era. Young learners to test/ validate the programming sefficacy scale.

are h|ghly. recommended to acquire and master baS|c6_ CONCLUSION

programming knowledge and skills so as to become

computationally literate learners. Currently, educators Programming is regarded as a new literacy in the twenty

examine learners  capanili Iy LhIrn EURR e U MY, o
tests and examinations. However, this practice overlooksaI 2%15) I-?e ce. it is si nificantgfor oung peoble 1o

the signifi canciens a theirlablibes nef’s 'ger} c’épt.g young peopt

in programming. Seléfficacy theory implied that possess basic programming knowledge and skills in the

Cearners persisience in OB O DE e sl D8 dc
performances would be affected by their level of efficacy P P iy prog ning,
(Bandura, 1977; Schunk, 1989). Yet, there is no existing study developed and validated a programming - self

l o : e ’ : efficacy scale for senior primasghoollearners. The scale
scale for.mvestlgatlng seffficacy o programming o5 t%//vefactor model IoWith SleS items in totalThe
among primary sc.hool Iearners.. Therefore, programming subcomponents are related @d r ner s’ belief
self—_efflcacyscale is developed mthls study, which would bilijes in utilizing different kinds of programming
facilitateadeep understanding pmimaryschool e ar n e n%wledge and skills to solve computational problems
selfcompetence of programming before and after learning )

programming. The results of the scale might also be usedFuture research will be conducted to investigate the

. car.rel tiogn het wee —ﬁ'ﬁ wners’
as a tool to predict lTear nei?ncﬁ tﬁe telsr(e:loJlt% Bf%hgir pPo%rerlm\?lm?né I?Hc?w e§g§ and
For practical implications, researchers found out that there skills.
was a strong corralt i on bet we edlfficatyear ner s’ sel f

and their actual performance (Bandura & Adams, 1977; 7. REFERENCES
Schunk, 1981). Therefore, our future research direction is Askar, P., & Davenport, D. (2009n investigation of

to explore the relationshi ppcRR feldtédlosestficady FoPj&4 frografiniing 9 r & mmi
self-efficacy and the test results of their pragming among engineering studente Turkish Online

knowledge and skillsBesides, seléfficacy theory stated Journal of Educational Technolog§(1), 2332.

that past experience of learning and practicing the skills

would influence |learner s’ bBaglua A L1P77). Sedfficacy: Tqward aunifying o ¢ o n ¢ e
(Bandura, 1977). Thus, -it [ °W8i'?eé‘ae"'8r?' ghandgsycholpaical ReyieW, o ¢+ g
efficacy will rise becauseof frequent exposure tthe 84(2), 19%215.

programming course (Ramalingam et al., 2004)- Bnel Bandura, A., & Adams, N. E. (1977). Analysis of self
posttestscan befurtherc onduct ed t o me a &ffigacyethedryeohibehnadorakchangeognitive

self-efficacy over the course. i$ a reliable indicator for Therapy and Research(4), 287%310.
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ABSTRACT can also be reviewed by using representative data sets of
Computational thinking is weknown in compugr Grade 8 students in a number of countries around the
sdence and icurrently entering the field of education.  world. Furthermore, the study will allow to describe the

Due to changes ithe private and professional life by rel ati onship between students
modern technoldgs all students arewith increasing computational thinking and by this will contribute to the
relevanceexpected topossesssufficient knowledgein qguestion which competencies refer to HX€racy
computerrelated problemsolving (e.g. Fraillon et al., (Ainley, Schulz & Fraillon, 2016

2014). The acquisition of key competenaesated to this
assumes an enhancement of knowledge in leaasnvgell

as computational thinkingprocesses Although many
concepts for computational thinking education have been
created €.g. Bar & Stephenson 2011 Krauss &
Prottsman, 2017 in fact, a evidencebasedcompetence
model is not yet available, thereby it represerds

The research presented in this paper starts from the
premse that uderstading the core elements of
computational thinking would enaltieachers to integrate

it in their teaching concepts. Moreover, understanding and
integrating computational thinking in curricula would
allow students K-12) for d e v edtatiopdl n g

(

: thinking’ as a key Baoo&mp et en
significant desideratum Stephenson, 20)1and part of every type of reasoning:
Considering thesaspects, theontributionat handaims “The power of computational t
to contribute to this anfbcuses on the constructi@nd every other type of reasoning. It enables all kinds of things
investigationof a model takentheoretical aspecendthe to get done: quantum phics, advanced biology, human

current state of researaito accountThe principle of this computer systems, development of useful computational
procedureis to break down the term and construct of t o o Bar’& S{ephenson, 2011, p.)5This takes into
‘“computational t hi nki nigg taccount that enabkng students ina onlp 10 comsomekbut
with a literacy approach and presuppose that also to create technology is of increasing relevambe.
computational thinking can only be implemented in emerging challenge is to make educational systems to
lessons in a competenogented way referring to an  react to these new challenges and to make use of the afore
evidencebased approach to computational thinking as a mentioned power in the most efficient way for all students.
key competence of the 2tentury. Starting fronthis, the
research presented in this paper describes and explain
preliminary work in the context of the preparation of IEA
ICILS 2018 (International Computer and Information
Literacy Study) In this context, the authors of this paper
are involved as mengbs of the national study center in
Germany, which is among other countries taking part in
this international study.

KEYWORDS 2. CURRENT STATE OF RESEARCH

Computational thinking ICILS 2018 evidencebased Wing (2006) statel that computational thinking
“represents a universally applicalaittitude and skill set
everyone, not just computer scientists, would be eager to
l ear n” ( p.oint3oNYte is tiat thisi assantptiop

Therefore, the purpose of this contribution is twofold:
TinrstIy, to review the currdrstate of art of conceptualizing
and research towards computational thinking (section 2),
theoretical aspects (section 3) and explaining a process
model to understand the underpinning concept (section 4).
Secondly, the paper presents and discusses adeiaited
research concept (section 5).

mode| keycompetence of Zicentury

1. INTRODUCTION is the reason of the great discussion about computational
) thinking of the last few years. Thus far, hardly any studies
In the course of the secomgcle of ICILS in 2018 the researching computational thinking education and

IEA (International Association for the Evaluation of measuring computational thinking competences are
Educational Achievementpr the first time implements  gyajlable. In contrast to this, literature reviews show that

the addiional opt i on “comput ati ofhaéd areldliférdhK doftépts of thB Xonstruct, mostly
applying computebased tests for students in Grade 8 yeferring to the first concept, presented by Wing (20086).
(Fraillon etal., in presy whereforeresearch will be able  garr and Stephenson (2011), for instance, have developed

to clearly examine_ the interplay between cqmpetencies iNa concept of computationahibking, including several
computational thinking, t hQSmp(%_gnté.,%.%.’Hétascbllecﬁbﬁ,@ata%rfalysi ,Qldorithmd & r
outside school as well as 4odghdcddiréslett! In ackorddn@e with this RitiCalsd r © !

characteristicsﬁ’raillpn et al, inpres$. In this rgspECt,_th? aiming for making computational thinking teachable in
structure of theoretical models of computational thinking
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schools,Krauss and Prottsman (201r8&cently published using operators, which partly need to be invented by
ateath e r 06 s -stargetl duiden g heuristics(Huitt, 1992.

Since these and other concepts are not founded on dn this context, the use of an algorithm represents a
universal definition, a generally accepted definition of particular form of problemrsolving (Kant & Newell,
computational thinking has1984) iContpee with fitenans,aancdmptitér wath ifollogv i t
proved difficult for the CS [computer science] education orders more quickly but in so doing, it requires algorithms.

¢ 0 mmu nMahnjid et g., 2014, 2). However, most On an abstract level, the human takes over the thinking

of the definitions include core elements or rather processesprocess within problersolving and delegates tasks to a

as part of computational thinking (e.g. Wing, 2008e et computer in the form of algorithms by anzlygy the

al., 2011 Barr & Stephenson, 201Krauss & Prottsman, pr obl em which is needed befor
2017). Therefore, the ains not to find a universal t hi nki ng at mul ti ping, 20&p.el s o
definition but to create an evidenbased competence 34).

model, which clarifies the key competence of
computational thinking, while embedding the model into
a comprehensive theoryFrom the perspective of
empirical educational reaech, such a model can be
developed by using appropriate tests and develop an
evidencebased competence model.

Pointing out one of theheoretical frameworkscore
elements of computational thinking, which are mentioned
in different definitions, can be portraye@ihe emerging
challenge is— as already mentioned to create an
evidencebased model that enables researchers to
systemize and based on this, teashter systematically

Last but not | east, t he p rteachaomputationa thioking With asgvellsas aithautu mp t i
in the context of this contribution is that compdiieked applying computer systems and ICT andplering
problemsolving can be refraed to psychological differentways of transferringnd teachinghese skills to
problemsolving processes. Thus, we can beng&fim differentcontexts

many studies in this area (e.g. Popper, 1994; Marshall,
1995; Robertson, 2001). Rom&vonzélez, Pérez 4. PROCESS MODEL

Gonzalez & JméneFer nadndez (2016) describe “a

worrying vacuum about how to mmae and asses CT In the following, figure 1 shows our alytic model of
[comput at i on(a2), wherefore khieyr glgo” computational thinking processes. Within this model, four
suggest a psychometric approach. Relating to thiscore elements and one undefined -pubicess,
understanding, it can be stated that understanding therepresenting unknown styiyrocesses, which may arise
process of problersolving also contributes to clarify ~ during the research process, are focused:
computational thinkingmd t o add to computer scientists’

research.

-~

decomposition

3. THEORETICAL ASPECTS

First, it should be noted thatin contrast to a statef-the-
art computer a human being is able to solve problems

-~
without regulations. This is also taken into consideration X pattern
. .. matching
when trying toreason the need for conceptualizing | W ... >
computational thinking in the scope of ICILS 2018: e

“Computers themselves cannot think: they have to be
programmed before they can functiqitEA, 2016, p.2).

From a psychological point of viewprocesses of
computationh thinking show many similarities with -
problemsolving processes, both of which arrive from i
Bandura's theory of(Baullreser v
2001) Problemsolving in comparison to performing a
task with clear rules is a rather complex process and one Figure 1: Model of computational thinkingroceses
way of thinking among others, such as conceptualization
and logical reasoning.

-~

2 abstraction
design

These determinants are assumed to have an impact on
In a problemsolving process, the point of departure is a computational thinking in general. In the context of
problematic situationwhich is followed by situation computer science,decomposition is the ability to
analysis Edelmann, 2000 The way in which the brain  subdivide a (complex) structure into fragments. In
works in aproblemsolving process is much contested principle, this is analytic thinking during which a situation
among scholars. As a result, and following very early or problem is also split into fragments. Decomposition
theories, it can be stated that problsaiving is representsa latent variable, such as computational
productive thinking(Duncker, 1928 In this context, the thinking.

aim of problemrsolving processes is to close thepga

between a problematic situation and the required sqution,Pattem matchingalso repesents an ability and a latent

variable. It enables a person to find common features
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among and differences between fragments that have beerthis contribution aims to explaifé research approach in

generated by the decomposition procéisghis context, a more detailed way and provide a basis for a broader
Krauss and Prottsman ( 20 1 discusdioninthe scientific comrhuaity. bnghiswomtexh we* t h e
prad i c e of finding@0) @Eattem | awillialsoipmddeé infor(ation to discuss hypothesis about
recognito) and “the real i zat i o the felatianshipsoobconepttdr and mformationditeracy (as
(p.60f.) (pattern matchiny conceptualized in ICILS 2018, see fenaillon et al., 2014

and computational thinking. l
col | eague fhleyatmlp 20akthe paper aims

to discuss how computational thinking can be summarized

under the broader understaing of ICT-literacy.

Referring to the premise in the introduction, that
understandingseveral core elementsof computational
thinking would enableschools and teachers to develop
student s’ competencies in
contribution raisesittention to the need of developing an
evidencebased competence model taking different
The variablex in the model indicates all syfrocesses  understandings of computational thinking into account.
which are not already mentioned within the model. These
processes may include logical reasoning, objeented
thinking and evaluation and possiblgebugging of
algorithmic solution. During the ensuing research, the
variablex will be substantiated.

Abstraction refers to the ability to eliminate details,
reasoning from the particular to the general, also known as
induction (ibid.).

Last but not least aalgorithm provides a guideline for
action, which is usually modeled and encoded (ibid.).
Producing a guideline for action does not necessarily
entail mastering a programming language; it can also be
expressed in anothevay, e.g. in a construction manual or
a recipe.

To round off this picture, and to prepare for a national
extension of ICILS 2018 data collection by taking more
general concepts of problesolving into account, we add

a holistic theoretical model and present a research concept
to investigate the underpinning theoretical structure.

The model does not only raise the question of unknown
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ABSTRACT similar constructs, (DeSchryver & Yadav, 2015). On the

This study aimed to uncover the underlying mental ground of the explorative nature of a qualitative approach,
processes that might facilitate creative thinking after this study also aimed to explore the possible effect of
|istening to a10-min music excerpt_ A quaiitative music |iStening on CT. It may extend our Understanding
Component was incorporated in a quantitative Study on the beneficial effect of music IiStening to a new avenue.
regarding the effect of music listening on creathinking.

Among 192 participants, a total @4 college students 2. METHOD
were interviewed immediatelgfter they listened to the
10-min music excerpts and completed some creativity - . L .
tasks The results suggestedhossiblefacilitative role of flrgacotl\lisge usriii/?aergitt?e:eliri]g ﬁg:}lgtegotr?gJOI?Wgﬁigeucrt

music listeningon creative thinking through optimizing articipants (22 females) agreed doce t’ follow.u
individual s’ arousal levelP gannj %Wéﬁ) 9%%n|% CRBi vi du
associative abilities, holistic perception and abstraction. interview. Al participants s ned consenta d.tOOK parton

As these mental processes are also important attributes of voluntary basisThe age. range of the interviesample
computational thinking (CT), the findisgmay shed light ~ Was 1727 Mean=20.75;SD= 2.56).

The present studyas a subcomponent of a larger research
project on music listening and thinking skillsmong the

on the favourable impact of music listening on CT. Semistructured interviews were conducted with the
participants after they listened to the a@in music
KEYWORDS excerpts and completed two creative thinking tests,
Computational thinking, creative thinking, music listening, namely theThe Test for Creative Thinking Drawing
qualitative study, emotion Production (TCFDP;Urban & Jellen, 1995/20)@nd the
Torrance Tests of Creative Thinking (TTCT; Torrance,
1. INTRODUCTION 1974) The musi c excerpts were ex
The effect of music exposure on intellectual functioning Lover s Vi olin Concerto’ " whi

has become amportant research topic since the findings able to induce positive or negative emotions (Zhang &
aboutthe Mozart effect (He, Wong, & Hui, in press), Chen, 2009). Each interview was tageorded with the
which suggest that listening to music composed by Mozart permission of the participant and lastpproximately 15
leads to significant improvementsdagnitive functioning 20 minutes.They were asked explicitly to explaithe
(e.g., Rauscher, Shaw, & Ky, 1993). Commgnl effects of music listening otheir performance on the
conceptualized as consisting of originality and tgsks.

appropriateness (Sternberg & Lubart, 1999), creativity has

become one of the important foci in recent educational 3. RESULTS AND DISCUSSION

reforms (Hui & Lau, 2010). A better understanding on Transcriptions of the interviews were analyzed following
how music exposure correlates with ¢iéey has the procedures of conteahalysis suggested by
important implications. Although there are many studies graneheim andlundman (2004). The results showed that

reporting a positive effect of music listening on creativity four themes were identified, namely a) optimal arousal
(e.g., Schellenberg, 2006), it remains unclear what

underlying mental processes contribute to such a positive i

effect. The preserstudy aimed to understand the impact Perception.

of music exposure on creative thinking through a

qualitative approach with the aims to obtain data to reveal 3 1 The Effect of Music Exposure on Creativity

the underlying mental processes that might contribute to First, in terns of optimal arousal levelthe interviewees

the positive musicreativity relationship. reported that in an aroused
flexibly,” or have more insp

In addition to creative thinking, Computational Thinking previous studies, which suggest that an optimal activation

(CT) is also an essential skill in nearly all fields (Bundy, |evel is critical in promoting creatév thinking

2007). The term CT originates from studies of computer (Schellenberg, Nakata, Hunter, & Tamoto, 20®&&cond,

sciences, referring to the mental processes consisting O'the interviewees indicated that their associative flexibility

constructing problems and stkins which can be carried  and fluency were strengthened after the intervention. The

out by human or machine (Wing, 2Q08lthough CT and  findings on theassociative abilitiescho the long proposed

creative th|nk|ng seem to relate to different diSCiplineS, assumptj)n of associative process piaying a vital role in

interestingly, the two terms has been suggested to contaircreativity (Mednick, 1962). Third, the interviewees also

level, b) associative abilities, ¢) abstraction and d) holistic
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reported that music listening was conducive to a broaderBundy, A. (2007). Computational thinking is
attention scope and a more holistic perception. This pervasiveJournal of Scientific and Practical
finding is consistent with past studigbat suggest a Computing 1, 67-69.

positive relationship between creativity and the breath of DeSchryver, M. D., & Yadav, A. (2015). Creative and
attention (Kasof, 1997). Fourth, the interviewees computational thinking in the context of new literacies:
described that their thinking became more abstract, so tha working with teachers to scaffold complex technology
it was easier for them to find commonalities between the mediated approaches to teaching and learniogrnal
given objectdn the creativity task and those objects found  of Technology and Teacher Education, 28]- 431.

in one’s daily |ife, givi rGraneheim, U. H., & Lundman, B. (2004). Qualitativee me n

abstraction in creativity (Welling, 2007). The results content analysis in nursing research: concepts,

suggestedhat music exposure might haeefavourable procedures and measures to achieve

impact on creative thinking through foanportant mental trustworthinessNurse education todag4, 105112.

processes. Hui, A. N., & Lau, S. (2010). Formulation of policy and
strategy in developing creativity education in four Asian

3.2. The Possible Beneficiary Effects of Music on CT Chinese societies: A policy analysiShe Journal of

It has been suggested that creative thinking and CT Creative Behaviqr44, 215235.

comprise similar mental processes (DeSchryver & Yadav, Kasof, J. (1997). Creativity and breadth of attention.
2015).The findings of this study may shed light on the  Creativity Research Journall0, 303 315.

possible benefiail effect of musical listening on CT. The  Mednick, S. A. (1962). The associative basis of the
interview data obtained in this study suggest that music creative processPsychological Review, 6220-232.
listening can facilitate creative thinking through optimal  doi:10.1037/h0048850

arousal, abstraction, attention scope, and holistic Rauscher, F.H., Shaw, G.L., & Ky, K.N. (1993). Music

perception. Such mental processes might douigito CT, and spatial task performandgature, 365611
which is characterized by symbol representation, parallel Schellenberg, E. G. (2006). Lo#tgrm positive
thinking, synthesis and abstractioBagr, Harrison & associations between music lessons andJt@rnal of

Conery, 2011 Wing, 2006). According to Wing (2006), Educational Psycholog®8, 457.

for instanceabstraction skills, an important componentin  Schellenberg, E.G., Nakata, T., Hunter, P.G., & Tamoto,
CT, enables patterabservation, identifies core features S, (2007). Exposure to music and cognitive performance:
and omits details of perceptions. On the ground of music tests ofchildren and adultsPsychology of Music, 35,
facilitating the underlying mental processes of CT, music 5-19.

listening will probably be beneficiary to CT, implying the  Sternberg, R. J., & Lubart, T. I. (1999). The concept of

potential benefits of incorporating musiate CT creativity: Prospects and paradigrisndbook of
education creativity, 1, 3-15.

Torrance, E. P. (1974 he Torrance Tests of Creative
3.3 Limitations and Merits ThinkingNormsTechnical Manual Research Edition
Some limitations should be notefirst, the exploration Verbal Tests, Forms A andBgural Tests, Forms A &

into the mental process subsequent to music listening is B. Princeton, NJ: Personnel Press.
based on subjective knowledge of the participants. SecondUrban, K. K., & Jellen, H. G. (1995/2010).est for

the sample sizef the interviewwas relatively small. Creative Thinkingi Drawing Production (TCITDP).
Further studies should be conducted to explore if the Manual. Frankfurt am Main, Germany: Pearson
findings can be generalized to a wider population. Assessment & Information GmbH.

Welling, H. (2007). Four mental operations in creative
Despite the mentioned limitations, this study is the first cognition: The importance of abstractio@reativity
gualitative study that addresses the research question o/ Research Journall9, 163 177.
why and hev music listening can enhance creative Wing, J.  (2006). Computational  thinking.
thinking. The explorative nature of the interviews depicts  Communications ahe ACM, 4933 35.
the important mental processes that may facilitate creativezhao, H., & Chen, A. C. (2009). Both happy and sad
thin}ging- AfsC ;heﬁe f.mde_ntal ?rﬁcesses a:; imp%rtant melodies modulate tonic human heat pdine Journal
attributes o , the findings of the presentdst exten :
the discussion from creativity to the possible beneficial of Pain 10(9), 9539600
effect of musical listening on CThe finding extends our ~ AcknowledgementThis study was partially supported by
understanding of the impact of music exposure on a grant from the ResearcBrants Council of the Hong
creativity to revealing the thought processes involved in Kong Special Administrative Region, China (Project No:
engaging in a creativtask, as well as CT. 28605615)
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ABSTRACT When learning to build and program robots, young

The KIBO robotics kit offers a playful and tangible way ~ children are also engaging in a type of problem solving
for young children to learn computational thinking skills ~and analysis calledomputational thinkingThe term

by building and programming a robot. KIBO is Acomputational thisolkigngo can
specifically designed for children ages 4ears old and problems algorithmicayl and developing a sense of
was developed by the DevTech reseantiug at Tufts technological fluency (Bers, 2017; Bers, 2010; Papert,

University through nearly a decade of research funded by 1980)Children as young as four years old can learn
the National Science Foundation. KIBO allows young  foundational computational thinking concepts (Bers,
children to become engineers by constructing robots 2017; Bers, 2008) and this kind of learning can support
using motors, sensors, and craft materials. Children also their literay, mathematical, and soe@motional

become programmers bymgring sequences, loops, and  development (Kazakoff & Bers, 2012; Kazakoff,
variables. Through programming KIBO, children engage Sullivan, & Bers, 2013)Wh|le Computational thlnklng is

with computational thinking skills and ideas including rooted in computer science, many have argued that it is a
algorithms, modularity, and control structures. Unlike universally applicable attitude and skillset that is

other programming interfaces for children, the KIBO fundanental for everyone to master, just like reading,
robot is ppgrammed to move or to respond to sensor writing, and arithmetic (Wing, 2006).

input by using tangible programming bloékso

computer, tablet, or scred¢ime required. This paper KIBO (see Figure 1) was born out of research led by

provides an overview of the design features of KIBO and Marina Bers at the DevTech Research Group at Tufts
a synthesis of the research that has been done throughoutniversity (Bers, 2017). The goal was to foster playful

the development of this kit. It provides examples of exploration of computational thinking during early
curriculum for playfully engaging young children with childhood through tangible objects. Later &3O
computational thinking using KIBO. became commercially available through KinderLab
Robotics with funding from the National Science
KEYWORDS Foundation and a successful Kickstarter campaign (Bers,
Early childhood, engineering, robotics, programming, 2017).K1 BO’' s desi gn was based o
computational thinking development research in collaboration with tesistand

early childhood experts to meet the learning needs of

1. INTRODUCTION young children in a developmentaly appropriate way

Early childhoal is an important time for young children (Sullivan, Elkin, & Bers, 2015; Sullivan & Bers, 2015;

Kazakoff & Bers, 2014)This paper provides an
introduction to the design of KIBO andgsents an
overview of the worldwide research conducted with
KIBO for the last several years to promote computational
thinking in young children.

to grow, play, and explore the world they live in.
Developmentally, it is a life stage characterized by
genuine curiosity and desire for learning. In order for
young children to master new knowledge about the
world, they need hanedsn experiences to construct their
learning (Piaget, 1936). New technologies such as
robotics kits and coding applications offer children a
handson way to learn about many of the things they
encounter every day but do not understand, sgch
sensors, batteries, and lights (Papert, 1980). Robotics is
an ideal tool for early childhood because it facilitates
cognitive as well as fine motor and social development
(Bers, 2008; Clements, 1999; Lee, Sullivan, & Bers,
2013; Svensson, 2000). It eages children creatively, as :
an expressive medium, allowing young children to Wi

become engineers by playing with motors and sensors as Figure 1.KIBO robot with a sample block program, art

well as storytell_ers by creatlng_and sharing persqnally platforms, and art supplies for decorating.
meaningful projects that react in response to their

environment (Bes, 2017; Bers 2008). 2. DESIGN FEATURES OF KIBO
KIBO is a robotics construction kit that involves both
hardware (the robot itself) and software (tangible

110



programming blocks) used to make the robot move. The
kit contains easy to connect construction materials &
including: wheels, motordjght output, and sensors as
well as a variety of art platforms (See Figure 1 on the
previous page).

Figure 3.This figure provides an example of a
conditional statement with KIBO.

KIBO is programmed using interlocking wooden
programming blocks (see Figure 2). These wooden blocks
contain no embedded electronics or digital companent
Each wooden block has a colorful label with an icon, text 3. EARLY COMPUTATIONAL
and a bar code; as well as a hole on an end and a peg o HINKING
the other. The KIBO robot has an embedded scanner thaly 1 \wnat is Computational Thinking?
allows users to scan the barcodes on the programming|, recent yeas, there has been a growing focus on
blocks and send a programtheir robot instantaneously. mproving children’s technol ¢
No computer, tablet tiare”o Eot‘ﬁ&fatiorfalotﬁiﬁpingoaf priority Gn" &y childhood
required to learn programming with KIBO. This is aligned - gcpgo settings in the United States (e.g. U.S. Department
wi th the American Ac ad giMpqucatiBnl 2016).2&drding "tb OWing (2006)
recommendation that young children have a limited compuat i onal thinking is define
amount of screen timeer day per day (American gesigning systems, and understanding human behavior, by
Academy of Pediatrics, 2016). drawing on the concepts fundamental to computer
s ¢ i e n ¢ eComputatior&aldhinkingnvolves a set of
skills that include problemolving, design and
expression, and systematic analysis (Bers, 2017; Bers,
2010). Computational thinking represents a type of
analytical thinking that shares many similarities with
mathematical thinking (e.g., problem solving),
engineering thinking (designing and eting

_ . s processes), and scientific thinking (systematic analysis)
k O (Bers, 2017).

¥

gf o ; Brennan & Resnick (2013) explain that computational

thinking involves theconceptsdesigners engage with as
thﬂiﬁgroﬁgram,lthmractices designers devel&p as they
e

B
£

Figure2K1 BO' s tangi bl e progr a y a ! :
block has a unique barcode that is scanned by the robot. ° th the SOHC%DH”S’ a%oe]j’mspgc?lv% esigners

form about the world around them and about themselves.
This programming language was inspired by early ideas Concepts may include very specific programming
from tangible programmingbeginning with Radia  concepts (such as repeat loops or conditional statements),
Perl mandéds work in the mid tha@acteensay ifciede methmodsrof prolesolvigg)or a n d
revived by the work of Suzuki & Kato (1995) nearly two collaboration, and perspectives may include questioning
decades later. In recent years, there haven lseseral things beyond the interface you are working with (such as
tangible languages have been created in a number ofquestioning how other things in the world are automated,
different research labs around the world (e.g. McNerney, besides KIBO).Bers (2017) expands on thetion of
2004; Smith, 2007; Horn & Jacob, 2007). computational thinking, describing it not only as a
problem solving process, but as expressive procesa
skillset that allows for new ways to communicate, to tell
estories and convey ideas.

In contrast to graphical programming, which relies on
pictures and words on a computer screeamgible
programming uses physical objects to represent the sam
concepts (Manches & Price, 2011). Wooden programming It is important to note that there are many -technical
blocks are naturally familiar and comfortable for children, and even nocademic examples of instances that call for
in the tradition of learning manipulatives already used in computational thinking skills (Wing, 2008; Yadav, 2011).
early childhood clasooms to teach shapes, size, and These everyday activities draw on the same type of
colors §roebel, 1826;Montessori & Gutek 2004 problem solving, but do not involve programming. Wing
Kl BOOs programming b1 o c k s(20GB) preserdshaaseriesdexampes incluging: aoning
manipulated by young users with limited fine motor Legos (using the concept of
capacity. shape, and size), l earning toc
N : processing” to anage cooKki ng¢

::](;iV%L(J;FV\?OOdsnr (r)ograrlmarlnirL1 mtl)lor;kgs Sl)rr?e nofg tf?ezeg-f(‘;r different gn-%lmg 8f.?irﬁe9 and)_rlgoking BPVYSUF narﬁeSk
block i P Ig i gf h .KIBO bot h in an alphabetical list (linear: starting at begininng of the

OcKs represent simpie motions for the robot such binary: starting at the middle of the list). Each of these
as, move Forward, Backward, Spin, and Shake. Otherexamples are activities young children are beginning to

blocks represent complex programming concspth as ; ; :

; . encounter in their everyday lives. .
Repeat Loops and Condi ti onaf nrllf?o st\é?yement s that invol
sensor input (See Figure 3).
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3.2. Fostering Computational Thinking withKIBO
KIBO is designed to promote a specific set of whileteaching other STEAM content such as dance, social
computational thinking skills. KIBO aims to foster seven studies, ad math.

“

KIBO can be used to explore computational thinking

Bers (2017). These ideas include: 1) algorithms, 2) 4.1. Dances from Around the World
modularity, 3) control structures, 4ppresentation, 5)
hardware/software, 6) the design process, and 7)is designed to combine music, culture, dance, and
debugging. Table 1 below describes these concepts andanguage with programming and engineering content. The
how children explore them with KIBO. In the following

section we provide examples of curricular units that foster

these computationahinking concepts in a hands and

playful way.

Table 1 Computational Thinking Concepts Explored
with the KIBO Robotics Kit

Concept Examples

Algorithms Children use KIBO to explore logical
organization and sequencing using the
tangible programminglocks

Modularity Children learn how to break up a large
job into smaller steps when
programming KIBO to navigate mazes
or complete challenges

Control Children explore the ways KIBO can

Structures make decisions based on conditions

Representation

Hardware &
Software

Design Process

Debugging

using Repeatoops and Conditional
Statement blocks

Children learn that the colors and
symbols on the blocks represent
different types of actions

Children learn that computing systems
like KIBO, need both hardware (robotic
parts) and software (blocks) to operate

Children move throughn iterative
process used to develop programs anc
tangible artifacts

Children troubleshoot their code when
KIBO does not behave as expected

4. KIBO CURRICULUM

TheDances from Around the Wor{®evTech, 2015) unit

end project involves children programming their KIBOs
to peform their favorite dance from anywhere in the
world. It is completed over the course of approximately
seven weeks. Each week, teachers introduce new robotics
and programming concepts, from basic sequencing
through conditional statements, to their studewithin the

power ful ideas"” of computational thinking described

curriculum’s mu s i dor them inal d anc e

project, students work in pairs or small groups to design,
build, and program a dance of their choosing. This
involves not only robotics and programming knowledge,
but also research into thmusic, history and cultural
relevance of the dance, and facts about the country or
culture in which the dance originated. The unit culminates
in a dance recital for both the children and the robots to
perform in together. Children engaged with opesrded
free-play time to listen to their chosen music and come up
with a dance on their own.

While this project engaged children with all of the seven
powerful ideas of computational thinking described in

Table 1, children had to devote particular focus on the idea
of sequencingwhen choreographing and programming

their robot dances. They had to carefully consider the
timing of the music and any traditional dance steps that
needed to be included (and if so, in what order). They

needed to program theiial robo

order that matched the order of the dance they
choreographed for them to perform. Most students also
had to explorecontrol structures, learning how to use

KI BO's Repeat Loop commands

robot dances repeated the appropriate nurob8mes to
match the music.

4.2. Robotic Animals

Integrating the natural sciences with robotics and
engineering, in thRobotic Animalsurriculum (DevTech,
2015), children explore animals and their natural habitats.

While the act of coding often evokes a very serious image After choosing an animal and researchitggbehavioral

of someone quietly working through lines of code on a and physical characteristics, students create a robotic
computer, KIBO offers a more playful approach that is representation of that animal and its habitat for their final
projects (See Figure 4).

aligned with the spirit of early childhood educatiétay

in early childhood is not justin; research has shown that
it enhances <children’s
and, ultimatelygcreativity (Russ, 2004; Singer & Singer,

2005).

The DevTech Research Group has developed over a doze

curriculum units that focus on playful learningth KIBO
in order to teach the computational thinking skills listed in

the previous section. These curricular units also focus on

ca

STEAM (Science, Technology, Engineering, Arts, and
Mathematics) content integration. In this section, we When building and programming their robotic animals,
provide three exapies of STEAM curriculum designed

for KIBO: Dances from Around the WorldRobotic

Animals and Patterns All AroundThese illustrate how
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Figure 4.The
image (left) shows
final project
examples from the
Robotic Animals
curriculum.

children grappled with the concept bfrdware and
software. They learned that to create an effective robot
that looks, moves, and reacts like a cat or wolf, they

bi



needed to under stdvardelsamenls use K! RN’ e har

such as motors, sensors, and wheels as well as the right
software, or program, to make the robot move the way the secoy
animal does. Children moved through an iteratlesign ,' - > e )

process building their physical robot structure and made b f
improvementsto its sturdiness and aesthetic features.  Figure 6.The image (above) shows an example of a
They also moved through an iterative process developing child completed Solwt task assessing their knowledge
their programs. of repeats

Highlights from this work are summarized in the
following section. For a full list of publications detailing
our studies with KIBO and to find out about the materials
we have developed including teacher surveys, interview
protocols, observation ptacols, behavioral checklists,
and more please visit:
http://ase.tufts.edu/devtech/publications.html

4.3. Patterns All Around

The Patterns All Aroundnit (DevTech, 2015) focuses on
an explicit exploration of math through KIBO. This unit
integrates mathematics with fundamental engineering and
programming concepts. Throughout the curriculum,
students learn about different types of patterns using
mathematics. They also explore other foundational math
skills such as counting, shape recognitimg more. As a
final project, students then have the opportunity to create . :
a class “quilt” using | ar J%b'egrc"ér@rga!y O%'I;Oplcp85§§egrplbeg \A\”}hd . B
attaching a pen or crayon to KIBO, they were able to KIBO
complete handsn programming challenges where they
were prompted to pregm KIBO to draw specific shapes _ Sample  Study Instruments

or create different types of patterns on paper. This unit ~ Seauencing N=27 BaronCohen et da'- picture
also offered many opportunities for free play and artistic sequencing cars

exploration. Computational N=28 Solvelts
. . . Thinkin Debugging Assessment
In this unit, students explored the computational concept g 99ing
of modularity, or breaking dowra large task into a series Robotics & N=60 Solvelts
of smaller steps. While programming complex patterns Programming Robot Parts Task

was often a daunting task for the kids, their teachers Knowledge
prompted them to focus on programming just one part at a

. ; 8 . Gender N=45 Solvelts

time. After coming up with a series of short programs, Interviews

children were able to put it all together andébug, or o

troubleshoot if it still did not look quite right. Coding in N=64 Solvelts

Preschool Observations

5. RESEARCH WITH KIBO Teachers N=32 Teacher surveys
Interviews

5.1. Methods

During the research and development of KIBO, we have Positive N=98 PTD Checklists

collected quantitative and qualitative data and published ;zﬁgr\‘/?c:‘r’g'(ﬁt))

findings fromN=322 children andN=32 early childhood

teachers over the course of dozens of studies looking at Total N=354
what children have learned about robotics, engineering,

sequencing, and more using KIBO (See Table 2 on the5_2_ What Do Children Learn?
following page). Our research has been conducteasacr

the Un_|ted .States, in Den_mark, and as part of aiscgee tangible robotics kits allows young children to practice

study in Singapore (SL_lIhvan & Bers, 2017). In order to sequencing, logical reasoning, and proplem solving
measure children’s master yoddongGRhPoskie Bethﬁ iBrfstich as Cadbdraflidht S -
the DevTech Research @&rtosu pand‘éo‘?n\ﬁw%nké%i&qe(lgazako , Suldin, §Bjrs‘,’2?)13;
assessment(Strawhacker, Sultan, & Bers, 2013, ggrg 2015 Sullivan & Bers, 2015). In addition, we have

Strawhacker & Bers, 2014). Soes entail listening 10 g4 that children as young as 4 years old can master
different stories or songs being read or sang aloud by a,,\erfyl ideas from computational thinking and early
researcher. After listening to the story or song, the Solve engineering (Bers, 2017).

Its prompt children to arrange paper blocks into a
sequentib program that matches what they heard (See |, a study withchildren in prekindergartenthrough
Figure 6). Each task assesses a differ_ent computationaleqng gradeN = 60) using a prototype of the KIBO
concept such as control flow or sequencing. robotics kit, results showed that beginning in -pre
kindergarten, children were already able to master basic
robotics and programming skills (Sullivan & Bers, 2016).
This same study also demaraded that older children
were able to master increasingly complex concepts using
the same kit in the same amount of time (Sullivan & Bers,
2016) . Based on these findin

Our research has shown that learning to program with
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study with KIBO focused explicity on the pre 6. CONCLUSION

kindergarten yes and what these very young children are The KIBO kit is being used by a growing number of
capable of building and creating (Elkin, Sullivan, & Bers, children, parents, teachers, schools, camps, museums, and
2016). In this study, with 64 children from seven after school programs all around the world. Since its
preschool classrooms, findings indicated that although |aunch in 2014, KIBO is now used in 48 states across the

KIBO was originally designed for ages 4 and upldzen U.S. as well as 43 countries worldwide. Countries such as

as young as age 3 could create syntactically correctsijngapore are now using KIBO on a widespread basis to
programs for KIBO (Elkin, Sullivan, & Bers, 2016). address technological literacy in the early childhood years
These findings demonstrated that KIBO embodies the (Sullivan & Bers, 2017). fie research summarized here
fihigh ceiling/low flooro aenonsiatesthe pawer ofa toel ke KWBOJqeffectivedys i g n
This means it is easy to getista e d  wi t h K| B®ach gompatational|thinking beginning as early as pre
flooro), in this case, ev eSthodl andkindeaigarier it asp highlightsythe mmang wagss 3

ol d. But there is also a fithat gohotigseand gompyter gragraneming Lan| egsily o f
possibilities) for what you can do with KIBO as you get integrde into traditional early childhood domains such as

older and gain more mastery for the concepts.snkk, math, science, and social studies. Moreover, the work

et al. (2005) al so descr i Bogswith RBO avel ke pagt five fiears liae shavg Ithe s o
that ftools should suppor toossbiitigs for igarhng somputationglithinking witheug e o
explorations. o I n order tforgetting that ygosng children are Istyqumgechildres.v T e ¢ h

Research Group has created over a dozen curriculumLearning to code should not come at the sacrifice of
units, such as the three debed in the previous section, learning to play and socialize. The curriculum units
that explore the ways that robotics can be integrated acrosgleveloped for KIBO have demonstrated successful ways
a variety of domains. Our research has demonstrated thato teach coding while still engaging in physical movement,
it is not just children who need support and materials: listening to musicdancing, and collaborating. All of these
teachers do too. We have seen that early childhoodare key components of a wetlunded early childhood
teachers need training, support, and resources in order teXxperience.

feel confident and compentent teaching robotics (Bers,

Seddighin, & Sullivan, 2013). Therefore, we have now 7. REFERENCES

made training videos, curriculum units, and other American Academy of Pediatrics (2016). Media and
resources feely available on the E&lildhood Robotics young minds Pediatrics,1385).

Network (vww.tkroboticsnetwork.ning.cojn Bers, M.U. (2017)Coding as a Playground:

Programming andComputationalThin=kingin the Early
Childhood ClassroonRoutledge press.

5.3. Computational Thinking

A big piece of our research on computational thinking has
focused on the impact of robotics and computer Bers, M. (2008)Blocks to Robots: Learning with
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ABSTRACT

ScratchJr is a free programming application for young
children ages &, available for most tablet devices. This
programming environment, developed by the DevTech
Research Group at Tufts University, the Lifelong
Kindergarten Group at MIT, and the Playfulvention
Company, was launched in July, 2014. During the first
year after the app’s | aunch,
regarding usage other than informal communication with
local educators and parents. Starting in January 2016, the
ScratchJr team begaa use the tool Google Analytics to
gain a deeper insight into user behavior, and began to
investigate the learning analytics data that could shed light
on computational thinking in early childhood. This paper
presents the first year of user data collettd ScratchJr.

o : |
- e
BLBCE R -0 - col |l ec

i

Figure 1.ScratchJdr programming app interface

In January, 2016, the ScratchJdr team was able to integrate

Google Analytics to examine hopeople are using the
programming app. This tool has allowed the team to better

KEYWORDS
Computational thinking, programming, early childhood,
educational technology, analytics.

understand when and where ScratchJr is being used, which
programming blocks are most popular, how many projects
are being created, and how long users spend during

sessions wit ScratchJr. Data collected for a year provides
insights into early coding and computational thinking.

1. INTRODUCTION
ScratchJr is a free tablet app that provides an introductory

programming environment for young children ages & 2.

COMPUTATIONAL THINKING IN

was developed as a collaboration between the DevTechEARLY CHILDHOOD
Research Group at Tufts University, the MIT Lifelong ScratchJr was developed to encourage all young children

Kindergarten Group, and the Playfnvention Company,

to engage in computational thinking while coding. Wit

with funding from the National Science Foundation the operended programming environment, children learn
(DRL-1118664). ScratchJr was first launched as a freely the basic powerful ideas of computer science, such as
downloadable app on iPads in July, 2014, and has SinCEalgorithms, debugging, and modularity by snapping
been released for use on several other platforms includingtogether programming blocks. While programming in

Android tables, Amazon tablets, and Chromebooks. Used ScratchJr,

children think creatively, loglty, and

in classrooms and homes worldwide, ScratchJr enablessequentially (Bers, 2008, 2012, 2017). Computational
children to create interactive stories and games by thinking has the potential to benefit all individuals as it
snapping together graphical programming blocks to make involves understanding sequencing and order, as well as
characters move, jump, dance, and sing. As shown in|ogical thinking. This type of thinking is involved in many
Figure 1, the ScratchJr interface allows children to use everyday tasks,ugh as learning the steps to ride a bike,
blocks that control motion, looks, sound, character following a recipe, or editing and rewriting a research
communication, and more. Through these programming paper (Bers, 2017; Wing, 2006).

blocks, young children learn the basic concepts and
powerful ideas of coding while creating persibna
meaningful projects (Bers, 2017). The programming app
has been widely available for over two years, and in tha
time, educators, parents, and children around the worl
have used it to expand the range of creative programming
projects and to connect dimg to traditional school
subjects such as science, mathematics, literacy, history,
and more (Bers & Resnick, 2015).

When computational thinking is supported at a young age
by teaching children about coding, it has the potential to
t supplemenand solidify many other social and behavioral

g Skills, which will be valuable to society whether or not the
child becomes an engineer or a computer scientist in the
future (Wing, 2006). Therefore, we designed ScratchJr to
be a developmentally appropriateogramming language

to engage children in computational thinking, and to

provide a space for them to encounter powerful ideas from
computer science (Bers, 2017).
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3. ScratchJr PROGRAMMING APP

ScratchJr

can

be described as a

technological

“pl aygr ou mdHildreh Bers, 2043). They are
encouraged to learn by experimenting, to try out new

programming blocks, to express themselves creatively and

artistically, to tell stories, and to collaborate with peers
while having fun. When the ScratchJr app is opeuseks

are prompted to create a new project, open an existing

project, or explore various learning resources (Bers &
Resnick, 2015). Once a user is on the project screen, ther
is no one right way to begin coding with the available
programming blocks. User have the opportunity to

explore the block categories and interface features by

t esti

ng

t hem

(Flannery et al., 2013).

out

and

“tin

Users can start by dragging programming blocks into the
programming area, shapping them tdgetusing their
puzzle piecdike features to create a program sequence

Category

4. METHODS

4.1. Google Analytics Tool
To beter understand how and where children and adults

use ScratchJdr, and, how often they program with it, the
ScratchJr team uses Google Analytics. Google Analytics

is a free tool developed by Google Inc. in 2005 that gives

users

or s

to

small or mediunsized companies or te®s insights on

behavi under st a

éGoogIe Inc., 2016Luo, Rocco, & Schaad, 201L5The

program acquires information about how ScratchJr is
nstalldi
download ScratchJr from the pesctive app store. Cookies

being

used

by i

gre small,
without

bits, of infarmatjon t
p sonallylirgeh

ifiable

i 9 ofes o

Information

devi
ECIar

Nicholas, & Jamali, 2014; Google Inc., 2016).

ng a

B8t i o

As noted by other researchers using the Google Analytics

tool to gain
Anal ytics

ki ght
...makes

on

it

users
easy

View in ScratchJr

Function

Triggering
Blocks

Motion
Blocks

Looks
Blocks K

2

-

Start a program

Change characters’
appearance

Sound
Blocks

Control
Blocks

Play or record
sound

End Blocks

Control parts ofa
program

End a program

(see Figure 1). There are six categories of programming
blocks: Triggering Blocks, Motion Blocks, Looks Blocks,

Sound Blocks, Control Blocks, and End Blocks (see o

Figure 2) (ScratchJp017).

Figure 2.ScratchJr programming blocks

Users can add different characters and backgrounds to

their project, or create their own using the Paint Editor

beha
to id

user behavior by combining specific dimensions and
metrics to be investigated and plotting the results in its pre

f or ma
265).

tted

or

cust omi Zzl§, g.

repo

There are four main categories within Google Analytics
that the ScratchJr team uses to investigate user activity:

1. RealTime: Displays user activity as it happens in
reattime on the ScratchJr app. Allows the team to
monitor the number of pg@te using Scratchdr at a
given time, their geographic locations, which pages
they are on within the app, and which app version they
are using.

Audience: Provides information about how many

individuals use ScratchJr, how many sessions have
occurred, the avage time a user spends in ScratchJr,
which devices have downloaded ScratchJdr, which

Tool.

This feature was

intended

to enhance the *-

languages these devices are set to, and where in the
world ScratchJr is used.
Acquisition: Gives insight into how many new users

personalization of projects, as children can edisting

characters and backgrounds, or completely create their™

begin programming with ScratchJr.

own from their imagination (Strawhacker, Lee, Caine, &

Bers, 2015). When characters are added, users are free to

explore different block options, and to create programs for
their characters bgnapping the blocks together in the

programming area. Users can create code with just motion™,
blocks, or move on to more complex concepts such as

making their characters communicate with each other via

message blocks. Users can also create interaction

betveen characters using unique triggering blocks like
“Start
program unless another character physically bumps into

them. This opee nd e d,

on Bump,

“1 ow

wher e

floor

programming environment design makes rafthJr
approachable for young children and novice programmers
alike, as it is easy to start programming by trying out
different features, yet there is still room to grow in
program complexity (Flannery et al., 2013).

117

Behaviar: Includes information about which screens
are used most often, which programming blocks and
characters are used in ScratchJr and how often, and
screenrflow within the app.

Google Analytics organizes the data received from unique

devi c

charts,

Svisualization

and

es’

hi gh

Cc

0 n USEES 0 Ps BEEE yndeystood byjthe tegm,, ¢

ei

C oddrksises sto datadhaticdh bea
visualized in line graphs, bar graphs, pie charts, flow
and map overlays (see samples of data
in Figure 3).

This practice of data
visualization allows quantitative figures about ScratchJr

st a

l'ing”

rt t h



.......

Figure 3.Google Analytics visualization data for
ScratchJr

4.2. Using Analytics in Education
Data analytics tools can be used for a myriad of reasons.

Large companies and small businesses alike often turn to

data collection tools to redefine marketing strategies,
increase revenue, and utilize user behavior patterns to
improve overall user experiea (Luo et al., 2015; Martin

et al., 2015).

However, more recently in research, examples of studies
around analytics data have emerged in the realm of
education. In this context, the practice is known as
learning analytics, and focuses on learners, theqss of
learning over time, and the context in which learning takes
place (Baker & Inventado, 2014; Berland, Martin, Benton,
Petrick Smith, & Davis, 2013;uo0 et al., 2015).

As more data about learners becomes available due to the

increased amount of andccess to online courses,
educational traffic on the web, and educational software
and technology, more opportunities to expand educational
research have subsequently emerged (Greller & Drachsler
2012). Being able to transform the abstract progression of
learning into tangible numbers and visual data gives
researchers insight into learning patterns that could have
major implications on the way educators teach core
subjects in schools (Greller & Drachsler, 2012).

There have been several recent studiesubatlearning
analytics to track how individuals learn how to program
(Baker & Inventado, 2014; Berland et al., 2013; Blikstein
etal., 2014). Acommon method of gathering data is taking
screenshots of students’ c
time (Berland et al., 2013; Blikstein et al., 2014).

Researchers can use computer algorithms to categorize
these screenshots in terms of programming development
by asking questions such as: how did the code change ir

complexity, length, and content over time? How ttielse

changes impact the effectiveness of the programs overall?

Did the later programs indicate growth in programming
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knowledge? (Berland et al., 2013; Blikstein et al., 2014).
By using computer programs to quantify learning curves
among students while ely learn programming languages,
researchers are uncovering learning patterns that could
have major implications on how we teach computer
science in educational institutions (Blikstein et al., 2014).

Using data analytics in ScratchJr, we have gained insight

into how the number of users, sessions, and locations has
evolved over the course of one year. In this paper, we

report these results.

4.3. ScratchJr in Google Analytics

Since January, 2016, the ScratchJr team has utilized the
Google Analytics program to gambetter understanding

of how ScratchJr is used across the globe. Although tools
like Google Analytics are often used by businesses to track
revenue and improve marketing strategy (Google
Analytics Solutions, 2017; Luo et al., 2015), in the case of
Scrat®Jr, our focus is on user behavior, location, patterns
in new user acquisition, and the app features themselves.
To protect the privacy of our young users, we do not
collect personally identifying information, such as unique
project content. Therefore, ugi Google Analytics alone,

we cannot track the progression of project content and
programming behaviors of individual users over time.
Instead, we focused on data points presented and defined
in Table 1:

Table 1.Data points and definitions (Google In2Q16)

Name (.)f Data Definition of Data Point
Point
Session The perlqd time a user is actively engad
with the website, app, etc.
Users that have had at least one sessi
Users within the selected date range. Include
both new and returning users.
Returning A user with existing Google Analytics
Users cookies from a previous visit.
h The number of firstime users during the
selected date range. A new user is on
who did not have Google Analytics
New Users | cookies when they first opened the app
auser deletes their cookies andogens
the app, they will be counted as a new
user.
Average
Session The average length of a session.
Duration
The categories that were assigned to
Events -
triggered events.
Lanquade The | anguage set
guag browsers. Analytics uses ISO codes.
o dLecatian e N e ["/PCRIQY fom &’*yc'ét?e e e r i
originated.
Data updates continuously and each
pageview is reported seconds after it
RealTime occurs. Shows the number of people g
the app right now, their geographic
locations, etc.

od



Through Google Analytics, the team collects data on most sessions in Scratchdr was 9:00 AM EST (7.83% of
where users click or tap within the app, which parts of the the total sessions occurred during this hour). Spikes and
app users use, and geographic location of where the app ipatterns in weekly and hourly users are shown in the
being used based on device IP addresses and networlgraphs in Fjures 5 and 6. Consistently, 20% of users each
| ocati oni.c kT hdeat“ac hel ps t h aeek waaermevd ® tSeratchiir, rared 80f@ wese returning
to improve both the app interface and available learning users.

and teaching resources. The geographic location date
helps to understand where ScratchJr is and is not being|=
used. ScratchJr does not share any specific usel
information it collects with Google, and Google does not
collect any personally identifying information about users.  Figure 5.Google Analytics ScratchJr users daily view:

n peaks tend to be Thursdays and Fridays, low points tend
to be Saturdays and Sundays.

Since January, 2016, the ScratchJr team has been gaini
insight into how users, both adults and children alike, use
the app. Google Analigs allows teams to see reports from |-
any date range, and view data in terms of hours, days, :
weeks, and months. This allows the ScratchJr team to ,WmmwwwmWMM.WWMMMWMMWM
refine data regarding time in meaningful ways. For . ) ]
example, it is possible to determine which month, week, Figure 6. Google Analytics ScratchJr users hourly view:
day, or hour is the most popular time to use ScratchJr, in Paks tend to be at 9:00 AM EST and 2:00 PM EST; low
terms of both how many users are active at those times, POINts tend to be at 11:00 PM EST and 12:00 AM EST.
and how many sessions occur in those times. This has been

especially useful to gauge the impact of computer scienceThere was an average of nearly 37,000 new users to

and programming educationens that occur around the  g.raichir each week in 2016. The week that recbide

world in which ScratchJr is present. In observing the 0st new users was Decembel@G} 2016, with nearly

hourly and weekly data patterns of when ScratchJr is used,97,000 (see spike on right side of graph in Figure 7). This

we can infer if the majority of children are programming \v o e k  wa s Computer Science E
with ScratchJr in classrooms with educators or in their \jniteq States, in which government officials encouraged
homres with family. engagement in programming iraskrooms, and websites
Throughout 2016, the ScratchJr team discovered severalike Code.org provided numerous resources for learning
notable patterns in behavior of ScratchJr users, and hadow to code, including ScratchJr lesson plans (Code.org,
subsequently begun to make steps towards improving the2016; Computer Science Education Week, 2016; The

app and its resources. White House, 2016). Furthermore, the DevTech Research
Group at Tufts Uniersity created Scratchdr videos

5. FINDINGS teaching pillars of comput ati
i deas"” (Ber s, 2017, Papert,

Overall, the average amount of dess and number of  hundreds of times, indicating a definite presence of the
users increased as the year progressed, yet other datprogramming app in the United States throughout the

points such as average session duration, percentage of neweek(DevTech Research Group, 2016).
users per week, and users per week remained consisten

These are all telling data points regarding user loyalty to |« "« o o[ e

o Newlisers

the prgramming app. The analytics highlights from 2016
are described in the following subsections. W\/\/\

5.1. Users & Sessions
There were nearly 2 million total ScratchJdr users in 201
There were more than 104,000 average active users per . i
week, and nearly 27,00@verage users on Thursdays week in the U.S., which brought many new users to
alone, the most popular day to use ScratchJr in 2016. Only ScratchJr.
slightly more sessions occurred on Thursdays in 2016 thanin 2016, there were nearly 9.8 million recorded sessin
on Fridays (see Figure 4). ScratchJr. The average session duration was 13 minutes
and 58 seconds. Users averaged viewing 5.6 screens per
5 session. The most common flow of screens for both iOS
/ o and Android operating systems began with the Index

S e screen that appears when usest fipen the app, followed

, by the Home Lobby screen, then the Editor to create
programs, followed by the Home Lobby screen again, and
then the Editor again. A smaller percentage of users went
from the I ndex screen to the
learn hav to use ScratchJr.

6 Figure 7. New Users per week in 2016; spike on right
__side of graph indicates Computer Science Education

Sessions

Figure 4. The most sessions occurred on Thursdays

The number of sessions on eachhafse days of the week
came to over 1.7 million. The time of day that saw the
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5.2. Programming Projects Content Country % of Total Sessions
The year 2016 saw over 7.5 million projects creat_ed. in United States 31.65%
ScratchJr. Furthermore, there were over 9 million existing
projects edited, showing that users tend to go back into United Kingdom 17.35%
projects to work on t_henTherg were 254,QOO Scratcth Australia 10.32%
projects shared via either email or Apple AirDrop in 2016.

. Canada 4.33%
In 2016, there were nearly 148 million ScratchJr
programming blocks added by users to the programming Sweden 3.30%
area in the app. The ten most popular programming blocks Spain 3.16%
added wee the Forward block (25 million added), Start on i
Green Flag, Move Up, Move Back, Say (a speech bubble Finland 2.52%
block that allows characters to converse), Record Block France 2.28%
(allows users to record their own sounds and add them into :
their program), Move Down, Shrink, TurRight, and South Korea 2.24%
Grow. The least popular blocks were Reset Size, Send China 2.10%
Message, Start on Message, Start on Bump, and Stop . .
(Figure 8). Table 2.Top nations using ScratchJr

* HFFF T Lo 6. CONCLUSION
- am e e

In using Google Analytics, the ScratchJr team is able to
- X understand user behavior in a quantitative way. The team

Likorward e i S i | il has been able to better comprehend the global reach of

z = ScratchJr, using location and language statistics to
T e A T determine the best methods foradtization of ScratchJr.

In learning that ScratchJr was used in 191 of 196

Figure 8.Most and least popular ScratchJr blocks in  registered countries worldwide in 2016, the importance of

2016 and demand for computer science education across the

globe became clear.

The most popular characters used by children in 2016
were those sélcreated or edited by the children in the Furthermore, the tremendous growth in numbersnduri

Paint Editor, the Child, the Teen, Tac, and the Dragon Computer Science Education Week in December, 2016 is
(Figure 9). Users entered the Paint Editor to customize an indication that Scratchdr was a popular vessel for
their characters and backgrounds over 23 million times.  learning about computer science and programming when

T a0 0P =g classrooms reserved the time to teach the topics. This
e = ok ke gives the team reason to continue makiresources

1 Yoo @ LB ange B available for educators and parents, particularly during
9 5 ) > ;lg“ national and global initiatives to promote computer
Y ) Y ﬁ.’”‘! < science.

n

. n 5. Dragon
4. Tac ’
1 |

Figure 9.Most popular characters in ScratchJr in 2016

Data that the ScratchJr team has gathered about when
ScratchJr is used also gives a unique insight into how to
support usersThursdays and Fridays were the two most
popular days for ScratchJr in 2016, and the most popular
time of day was around 9:00 AM EST. This suggests
teachers are using ScratchJr on a weekly basis towards the
The ScratchJr app includes eight sample projects toend of the week and in the mornings. The Scrhttbam
provide examples of programs users can make. Thesecould use this information to promote educational
sample projects were viewed 1.6 million times in 2016.  resources, tips, and ideas for ScratchJr at these times.

-

Although the ScratchJdr team does not collect individual
5.3. Location & Language projects and thus cannot currently see the learning
In 2016, ScratchJr was ubéen all 50 states in the United  progression of users programmiimgScratchJr, there are
States of America, and in all but five countries worldwide. many insights we can still gain by having visual and
The top 10 countries using ScratchJr based on the numbehumerical data. Based on the data we collected in 20186, it
of sessions recorded are displayed in Table 2. is clear that educators, parents, and children are finding
The top language codes on devices using ScratchJr includevays to learn programming, and ScratchJr has the
EnglishUS, EnglishGreat Britain, English, English potential b be one of the Iea_ldlng plgtfqrms young children
Australia, SpanistBpain, EnglisiCanada, Swedish  USe to engage in computational thinking.
Sweden, Frenckrance, KoreaiKorea, and Finnish
Finland.
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7. FUTURE WORK DevTech Research Group (201®evTech Celebrated

Moving forward, the ScratchJr team will continue to use ~ Computer Science Education WedRétrieved from
Google Analytics to better understand user behavior. The http:/ase.tufts.edu/DevTech/CSEd#k&016.html

team will use the data gathered totimize localization  Flannery, L.P., Kazakoff, E.R., Bonta, P., Silverman, B.,
efforts, and provide resources based on project content Bers, M.U., & Resnick, M. (2013). Designing

trends. Using data regarding the most popular days and ScratchJr: Support for early childhood learning through
times of day ScratchJr is used, the team will use social computer programmindn Proceedings of the m

media outlets to support educators who may be teaching |nternational Conference on Interaoh Design and

with the prgramming app at those times, and continueto  Chi | dr e n. ACM, N&w York, 8y, USA, 1

build a ScratchJr community for users to share their ideas 10. DOI=10.1145/2485760.2485785

and experiences. Furthermore, the team will develop
surveys to gather data that is not currently collected to be
able to start inferring learning trajecies.

Google Analytics Solutions (20173uccess Stories
Retrieved from
https://www.google.com/analytics/success
stories/?product=analytics#?modal_active=none
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ABSTRACT smartphone penetration (Del oi
This paper sharethe background, vision, the eclectic €Xposure to interactive media cannot be ignored.

approach and sharing of the technolegpported A stydy by National University of Singapore called
initiatives introduced for young children in the network of Project iBaby (NUS, 2014) found that nine out of 10
129 My First Skool (MFS) childcare centres in Singapore. .hiidren in the 18 to 24 months age group are exposed to

Focus is given to the communication of a widespread gcreen devices. Another study published by the Asian
initiative to bring multiple technologies to young children pgrent (Samsung, 2014) showed that across South East

in a large network of schools and systemic provisions for agjg Singapore has the highest number ofdckit age 3
teacher equipping to use these technologies. to 8 years old using a paremwned device.

KEYWORDS These studies pointed out an ine_vitable n_eed for MFS to _
early childhood, technology strategy, professional move our conve i's a we o ar Er gmi B
development, affordances, ptaged learning introduce technologies gnd |nteract|v9 medy:x that are
developmentally appropriate for youngildren into our
cl assr chowins awhy’ “we are going t
1. INTRODUCTION the most responsible and impactful way.
This paper shares the overarching eclectic approaches forI
the adoption of technology for teaching and learning with
an aim to introduce a sustainable and scalable techrology
infused teaching practice to the network of 126 My First
Skool earlychildhood cetres. Our centres provide
childcare service to children from birth to age 6, and our
centre size can range from about 100 to 500 children.
Since 2015, My First Skool centres had intentionally
embarked on the journey to leverage technology for
teaching andlearning through the adoption of tech
enabled toys and focus on professional development.3. VISION

Through these efforts, MFS strives to lay a firm . _
foundation for centres to integrate technology into the 'N€ Vision for the technology strategy mapping in MFS
curriculum. centres is to empower educators with the skills and

knowledge to leverage on the affordancetechnology to
2 BACKGR ND c r e atogful d&nd inspiring early learning experience
CKGROU for all, which fulfils the promise of each cHild
The pervasiveness of mobile devisesh as smartphones,
|l aptops and tablets has mdd eAPPROACHESs » 2 ubiquitous pa

of our lives. Guidelines published in 1999 by the The jntroduction of technology into teaching and learning
American Academy of Pediatrics (AAP) and adopted by is never about adding gadgets or tools into the classroom.
Media Development Authority of Singapore to limit gqycators are required to make informed choices about the
“screen ti madayforehildrewoverl2 gears s se of technology for young learners through the lens of
old are evolving. AAP r ecfpichif fevefodhirt theore€ &ng Gelelopmeriafy’ |

becoming simply “time” nowynohth@ prachcé. MEkRG infdrrheldnoiced db&ut el | ©
that used to accompany the television is no longer ;e of technology and interagti media requires

relevant . Key messages s Ukrn(fw%d‘gé, @xpériénéb,”éndf“a@tit{:/’e;]e)?plor‘éti%rﬂ ference
0 e ne

in2015e vol ved around parents’ awareness gati ve
effects of passive *“scr ee hhefpllpwingapprogches areapned togroyidg eddcgtore s
bal ance the use of “scr ee nheropporgnitigssto acguire e pecessary skile and f i t
interactive media. knowledge to review, assess, design, refine and reflect

) i how technologies couldupport, facilitate, or even play a
Against the backdrop where 98% of Singapore household ey role in dayto-day activities/lessons. The exposure to

with schoolgoing children have Internet access (IDA, gifferent uses of technology and interactive media for
2014) and that Singapore is ranked highest globally for ; o 3 ¢ hi n g and learning should

n an increasingly technologych environment, young
children are progressively exposed to various technology
devices for communication, leisurand learning. While
there is growing concern from educators and parents about
excessive screen time and the lack of kinesthetic and
social interactions, there is no denial that these-teals
provide much enriched information and experiences to the
children. Hence, there is a need to skillfully harness
technology to provide more positive learning.
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and ease to infuse them with an intentionalitgrtow and MES Technologyled Initiatives
develop our young children.

[nitiative 1:
Approach 1: Integrating technology for curriculum and
pedagogy looks at the professional development of - .
teachers which enable them to be confident in using ISn_focomm & Media Development Authority (IMDA) of
technology and gain the skills and knowledge to apply the =INgapore

appr@riate practices for teaching and learning. The PlayMaker Programme is tpdoting of the use of
tech-enabled toys for 5 to 6 years old to elicit creativity,
problemsolving skills and innovation mindsettypical
21st century competencies we want to teach our young.
Guided by tinkering' through playbased learning and the
larger concept of "learning by doing", IMDA piloted the
PlayMaker Programme with all the 5 anchor opeators in
2016.

The PlayMaker Programme in MFSpartnership with

Technological, Pedagogical and Content Knowledge
(TPACK) is a framework developed by Dr. Koehler and
Dr. Mishra from the College of Education at Michigan
State University to understand and describe the kinds of
knowledge needed by an educator for effective
pedagogical practice in a technology enhanced learning

environment (Koehler, 2011)(Refer to the figure below)
We leverage in this framework to understand the possible As one of the 5 anchor operators, 33 MFS centres were

effects and practical applications of usé TPACK selected to participate in the PlayMaker Programme over
construct on teacher s’ | ev2phageshetween laeas A036. Enged by IMPA gaght at i o
learning and teaching (Koehler & Mishra, 2009) centre was supported with 4 sets of developmentally

appropriate teclenabled toys worth $6,000.

Technological
Pedagogical Content
Knowledge
(TPACK)

Workshops were conducted to train educators how to use
these toys and to learn about the educational design behind
Konent these toys. Sample lessplans were shared to scaffold
and guide the learning activities at these workshops. To
ease the introduction of these temtmbled toys into
classrooms, IMDA also provided the-gite consultancy
to the participating centres.

Technological
Pedagcoggca\

nowledge
(TPK)

C"’\ ' As participants of this pregmme, MFS centres were

i ) . required to develop lesson plans for these toys as part of
Used widely by educators around the world including the ap, jnquiry project for our children. Educators would also
Singapore Ministry ~ of  Education (€.gQ. be invited to share their lesson plans and experience at the
http://www.nie.edu.sg/project/odr-10-khl) , TPACK PlayMaker Symposium after 6 months.
will guide our training and workshops for educators to To support oueducators and enable the culture of sharing,
make creative links between what is being learned a Professional Network Learning Community is formed
(content), how it is taught (pedagogy), and the appropriate within MFS. The PlayMaker PNLC aimed to provide peer
tools (technology). reviews and support across the 33 centres in the planning,

Approach 2. Research, Innovate and Scalseeks to ~ designing and development of lesson plans afistiges.
nurture a alture of innovation and reflective practice A Lead Team consisting of 2 Principals and 2 Senior
across centres. To do this, it is important for our educators T€achers is formed to guide, monitor andocdinate the

to work with external partners (such as government !€arning and sharing across participating centres.
agencies, universities, etc.) and participate in Through the PlayMaker Pilot programme, young children
experimentation and innovation efforts. This agmh  In MFS were provided with the pportunity to learn
will allow educators to engage in professional discourse, téchnology through tactile and kinesthetic educational
that could deepen practice and improve their craft. The friendly, technologyenabled toys. Through touch and
initiatives  introduced to educators should provide feel, and learning how to play and how to use it, children
opportunities for our edators participate in innovative ~¢an build up their creative confidence while being

projects within Singapore and beyond. familiarise with technology from a young age. o
A h3C ted L ing E tentooks t Two Learning & Sharing Festivals were also organised in
APProach 2. Lonnected Learning £Cosystenuoks 1o 2016 to offer a platform for all 33 centrels %o gshare tvr\}elir

build educator s’ confiden CPF‘ayMbk@r Pilltﬂt%rjod?e%s aﬁd?e&nlﬁr@.o y t hi

their learning environment to guide, facilitate or engage
young learners. A carected technological infrastructure
will provide flexibility and agility for policies on quality
teaching and learning with tools and devices to be
implemented quickly and cost effectively. The initiatives
introduced could shape the learning ecosystemnaace
technology an integral part of the physical environment.
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highlighted the PlayMaker Programme at the White House
Symposium for Early STEM in 2016.

Initiative 3;

The Apple Lighthouse Projeepartnershipvith Apple
Singapore

The Lighthouse approach aimed to introduce the use of
userfriendly, intuitive Apple technologies in centres that
would complement classroom activities and enhance
engagement with young learners. The Lighthouse
approach aimed at (inec our agi ng and bui |l
experience to use Apple technology for different activities
and; (i) equipping centres with a seamless environment to
Initiative 2 practice and use technology efficiently and effectively.
These classroom experiences and practices sieaeed
across participating centres in a Professional Learning
Network Community (PNLC) to encourage and inspire the
educators.

Guided by the same principles as the PlayMaker Pilot 1 critical success factors for this project is to get
Programme, the Researéflogramme with Prof Marina o5 chers (i) comfortable with the technologies that were
Bers studied the impact of introducing developmertally introduce and: (ii) to be creative and leverage on the
appropriate robotics in early childhood in the Singapore ,¢ordances of these tools they have within their

context, aimed at drawing out the pedagogical practices cjas5r00ms to deliver impactful activities for their
and benefits, as well as the support and structures neededpiiqren.

to bring about the desired child development and learning
outcomes. A total of 8 MFS centres were identified to champion this

effort and participate in this projecitiv Apple Singapore.
One of our MFS centres, Westgate Centre (WGC) was gqycators attended training workshops conducted by
selected as one of the 5 centres working directly with Prof. Apple trainers, learnt about design principles for

Marina Bers— creator of Kibo, for a Gveeks research  (o-hnology infused lessons, features and tools available on

study on the impact dechenabled toy in a prechool e devices that supports learning for young children or
setting. WGC received both training for Kibo and 10 sets . |assroom aidethat facilitate learning.

of the Kibo teckhenabled toy.

The PlayMaker Research Programnmpartnership with
Dr. Marina Bers, Tuffs University sponsored by IMDA
(from Jan to June 2016)

Consultancy provided by the Apple trainers were further
customised for each centre, t

centre worked closely with the research consultants, yaining needs. The trainer also supported the development
adapted and delivered a sétlesson plans designed with 4 implementation of technologyfused lessons ahs.

the intentionality to tee}ch sequencing to children aged 5 5, Apple Lighthouse PNLC was formed to allow
and 6. Sequencing is a fundamental component of yigcyssion, sharing and refinement of lesson plans and
computatlonal thlnkling and sequencing .sk|lls are 4ctivities developed by other centres.

predictors of academic success in math and literacy. Our

teachers conutted weekly dhr lessons with Kibo over a  As participants of the Apple Lighthouse project, 8 of these
course of 9 weeks and submitted their weekly reflection centres championed the introduction of intuitivel aser

logs and engagement checklists to Prof. Marina Bers.  friendly Apple solutions for young learners. They were all

i ) i guided to explore the use of Apple technology as (i) a
WGC was exposed to innovative pedagogical approachesgpjacement for some teaching tools; (i) an amplification

from Prof. Marina Bers and participated frequently 4 improve the efficiency and productivity; and (i) a
profgssmnal_dlscourse with educators at both the ”at'onaltransformation of d@aching and learing that were
and international levels.

As participants of this research programme, Westgate

previously inconceivable.
IMDA has commissioned a research with ERgarson Focusing on centre’s own nic
Department of Child Study and Human Development, Dev Ecosystem, Literacy, Bilingualism, etc.), these 8 centres

Tech Research Group DarkingTu fdévéogi{:f N {echfologifused ' lesdhs. plans and
robotsii nt egrating art, music,godfhéhted Rt Dhpdribnie/rdfidtiionstadd ABi&" € 0 s

early childhood centefsand Prof Marina Bers had also  yhich were shared with other Principals and at other

pl atfor ms (e. g. MF S’ Learnir
educational conferences)
Initiative 4:

Proof of Concept (PoG) Pepper the Humanoid Robot

In 2016, MFS Jurong Point Centre was one eftito PoC
centres in Singapore to pilot the use of robots to teach
kindergarten students social skills. Between March to
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October in 2016, our children and teachers at Jurong Pointare weltdeveloped, connected and supported by the larger
centre had a new family memberPepper the Robot fraternity.

Pepper worked alongsidene teachers and children in \ye pejieve that technology is a tool and not an end itself.

class, encouraging interactions and creativity during | is the Principals and the teachers who can make the
lessons.

di fference to our children’ :
Pepper is a humalike or humanoid robot that can read seledion and planning of lessons supported by
emotions and learn from human interactions, helping it technology. Intentional effort is given to ensure that
respond naturally to people. The robot has been usedt e ¢ h n o | angya rasdélevamaged upon only if it
worldwide, from fronting retail stores to helping out in creates education and that our children will not notice that
food joints. I'ts inter act itheyare lraaningithreugh la-egsigngpmbcesiwimerertheeya s e k
participation in class, especially among less confident are empowered while keeping their best interests as key
children. Children had been observed to be curious andconsideration.

less intimated around the robatitiating interactions with
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ABSTRACT

This paper argues that thariousproblems caused by the
traditional mathematical approach to teaching discrete
mathematics to computing students can be alleviated by
way of integrating computational thinkinipto discrete
mathematicsThe paper proposes combination ofhree
ideas to facilitate sudh integration: (a) aiming at
understanding the notion of computation, (b)
emphasizing both abstraction and automation, and (c)
incorporating a functional programming langaaghe
paper exemplifies a plausible approach to developing
computational thinking in higher education, namely,
through integrating it with an existing subject.

KEYWORDS

Computational  thinking,  discrete  mathetics,
computation, abstraction and automation, functional
programming

1. INTRODUCTION
Di screte mat hemati cs i s “
structures that are ‘“discr

ones” {Baffety 2014¢e p. 181). Herdliscrete
meansfinite or countably infinite in cardinality. Thus
discrete mathematics is the branch of mathematics in
which we deal with questions involving finite or
countably infinite sets, such as integers and fractions
(Biggs, 2002) Contentwise, discrete mathemasic
comprises a diverse range of topics, including logic,
proofs, sets, functions, relations, Boolean algebra,
combinatorial circuits, recurrence relations and
generating functions, combinatorics, discrete probability,
coding theory, graph theory, trees amtworks,
algebraic structures, number theory, algorithms and
complexity, finite automata and languages, and
cryptography(seethe tables of contents of the popular
textbookson the subject, e.g., Chartrand & Zhang, 2011,
Epp 2011;Johnsonbaugt?014;Rosn 2013). Discrete
mathematics plays a fundamentally important role in the
computing curriculum because it is a foundation for many
computing subjects such as data structurfesmal
software engineering, database systems, compiler design,
operating systms, artificial intelligence, theory of
computation, computer security, just to name a few.
Despite its importance, discrete mathematics is generally
regarded as a difficult subjelsbthto teach and to learn,
for a number of reasons. First, it contamnany disparate
topicsas listed abovewithout a unifying theméexcept

for being discrete Second, these topics are highly
theoretical and abstract in nature, full of symbols and
definitions. Third, the subject is usually taught in the first
year or at he beginning of the second yeaf the
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computing curriculum before which students usually
have studied only a few computing subjeé&isurth,the
subject is usually characterized as a mathematical subject
without providing a sufficient number of applicatis to
show its connections withand its relevance to,
computing. knally, the traditional approach to teaching
this subject is a mathematical one, using pen and paper
and following the sequence of definitions, theorems,
proofs and examples (e.g., Chandla& Zhang, 2011;
Epp, 2011; Johnsonbaugh, 2014; Rosen, 28&8 also
Jaume & Laurent, 2014As a consequenceomputing
studentsusually cannot see the point of learning this
difficult subject and hence vergasily lose interest in
studying it, even thaigh they are constantlybeing
reminded of the importance of this subject to the
computing subjects they are going to study in the
curriculum.

Computational thinking has attracted a lot of attention
worldwide in recent years since the publication of
Jeannet e M Wi g’ s 2006) hjgh
IndtBmminlcdtshd of s AcnWrich g B bknged | ©
fhé fay cdmpute? Scledtidis® ik adblittthd worfd N 1 T

useful in other contexts. Wing writes:

Computational thinking involves solving
problems, designonsystems, and understanding
human behavior, by drawing on the concepts
fundamental to computer science.
Computational thinking includes a range of
mental tools that reflect the breadth of the field
of computer science.

(Wing, 2006, p. 33)

Despte its popularity, there is yet no consensus on the
definition of computational thinking (e.g., Selby &
Woollard, 2014, Tedre & Denning, 2016). In 2010, Wing
offers a refined definition of computational thinking:

Computational thinking is the thought preses
involved in formulating problems and their
solutions so that the solutions are represented in
a form that can be effectively carried out by an
informationprocessing agent.

(Wing, 2010)

Later, Alfred V.Aho (2012)gives a similar definition of
computational thinking:

We consider emputational thinkingo bethe
thought processes involved in formulating



problems so their solutions can be represented
as computational steps and algorithms.

(Aho, 2012, p.

832)
Due to itsexceptional clarityTedre & Denning, 2016)
we adopt, in this paper,

thinking, and argue that most, if not all, of the
aforementioned @blems caused by the traditional
mathematical approach to teaching discrete mathematics
to computing students can be alleviated by adopting
instead a computational approach in which discrete
mathematics is integrated with computational thinking. In
the folowing, we propose a combination of three ideas to
facilitate such integration: (a) aiming at understanding the
notion of computation (Section 2), (b) emphasizing both
abstraction and automation (Section 3), and (c)
incorporating a functional programming ahguage
(Section 4).

2. AIMING AT UNDERSTANDING THE

NOTION OF COMPUTATION

Discrete mathematics has been lacking a unifying theme
in organizing its contents, as evidenced by the
bewildering array of topics in thogmopulartextbooks
(e.g., Chartrand & Zhang, 2011; Epp, 2011,
Johnsonbaugh, 2014; Rosen, 2013). As pointed out by
AlfredV.Aho (2012, p. 834), *
called models of computation are at the heart of
computation and compentaist i o
that to understand computational thinking, we need to
understandhe notion of computatiomnd to understand

the notion of computation, weeed to understandodels

of computation Consequently, this points to one way of
integrating discrete magimatics with computational
thinking, namel vy, to ket

c omp ut a toremftie coarses objectives and to
teach (the rudiments of) models of computation like finite
automata and Turing machines. This course objective can
heperve as a unifying
contents in the following way: since learning models of
computation (finite automata and Turing machines)
presupposes knowledge of logic and graph theory (see,
e.g., Kinber & Smith, 2001), we need to tedbh latter

two (together withother prerequisite topics) first. The
following (see Table 1) is a model syllabus for a-one
semester discrete mathematics course with 13 lectures
designed for beginning ye&rcollege students who have
taken only two computingubjects: Applied Computing,
and Introduction to Computer Programming. Note that
this course is not intended to be aildidged course on

the theory of computation, which is usually a senior
undergraduate and postgraduatecourse based on
advanced texthaks (e.g. Ar or a &2 0BSIpserk
2013); rather, it ilntendedo be a genuinely introductory
coursein discrete mathematiandis aimed at, towards

the end of the courgéectures 2 and13), understanding

the notion of computation(and its limity — this is
arguably the most fundamentally important concept in
computing(see, e.gAp p 2 0 1B4e; r n h2alr 1dbhg

last chapter (Chapter 13 Modeling Computation) of
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t heme

Rosen (2013) contains suitable material for teaching this
part of the course. So dbe last chaptsrof Jenkyns &
Stephensoi2013) and of Chakraborty & Sarkar (2011),
both ofwhich are orfinite automata an@uring machines.

In addition to these textbook chapted;LAP (Java
Formal Languages and Automata Packagee, e.g.,

(@ Turing machine simulator at htp:/ivisual
turing.software.informer.com/2.0/are two free visualization
software that can help render this part of the course more
accessibleand fun In fact, there is evideecthat shows
that models of computation can be successfully taught
even to high school students (Isayama et al., 2016).

Table 1.A onesemester discrete mathematics syllabus
aimed at understanding the notion of computation

3. EMPHASIZING ABSTRACTION AND

AUTOMATION

Given that the mathematical background afur
computing students isisually rather weak and their
interestsusually lie in computingand not in abstract
mathematics, we believe that, instead of the traditional
mathematical approach, a computational approach, in
which computational thinking is integrateshould be
adoptedto teachdiscrete mathematics twur computing
students. As pointed out by Wing (2008), the two
essences of computational thinking afestraction(i.e.,
model building) and automation (i.e., algorithms and
their implementation on the computerin the words of
Wing (2008), dmphiatonatthirkiagnisc e
abstraction” (p. 3717) and
of our abstractions (13718). Consequently, this points to
yet another way of integrating discrete mathematics with

I Logi dMaa ih@ mBrtoi ocfa |
1 Propositional l ogi ¢
2.|Predicate | ogic
3.|Mathematical proof
| 1|Setheory anA gBeoborlae an
4.|Sets

Rel ati ons
tbh eFmancitciadnsabstracti onss
L[ BeRi®REsRLA.  Thi s
l 1|Combinat Grdmxls TBmaor y
8./|Counting
9.|Graphs
“ld@|dGrrasta3n di ng t he notijon
11|Trees
| ViModelCo mpfut at i on e’ s
12|Fi naut emat a
13|Tur monghi nes

Alar&licdetsni 2i0@1B De#héiR/sudgiapngt at i o

of



computational thinking, namely, to puigaodemphasis
throughout the course on these two important concepts
abstraction and automation, while teaching and learning
each and every topic of the cour3ée following (Table

2) are some examples of computational projttas are
designed for students to .deach pojectemphaiesboth
abstraction and automatidm that students have to build

a model (representation, symbolization) first and then
devise an algorithm and finally implement it on the
computer. This computational approach can be seen as a
kind of the @neral teaching method -called
contextualizationcoined by Guzdial (2016, p.18). The
benefit of this method is
the relevance of the course context, the course is more
concrete and less abstract. There is increased motivation
to succeed. That moti vat.i
Guzdial (2016, p. 64)

Table 2.Examples of computational projects
emphasizing both abstraction and automation
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4. INCORPORATING A FUNCTIONAL

PROGRAMMING LAN GUAGE

Since the early days of computing, there have been
advocates for using programming languages to teach
mathematics in general (e.g., Papert, 1980; Harel &
Papert1990; Feurzeig etal.,201% c h a@ tz 2a0l1.5) .

I n recent year s, there have
pr ogr ammi n g tehch disgretangathematicin
particular (e.g., da Rosa, 2002; VanDrunen, 2011; Ureel

& Wallace, 2016). Their rationalespedfically for the

latteri s t hat “problem solving t
machine is the essence of c
programming approach to discrete mathematics affords

active |l earning.” (Ureel & Wi

in principle to lean computational thinking does not
require any actual programming (Curzon & McOwan,
2017), in teaching and learning discrete mathematics
actual programming can help make the abstract contents
more concrete because the students can construct the very
objectsthey are learning (CfConstructionismsee, e.g.,
Papert (1980) and Haré& Papert (191)) and thereby
rendering the subject more congenial and accessible to
our computing students. Consequently, this points to yet
another way of integrating discrete mathematics with
computational thinking, namely, to incorporatgo the
subject a programming language. Further, we argue that
functional programming languages (e.Haskell, ML,
O Caml ) ar e yutedtfor thisupurpose, fgr
the following reasons:

we | |

Functional programming i
construction that emphasizemdthematicd|
functions and their applications rather than
commands and their exaton.



. Functional
mathematicahotation that allows problems to
be described clearly and concisely.

. Functional
mathematicalbasis that supports equational
reasoning about the properties of programs.

Bird (2015, p. 1) (emphasis
added)

program

progr ammni

mi ng uses S i dnPds.&lemut, elemy
r]
in prim (v': sf)) (delete
i ng has a si mpl e
Figure2:Pr i m’ s al gorithm for fi

Indeed, there is an added bonus for incorporating a
functional programming language: students can thereby
learn to program in one more programming paradigm

the functional programming paradigm (where a computer
program is a collection of functions), besides the
imperative programming paradigm (where a computer

spanning tree§Rabhi & Lapalme, 1999, p. 149).

For more on using functional programming languages to

teach discrete
Doets (2012), and vanDrunen (2013).

5. CONCLUSION AND FUTURE WORK

mat hemati cs,

program is a series of commands) and the olggented
programming paradigm (where a computesgram is a
collection of interacting objects).

Due to their strong similarity to mathematical language,
functional programming languages are a very suitable

medium to teach mathematics and axg difficult to
learn. In fact, there is evidence that shothsat the

For various reasons, discrete mathematics is a difficult
subject for most computing studentée haveargued that

the problems caused by the traditional mathematical
approach to teaching discrete mathematics to computing
studentscan be alleviated by integrating computational
thinking into discrete mathematic€oncomitantly, v
proposed a combination of three ideas to facilitate such
integration, namely, aiming at understanding the notion

functional

programming

language Haskell

can be

successfully taught to even high school students (Algre &

of computation,

emphasizing both abstimet and

automation, and incorporating a functional programming

Moreno, 2015). To illustrate the succinctness and
declarativeness of code written in functional
programming languages, the following are tinaskell
programs, one for
algorithm for finding minimum spanning trees; for
details, see Hutton (2016, pp. -63) and Rabhi &
Lapalme (1999, p. 149) respectively.

insert x [] [X]
insert X (y:ys) | x<=y= x:y:ys

| otherwise = y:insertxys
isort [1=1]

isort (X : xs) = insert X (isort xs)

Figure 1: Insertion sort (Hutton, 2016, pp. &3).

prim g = prim’ [ n] n|s
where (n: ns) = nodes g

es = edgesUg

prim t [] ms t = ms t
prim t r mst

= let e@(c, u’', v') |[=
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language into the subject. We thereby exemplified that

integrating an existing subject with computational

thinking

is a plausible approach

to developing

ey

i nserti ogmputiodal tikiry inthighr ed@uéad (€Zerkafvskir

& Lyman lll, 2015). We expect that this integration

Pr

approach can help students learn both the subject and

computational thinking betteln ourfuture work, wewill
implement this proposaind see how it received.
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ABSTRACT Environment (IDEs) to minimize the leang curve for

The task of learning programming is a complex process such tasks, sufficient support still needs to be put in place
that requires students to simultaneously master the syntax0 provide students the necessary knowledge to go about
and programming tool while applying problesalving game design otherwise students might end up being
skills to the given situation. Failure to do so héae to intimidated by the feat.

students dropping out of computer science programs andAlternatively, — specially — developed  programming
students being disenchanted with programming to the environments (Chaffin, Doran, Hicks, & Barnes, 2009;
point that these graduates are reluctant to practice in thekazimoglu et al., 2012; Liu et al., 2011; Muratet et al.,
field. To counter this issue, problesolving training is  2009) have been created to encourage students to learn
sometimes introduced fwre programming to introduce  through gaming. Unlike traditional video games, these
them to primary concepts of program design and serious games incorporates technical concepts into the
programming without the complexity of syntax and tools game play in the form of coding (to complete
as a hindrance. However, problemlving skills is not  tasks/missions{Chaffin et al., 2009)Liu et al., 2011;
something that can be developed over a short period ofMuratet ¢ al., 2009)or manipulation of the graphical
time. For somgit takes time, practice and effort in which interface as done bgKazimoglu et al., 2012for the
semester long courses do not permit. Previous studies havgurpose of learning instead of leisure. The use bise
shown that games can be used as educational tools in thggames in classrooms do indicate an improvement in
classroom. However, video games are frequently student engagement and motivation towards the content in
overlooked as an educational tool in favor efisus most of these gameased learning implementations.
games. In this paper, we analyze the game play of selectedHowever, the creation of these games requires time, skills
game titles to determine if existing video games contain and careful coordination betwetite game developer and
activities that can be associated to each of the five corecourse facilitator to ensure that the curriculum is

skills that characterize computational thinking within the integrated into the game and deployed in the classroom in

Computer Scierediscipline. a cohesive manner. Since skills such as computational
thinking takes time to develop and requires practice,
KEYWORDS students with ricreased frequency of gameplay should

Computational thinking, video games, games and learning exhibit better levels of computational thinking and
programming skills compared to those who rarely play the

1. INTRODUCTION game. But, most of these research do not study the

Computer science educators have explored the use ofadoption rate of these games as leisure activities atthe

games to teach students programming concepts as &f the course or the effects of extended usage of the

solution to cultivate interest in programming among Pr oposed serious gasoléngandn stu

youths. Games have been introduced into such classes aBrogramming skills over time.

game design assignments where students desigh  On the other hand, recent studies shows that playing video
create games to demonstrate the application of learntgames has cognitive, emotional and social benefits
technical concept{Basawapatna, Koh, & Repenning, (Granic, Lobel, & Engels, 201). Adachi et afAdachi &
2010; Leutenegger & Edgington, 2007; Morwoy willoughby, 2013) work showed that themore
Hernandez & Resnick, 2008y as an interactive learning  adolescents reported playing strategic video games, the
platform where students learn technical concepts throughmore improvements were evident in selported
gameplay (Kazimoglu, Kiernan, Bacon, & MacKinnon,  problemsolving skills recorded the following year. The
2012; Liu, Cheng, & Huang, 2011; Muratet, Torguet, same positive predictive association was not recorded for
Jessel, & Viallet, 2009) Game design assignments are fastpaced game genres suchasimg and fighting games.
noted to be more effectiVeverum & ad tvéntulah Shuts,t & dzadt 9013) i nt e
compared to implementingock enterprise software since  hypothesized that there might be a relationship between
games are something that most students can relate tqjideo game usage and persistence in the face of failure. To
(Becker, 2001)However, such assignments can also be jnvestigate this, they used anagram riddle task to measure
challenging for students especially for those without the level of Iersistence among Videjame p|ayers and
considerable knowledge in computer graphics and found that frequent game players are more likely to spend
background in playing/designing gam¢Sung et al.,  |onger times on unsolved problems compared to
2011) Although visual programming tools (such as infrequent video game players. Video games have also
Scratch(MIT, 2016), Alice3d (Cooper, Dann, & Pausch,  been reported to bridge generation gap@ismanovic &

2000) AgentSheetgBasawapatna et al., 20)@an be  pecchioni, 2016and to promote prosocial behavior in an
used in place of fulblown Integrated Development
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international study among school childrgentile et al., Table 1. Game activities associated with each core CT skill

2009) Core CTS Game Activities
Although video games are not originally designed to be an Problem solving  Identifying purpose of game (can be
education medium, they may possess many good learning main goal or mintasks) to complete

level or whole game.

Building algorithms Formulate step® achieve goal or
complete minitasks encountered
during the game. Select appropriate

principles and educational affordan¢€sazer, Argles, &
Wills, 2008)that is usually underutilized in education. The
gueston is: Can video games be used as an informal aid to

foster computational thinking skills in its players? As a algorithmic technique to execute
preliminary study, we evaluate the educational chosen approach.
affordances displayed in selected video games titles. The Simulation Manoeuvre game controls to move
games are then evaluated based on tire éve skills game character(s) to execute steps
(Kazimoglu et al., 2012)hat characterize Computational and analyse if actions brings player
Thinking (CT) within the Computer Science discipline to closer to achieving the goal or
identify aspects of gameplavithin the game that affords . completing the game/level.

o . Debugging Modify existing plan to improve
the cultivation of CT skills performance (gain more points,
The paper is structured as follows: Section 2 presents an increase survivability, reduce time
introduction to Computational Thinking. Section 3 o taken) .

Socializing Discuss game plan with other playel

provides readers with a brief background of video game
research and classification. dhdetails of the survey
conducted and how the video game titles are selected to be
evaluated during the study is presented in Section 4 while 3_- VIDEO GAMES ] ]

the significance of our findings are discussed in Section 5. Video games are interactive games played using a

or analyse game play of othglayers

The paper is concluded in Section 6. computing device for the purpose of leisure. Once
restricted to only the desktop computer, video games are
2. COMPUTATIONAL TH INKING now played on a wide range of mobile devices and special

Computational Thinking (CT) is the thought processes game players. Video games can be classifieal number
involved in formulating problems and their solutions so of different ways ranging from the device that it is
that the solutions are represented in a form that can beexecuted on, to the gameplay and interactivity of the
effectively carried out by an informatieprocessing agent  game. Due to the vast array of dimensions on which video
(Wing, 2008) Since computing davily affects everyone  games can vary and lack of concretely defined
lives, Wing (Wing, 2008)envision that CT will be a identification criteria that cahe used by all parties; it is
fundamental skill in the Z1century that have the same difficult to create a comprehensive taxonomy of games
importance as numeracy and literacy. Since the that is used and accepted by @larke, Lee, & Clark,
introduction of the term computational thinking, there 2015) Thus, game titles are normally provided along with
have been many definitions literature defining the skills  the game genre to illustrate games that are categorize
and activities that encompass CT for different disciplines. under that particular genre. For example, the work by
Barr and StephensdBarr & Stephenson, 201pyovided (Granic et al., 2014)rovided an overview of game genres
examples on how the nine cHreCT concepts and  sated along the dimensions of complexity and social
capabilities may be embedded in different discipline interaction and also uses game titles as startahguage
activities. Lee et al(Lee et al., 2011pxamined CT in  for different types of gameplay encountered. In the work
practical youth programs and identified the terms by (Frazer et al., 2008)only four game genres are
“abstraction”, automat i on”expaied inthgimeseaichandexample of gt OF i b e h
young people use CT to solve novel problems. each genre is provided to guide the study done. For this
paper, the game titles selected for analysis is based on an
online survey conducted to study the gaming habits of
undergraduate students when they were young

In the field of computer science, the recent work by
(Kazimoglu et al., 2012Qefined five core skills that
characterizes CT within the computing discipline as
problemsolving, building algorithms, simulation, According to(Gee, 2005) video games that encourage
debugging and socializing. Table 1 associates the generidplayers to stop, thoroughly explore different possibilities
activities within video games to each CT skill described in and consider new strategiasd goals before moving on,
(Kazimoglu et al., 2012)o show how video games in ratherthan simply progressing towards their goals as fast
general can support the cultivation of CKills in its as possible can promote problem solving skills in players.
players.

2 Definition proposed by theAmerican Computer Science
Teacher Association (CSTA) and International Society for
Technology in Education (ISTE) for use inI® education.
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Table 2 Definition of different game genres and example videso games for each genre

Game Genre Definition Example Video Games
Action Emphasizes physical challenges such as4eged-oordination and reaction tim  Fruit Ninja, Pinball,02Jam
Adventure Player assumes the role of protagonist in an interactive story driven by explo GrandTheft Auto, Bully, Assassin's Creed
and puzzle solving.
Fighting Player controls an escreen character and uses this character to engag Street Fighter, Naruto
opponent in close combat.
Platformer Player controls a character to jump between suspended platformspstexles, Super Mario, Mushroom Men
or both to advance the game
Racing Players competes in a race using a vehicle. 3D Mario Kart, Need for Speed, Test Drive
Shooter Player controls the character from a fipgirson or thireperson view to shoo Call of duty, Counterstrike, Halo

opponents to proceed through missions without the player character dying

Simulation Game designed to closely simulate the aspects of theveell inside the game The Sims, Fifa, NBA, Harvest Moon
such as farming, managing sports team or merely livimguthh the virtual
characters’ i ves.

Strategy Games that require the player to strategize or formulate a plan in order to w Warcraft, Civilization, Red Alert, Dota

These game features are mostly present in ggenees The game titles were then categorized into game genres
suchas RPG, strategy, simulation and adventure games based on the genres provided by gaming website &N

(Adachi & Willoughby, 2013)categorizes these games as Entertainment Inc., 2016jand Gamesp(Bamespot,

strategic games while games such as fighting, action and2016) Table 2 shows the different types of genres
racing games that have litle downtime between (Rollings & Adams, 2003)onsidered and example video

battles/races are categorized as-fested games. In his games provided by students that are classified under each
study, he found that faglaced games do ngromote genre. The most frequently occurring game title for each

problemsolving skills in the long run because it provides 9€nre were then selected and the game activities within

little to no opportunity to gather information and strategize €2ch game were matched to each corekifls presented

before a battle or a race. Thus, the game genres are theff! Table 1. To extract the game activities within each
further sorted into two categories strategic game 92me, the games were-piayed by the authors using
(strategy, platfam, shooter, simulation, adventure/RPG) ©nline game emulato(&topiaweb, 2009)

and fastpaced to determine if strategic game titles contain

more affordances that promotes CT skills compared to

fastpaced game titles. 5. RESULTS & DISCUSSION

4 METHODOLOGY Figure 1 shows that the percentage of players who play
Data was collected from 655 students (509 students from?rictgr?tTe ?aener: n(;vr;’]écugsrnet)ring:g%néyosl:ggé:tzewr?]fr’]t
the schoobf business and 146 students from the school of |9 y played g g P yo .
computing) first year students undertaking an fchey were young was adventure type (32.2%) games. This
“I'ntroducti on t o Comput e r'sgrggomegsgggggg&gbﬁf% %2'?’8#}%%]?%@';9‘%'{ Ii)ae ed
University in Malaysia during the JanuaryMarch 2016 9 ' yp 9 9 Y

semester. The average age of the students is 20 years old:.hanges as the students age. There were more students
In the survey, the students were asked torepbrt their Gpting to play Strategy games now compared to platiorm

: ; based and Adventure/RPG type of games when they were

gaming habits (now and when they were young) through . : : .

multiple choice questions (starting age and frequency of young. The authors §Bung et al., 201 huilt thelr Serious

play) and operended questions (name of favorite video game basedrostrategy type of ga.mepllay.smce their data

game). Based on the premisetthaming is a memorable also supports the same observatiomajority of players

experience during the stu drgplgrtteg:}'/, pla%eﬂ itfr]?te(ip)ﬁ%)arg_ed}(]:?g&o?reldéttodoghb?r ANk ¢ n ¢

students who truly played games and for those who havegter;:gs' %Vr\fg:rére's oreLTIarmr;%W' ;Sogythgjeemﬁrc]ause

spent a sizeable amount of their time doing this would at | agty fg or m pa?ne s ' onceaBogrospul ar

the very least remember the name of the game that the 2006) Hence exp?aining thé high percentagep of

have payed and/or be able to describe the game play of '

that particular game. The age at which the students Startrespondents who played platform games when they were

playing games is used as a reference point to check the/?4N9

validity of the responses. For example, if the respondentsit was observed that, regardless of the game genre, all the

claim that they started playinga@dy Crush at an age of games have goals/missions and a reward mechanism that

less than 6 years old, this response would be deemedentices players to continue playing. Players would then try

invalid because Candy Crush was only released in the yeato find ways to maximize these rewards while minimizing

2012. Responses that were incomplete or those who gavelamage on their gaménaracters during game play. This

non-existent/invalid games for either instances were feature in all games requires players to determine the

ignored in tke study. problem that they are currently encountering and to devise
new solutions based on whatever information that they
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have at hand. These are the exact features observed iplayed by students during their youth. Our analyses show
(Adachi & Willoughby, 2013)that promotes problem that the video games regardless of game genre contains
solving skills. activities that support the cultittan of each CT skill
category. Since video games are equally enjoyed by both
male and female students during their formative years, this
translates to a wealth of gaming experience that can be
tapped by educators in the classroom. This can be used by
instructors to make the task of learning CT skills less
intimidating. Seen in this light, the challenge now is

The type of information to be collected for each games are
different but players would need to analyze this
information to determine the next best course of action to
get them a step towards the main goal. Information in
strategic games can come in the fasfrcombination of
glxgr?qrglee Itiintﬁé Z?;igt;;:memgf S;‘gnizvg??hrgeAn:{ciFe%rt perhaps not to develop serious games to jnstill CT skills
(DOTA),,pIayers would have to come up with strategies but to get students to apply the Sk'!ls gained from one

to conquer the opponents’ PP (video games)ig otherdompiprogramming). o ¢ ¢
own. During thebattle to conquer/defend, they would have We acknowledge that the game titles selected for this

to buy weapons and items to ensure that their gameStUdy only covers an extremely small subset of game titles
character, termed heroes in the game, is able to defend ofhat is available in the market and that the analysis done is
defeat opponent characters. In the event that theypased on the authors’' experi
encounter enemy heroes, p|ayers would have to a]ajyz More wncrete evidences on the relationship between
their own and the opponentVidgpaganes and somputaiionat thigking skillstcannpe | e
environment and position of their own team mates during collected in the future by observing the actual game play

the game to determine whether to proceed and engage th€f student players for each of the game.

enemy or to retreat. On the other hand, in the football

management game of FIFA @D, players are required to /. REFERENCES

select their players and d®@acheP.dhiCn & Wildughbyt Te (@0h3).More thanjustt i o n
each football game. During each game, players are given fun and games: The longitudinal relationships between
control of each of the football players action to  gyategic video games, sedfported problem solving

score/defend football goals: They would then have to skills, and acade[mic gra&leﬁ?urnal of Youth and
observe pponent s character actions 0 eter mi ne
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Table 3. Example game activities associated to each Computational Thinking skill (CTS) categdoy each game genre.

Game Activity

Strategic Games

Fastpaced Games

CTS Strategy (DOTA)  Simulation Shooter Adventure Platform Fighting Racing Action
Category (Fifa 2002) (Counter Strike) (Grand Theft (Super Mario (Street Fighter) (Need forspeed)  (02Jam)
Auto) Bros)
Problem Destroy Manage soccer Defeat terrorist. Become the Progress through  Defeat opponent. Control vehicle to Collect experience
solving opponent's throne. team to win each  Mission to biggest criminal levels by defeating win race. points by
game to ultimately rescue/escort/prote (reaching target enemies, controlling
win World Cup. ct depends on type points) by collecting items player’'s
of map. performing and solving
missions for local puzzles.
crime syndicate.
Building Farm gold by Chooseteam. For Choose team Choose criminal ~ Determine how to Identify combos Choose racing Play music by
algorithms neutral creeping, chosen team, terrorist/counter missions, gather  complete level, for selected game map. Choose car pressing
laning or killing player needs to terrorist. Buy equipments to defeat different character. type- manualor corresponding
opponent heroes select team items to defeat assist in mission  types of enemies  Determine combo automatic Choose button. Mostly
Buy items to formation and opponent based or and avoid being and what items that can deal most car model. handeye
increase approach taefeat character, battle  caught by police  can do. damage to coordination. Can
survivability computer background (map) while executing opponent. decrease/increase
and/or attack opponent. and mission. mission. speed of music to
power. Player change level of
determines  herc difficulty.
build.
Simulation Perform chosen Play match using Play game using  Play chosen Play levels with Perform combo. Determine how to Press
tactic. chosen team chosen armament. mission. maneuvers to control car over corresponding
formation and evade enemy race terrain. keys with
players. attacks and gather accordance to
needed items to music.
advance.
Debugging If hero dies too If opponent team  Modify item build  Modify strategyto  If keep dying by If current combo  If lose car control, Practice to
often or cannot wins, modify team to increase execute mission if same type of does not work, modify car increase accuracy
defeat opponent  formationand survivability or player keeps enemy at same modify combo to  movements the of pressing buttons
hero,modify tactic approach to damage to getting caught by  spot,change increase damage. next round. in accordance to
to improve improve defence  opponent. police or lose their approach to solve music.
deficiency. or offence. equipment while  problem.
doing mission.
Socializing Get item tips from NA Killed players get NA Watch other Discuss with other Multiplayer option Compete with

team members or
watch other
players play
similar heroes.

to watch current
game to view how
players use choset
armaments to
defeat opponent.

players play the
same level.

players combo for
game character.

that dlows players
to play with other
players but
difficult to share
strategy with other
players.

other players.
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You CanfAGodeenovative approach to tra

I n the textiheuasandy apparel

Bessie CHONG,

Director, Group Training and Talent Management
Esquel Group, Hong Kong
Chongbe@esquel.com

ABS.TRACT . 1.1. Our Business Challenges and Opportunities
Textile and apparel industry has long been stereotyped aSsquel is in the industry of textle and apparel

“traditiodals’hi ame d"tmditondls  {anflulting, where all players face structural
company in a traditieal industry, Esquel encourages cngjienges, including rising labor and material costs,
Szmployees to innovate and to challenge the status quOyeqyced profit margin and shortage of skilled labors. On

You can code campai gn Wage ofhdt hand, @d ri€eof fAsiastichHerdisfugls te N 9 age
and propel s ta ff at all T eygRdie by démdiihglieker ploductidn' cycle? More? T N
a Difference”. The c aedp aigif profolydhg anll Smallriofddr Sizagkrefsrd! thd 2 1

cultural transformation to turn the less technically minded iaditional manufacturing model with long lead time and
employees into confident users of technology with .ocq production will no longer survive.

computational thinking (CT) ability, through developing a ) L
mobile apps. Many useful mobile apps have been The textile and apparel manataring industry employs

developed and some have been comialycadopted. over 75 million peoplevorldwide (Stotz & Kane, 20_15) _
The campaign helps the Company to nurture a culture of With @n aggregate export amount over US$744 billion in
innovation, problensolving and collaboration. 2015(World Trade Organization, 2015yhe industry is
still versatile, and has huge potential. The question is
KEYWORDS how do manufacturers stay competitive and enable

sustainable growth amidst the changing environment?
Many players in this industry believe that growth must be
tied with the overuse of labor and that competition must
be based on low wages. Therefore, it is tgpfor those

1. INTRODUCTION players to migrate the manufacturing base to chase for
Esquel believes that coding will sobecome a basic job  cheap labor. But Esquel decided to stay in locations where
skill for everyone. It is vital for the employees to have it has good operating conditions and to build local talent
some understanding of programming regardless of whatpool. Esquel strives to improve labor productivity to offset
professional they are in. Failing that, the career mobility rising wages. It would rather improve the efficiency of the

of an individual may be hindered, and so as organizational people and pay them well by integrating thero the

growth. This is especially important for the technology, not by replacing them by using the
manufacturing sector, as Industry 4.0 is fast approaching.technology.

ll?i?lsnew age employees need to equip with a new set OfThe coming fourth industrial revolution, known as

Industry 4.0, will provide Esquel withn opportunity to
Founded in 1978, Esquel started as a shirt maker and havgystain its leadership position in apparel operations. The
over the years developed the ceipato weave innovative  advent of the fourth industrial revolution is associated with
technologies into its peopleentric culture. With key the development of global industrial networks, to which
production bases established in strategic locations in a|l production processes of a wide variety of enterprises
China, Malaysia, Vietnam, Mauritius and Sri Lanka, and will be connected. As a result, computer interaction
a network of branches in the US, Europe and Asia, it environment is developed around the modern human
exports ovefl20 million shirts per year and offer total shirt (Yastreb, 2015)That means emp|0yees would work with
solutions to global apparel and textile markets, from cyberphysical systems in a smart factory environment.
concept to rack. They will make use of the mobile technology atada to
Esquel employs 57,000 diversified workforce united €nhance reaime communication, improve alignment,
under the corporate 5E culture Ethics, Environment, and make timely decisions. Eventually, it will increase
Exploration, Excellenceand Education, and the motto Productivity and efficiency.
“Fun People Servi haperlespitny Cust omer s’ .
an aspiratonof “making a diff erléfepleChalgngesyeaying

positive impact to the employees, societies and Nowadays, working environments are changing at

environment. unprecedented speed. The rise of robotics and artificial
intelligence calls for new skills and competencies. In the
workforce of Esquel, only 3.4% have any technical
qualifications, only 12% have a diploma above, and

Coding, Computational Thinking, App Inventor, Mobile
Technology, Innovation.
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38% were born before the personal computer became

Table 1 ASK model.

popular. There is a serious shortage of technically minded

and savvy employees. So how can it turn those less| To Attitude by developing those idee
technically minded employees into confident technology | change gradually from accepting, t
users? How can it empoweegple to come up continuous understandlng, to embracintp
improvement ideas and solve their own work problems exploring
systematically and independently? by showcasing employees th
It needs to have a campaign to drive this transformation. It everyone can code
needs to inspire the employees to participate in the To Skills by conducting  workshopg
revolution. It will be ahuge challenge as the target group upgrad activities, events ant
is highly diversified, and spreads over 9 countries, 20 e competitions
operations. .

9 by encouraging employees
2. AYOU CAN CODEO® CAMPAI GN innovate or to solve specif

problems using the technology

Coding is a skill that helps people learn how to think, ; ;
systematically. By developing computational thinking, | 1©. Knowledge| T Fe);rgﬁvelrzﬁ:ggsfn independe
people can decotrsict problems step by step, and identify build g
different recommendations. However, computational by creating a rich learnin
thinking may seem too abstract and coding may seem tog resource environment.
technical. To engage everyone who does not have
techdnic(:jaTI rl:nowled(‘f, a fur; and practical approach isllt_is impractical if o Ié/ IT clolleaﬁ;ue% are involved in
needed: e pp nventor'’ app > g
Massachusetts Institute of TechnologMIT) was pr'mﬁdfﬁd soh8 clésSrdofn tfa n?g an %xpetct that

identified as the driver of this campaign.

employees will change the attitude towards technology.
In order to engage all employees, the role of IT throughout
The simple graphical interface of App Inventor allows an h€ campaign is purposely downpiay .

Am” *

al

inexperienced user to create basic, fully functional mobile @PProach was adopted and the campaign was launched out

apps within anhour or less. It transforms the complex
language of texbased coding into visual, dramddrop
buil ding bl ocks. I't can

c_h

in 5 development phases.

Table 2.Five development phases and achievements

an

e e mp ovees hercenpt |

technology through this campaign. It would develop their

Phase

What have been achieved

logical reasoning skills, programming cagdigis, and
more importantly, computational thinking ability.
Computational thinking is a fundamental skill for
everyone, and it is a way humans solve problénisg,
2006) It includes problem decomposition, algorithmic
thinking, abstraction, and autoriaat (Yadav et al., 2017)

Pioneering

Workshops for senior management team and bc
members wereonducted to collect their feedbacl
and get their buiyn. About 90% of them attendec
the training. Some of
pioneers.

By equipping computational thinking ability, employees
will ultimately become innovators, problesolvers,
collaborators as well as process owners. They equip
themselves for life. Yadav et al. further stressed given the
irreplaceable role of computing in the working life of
today, the competence to solve problems in technelogy

Modelling

Some General Managers and Directors were
invited to be the trainers to conduct workshops f
other colleagues, from workers to managers.
Almost 300 employees were trained. They
reinforced the notioh | f | can cod
too."’

rich environments is of paramount importance.

“Therefore, there is a
of the broader concept of digital literacy in vboaal
education and training, as otherwise adults with only

ne e

Changing

43 supetusers were identified antlained to be the
change agents or ambassadors. Tl}ey join
Ccustofhi¥ed r%atst%r?ré]nir'cgu%e. hén th%d.ra

delivered training at different operations.

professional qualification may not be well prepared for the
working life in the twentyf i r st  (vadav et al.y " .
2017, p.1065)

To Esquel, no matter whether they are workers, staff,
managrs or executives, they need to have the attitude and
ability to solve problems and realize ideas which will
improve productivity.

Cultivating

The master trainers were sponsored to launch a
series of workshopand fun days, for the staff anc
for their kids in order to cultivate the skills and
mindset. The ambassadors set up information
promotional booths to educate the frontline
operators. A total of almost 800 people were
trained.

2.1. Champaign Design and Implementation
This campaign is designed around how to change
Attitudes, upgradékills and buildK nowledge.

Realizing

’

Thefirst* Esquel s App Chal
was organized in order to encourage the
applications of the new skills. Many interesting

and practical Apps were developed.

140

on

as


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwivydDMyKHMAhVDHpQKHUSLAPsQFggeMAA&url=http%3A%2F%2Fweb.mit.edu%2F&usg=AFQjCNFGEpEnwRBMPQvRT7ueDZqPQAU23g&sig2=5BDN0-uwf9eHP0BndV3W3A

Through 28 workshops, over 2,430 training hours were
provided for 1,200 participants, inclugj 1,100
employees and 100 of their children from 10 different
locations in first 10 months. The strategy of teaching the
children and letting children teach their parents back also
worked well. Overall, the impact was encouraging. A lot
of positive feethacks were received

fASomet hing | ooks complic
friendly for us in building an App. Useful and valuable
of some information/tools can be shared from the
company!* By a Sales Manager in Hong Kong.

TAThe
Inventor' is useful for neprofessionals to build up our
own a-Bpa Senior Sales Executive in Hong Kong

fiEasy to operate for
participate in creatioi
an Enggné®éficer, in a

by a

2.2. Value Created from the Champaign

The most important impact is the values created, including
attitude change towards technology, employee
engagement, employer branding, and process
improvement. Many more app ideas from timepéoyees
were received. It shows after innovating once, employees
are likely to innovate again. NowpnIT employees can
perform IT tasks, and even bujdototypes by themselves
This in turn will allow IT professionals to focus on
enterprise level apgevelopment.

Table 3 Some examples of the mobile apps developed in
this campaign.

Applications Functions

Safety app for women.

A Sri-Lanka colleague develope
this app witha GPSfunction for
women leaving work at night.

Parking space and free bike
locator app
This app helps colleagues find

parking lot or an available bicycl
near operation sites.
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Recruitment app

This app helps HR colleagues
processing some manual work of t
recruitment, such as making te
paper and personnel daatry.

be

can Very us

New-born baby photo sharing app

This app allows a new parent to se
the P'new born baby photo to the
friends with the baby informatio
the I ogo of

| e | |2nd

I
T

ordi
the

nary peopl
Ssupport o

e
I

By

Wi t o

Ga r nhleoget appticatipnsohelp to save time and improve

efficiency, while the broader benefits are incalculable.
Department heads and IT team are reviewing many more
bottomup initiatives from employee$his campaign also
shows Esquel’ s ¢ o0 mmiwdrkersto t
become knowl edgeabl e. It
caring and nostraditional company.

r

Besides, in the process of developing their own mobile
applications, the employees started tmtegrate
computational thinking into their everyday workhey
took attempt to analyze the problems by breaking them
down and identifying the root cause, instead of jumping to
quick fixes. The story of Yang Hua Mei illustrates how a
basic coding training can bring an impact on a sewing
worker.

2.3 Story of YandHua Mei - A Garment Factory Worker

“You can code’ is just the
journey. Esquel is introducing a new world to its
employees who might never have had the chance to realize
their own ideas ot her wange.
at Esquel that inspires many others to learn the technique
of app coding.

Yang Hua Mei was a young woman from the southwest of
China with an immense interest in fashion design and a
desire to follow a career in apparel manufacturing. After

graduatingrom high school in 2014, she joined Esquel as

a sewing worker and brought many undeveloped fashion
ideas that were waiting to be realized.

One day, Hua Mei found that the company was running a
campaign. She believed that this campaign could teach her
thecomputational skills necessary to turn her undeveloped
fashion ideas to life; skills such as computational thinking,
logical reasoning and simple programming. Without any
hesitation, Hua Mei took the opportunity, like other 1000
employees. By the end thfe campaign, Hua Mei and two
other colleagues had built an app allowing users te mix
andmatch their wardrobe.

can

T

to

ei



They promoted the notiae of

Bt tood and they changed the perception that senior staff are
‘1 conservative and less teshvvy. They encouraged,
s 7. '} trained and supported their peers at their sites.
4 » -
oo \‘\ S A crossfunctional organizing committee for the App
N \‘) Challenge contest was established fsat their expertise
C 4 "‘\ > can be leveraged. The committee members collaborated
. on the planning and execution of the contest.
Figure 1.Interface of the wardrobe application An <Y all approach encourages ev

developed by Yang Hu a rgrpdigh.Mdng éniployees, including board members
and sewing workers, joined he fun ahow easy
iBefore joining O0You can ccooddeibng’'|l wibhedkiddtboemmplogeds were algp wh a
was meant by an 6appo! I ihvited,ewhd ia aurnn iefldenced andn inctittated theirt h e
program, and now | appreciate the work of the technology parents to learn codingThe campaign engaged primary
gurusi however simple an app might seem, building one students and PhDs, and people aged 6 to ovdr 80e - ‘ a | |
requires many steps and logicalthk i ng! 6, s ai idn 'Huaphadfoémed tommunity to ensure the long
term sustainable benefits.

She also realized that the basic coding technique equips
her with computational thinking ability, which inturn help 3.4 Leverage the use of existing communication
her become an independent thinker. As a sewing worker,platforms to promote the campaign
from time to time, she faced problems in operating her
sewing machine and managing the sewing quality. Before HR colleagues and ambassadors from different operation
she learnt coding, whenever she came across problems, sheites used existing communication platforms to pytam
simply asked the mechanic to fix it or change some the campaign, its workshops and events. Having used
machine parts by herself. She would not bother to these platforms during the campaign, those users are more
understand the problems, identify the roauses, and  likely to use those platforms to communicate and
think about how to prevent them in future. But now, she collaborate on matters which affect their business.
becomes proactive in learning technical skills and Platforms included Yammer, WeChat, Intean and
integrating the computational thinking ability to solve her c o mpany’ s TV broadcasting,
everyday work problems. She also aspires to evolve from channels such as the notice boards and promotional booths

a sewing worker to @&thnician one day. at factories.
3. KEY SUCCESSFUL FACTORS OF 4. IMPACT FROM THE CAMPAIGN
THE CAMPAIGN What the campaign has done is only a small step. But it

. started the momentum. deARfter
3.1 Align and strengthen ESa4iGnlit sSountthd ik 'bf mobile app culture in
Esquel 8s Vision: Making a FB>queliEmpleyees are keen on thinking how to build
some applications to improve some woekated or living
Esquel makes a difference by growing with its employees related issues.  Recently, there is another interesting
not by squeezing from t he npplicationy pamedcEsguel Cag dleveloped hy B¢ g n
upskills the employees, open their minds to technology factory colleague using another software. The impact is

and equip them for |ife. TERQMOUSa| i gns the company’'s Vvis
of making a different and receivésige support from
different levels. 4.1 Need for Carpool

According to the data provided by Chinese Environmental
3.2 Use a creative way to inspire innovation, problem Protection Bureau, 15 to 30% of the pollution comes from
solving, and collaboration the emission from the carg§Chinese Environmental

. , . . Protection Bureau, 2016) And with exponentially
Esquelis the first commercial entity to adopt App InVentor jncreasing number of cars, now traffic is seen everywhere
to train employees in computational thinking. Even though ;, many cities in China.

computational thiking is conceptual and hard to develop

in a short period, the Company tries to change attitudes,Es quel 's | argest operation is
upgrade skills and build knowledge through the |thasabout 23,000 employees workingéneval factories
development of mobile app where are spread over the city of Gaoming. That means

about 40% of Esquel employees are working and living
here. Employees have to travel from home to these

The campaign engaged all levels by enrolling board working locations, in similar timing, and similar routines
members and senior managers as pioneers. Someswery day.

modelled the skills and trained their teams. Some

members of their teams became ambassadors and trainerya.ny of trem havg fo take company bus or city b_us, and
wait in a long line in sun, rain and wind. Commuting can

3.3 Engage all levels and collaborate across teams
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easily take up half an hour or even one full hour per trip. This app helps to realize the benefits of carpooling on
For those 2,000 employees with their own private cars, thesaving the environment. More important, it provides a
situation is no better. Drivingtwork is not at all pleasant  platform to make connection with colleagues from
when they have to be stuck in traffic and fight for the different department and foster the caring culture.
meagre 200 parking spaces available around the factories.
A lot of times, they have to park far away and thentakea4 . 4 What 6 s Next
10-minute walk to the office. The company committed to provide this software for free

] to any companies and organizations, and already put this
How can Esquel make affetrence for the colleagues, for  software in the open source community GitHub. It hopes

both group of people so that they can save time in waiting millions of the progrenmers in the world would help to
for bus, fighting for the traffic and looking for parking improve this App.

spaces? How can they save some gasoline bills meanwhile

reduce their carbon footprint? 5. CONCLUSION
Can something belone to change their lifestyle and This is just the beginning of Esquel using modern
behaviour, reduce the environment impact, and inspire technology beyond work to make the lives better. This is

others to contribute in building a green city? a signal to the colleagues that they can come up with great
initiatives to make Esqui@ better work environment. It
4.2 Birth of Esquel Carpool Application demonstrates how a simple app can address daily needs.

An employee in the factory initiated an idea to develop an
app to facilitatelie carpool process in Esquel. This is how
the Esquel Carpool App was born.

Different departments and ndh colleagues have already
built their own apps or collaborated with IT.Esquel
committed to continuously advance the coding skill$f i
colleagues and build its organizational capabilitfhe
company plans to introduce more sophisticated

‘ B programming training gradually. More supesers and
= Esquel Carpool |r [ change agents will be identified and invited to participate
S— into this people transformation joweyn They will be the

voice, and the generation of leaders that make a difference.

ogin Login
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ABSTRACT

This paper discusses the opportunifiessented by the
growth of the Internet of Things (IoT) to provide youth
opportunities to develop their computational thinking
and digital empowerment. This paper argues that to
support youth in developing these literacies, we need to
develop platforms thaeduce the barriers of entry while
still allowing them to explore and develop their
computational identities. To this end, this paper
introduces an extension to App Inventor by MIT that
enables students to quickly design, develop, and
implement 10T apptiations. We outline one 10T activity
for youth and future directions for both curricular and
technical development.

KEYWORDS
Computational Thinking Digital Empowerment App
Inventor, Internet of Things

1. INTRODUCTION

By 2018, it is expected that physicalvizes that make

up the Internet of Things (loT) will surpass mobile
devices as the leading type of Internehnected
devices. 10T devices are projected to comprise nearly 16
billion of the expected 28 billion connected devices by
2021 (Ericsson, 2016). Ehexplosive growth of this
ubiquitous computing landscape, in which computers
will seamlessly integrate into our everyday lives and
objects (Wiserel al, 1999, will have profound effects

on how people relate to the world around them and to
each other. fiis is especially true foyouth who will
know ro other world. If we want theg®uthsto be active
creators and shapers of their digital futures, rather than
simply passive consumers of it, there is a growing need
to support them in developing the neeegs
computational literacies (Ve20p13 Wilensky, Brady &
Horn, 2014) for this rapidly growing loT landscape.
While applications such as Scratch and App Inventor
have made traditional and mobile computing accessible
to youth (Meerbaunrsalant et al., 2010Volber et al.,
2011), currently there are no similar platforms for
supportingcomputational literacy developmeit the

loT space. In response, this paper outlines a research and

technology agenda with a focus on two critical elements
for supporting yout as they develop these computational
literacies: 1) The need for low barrief-entry tools with
which young learners can create, test, and refine loT
designs that connect with their everyday lives; and 2) A
means for abstracting the many (often conftigtiand
confusing Banfa, 2016) standardsrf developing loT
interventions
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2. COMPUTATIONAL LITERACIES,
COMPUTATIONAL IDENTITIES, AND

DIGITAL EMPOWERMENT

Since computational thinking (CT) entered the

mainstream over a decade ago, there has been a growing

recagnition for the need for everyone, not just computer
scientists, to develop computational thinking (Wing,
2006; Voogt, et al., 2015). CT's origins draw Seymour
Papert's wor k on t he
which focused mainly on procedurdhinking and
programming (1980 Since Papert's groundbreaking
work, the idea of computational thinking has been
broadened to encompass a broader range of
computational concepts (Grover & Pea, 2013). While
there is no single agreed upon definition of
computational thiking, most definitions focus on the
ability to recognize the role that computation plays in our
world, and to formulate problems and solutions through
computational means (Wing, @6, Brennan & Resnick,
2012)

As we seek to create environments and todtls which
students' can become computational thinkers, we argue
that there are two especially important computational
thinking aspectsve must supporBased on Brennan and

R e s n icaniputasional thinkingramework we posit

that two additional computatial thinking perspectives
(2012;Tissenbaum et al., 2017y i mpact
long-term success as computational thinkers. The first is
computational identity (CI); their identities as people
who can think computationally and as members of the
computatimal community more broadly. The second is
digital empowerment (DE); recognizing their personal
ability to affect the world around them through
computation Tissenbaum et al.2017). The latter is
especially important, and builds on Papert's ideas of
studems as seHaware, empowered, intellectual agents
who feel capable of making their own learning decisions,
posing their own questions, and finding answers to those
guestions (Papert, 1972; 1987). Digital empowerment
extends Papert's vision by instilling ichildren the
knowledge that they can, through computation, effect
real change in the world

These perspectives, digital empowerment and
computational identity are closely intertwined. As Friere

(1993) argues, students need to understand their relation

to the world (identity) in order to transform it
(empowerment). Thysn an increasingly digital world

we advocatehat by developing critical computational
identites and literacies, students will become
empowered to create computational solutions to

of

Logo

young

Nt e

f



challerges in their local communities, as posited by Lee
and Soep (2017)

3. BLOCKS-BASED PROGRAMMING
LANGUAGES FOR COMPUTATIONAL

THINKING

Creating conditions in which young learners can develop
digital empowerment is a challenging endeavor often
complicated by thé&equently complex tools required to
create digital artifacts. Theeed to understand the
sometimesarcane syntax and grammar of traditional
programming languages has long been a barrier for
engaging youth in computational practices (Maloney et
al., 2004).In response, many educational researchers
have developed blocksased environments. In other
words, these environments leverage a primitags
puzzlepieces metaphor, in which users assemble
functioning programs by snapping together "blocks" of
code togther (Weintrop & Willensky, 2015;
Tissenbaum et a017). The blocks provide visual cues
that show users which pieces fit together and which do
not. These systems also give visual and (often) auditory
feedback when pieces may, or may not, connect together
The use of blockbased programming languages can
help scaffold novice programmers to more easily
develop relatively complex programs and have been used
to support young learners to develop games (Maloney et
al., 2004), 3D animations (Dann, Cooper, PAu2011),

and computational models (Begel & Klopfer, 2007)

4. AIM: BRINGING
COMPUTATIONAL THINKING AND
DIGITAL EMPOWERMENT INTO

EVERYDAY LIVES

This abundance of lowarrier approaches to developing
computational artifacts has helped realize Papert's vision
of intellectually empowering youth; however, the
introduction of smartphones and truly mobile computing
radically changed the role that computing plays in our
everyday lives. Instead of having to go to the computer,
for many of us, the computer now comesthwius
everywhere we go. This is a radical extension of Papert's
vision of bringing every learner into the computer lab
(Papert, 1993; Klopfer, 2008), and fundamentally
changes how we think of computing and how we think
computationally taking computing dfthe computer and
into the lived world. It also offers the promise of moving
beyond youth who are intellectually empowered towards
youth who are empowered to change the world. In
response to this radical change in the relationship
between learners, comptibn, and the "real world" and
the need to provide lowarrier ways for learners to be
truly empowered, new programming environments
needed to be developed that harness this potential. App
Inventor by MIT (AIM) is an example of a platform that
responded @ this need. AIM is a blockbased
programming that allows youth to develop fully
functional mobile applications for the Android operating
system. Currently, AIM has over 6 million registered
users (with over 300,000 unique monthly users) spread
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across 19%ountries, who have collectively worked on
more than 20 million mobile app projects
(http://appinventor.mit.edu/explore/). Given the breadth
and scope of AIM users, AIM is in a unigque position to
have a direct impact on the computational thinking and
digital empowerment of children all over the world.

5. EXTENDING COMPUTATIONAL
THINKING AND DIGITAL
EMPOWERMENT INTO EVERYDAY

OBJECTS

Just as smartphones made computers truly personal, the
explosive growth of the Internet of Things (IoT) is
having a similaimpact on how we relate to the world
around us and the objects within it (Ashton, 2009). Every
day, the world becomes more connected, with everyday
objects containing sensors, actuators, displays and other
input and output channels all woven together
compuationally and over the Internet @ger, Gold &
Brown, 1999). The growing connectivity between
everyday objects and the computational power of the
Internet offers a potential for us to harness our creativity
to extend the capabilities of our lived envinoents
(Rogers, 2006). However, in order to realize this vision
of our youth as active empowered creators of their
digitally augmented lives, rather than passive consumers
of it, we need to develop tools that allow them to design,
build, and test loTbasedinterventions. By creating
integrated environments that allow programming of both
mobile apps and IoT hardware with common metaphors,
we extend digital empowerment to all aspects of the lives
of young learners

5.1. Subsections

While the promise of youth devegling transformational
interventions using loT is exciting, the technical
complexity required to actually develop these
interventions is a clear barrier. In response, we have
developed an extension to AIM that allows youth to
create mobile applications thedn send and receive data
from Arduino, a popular and modular computing
platform for IoT. AIT leverages the Bluetooth low
energy (BLE) standard to enable AIM applications to
communicate with a wide range of peripheral devices. To
communicate with Arduindpr example, one would use
the Generic Attribute (GATT) Profile Specification.
Sensors and actuators attached to an Arduino device can
then be exposed as services and characteristics using
GATT and read/written by an AIT application.
Normally, developingthese kinds of communications
protocols would be, for most young learners,
prohibitively complex; however, with AIM we have
created an abstraction layer that allows young learners to
focus more on creating and implementing their designs.

5.2. Instantiating AIT: Building an Interface for

Healthy Plants

In order to show how AIT can help young learners we
developed an exemplar activity students can follow to
build an application that connects directly with the



physical world. We wanted an application that provided
young learners a lens into the potential of I0T; exposed
them to the programming building blocks for basic loT
functionality; while also offering opportunities for them
to extend and explore the design further

Moisture sensor:  BArOMETEr:
anaLoe, Ao 2C LCD DISPLAY:

¢

Figure 1.An Arduino with a Grove Kit, moisire sensor,
barometer (temperature sensor), light sensor, and LCD screen

LIGHT Sensor:
12¢

The activity allows youth to build a plant monitoring app
and uses Arduino and the Grove Kit
(https://www.seeedstudio.cgma popular extesion kit

for Arduino that lets users add various inputs (e.g.,
buttons, and touch, heat and light sensors) and outputs
(LCD displays, buzzers, LEDs). For this activity,
students use three Grove inputstemperature sensor, a
moisture sensor, a light sems and anLCD display for
output (Figure 1

Once built, the app allows users to get notifications about
the state of the plant (how much light the plant is getting,
the temperature of the room, and its moisture levels
Figure 2 on their phone via Blueoth. The application
also allows for a "conversation" to take place between
the child and their plant. For instance, when the child
waters the plant, the "plant” (via the Arduino and
moisture sensor) sends the student the message "Did you
water me?" If he child replies "Yes" on their phone, it
sends a message back to the plant (via the BLE on the
Arduino) and the plant send a message back to the child
saying "Thanks for watering me!" In this way, the child
begins to understand the potential for receivitaia
about, and communicating with, the everyday objects in
their lives

As part of this activity, youth are encouraged to
extend the application to try out new ways of connecting
and communicating with the physical world. For
instance, youth are promptéd think about how they
might set up specified alerts to the phone based on the
plant's condition (e.g., it needs water, or it is too hot in
the room for the plant). By having kids expand and iterate
on the initial version of the healthy plant app, wevide
them with opportunities to develop their computational
identities and recognize their own growing digital
empowerment.
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Figure 2.The AIM Healthy Plant mobile interface.

6. DISCUSSION AND FUTURE WORK

This paper outlines a theoretical imperative for moving
computational thinking and digital empowerment
beyond the computer lab and into the world. Equally
important this paper argues the need to extend this
empowerment into the objects that occupy our daily
lives. By providing lowbarrier opportunities for young
children to critically explore their potential for changing
their relationship with the world around theme open

up new ways for youth to transcend Papert's vision of
intellectually empowered agents (1987), towards agents
empowered to change the world. While the work is still
preliminary, we see great potential for platforms such as
AIT realize this vision.

Moving forward, we plan to create a series of structured
inquiry activities that take advantage of the expanded
capabilities of AIMto allow young learners to explore
the world around them through computational means.
For example, the next stage in the alfley Plants
activity, will connect it with a middle school curriculum
on ecology. Student groups will individually develop
approaches for monitoring and evaluating the health of
their plants. Using a knowledge community approach
(Brown & Campione, 1996; cardamalia & Bereiter,
1994), students will work together to share technological
approaches and scientific findings. In this way, we can


https://www.seeedstudio.com/

connect computational thinking and broader science
practices

We are also working to extend the capabilities of AIT.
The next instantiation of AIT will connect to a virtual
machine (VM) targeting a range of loT hardware,
including but not limited to the different flavors of
Arduino, Raspberry Pi, and BBC micro:bit. This will
leverage ongoing work to provide an abstractimer
many of the cor8LE concepts so users of AlIT can focus
on building and creating without the high barrier to entry
required to understand and use Bluetooth or other
wireless technologies. AIT will also provide dotks
editor for programmindoT devices running theVM
platform, which can either be programmed directly from
the browser or via any application built with AIT. This
type of abstraction is similar to how AIM hides the
complexity of portability between different Android
implementation andhardware. We expect that this
abstraction applied to loT will further empower youth to
build novel solutions to community problems and see
themselves as digitally empowered citizens
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ABSTRACT

The Malaysian Ministry of Education aims to increase
interest in learning Science, Technology, Engineering
and Mathematics, through Science2Action. Among these
initiatives in Science2Action, is the use of Art(8y
combiningthe Internet, technology andafts, ecrafting

is formed. This ecrafting project aims to increase
awareness about what interests the audience through
sharing of and development of craft, hopefully towards
possibilities of ideation and mixing crafts, extending
from the original crafsuch as origami. Designed based
on the Technology Acceptance Model, findings are
positive.

Keywords: e-crafting, audience interests,
STEAM, Technology Acceptance Model

share,

1. INTRODUCTION

Commonly known as an art trade or occupation that
requires a spediaset of manual skills or an ability
majoring in handiwork, crafting is an art in the making
or doing. ECrafting is making waves across the world.
It provides more fun, convenience and can improve
digital lifestyle. To craft, one needs to first ideate.

l[deation is key to Wi ng's
Two capstone projects were undertaken urglamway
Uni versity’'s internal
augmented reality(first project) and craft (second
project) can increase interest in Sciendegchnology,
Engineering and Mathematics (STEM)improve
ideation and improve digital lifestyleEhese projects are
exploratory.The first project was reported in Wong and
Lee (2016). Thipapermreports on the second project, i.e.,
e-crafting. Itcontinues from the work by Lee and Wong

(2015) on developing social innovations among youth
via design thinking and i s
e-crafting

1.10Objectives

There are many types of crafts amdrafts. Hence, he
main objective is tancreaseawarenessinterestand
appreciationn craftsby enablingpeople to craft more by
making it a fun art. Fun art is bgnablingplaying and
editing around the crafiaddingo n eoivrsthoughts into
it.

Second, is by encouragingsers to sharénteresting
crafts with people around the globe. An added incentive
is that currently,there is no platform without a fee.
Platforms such as in Tabler&quire membership and a
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certain fee(Table 1).F o r

people in today

that come free are always the besd ghere is no harm
trying as they will notose out Hopefully one day they
will make their own craftsand we hope to produce
successful young entrepreneurs for the future.

2. RELATED WORK

There are different types ofaafting around the globe
today. Examples of ecrafting can be a photoshop tool,
selfmade flying aero plane, and a useless t#ome

other examples arein Tablelande af t i ng’' s

we k

Table 1.e-Crafting websites which require fees.

Platform &-Z list

Craftsy

(8 METHODSIEY @1 ' ona!
,El'o malfe'g po§si)lgl%

Offline?

Price Hotes

range

Payment
model

arl

t'h-l:nki ng.

forgeppleto gharg, th‘?"rﬂ’ﬁ‘r’ga%i s and

online platform is neededrhere are two parts t
capstone project. One is a Facebook website and the
other an online portal.

Target age grougrel8-29 years olds theybring in new
innovations and ideadlost of them are yaths in the
Boys Brigade in Selangor, Malaysia. Craft is one of the
skills learnt in Boys Brigade, similar to the Boy Scouts,
Girl Guides.

i nspil by un i
Systems design and development follows the

i red Penn versity’

Software

Development Lifecycle. Design and assessment are
based on the &hnology Acceptance ModdDauvis,
1989) as presented in Figure 1.

Perceived
Usefulness
L) X

1

Attitude
Toward
Using (&)

Behavioral
Intention to
Use (Bl)

Actual

System Use

| Perceived
Ease of Use

(E)

Figure 1.Technology Acceptance Model



Based on theTechnology AcceptanceModel (TAM)
above, a questionnaire is given to users to find out
whether the platform is a good idea, has its uiseks
and ease of uselhe initial survey consists of four
students. At the end of the prototyping, another survey is
carried out, on 10 students.

The system requirement specifications for this project
are:

1. Database to store user account information.
1.1. Login, create account (integratediacebook)
2. A website platform for people to:
2.1. Post and share their crafts
2.2. View others crafts and also able to give
opinions
2.3. Crafts can be enhanced by others

For this current platform, useveho upload crafts to the

Facebook €Crafting page will have their uploads at the
website as wellAt the moment, the data integration is
done manually. In the future, it will be automated. An
example of uploads to the Facebook site is in Figure 2.

Figure2. An Instagram page consisting of all the pictures
of the art and crafts uploaded into the Facebook page.

4. FINDINGS

Based on thdinal survey all ten studentshink it is a
good idea to share crafts among us&svensay that
sharing is caring hile threesay that theyhavegaired
new knowledge and interesAll ten of them also think
that technology and craft can go well together and that
this website encourages them to share their crafts.

Nine of them said they leatrsomething useful from this
website and onlpnedid not learn anything useful. This
maybedue to different personal interests/preferences.

Next question, does this platform incrsa interest
towards craft? Eightf the userssaid yes andwo said
no. This result also can bedue to persoml
interess/preferences

Most of theusersfeel pride, hapimess amazenentand
even creative when their craft is displayed and
appreciatd by people around them. This feeling make
them feel appreciatednaking them share more of their
ideas andrafts.

Based on the technology acceptance model, ease of use

and intention to usbave been considered. Eight of the
userssaid itis easy to use anwo said itis okay to use
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and not hard or easy. As for the intention to use the
platform again, all ofttem s& they would use it again.

Faceboolanalyticsfor the week oNov18 toNov24 (the
last week of testing) indicateésacled 69 users, 41 page
views, 282 post engagements antbtal of 9 views for
the videos (Figure 3).

|6 -ﬁ

Figure3.F a c e b 0 0 ksfa theaweekloffos1i8 to
Nov24

5. CONCLUSION

This study shows that designing based on the
Technology Acceptance Model can reap fruitful benefits,
even to promote crafts aneceafting. Possible extended
users are seniors and their caregivers/ families ettyer

the website and portal can become a
resource/communitgharing center.  Adaptations to
diverse users can be carried out through assessment of
t he resource’ s di fficulty
dialogues that can be generated from the respective
resoure.
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ABSTRACT

Computational thinking (CT) is emerging as a key set of
problemsolving skills that must be developed by the new
generations of digital learners. However, there is still a
lack of consensus on a formal CT definition, on how CT
should be integrated in eddimaal settings, and specially

would enable educators to assess what the child has
| ear ned need|(Gtoeeré&Pea, 2083|p.4d)at ed”

Moreover, from a psychometric approach, CT is still a
poorly defined psychological construct as its nomological
network has not been completely established; that is, the
correlations between CT and other psychological

on how CT can be properly assessed. The latter is anconsiructs have not been completely reported by the

extremely relevant and urgent topic because without
reliable and valid assessment tools, CT might lose its

scientific community yet (RomanGonzalez, Pérez
Gonzalez, & JiméneFernandez, 2016)Furthermoe,

potential of making its way into educational curricula. In here is still a large gap of tests relating to CT that have
resporse, this paper is aimed at presenting the convergent,ndergone a comprehensive psychometric validation

validity of one of the major recent attempts to assess CT
from a summativeaptitudinal perspective: the
Computational Thinking Test (CTt). The convergent
validity of the CTt is studied in middle schoop&hish
samples with respect to other two CT assessment tools
which are coming from different perspectives: the Bebras
Tasks, built from askill-transfer approach; and Dr.
Scratch, an automated tool designed frorformnative
iterative approach. Our resultsshow statistically
significant, positive and moderately intense, correlations

between the CTt and a selected set of Bebras Taskd h a't

(r=0.52); and between the CTt and Dr. Scratch (predictive
value r=0.44; concurrent value=0.53). These results
support the sttement that CTt igartially convergenwith
Bebras Tasks and with Dr. Scratch. Finally, we discuss if

procesgMihling, Ruf, & Hubwieser, 2015)As Buffum
etal. (20155 a vy : “devel oping (stand
of student learning is an urgent area of need for the
relativelyyomg computer science

P

C

edu

(Buffum et al., 2015, p. 622)

In order to shed some light on this issue, one of the major
attempts to develop a solid psychometric tool for CT
assessment is the Computational Thinking Test (CTt)
(RomanGonzélez, 2015)This is a multiplechoice test
has demonstrated to
r«=0.70) in middle school subjects, and which has
contributed to the nomological network of CT in regard to
other cognitive (RomanGonzéalez, Péretsonzalez, &
JiménezFernandez, 2016pand noncognitive (Roman

be

these three tools are complementary and may be combined>0nzalez, PereGonzalez, Morend.eon, & Robles,

in middle school.

KEYWORDS
Computational thinking assessment, Computational
Thinking Test, DrScratch, Bebras Tasks, middle school.

1. INTRODUCTION

Computational thinking (CT) is considered in many
countries as a key set of problewlving skills that must
be acquired and devel oped
learners(Bocconi et al., 2016)However, tlere is still a
lack of consensus on a formal CT definitigtalelioglu,
Gulbahar, & Kukul, 2016) on how CT should be
integrated in educational settinls/e & Koh, 2014) and
especially on how CT can be properly asseg&rdver,
2015; Gover & Pea, 2013)Regarding the latter, even
though computing is being included intelR schools all
around the worl d, the iss
remains a thorny on€Grover, Cooper, & Pea, 2014)

Hence, CT assessment is an extremely relevant and urgen

topic to address, becsmnanse
CT can have little hope of making its way successfully into
anyK-12 curricul um”, and

154

¢ 0 Npx G, & Handbédrd, 2013)

2016) key psychological constructsContinuing this
research line, now we investigate the convergent validity
of the CTt, that is, the correlations betwais test and
other tools aimed at assessing CT. Thus, our general
research question is:

RQgereray What is the convergent validity of the CTt?

1.1. Computational thinking assessment tools

Focusing on K12 education, especially in middle school
andb without lbethg gxhaustivg, ewe efinda seivetah CTo f
assessment tools developed from different perspectives:

CT Summative toolsWe can differentiate between: a)
Aptitudinal tests such as the aforementioned
Computational Thinking Tegwhich is further described
in 2.1.), theTest for Measuring Basic Programming
Abilities (Muhling et al., 2015) or the Commutative
Assessme}nt TeftVeintrop & Wilensky 2t015)£nd bl) , C
é’oﬁtenﬂ%nowle&gg S dssessmheMty toots' $uch® Bs' thd
ummatve tools ofMeerbaurmrSalant et al. (2013) the

cr ch context, or _ those wuse
un&’e‘rs?aribiﬂgu& co n‘ﬁobt;ti(?ngl &:ohc%pﬂs aﬁelointrgdﬁcﬁﬁ S
a new computing curricu‘lupnw éeag.é irJaIgleLér-BatrgHrg, i



CT Formativeiterative tools. They provide feedback, 2. BACKGROUND

usually in an automatic way, for learners to improve their ] o

CT skills. These tools arepecifically designed for a  2.1. Computational Thinking Test (CTt) _
particular programming environment. Thus, we fid The Computational Thinking TES(CTY) is a multiple
Scratch(MorenoLeén & Robles, 2015pr Ninja Code ~ choice instrument composed by 28 items, whéuie
Village (Ota, Morimoto, & Kato, 2016)for Scratch; the admlnlstered oﬂme (via npnmoblle or'moblle electrenlc
ongoing work ofGrover et al. (2016Jor Blockly; or the devices) in a maximum time of 45 minutes. Each item of

Computational Thinking Patterns CT®raph (Koh, the CTt is presented either
Basawapatna, Bennett, & Repergjn 2010) for interface; and is designed according to the following three
AgentSheets. dimensions(RomanGonzélez, 2015; RoméaGonzélez,

PérezGonzalez, & JiméneFernandez, 2016)
CT Skill-Transfer tools.They are aimed at assessing the

students’' transfer of their Tc&ompuatonal conceptoaddiessedeach Mt t y ¢
problems: for example, thBebras TaskgDagiene & addresses one or more of the following seven
Futschek, 2008)re focused on measuring transfer to computational conceptgyrdered in increasing
‘“réalf e’ pr o@TP-GuiziBasavmpatna, Ko, difficulty: Basic directions and sequences;
Repenning, Webb, &larshall, 2011)which evaluates the Loops-repeat times; Loopsepeat until; K-
transfer of CT to the context of scientific simulations. simple conditional; If/elsecomplex conditional;

. ) While conditional; Simple functions. These
CT PerceptionsAttitudes  scales such as the “computational concepts
Computational Thinking Scald€TS) (Korkmaz, C akir, nested alog the test, and are aligned with the
& O zden, 2017)which uses fivgooint Likert scales and CSTA Computer Science Standards for tHe 7

has been recently validated with Tistk students.

CT Vocabulary assessmentsThey are aimed at
measuring elements and dimensions of CT verbally
expressed by children (i

and 8 grade(Seehorn eal., 2011)

Style of answers:in each item, responses are
presented i of

t hes
ar rWepP UGt "Q/r]aslualt hinkéwg

1 Required task: depending on which cognitive

task is required for sol vi
st at i n g manmeraset ofcomohands| y
completion’ of an incomp

| angua gGover,2041) g . ,

Using only one type from the aforementioned assessment
tools can lead to misunderstand the development of CT
skills by studentsin this sense, Brennan and Resnick
(2012) have stated that I_ooking _at studentated or ‘debugging’ an incorre
programs alone could provide an inace sense of

student s’ computational \Weoshopv artesample obasCTt itemdranglated inth English
underscore the need for multiple means of assessmentin Figure 1, with its specifications detailed below.

Therefore, as it has been pointed out by relevant —————————————
researcherfGrover, 2015; Grover et al., 20/1.4n order to : i
reach a total and comprehensive understanding of the CT| —
of our students, different types of complementary &
assessments tools must be systematically combined (i.e.
al so called “systems of as
our paper is ggrifically aimed at studying the convergent [
validity of the CTt with respect to other assessment tools,
which are coming from different perspectives. Thus, our
specific research questions are:

RQspeciicr: What is the convergent validity between CTt
and Bebras Tasks? RQeciic2): What is the convergent
validity between CTt and Dr. Scratch?

-

Figure 1L CTt, item n°8( * ma z e -r@peat timeso p s
(nested); visual blocks; sequencing.

Although the three instruments involved in our research 22 Bebras Tasks
?hre aimed at arssesrs ing the same cotnstrfuct ("ed’.ffCT)’ ta%he Bebras Tasks are a set of activities designed within

ey ~approac € measurement from - Gierént y,o context of theBebras International Contedt a
perspectives, dotal convergencér>0.7) is not expected

. competition born in Lithuania in 2003 which aims to
among them, but partial one (0.4€<0.7) (Carlson & : -
Herdman, 2012) Answering the aforementied promote the inteest and excellence of primary and

X . . _secondary students around the world in the field of
9uestlons may contribute to develop a comprehensweCO ter Science from a CT ers ect% gie

system of assessment forFutcek,'Z@O&'ﬂég rgel&%tu %/eea‘g?t|ng
the contest launches a set of Bebras Tasks, Whose loveral
approach is thel ifesolauntdi omi got

1 Sample copy available dtttps://goo.gl/GgD6Wt 2 http://www.bebras.org/
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problems, through the transfer and projection of the (1 point) (2 points) (3 points)
students’ CT. These Bebr asAbsagtienknd Moree i.pndem eVsdent " from

any particular software or hardware, and can be Problem than one blocks (instances
o s e . . . decomposition script of sprites)
administered to individuals without any rigr Logical _ _
programming experience. For all these features, the thinking If If else Logic operations
Bebras Tasks have been pointed out to more than likely be Message  Wait until, when
an embryo for a future PISR¢ogrammeor International o _ broadcast, backdrop
Student Assessment) test in the field of Computer Science Synchronization  Wait alftgg)p brg;‘gggssén §
(Hubwieser & Muhling, 2014)As an example, one of the program wait
Bebras Tasks used in our research is shown in Figure 2. Two scripts on
— - Two Two scripts receive
The expresions contn varales A B. C. . il may b s or | Opton 1 Parallelism scripts on on key message,
false. A variable has m:n‘:ialf‘.:s:“i?i:fi::::clrsmndmggﬂe is oper. A = false, B = true, C = false, D = false green preSSEd or VideOIaUdio
Tn which case the apple free gets water? flag sprite clicked input,
backdrop change
Option2 Sequence  Repeat, i
A =true, B =true, C = false, D = false FIOW ContrOI Of bIOCkS forever Repeat Un“
Keyboard,
Option 3 User Green mouse, ask  Webcam, input
A =true. B = false, C = false, D = true interaCtiVity ﬂag and sound
wait
option 4 Data Modifiers
i f obj Variabl Li
A = false, B = false, C = false, D = true repfesentatlon pol'()?)l;]lilcets a ab es sts

Figure 2 Example of aBebras Tass Wat er ).Sup p Laad
when this sprite clicked when clicked

2.3. Dr. Scratch change hits by @ reset timer
Dr. Scratch (MorenoLedn & Robles, 2015k a free and Chits = | set his  to ]
open source web application designed to analyze, in an | ¢ _ —
automated way, projects programmed with Scratch. In | Sl sk ook o BELEULEA seconds PRUK 2 ELCS
addition, the tool provides feedback that middle school
students can use to improve their programming and CT ;say You got me! Catch me again! [ETH 1 LTS
skills (MorenoLeodn, Robles, & Roma®Gonzalez, 2015) g0 to x: { pick random @I to @D y:  pick random EED to €EH
Therefore, Dr. Scratch is an automated tool for the |
formative assessemt of Scratch projects. Figure 3 Source code of ‘cCatch

As summarized in Table 1, the CT score that Dr. Scratch Available athttps://scratch.mit.edu/projects/142454426/

assigns to a project is based on the level of developmentp scratch is currently under validation process, although
of seven dimensions of the CT competence. Theseiw convergent validity with respect to other traditional
dimensions are statically evaluated by inspecting the metrics of software complexity has been already reported

source code ofthe analyzed project and given a (MorenoLedn, Robles, & RomaGonzalez, 2016)
punctuation from 0 to 3, resulting in a total evaluation

(‘"mastery score’) that ransqelﬁEfl-er‘f)BL(gGYt&\lDzR]ESWIPTPSn al | se

dimensions are aggregated. -~ .

9greg The convergent validity of the CTt with respect to Bebras
Figure 3, which shows the source code of a Scratch Tasks and Dr. Scratch was investigated through two
project, can be used to illuate the assessment of the tool. different correlational studies, with two independent

Dr . Scratch would assign &amplesi nts of ‘mastery score’ t
this project: 2 points for logical thinking, since it includes
an -elisfe’ statement ; 2 poi n31sFirdt study: GTe*®ébrag Taske r act i vi ty, a

players interact with the sprite by usingetimouse; 2 Within the context of a broader pp®st evaluation of
points for data representation, because the project makest q he CTt and lecti f three Beb
use of a variable; 1 point for abstraction and problem ~°9€-0'9 courses, the CTtand a selection of three Bebras

" : Cel .- Tasks were concurrently administered to a sample of
decomposition, since there are two scripts in the project; " . g :
and 1 point for flow control, because the programs are n=179 Spanish middle school students (Table 2). This

formed by a sequee of instructions with no loops occurred only in praest condition, i.e., students without
Parallelism and synchronization dimensions would be prior fo”f‘a' experience in programming and before
measured with 0 points. starting with Code.org.

Table1Dr . Scratch’s score a s < i 120le2 Sample of the first study
7 Grade 8" Grade Total

Boys 88 15 103
Girls 60 16 76

Competence Level
Basic Medium Proficient

CT dimension

8 http://drscratch.org/
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Total 148 31 179

The three Bebras Tasksere selected attending to the
following criteria: the activities were aimed to students in
the range of 1114 y/o, and focused in different aspects of
CT. In Table 3, the correlations between the CTt score
(which ranges from 0 to 28), the score in eahhe
Bebras Tasks (0 to 1), and the overall Bebras score for all
of them (0 to 3) are shown. As the normality of the
variables is not assured -{f@lugz.s>0.05], non
parametric correlatioms

Table 3 Correlations CTt * Belars Tasksri{=179)

ar

Task #1: Task #2: Task #3: Whole Set
‘Water ‘' Fast ‘ Ab ac ofTasks
CTt .419" .042 490" 519"

™ p-valuey < 0.01

As it can be seen, the CTt has a positive, moderate, and

statistically significant correlatiofi=0.52) with the whole

which is consistent with the fact that CTt does not involve
parallelism.

Set of Bebras Tasks Score

e

T T T
10

T T
15 20 25 30

CTt Score

Figure 4 Scatterplot CTt * Set of Bebras Tasks.

Scale
@40
@35
@30
®25

20

set of Bebras Tasks (Figure ul (' Wat
Supply’, r e-bimaty estructures) ardo#gi c £ ™| 10
(" Abacus’ , related to abst? n and
algorithmic thinking). No correlation is found between the i
CTtandlask #2 (‘' Fast Laundry’,%"" sm),

&

3.2. Second study: CTt * Dr. Scratch

The context of this study is anveeks coding course in
the Scratch platform, following th€reative Computing
(Brennan, Balch, & Chung, 2014furriculum and
involving three Spanish middle schools, with a total
sample ofni=71 students from the"8Grade (33 boys and
38 girls).

Before starting with the course, the CTt was administered
to the students in priest conditions (i.e., students without
prior formal experience in programming). After the coding
course, students took a passt with the CTand teachers

@
1

T T T T
15 20 25

CTt (post-test)

Figure 5 Scatterplot CTfosttestDr. Scratch.

T T
10

4. DISCUSSION AND CONCLUSIONS
Returning to our specific research questions, we have
found that the CTt ipartially convergentvith the Bebras
Tasks and with Dr. Scratch (0.4<0.7). As we expected,
the convergence is ntdtal (r>0.7) because, although the

selected the most advanced project of each student, whichhree tools are assessing the same psychological construct
was analyzed with Dr. Scratch. These three measures(.e., CT), they do it from different perspectives:

offered us the possibility to analyze the convergent
validity of the CTt and Dr. Scratch in predictive terms
(CTtyretestDr. Scratd) and in concurrent terms (G

test Dr. Scratch). As the normality of the variables is not
assured either [palugz.s>0.05], nonparametric
correl ati omare¢aBypated agamaTable4).

Table 4 Correlations CTt * Dr. Scratcim£71)
CTt Pretest CTt Posttest
444" .526"

Dr . Scmaasttcehr y( *
" p-valueg < 0.01

As it can be seen, the CTt has a positive, moderate, an
statistically significant correlation with Dr. Scratch, both
in predictive (=0.44) and concurrerierms (=0.53, see
Figure 5). As expected, the concurrent value is slightly
higher because no time is intermediating among the tools.

4 The Bebras Tasks used in our research, and their

specifications, can be reviewed with more detail in:
https://googl/FXxgCz
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summativeaptitudinal (CTt), skill-transfer (Bebras
Tasks), andormativeiterative (Dr. Scratch). On the one
hand, hese empirical findings imply that none of these
tools should be used instead of any of the others, as the
different scores are only moderately correlated (i.e., a
measure from one of the tools cannot substitute
completely the others); otherwise, the thieas might be
combined in middle school contexts. On the other hand,
from a theoretical point of view, the three tools seem to be
complementary, as the weaknesses of the ones are the
strengths of the others.

dThe CTt has some strengths such as: it cazobbectively

administered in pure pitest conditions, so it can be used
in massive screenings and early detection of students with
high abilities (or special needs) for programming tasks;
and it can be utilized for collecting quantitative data in pre


https://goo.gl/FXxgCz

post evaluations of the efficacy of curricula aimed at
fostering CT. However, it also has some obvious
weakness: it provides a static and decontextualized
assessment, and it is strongly focused on computational
‘“conc ¢Brenmarn & Resnick, 2012) ignoring
practices’ and ‘perspectiyv

As a counterbalance of the previous weakness, the Bebras
Tasks provides a naturalistic and significant assessment,
whichisc ont ext ualiifed ipm o'brl ears
used not only for measuring but also for teaching and
learning CT. However, the psychometric properties of
these tasks are still far of being demonstrated, and some of
them are at risk of being too tangi@hto the core of CT.

Finally, Dr. Scratch complements the CTt as the former
includes
2012) that the othes do not, such as iterating, testing,

)

<
<@
(¢
Create "é,
<

Evaluate @
%,
Analyze % £
%
Apply
Understand
Remember

¢ 0 mp UBremran & Resrick, p r gigufels C €BS| ' o0 wonomy and GT assessment tools.

remixing or modularizing. However, Dr. Scratch lacks the 6. REFERENCES
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ABSTRACT 2. BACKGROUND

This paper introduces the concept of a virtual reality  2.1. Constructionism

(VR) programming environment that allows youth to Constructionism is the process of building understanding
both develop immersive VR experiences while through the active use of tools to develop tangible
enhancing computational thinking (CT). Specifically, we artifacts (Kafai & Resnick, 2011). Building on
extended a blockbased programming platform, MIT constructioni sm, i s t he co
App Inventor, to allow youth to make VR Android apps designer s’ , whi ch ha®rdes hown
(AI/VR). We compare Al/VR's support for CT to other thought process development and motivation (Cooper,
existing VR editors using the CT concepts established by Dann, & Pausch 2003; Fortus, Dershimer, Krajcik, Marx,
Brennan and Resnick (2012). Comparisons showed that & Mamlok-Naaman, 2004). Especially, programming

Al / VR’ s support f oeaseodfuse CT interactive enedias has fheakn ishown to support CT

for kids, makes it more preferable for teaching CT (Brennan & Resnick, 2012). The development of
compared to other editors. interadive and immersive media, with platforms such as
KEYWORDS Alice, also embody constructionist characteristics, as

g o ) ) o they allow learners to design interactive media freely in
computational thinking, virtual reality, constructionism, the same context (Sykes, 2007).

immersive interface, MIT App Inventor

2.2. Immersive Interface for Learning

1. INTRODUCTION Immersion is the subjectivempression that one is
In recent years, many educators have argued participating in a comprehensive, realistic experience
computational thinking (CT) (Wing, 2006) is an (Stanney, 2002; Lessiter, Freeman, Keogh, & Davidoff,
indispensable skill for everyone. In order to support  2001). Studies have shown that immersion in a digital
widespread uptake of computational thinking, blecks environment can enhance education in at least three
based approaches to programming have been developed, ways: allowing muiple perspectives, situating the
in which users program by snapping blocks of code. F learning, and transfer to other contexts (Dede, 2009).
example, Scratch allows students to build 2D multimedia  Below we describe two immersive learning
(Brennan & Resnick, 2012). Alice helps students learn  environments.
programming by building 3D media (Dann, Cooper, &
Pausch, 2006). 2.3. Alice
Alice is a 3D graphics programming environment that
allows users to create interactive 3D animations and

: : : e : learn programming in an objeotiented approach (Dann
learning programming, in part to its immersive nature X
(Sykes, 2007), indicating the potential for immersive et al., 2006). Research on use of Allce to teach an entry
experiences t o enhance slevel yndgrgraduate campyler sqence FOblrﬁe%SIhOWGd

thinking. However, there has been limited research on ,tbk\]l'at postte;t [_)f(_arfonlnar?ci a hong studer}ts who used
how VR, an inmersive environment, can support CT ice was significantly higher than compansgroups.

learning. Given the nascent field of VR, in order to Qualitative results showed that students using Alice
understand the role of it in developing CT, there is a need enjoyed the process and spent more time engaged in the

to examine current VR editors. If these do not support the course (Syke;, 2007.)' There were diverse reasons for this

kinds of learning we wish to support, then itigtical to engagement, including

develop appropriate tools. This work was framed around  the active graphical interface. While Alice is not

two needs: 1) understand the state of current VR editors compktely immersive, it has a higher degree of

and examine their suitability for supporting developing immersion compared to tekBsed languages. The
computational thinking; and 2) develop a tool that r esults suggest the potenti

supports the learning eded, if current platforms were computational thinking skills within a more immersive
found to be lacking. environment.

Compared to Scratch, Alice provided a more immersive
experience. Studies usiddice showed it is effective for

Below, we examine current VR editors, discuss how they
support CT and their suitability for young learners. We
propose Al/VR that responds to their shortcomings.

2.4. Immersive Interface for Learning

Virtual Environment Interactions (VEnvl) is a platform
that uses a database of dance sequences, VR, and a drag
anddrop interface to teach programming concepts
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(Parmar et al.,, 2016). Although this study is limited
because students did little programming, and were
introduced to programming concepts in sessions, results
showed that students found the immersion of VEnvl
desirable and became more positive towards computer
science.

3. PREVIOUS EDITORS

3.1. Introduction of VR Editors
In order to understand how current platformsmupCT,
we examined nine VR code editors: 360°& VR Editor

(“360°& VR Editor”, n.d),
n.d.), Smart 2VR

(“CoSpaces”, n.d.), Vizor
Overview”, n.d.), U nUnreah |
Engine VR Editor”, n.d.),

(Arma 3 has a VR editor for creating games) (Zemanek,
2014) , and Si mmetr.i

3.2. Categorization and Analysis

We categorized the editors
computationalconcepts, which are sequences, loops,
parallelism, events, conditionals, operators, and data
(Brennan & Resnick, 2012). The editors are also
categorized based on their affordances into three groups,
which are photo/video focused editors, visual
programmiry editors, and text based editorable J).

3.2.1. Photo or video focused editors

Photo or video focused editors are ones that: 1) focus on
making rich scenes using photos and videos; and 2) only
support acquiring the computational thinking concept

‘ e v e n tfacus.on stemeecreation is the goal of these
editors, which explains why they have limited utility for
CT. Users can place events inside scenes usinegaiichg

drop (e.g., adding a button that is clickable). However,
such editors lack the means to use segas, loops,
parallelism, events, operators, and data. 360°& VR
Editor, HoloBuilder, and Smart2VR fit in this category.

3.2.2. Visual programming editors
Visual programming editors support most, if not all, the
CT concepts through visual programming. Vizor and
CoSpaces fall in this category, with CoSpaces also
supporting text based programing.

In Vizor, students can apply all computational thinking
concepts us.i

Rhhebt&iUtd lotfle?

through in a ‘
) ! batchesiditd 9.Busdrd éﬁr :
(“ Smart 2VeBmbine pltchfs Ji statdsBuetlrd Cptdhes to

dnderétardl Séquence. "hefe: arer preblilt i phtches (for V R

Bdbes! cBn‘%litipﬁélg, opEr&drst vadable$, and data. Users
RdnB&rn paralllisnY, fof ékamplé, by uSp'modsey € d

press patches. However, there are limitations including

(“ Si mmepk rifited adlmafion )patches, which can make

animating objects difficult. Additionally, unlike MIT
App Inventor where blocks run from top to bottom, the

i

oldiét iofNpatchBs’ d® et anBlica®® étueRcd nnNvizérk ' s

requiring users to link extra patches.

In CoSpaces, users can use blocks to apply all seven CT
concepts. Users can connect blocks from top to bottom
to understand sequence, and use loop blocks to
understand loops. Thexecute in parallelnd theon
activate otblocksenable parallelism and events in users'
projects, respectively. There are prebuilt blocks for
conditionals, operators, variables and data. However,
CoSpaces lacks blocks for dynamically creating objects,
and has limited types of events compared to Vizar an
AlI/VR. These can limit the range of computational
practices (which focus on
learn) (Brennan & Resnick, 2012).

Table 1.Categorization of VR Editors with colored boxes representing an attribute{opthat an editor(row) has.

Numbers 1,2,3,4,5,6,7 of CT concept each refer to sequences, loops, parallelism, events, conditionals, operators, and

data.
CT Concepts
Does not require Intended
Platform Editor Type 1(2|13|4|5|6|7 programming audience
background
360°& VR Editor Novices
HoloBuilder Photo/Video Novices, especially construction compal
Smart2VR Novices
Vizor Visual Novices
CoSpaces Visual/Text based Novices
Unity Professional, Experienced gamers
Unreal Engine VR Professional, Experienced gamers
Editor Text based
Arma 3' s Professional, Experienced gamers
Simmetri Artists
AIIVR Visual Novices
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Figure 1.Usage of patches in Vizor.

3.3. Textbased editors

Text based editors are editors that require at least partial
text based programming to exhibit the seven CT
concepts. Uni ty, Unr eal
virtual reality editor, and Simmetri fit in thisategory,
with differing audiencesTable ). Since these editors
allow users to build complicated VR environments
technically, they support all CT concepts, and users can
employ complex CT with them. However, these text
based editors require a steep l&agrcurve and are not
suitable for beginners.

En

Building off of the various shortcomings of the tools
described above, we identified a gap in the VR authoring
landscape for a tool that allows novices to develop VR
applications  while  developing CT  concept
understandings. Below we describe the tool and its use.

4. APP INVENTOR VR EDITOR

4.1. Blocks in AI/VR

There are four kinds of blocks in Al/VR: Bvent 2)
method, 3) property setter and getter, and 4)object
creation blocks. Event includes checkButton,which
checks if the user clicks the Cardboard buttdethod
blocks trigger interactions with objects and the player,
including moveUserwhich changes the location of the
player. Property setters and gettersc hange obj
attributes, such as siz@®bject creation blocks, such as
createCubeallow the user to dynamically add objects.

4.2. Sample Al/VR program

To demonstrate how the editor supports CT, we included
a sample Al/VR progranF{gure 2& Figure 3. If the
user gazes at one of the four cubes (thatnaade by
shaking the phone), she will earn points (shown in a
label). The cube also moves to a random position and
changes color.

This example shows how all seven computational
concepts are supported in Al/VR. First, users can
understand sequences by chiagk that blocks are
executed in order when the user gazes at a cube. The cube
changing color, and the score increasing and updating
shows sequentially ( of Figure 3. Loops are used to
iterate over cubes in . Events are used through blocks
like checkGaz8hort(the block that returns 1 if the user
gazed at the objeet ). For parallelism, twoif" blocks

are used to check whether a cube was gazed at and the
color and position of the cube are changed concurrently
(). For conditionals, the user can conmexent blocks

and attribute or animation related blocks with affi "
block ( ). For operators, users can practice addition by
adding 1 to the current score when a cube is gazed at (
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1) and checking that the increased score is updated in the
scene ( -2). Lastly, users can understand data by
keeping track of cubes using a list block §.

Fullscreen || VR (#edVR/Mbile only) || Reset

.

==

&Eigure 2.Scene of d

when Shaking

do (] if

emo

-l global cube id - J{= - I 0]
call

text

then
pl score: 0 g

then'| call

e random integer from

€0 | (&

Y ! random integer from | | to | ED)

random integer from | @0 | to

a8

fist [ get FTTIRTENEDD
item || get EIETFENINEED
all
id

stable
|‘:=_' add items to list

¢} get CIETINMTNEED

set CEDIENTICE o PeTd olobal cube_id - J%
—

CLELN Clockl - Rty

de (for each [)in list |
o = SAS]en 6|
id || get IEKD
en | call
id

get CETETTNED

random integer from
¥ | random integer from

random integer from

when L TZZZED Timer
do (TFor ach ([in st | get FIETIRNTNED

P global score - 153
(W changeSceneText -

WL global score |
8-

Figure 3.Code for a sample VR program in Al/VR.

4.3. Categorization and Analysis

Al/VR is in the category of visual programming editors
and supports all CT concepts. Al/VR also targets ease of
use by kids, employing the same degddrop interface

as the original MIT App Inventor (Wolber, Abelson,
Spertus, & Looney, 2011). Consideritigese aspects,
AlI/VR balances usability for kids and features for
supporting CT, overcoming the limitations of other
editors. It also has animation blocks sucimaseObject
overcoming the limitation of Vizor. Using the top down
approach, sequences alsoeeasier in Al/VR. Compared

to CoSpaces, Al/VR supports creating new objects with
blocks like createCube and allows diverse triggering
events with blocks likeheckButtonwhich triggers an
event when a user presses the Cardboard headset button.

However Al/VR lacks a diversity of objects and media
related blocks like video. In context of CT, this could be



a limitation because it could reduce the diversity of practice: Designing, thinking, and learning in a

computational practices. digital world. New York, NY: Routledge.

Lessiter, J., Freeman, J., Keogh, E., & Davidoff, J.
5. CONCLUSION (2001). Acrossmedia presence questionnaire: The
Considering the role constructionism plays in ITC-Sense of Presence InventoPyesence:
computationathinking and the possibility of immersive Teleoperators and Virtual Environmenid)3), 282
virtual reality to support this learning, we introduce 297.

AI/VIR -a ktJlock_st)asled tc:.(:l to supp(\)Nrt kiﬁs to n;]ore Parmar, D., Isaac, J., Babu, S. V., D'souza, N., Leonard,
easily create virtual reality apps. We have shown 'Dai{'gJS}B' (2016). Programming
at

Al / VR's fit as a visual pro@}'&\%@s‘?orﬁgéngﬂd& oﬁ)orfapl)Ji}\& mbosdiganport

all seven of Brennan and Resnik's CT concepts, while : T .

. ; i interaction in virtual environments to enhance
?Isg Ze('jr.]g us_?b!e b%/.yotung Igds. Qlthngth (f‘glkaha.S{ computational thinking in middle school students.
imited diversity In objects and media refated DIocks, | 2016 IEEE Virtual Reality (VR)L31:140.
overcomes the limitations of Vizor, such as animating

objects and sequence, and those off2@8s such as the Simmetri. (n.d.). Retrieved froimttp://simmetri.com/
lack of blocks for dynamically creating objects and the ~ Smart2VR. (n.d.). Retrieved from
limited types of triggers for events. https://www.smart2vr.com/#hoit-works
Stanney, K. M. (2002Handbook of virtual
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ABSTRACT l evel s of education. This pe
Many countries that recognize the importance of effort in the introducing the CT and coding in the
Computational Thinking skills are implementing education from Re-school to Secondary schools.

curriculum changes to integrate the development of these

skills and to introduce coding into formal school 8. COMPUTING PROGRAMMES in K -10
education. Singpore has introduced new programmes In 2014, Singapore launched the Smart Nation Programme
from Preschool to Secondary children to develop which is a nationwide effort to harness technology in the
Computational ~ Thinking  skills and introduce business, government and home sectors for improving
programming. A major change in the secondary school urban living, building strongecommunities, growing the
syllabus is the introduction of a new Computing subject economy and creating opportunities for all residents to

t aken at.Thehew subgeut erhpdasizes on the address the everchanging global challenges (Smart
development of Computational Thinking skills and coding Nation, 2017). One of the key enablers for the Smart

in Python. Students are expected to apply technology for Nation initiative is to develop computational capabilities.
creating solutions to solve problems. In this paper, we Programmesre implemented to introduce and develop
describe the various initiatives in Singapore fae-P CT skills and coding capabilities from psehool children

school, Primary and Secondary schools. From initiatives to adults. We survey the landscape ef&CT and coding

in these three school g o i n glatedprograpmes invBmgapore which are iSplemgraed o r e
approach to implementation of learning Computational by various government organizations. We prasthese
Thinking. Unlike several countries that has decided to programmes and have organised them according the
implement computing as computgo education, groups: Preschool, Primary and Secondary.

Singapore has taken a route of creating interest amongst

children in Computing in ageppropriate ways. 8.1. Pre-school

Singapore’s pragmati c armpprla 8igghpore, Shildrdm agedifomn 8 10 i6 yeard oldaytend p t

by school s, nurturing st upgkeschbots' whithn &re rmesilyt privately ¢ua.mPphet i n g
upskilling teachers in ceoputing, and a muHagency Infocomm Media Development Authority IMDA)
approach. launched the Playmaker initiative with the aim of

introducing Computational Thinking in the Kindergarten

KEYWO.RDS _— ) . and Preschools in Singapore (IMDA, 2017). There are
Computational Thinking, Computing, Programming, and 4,61 3000 preschools in Singapore and initial phase was
Coding to pilot the programin 160 piclo o | s . | MDA’ s ap
7. INTRODUCTION to introducing CT was to identify toys that would engage

Since Wing's (2006) ar gu m¥H chilgrgninplgywhile develgping TtS|fI||6§IIJC%‘;|aS
concepts, methods and tools can develop thinking skills to @dorithmic thinking. IMDA would' provide a set of the
transform how we work or solve problems, and with the toys to pilot centres for use in the classroom by the
emergence of computatieelated fields such as Data (€achers.

Science and Artificial Intelligence irecent years, there  The toys that IMDA selected that would provide playful
has been great interest from academia, industry andexploration of technology are: 1) Beebot; 2) Circuit
government in Computational Thinking (CT) and coding. Stickers; and 3) Kibo. The Beebot is a toy with simple
Sites such as code.org, which is sponsored by industryprogrammable steps to control the movement. Children
giants like Google, provide free resources on learning can program the toy to move in a path logically
coding to anyone whis interested. National governments  sequencing the number of steps to move and direction.
in addressing the manpower needs arising in the shift frompjaying Beebot can help young children to develop
a knowledge/information economy to an economy driven problem solving skills and logical thinking as they plan
by computation, are introducing educational policies that and program the movement of the toy. With the Kibo
would prepare its citizens to be future ready. @ater which was developed by researchén Tuft University,
Science and computing education once were only children can create a sequence of instructions by arranging
available as courses at the University level. Wing (2017) Kibo wooden blocks. The blocks can be scanned in the
reflecting 10 years after her publication on CT, never sequence with the instructions passed to the robot to
dreamt that Computer Science education would be taughtexecute the steps. Circuit sticker is a toolkit comprising of
in K-12 on a large scale. Todayhis become reality as  peelandstick electronic components such as LEDs and
governments or educational authorities, and schools areconductive copper tapes. With the toolkit, young children
introducing Computer Science education in the different can create interactive art and craft projects embedded with
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LED stickers and sensors that respond to the environmentstudents to CT concepts and coding, and build a generation
or external stimuli (See Figufg. Children can be creative  of workforce equipped with basic coding and CT skills. To
in handson activities while learning and applying basic scale the enrichment programmdMDA invited
electricity concepts. technology training partners to propose 10 hour programs
that would include coding activities using vistmsed
programming language such as Scratch and combining it
with a robotic kit such as the MoWay or microcontrollers
such as the Ardapb. The proposed programs should help
students appreciate coding and develop CT skills such as
solving problems and thinking logically. Schools that are
interested in the Code for Fun programme can select from
the list of vendors and apply for funding frdiiDA to
run the programme in the school. At present, IMDA fund
70% for each student with the rest funded by the school on
the condition that a certain number of students will be
attending the programme. Teachers are also required to
hineie attend a course conded by the technology vendors on
O ek aistat the programme. IMDA envisions the program to be taught
Drawabuttonwhere thet  hy the teachers in the future. Currently, eachhaOr
PSSRl qoqgion is conducted by the technology trainers in the
school lab. In each session, students are introduced
Figure 1. Circuit Stickers compuing concepts such as the use of variables and
conditional students through the use of visual
Preschool teachers in Singapore do not use much programming tools such as Scratch. Students also use the
technology or handle technology in the classroom as the Robotic tools such as the Lego WeDo kits or MoWay
emphasis is more on literacy development and play. As arobot based on the proposal by the different training
result, they may have apprehensions or concerns in usingpartners. Schools can choose on the different tools offered
technology in their lessons. Toadslre t eacher b’y ltdek vafi ous trainers based
experience and concerns, IMDA organised teacher budget.
seminars and workshops for teachers to experience the us
of the Beebot, Kibo and Circuit Stickers. The hands
sessions were facilitated by the instructors to introduce
teachers to thieech toys and work on simple projects. The
workshops are for the teachers to understand the potentia
learning opportunities by learning the technology for
themselves. Hanesn sessions also help to alleviate any
potential fear of handling technology ayhexperience
the use of the technology with the support from
instructors.

LAYmaker

Fhe Code for Fun enrichment and Playmaker programme
is part of the Code@SG movement initiated by the
government to teach CT amwbding to students from an
arly age. Driven by the IMDA, the initiative is important
0 buil d Singapore’s nati onae
workforce by creating interest in the Computational skills
and promoting Infocomm as a career choice. A multi
pronged approach of working with different partners
involves the development of enrichment programmes,
school infocomm clubs and coding competitions.
In preparing to pilot the Playmaker program and address
the concerns of Prechool teachers, IMDA worked witha  8.3. Secondary Schools

local Polytechnic which offers pigchool training for In 2017, the Ministry of Education introduced a new
teachers. Athe Preschool Learning Academy, {a&hool Computing subject which will be offerdd students as an

lecturers and trainers, with technologists worked to trial ©* O” Level subject replacing t
the use of the various tech toys in the -pchool subject (MOE, 2017). Students taking the subject will be
classroom. Their learning experiences were shared withl ear ni ng to code in Python w
the teachers. Collaborating with the m@hooltraining Level Computing. In the new syllabus design, students

academy provides implementers to understand how thewill develop CT and coding skills to create solutions with
tools can be used in the classroom and build capacitytechnology to solve problems. In the old Computer Studies
among the trainers to work with the teachers how thesesyllabus, students were learning to be users of technology
tools can be used to develop. The academy can providesuch as using software applications and understanding
on-going professional developmi&o the current and new  aspects of technology. This marks a idit shift from a
teachers. learning to be user of the technology to creator of solutions
with technology.
8.2. Primary Schools
To expose and enthuse Primary school students in
computational thinking, IMDA introduced its Code for
Fun enrichment programme which was piloted in 2014.
Since 2015, the programme has been implementetiGin 1
schools with about 34,000 students participating. The
goals of the programme is to expose a large base of

The new Computing syllabus is built on the framework
shown in Figure. 2: 1) Computer as a Science; 2)
Computer as a Tool; and 3) Computer in Society.
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Raspberry Pi. The workshop was a platform for teachers
to raise their concerns about teaching the subjett asic
the project work for students.

© Computer ® Troubleshooting
hardware ® CT devices
® Assembly & maintenance

Use of
Computer

Computational
Thinking

® Animation

® Image editing
® Spreadsheets

® Word processing
® Media tools

® Presentation
tools

® CAD/CAM

® Web page
design

® Games

® Simulation

9. Singaporeds Approach
Singapore’ approach i s t o
students to develop their interests in coding and computing
skills through touchpoint activities at various ages as
shown in Figure 3.Computing and CT skills are
introduced to the children that are em@propriate and
engage them in learning. Children progressively develop
interest and skills leading them to offer Computing as a

® Programming

® Data structures

® Data bases

Use of
Applications

® Abstraction

® Algorithmic
thinking

® Discrete
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® Netiquette

® Ethics
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communications

fPrimary School\ /Secondary \

School

* Project
management

® Robotics

Pre-school and
Kindergarten

® Theintemet o gopery
® Computer security

® Social media @ Data
storage

* Code for Fun
PlayMaker * School * Code for Fun

InfoComm * Coding
Club Competition

Figure 2. Computing Education Framework . Coding + hople
Competition Learning

The dimension of Computer as a Science comprises of the Programme
core components of Computational and Systems * Computing as
Thinking. Students will develop and apply CT skills such ?utf;’ft'

as abstraction and algorithmic thinking to solve problems ke FLiY ) . )
and deelop solutions through coding. Using both CT Learning
skills and systems thinking, students are required to work o mputing skills
on a project of their own interest. This is to encourage through Play
students to take more ownership by identifying a problem
that they are interested and devetmpideas to solve the Learning Computing Trajectory
problem using programming tools. In the dimension of

Computer as a Tool, students are exposed to the use o,

hardware, technology, and devices that are used in the Figure 3. Learning Computing Singapore
everyday aspects of life at work and play. They learn about
computer aplications that are used for productivity,
communications and creative tools for completing specific ap
tasks such as video editing or creating websites. In
Computer in Society, students learn about issues in using
computers such as intellectual property,adativacy, 9.1. Optin by Schools

internet security and the computer addiction. This Singapore uses an ejpt model recognizing the agency of
dimension includes a component on s2Tentury each school in choosing programs to meet the needs of
Competencies to prepare students to be Futady their students and readiness of the teacHachoobased
workers in the use of technology for sdifected learning,  programmes are planned by the school and teachers that

Developing Interest Applying
in Computing Computing

The following sections describe the characteristics of the
proach.

working in collaboration with othre and fostering would build students’ interes

creativity. like Computing. As teachers play in pivotal in the role in
implementing the programmes, there must beibuyom

the teachrs to see the importance of the programmes for
the students. For the schools to-opto adopt computing,
there must be teachers within the school to be ready to
learn, experiment and implement

A current challenge in implementing a Computing
curriculum is equipping teachers to teach the subject as
there are only few teachers who have Computing or
Computer Science background. Teachers who are
interested in teaching Cqrating and programming attend
a yearlong conversion course taught by Computer . . .
Science faculty from a University. The goal of the course g? rll\lurturlng Ir:tere,st n Computw;g hooi i
is to prepare and equip teachers with the content and gapore s approac S 0
technical knowledge to teach computing. In addition to Pre_~schoo_| c_hlldren are developing problt_am solving and
preparingteachers for the new Computing curriculum, Ioglca! th'.”'"”.g skills through play. Toys like th? Beebot
LN ' , a@d Circuit Stlckfzrs are aggpropriate for the children t
Ministry of Education’s beuerqgggledpinupIa;L/j imeir lessofis While He(\;/elopl%gnt e
Development Division (CPDD) organised workshops for f Y . .
teachers to understand the aspects of the Sy"abus_computatlonal thinking .Sk'”S' In primary and seconda_ry
Teachers are introduced to different pedagogies for SChOOI.S’ students are mtroqluced to V'?“a' programming
teachingcomputing such as unplugged approaches andtools like Scratch and tangible computing tools _||ke the
MoWay robots and Lego WeDo. Lessons are designed for

paired programming. In the workshop, teachers children to have fun learnin rogramming and
experienced the use of the tools for teaching such as the g prog 9
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developing logical thinking skills. Leading to the O children with opportunities to generate interest in learning
Levels, students can offer Computing as a subject basedcomputing. Starting at an early age, cteld are exposed
on their interest and choice. Starting from-Bckool, a to developing CT skills through ag@propriate ways of
pipeline is created for students to develoferest and playing. In primary school, children learn through fun and
computational thinking skills for them to choose given opportunities to extend their interest in

Computing rather than making it compulsory learning. programming through clubs and coding competition. At
» _ _ the secondary school lely children can choose to pursue
9.3. Upskilling Teachers in Computing Computing as a subject. Schools can-iapto offer

To prepare teachers to develop logical thinking, programmes based on the stude
algorithmic thinking, problem solving and coding skills in  programmes and readiness of the teachers to teach

the lessons, professional development and support must b&omputing. Teachers who are keen can choose to extend
given. The professional development should be their capaity to teach computing. Singapore as a Nation
appropriate to the learning needs of the teachers to prepar@an harness various agencies to work together in providing

them to teach their students. For the-grhool, a formof g variety of learning experiences for children to be
learning was for them to experice play with the toys and  engaged in learning computing.

understand how their own children would learn from

playing. Support from IMDA is given to the teachers to 11 REFERENCES

help them design and implement the Ies'sons in the DA, (2017). PlayMaker Changing the Game.

classrooms. In secondary school, Computing teachers Retrieved Eb 13, 2017from

undergo an intensiveomputing course equipping them i
with computer science concepts and coding skills for
teaching students. Most of these teachers are- non
Computer Science graduates but volunteered for the
conversion course out of their own interest. The teachers[27] MOE. (2017). O Level Computing Teaching
have regula meetups to continue improving their and Learning Syllabus. Retrieved Feb 13, 2017, from
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game

knowledge in teaching computing. https://www.moe.gov.sg/docs/default
source/documd/education/syllabuses/sciences/files/o
9.4. Multiple-Agency Approach levelcomputingteachingandlearningsyllabus.pdf

The task of building CT and Computing skills takes the [2g Smart Nation. (2017)Vhy Smart Nation
combined effort of multiple agencies to work together.  Retrieved Feb 13, 2017, from
These agencies include the government agenckes li  https://www.smartnation.sg/abesimartnation

IMDA, Ministry of Education and the Ministry of Social . . -
: : . Wing, J. M. (2006)Computational Thinking
and Family Development, Education centers like the Communications of the ACM, 49(3), 335

Singapore Science Centre, Universities and educational
providers. These agencies work together or singly to Wing, J. M. (2017). Computational Thinking, 10 years
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programmes.
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out the user interface of an application, and lkecks

ABSTRACT editor where program logic is provided using a puzzle
Collaboration becomes increasingly important in blockl i ke | anguage based on Goo
programmingas projects become more complé¥th Inventor users require a Google account to identify
traditional textbased programming language themselves to the service and projects are tied to these
programmersypically use a source code management accounts. While it is possible to fem group

system to managbe code merge code from multiple collaboration in MIT App Inventor given its current

editors, and optionally lock files for confliftee editing implementation, this is usually accomplished by student

There is a limited corpus of work around collaborative  groups creating a shared Google account and trading off
editing of coden visual programminganguagesuch as control over who is editing using the single account.

block-based programmingVe proposean extension to
MIT App Inventor, a welbbasedvisualplatform for
building Android applications witblocks, whichwill
enablemanyprogrammergo collaboratdan reattime on
MIT App Inventorprojects We take the positiothat
reattime collaboration within MIT App Inventor will

We propose a collaborativerogramming environment
within the MIT App Inventor software that will enable
multiple users to engage in computational thinking in a
reattime collaborative manner. Section 2 describes the
related work in computational thinking and collaborative

encourage students in a group environment to interact programmng. Section 3 |I|ustrates our design apd
with one another in ways that help them improve each implementation of the collaborative environment. Section

other's understanding and 4Peseptsydiscussignihathoythis gystem candelpupers
thinking practices that may not behved in the engage in computational thinking.
traditional one useone project paradigm that is currently

provided. 2. RELATED WORK
Brennan & Resnick (2012) gauge computational tinigk
KEYWORDS with respect to three categories: computational concepts,
Realtime collaboration, App Inventor, visual computational practices, and computational perspectives.
’ ’ They defined “Connecting” as

rogramming, computational thinkin . o ; .
brog g P g perspectives, which involves programming with others

and programming for others. Bycollaboration,

1. INTRODUCTION programmers are able to accomplish more than what they
Cloud-based collaborative technologies such as Googlecould have on their own.

Docs have beaoe a central part of how teams work i _

together to collaborate in real time on all manner of With textbased programming languages, programmers
content. While reafime collaboration for programming ~ usually collaborate with a version control system, such as
has been explored in research settings, a typical editing®it: Guzzi, Bacchelli, Riche, and Van Deursen(@pl
pattern in software development involves developers Presented an improved IDE with support of version
working separately and then merging their changes CONtrol system to help programmers to resolve conflicts
through a source code management system, such a§ "d detect probl ems iOterr oduc
Subversion or Git. These solutions work well for textual than version control system, Goldman, Little, & Miller
programming languages. However, little work has been (2011) demonstrated a re@the colleborative wekbased
done exploring reaime collaborative technigsefor ~ €ditor for the Java programming language.

visual programming languages, including blotk®ed  Collaboration in blockdased programming languages
Iapguages including Scratch (Maloney, Resnick, Rusk, nag typically been done via remixing, such as in the
Silerman, & Eastmond, 2010) and MIT App Inventor geratch language (Maloney et al., 2010) and MIT App
(Wolber, Abelson, Spertus, & Looney, 2011). The |nyentor (Wolber et al., 2011). In réxing, a developer
remainder of this paper will focus on the cbayes and  pyplishes an application publicly and others use it as a
poss!t_)Ie benefits of redime collaboration as they relate starting point for a new application. This remixing
specifically to the MIT App Inventor software. behavior makes iterate development between two
MIT App Inventor is a wetbased platform for building ~ developers more difficult because the project, rather than
mobile phone applications targeting Android. It provides SOMe subset, is the ia for remixing.

two editors for building ampplication: a designer where Greenberg & Gutwin (2016) highlight key challenges in
users drag and drogppmponentssuch as buttons, to lay  enapling awareness in collaborative environments. We
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leverage their findings by codifying awareness 3.1. User Interface Design

information via the locking mechanisms proposed in A user can share a project with others by providing their
Section 3. These locking mechanisallow users to direct  email address. Figure 1 shows the user interface of sharing
awareness of their peers by synchronizing access to they project. Once the project is shared successfully, the other
environment on a pe user basis. Gross (2013) provides aser can find the project in her prajexplorer. Users can

more indepth review of awareness research. know who has opened the project by the colored square in

the project title bar. When user hovers on the square, it will
3. DESIGN AND IMPLEMENTATION show the user’'s email addres
Our collaboration system is mainly designed fooup indicates the user’s corlor. |
course projects of -2 students in middle school, high ©f the program a user is editing.
school, or college. The system will satisfy the following s o=
features: - et

1. Users are identified by their email address and share
projects with others by email address. The user who
creates the projectta change ot hers
the project. The access level includes read, in which
users can only view the project, and write, in which
users can both view and edit the project.

2. Users can know who is currently working on the
project, and the componerds blocks that each

sEEmmEEp:

sxmmu“@

individual is currently working on. i ;

3. User can see others’ chagres2 Anigxamblé afnm@labostvey blodiasee r e
are several cases in MIT App Inventor: programming in MIT App Inventor. This project is shared
a. When users work on different screens, their within four users. The user can see the other three users,

A, B and C, on the project title bar. The block that each

changes will not be shown until switchin
g g user is editing is highlighted withtheaus * s c ol or .

screens.
b. When usersvork on the same screen, and they 3.2. Collaboration Server

work on the same editoj, torp%yércatno SE€o W h@t rpérhg,r Scha
change immediately on the editor. publishsubscribe pattern to send updates from one user to
c. When two users work on the same screen, and others. Publistsubscribe pattern is a messaging pattern,
one works on the designer editor, and the other where senders can send messages to a channel, and
works on the blocks editor, the one on the reeivers who subscribe to that channel can receive the
messages. We decided to build a NodeJS server for web
on the designer editor adds a new component clients to communicate about collaboration, wh_ic_h runs
) i *  separately from the MIT App Inventor server, so it is easy
When the one on the designer editor removes a 4 he managed. MIT App Inventor efits connect the
component, the other will see blocks related to  collaboration server with sockets. We use Redis, an open

blocks editor can see new blocks when the one

that component disappear. source library for irmemory data structure store and
publishsubscribe pattern, to publish and subscribe

e updategRedis Contributors 2017and all messages will

. e | - — be in JSON formatThe client will translate changes into
- S _ JSON documents and send them to the collaboration

server over a specified channel. The server will apply
. o operational transformations on JSON documents to make
e sure changes are published consistently to all subscribed
clients. Then, clients translate JSON document into events
T that update the code and run the events on their individual
S - e — ey systems. Therefore, the copies of the code of all clients
: "N will eventually be identical.

3.3. Channels

Each MIT App Inventor client is both plisher and
Figure.Shar e pr oj ect enmyaddrass e rsubscigberunstlersystem. Clients will subscribe to three
kinds of channels:

1. User channel: The user channel is specified
by the user email address. Each client
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subscribes to only one user channel. When
users share a project, they publish the
pro ect and user |
channel. Therefore, other users will be
notified that a user shares a project with
them, and that project will appear in their
project list.

2. Project channel: Project channel is specified
by project id. (Each MIT Ap Inventor
project has an id that is unique to the MIT
App Inventor server.) When a collaborator
opens a project, he will subscribe to that
project channel. This channel is used for
projectlevel messages, such as when other
collaborators open or close thmject, or
when components are added, modified or
removed. When a collaborator publishes
changes to the project channel, all active
collaborators on that project will be
notified.

3. Screen channel: The screen channel is
specified as combination of the peot id
and the screen name. This channel is used
to publish changes about blocks. Each

screen has its set of blocks. Users subscribe

to this channel when they open the block
editor of a screen. After subscribing this
channel, all changes related to blogkshis
screen will be published to the channel.

4. DISCUSSION

nfor

machine, students can work on the different machines in
distributed |l ocations and

siauktapesusly.+ o ot hers’ wuser

This new ollaboration mechanism for MIT App Inventor
touches on all four of the key computational thinking

practices of Brennan and Resnick (2012). Multiple users

can incrementally and iteratively build small units either
in isolation or together depending on tlwenplexity of the

tasks and expertise of the individuals. Users can explore
different debugging techniques to assist one another in

reyv

addressing problems in the code. Reuse and remix of code

can happen on a much finer time granularity on the order

of second®r minutes. Lastly, users can work together to

help one another understand and exploit abstraction and

modularization techniques within a program.

One challenge for collaborating with visual programming
l anguage is that it
process. With the testtased programming language,
programmer s can know
However, it is hard to place comments in visual
programming environment without disrupting actual
programming logic. One way we can handle it is to add

ot her s

i gghthar d

screen for comments, so users can toggle the comments

screen as they need. Another way to help users to
understand others is adding a communication channel, so
that users can exchange their ideas while they are

programming.

Our technical approach is noestricted to MIT App
I nventor, as it builds on

be applied to other visual programming languages, such as

Scratch. Itis easy to integrate socket and puldigiscribe
pattern into the system.

5. CONCLUSIONS

The collaborative Programming environment within MIT We presented aollaborative programming environment
App Inventor prOVIdeS users a new approaCh to teach andWithin the MIT App Inventor software and prOVidEd

l ear n. For
“me nmeonrt ee” roles inside
Teachers can share the projects with studersaidonly

exampdteydent e nagchnd detdil$ afCah Cimplementation of réade
M tollabofeBoR. 1h Autu Nwork,F we will evaluate the
effectiveness of the collaboration with novice and expert

mode to demonstrate ideas and demos. Students can Worksersof MIT App Inventor to better understand how

on group projects after school, because they can
collaborate remotely. As MIT App Inventor is built for
students and novice programmers, the collaborative
programming environment gives thean opportunity to
develop their teamwork skill at an early stage. Also,
while developing applications collaboratively, users can
learn how to resolve conflicts. In addition to the
commonly used pair programming method, our
collaborative programming envirarent introduced a
new mode of cooperation between students. Instead of
sitting shouldetto-shoulder and working on the same
Goldman, M., Little, G., & Miller, R. C. (2011, October).
Realtime collaborative coding in a web IDE. In
Proceedings of the 24th anal ACM symposium on
User interface software and technology. 155164).

ACM.
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students use the system to collaborate.
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ABSTRACT

In the context of integrating Computational Thinking
(CT) in Primary School Education, we examine the-self
develpment of undergraduate students during their
engagement as Teaching Assistants (TAs) in CT
Education More specifically, we propose to adopt the
stressadaptatiorgrowth process of the Intercultural
Transformation Theory (ITT) as a framework to provide
evidences of the setlevelopment of TAs in the
CoolThink@JC projecof Hong Kong. The collected
data confirms the evidensef the stressdaptation
growth process of TAs engagement, which helps
transforming undergraduate students intoteachers
with commitment to future civic involvement.

KEYWORDS
Computational Thinking, Teaching Assistant, -Co
Teaching, StresAdaptationGrowth, Service Learning

1. SUMMARY OF CITYU

INVOLVEMENT IN CT EDUCATION

Coding and computingelated skills are vital in the
information age both for personal and social
development. In this project, the City University of Hong
Kong (CityU) team aims to provide professional
education support to enhance coding literacy among
Hong Kong citizens through a series of elaborative
teaching and learning activities, in particular targeting
the primary school student group in our population.

Coding is now a global initiative in multiple countries,
such as the *“ Ho urfirsoifitialized d e ”
by Code.org in the US in 2013, providing free
educational resources for all ages. Now, over 100 million
students worl dwi de have al
In the UK and in Australia, Coding has been put into the
primary education auiculum. In Hong Kong, CityU
Apps Lab (CAL) (http://appslab.hk) is a leading
University organization offering free workshops to
public to learn to code, kicking off their first hour of
coding. Over 2,000 hours of coding have been achieved
in the previous Hour of Code HK”
at CityU of Hong Kong, have offered over 10,000 hours

of coding |l essons to the
Can Code” and “Go Code
I n t he worl d’ s maj or eco

elementary sabol to postgraduate level are increasingly
getting involved in understanding the fundamentals of
computer programs and coding skills. In the UK, a new
version of the relevant curriculum has been established a
year earlier on 8 July 2013 by GOV.UK, pulttirg
significant emphasis on computing skills. The new
curriculum replaces basic word processing skills with
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more demanding tasks such as coding and understanding
algorithms. Primary school children are proposed to be
taught how to write simple programs usingmputer
languages.

InSingaporeHong Kong’'s Asian comp
areas- a plan is being fermented by its INFOCOMM
Development Authority (IDA), which prescribes the
progressive introduction of software programming
classes into public schools. i§lwould provide students

with a unigue opportunity to write code in classroom
settings employing the teaching and educational
resources which are available to other fundamental
curriculums. A talk is now bt
Ministry of Educaton regarding the necessity of
incorporating programming into its national curriculum.

Estonia is beyond all doubt taking the lead in
programming skill education by launching a nationwide
scheme to teach school kids from the age of seven to
nineteen the mabdology of writing computer code. It is
one of the first countries to have a government that was
fully e-enabled. The ProgeTiger initiative was started in
January of 2012 by the Estonian government, aiming at
bringing programming into classrooms to hekpse
Estonia's technical competency. This small country with
a population of 1.3 million is the home of Skype and has
been attracting sponsoring activities from weibwn
organizations such as the Mozilla Foundation.

It is of great significance that Hor{png citizens could

grasp the basic principles of mechanisms of the digital

devices that play such .a large role in modern life and be
campay an e : ) :

aware of the fundamentals of coding. It is also important

to know that when running t

Campal n, v¥§roti3\ée Fihat alonuth_ gropp can acglefve t?le?1 de”

codihg tasksin'a much shorter time wheh compared wit

University students or adults. In this connection, it is

identified that there is still a lack of momentum in Hong

Kong in the present day to catch up with thelwdr’ s b e st

We believe that students at their early age are able to
understand and acquire computational thinking skill at a

w o fastes paeepthereforg, indhis preject we provide them a

threeyear training from junior, to intermediate, and then

bte adgandedt Htlasp pugport. Each ane of ihem will « we
2 0 1 zonsishaf 3 tg 14depsens, and gasch Igsgon ig ground 35

45 minutes long. On to oféhetrhatss trainir]gg we will
nomi-es st u etn. S r.0m
also providé them with "mentoring “support from our
University students on a group basis (e.g. onstdtent
class will be taken care of by 2 tutors). The University
students involved will participate through our established
campus internship and other-corricular experiential
learning schemes.



We propose this project on ay8ar basis in order to 3. EVIDENCES OF SELE-

create sustainable learning environment for the primary  bEVVELOPMENT OF TAS IN CT
students to keep up their learning attitude. The main role EDUCATION

for the CityU team is to provide idass manpower ) .

support and also parent involvement support, and to Data are being collected.and presented in forms of

facilitate effective learning in target safis. CityU Apps reflective summary .‘Q‘me'tted by TAs. The extractgd

Lab, an education community at CityU consisting of content of t_he reflective summary are alsq mapped with
corresponding factors of the strem$aptatiorgrowth

more than 600 University students, is able to provide this ;
manpower support throughout this project. It is expected process of the Intercultural Transformation ThedFyI)

t hat in 3 years’ ti me, t hi(}g'ma@%%éﬁ?@t(alﬁsﬁ)g Orﬁg,%casglls(pr\%sen&eﬂm
1,000 members on camas involving the CityU Alumni this paper (See Appenllx). ore elaboration of other
network. Students from HK major universities, who are ~ caSes Will be presented in the conference.
passionate about coding education, will be recruited to

join this project. 4. REFERENCES

. . . . . Kim, Y.Y.,, & Ruben, B.D. (1988). Intercultural
In order to provide interactions with primary school transformation: A systems theory. In Y.YirK, W.B.

students, we will provide support to the ald project to Gudykunst (Eds) Theories in intercultural

create a structured curriculum with the partnering  -ommunication Newbury Park, CA: Sage, Z881.
organizations on this project that eventually integrates ’ ’ ’

Iea_rning e>_<isting subjects_such as _mathe_matics and 5. APPENDIX
sciences with the computational thinking skills that the

students have picked uphis has the potential to

galvanize knowledge sharing and learning among the TA Case

students. ITT Extracted Reflective Summary
Factors

2. ROLES AND RESPONSIBILITIES Stress Expectation before the geaching is

OF TASINCT EDUCAT!ON _ simple and direct. To be part of a

In the  CoolThink@JC ~ project remarkable project that will enrich my

(http://www.coolthink.hk/), 97 teaching assistants (TA) life. Frankly, the work | am doing righ

are recruited by the CityU team froover 10 tertiary now is more or less the same as |

institutions of Hong Kong in the academic year of expected.

2016/17. The 97 TAs have been trained and assessed
based on their performances on a series of tests and
teaching practices. They have passed the assessment
criteria, and been assignedgerve the 12 pilot primary
schools patrticipating in the CoolThink@JC project of
Hong Kong.

In general, the main roles of TAs are to assist teachers in | Adaptation| The young fellas have many question
answering students' enquirlies i preogdingthelesson,sorpetimeslpel o
matters related to CT teaching in the pilot primary funny questions and sometimes, som
schools. Also, they have to support the teacher in creating of their questions even inspire me.

The classroom experience
overwhelming. Witnessing ouruture
generation build an astonishing progr:
from scratch is definitely somethin
beyond joy.

a joyful and innovative learning environment, and act as Of all the awesome experience | had,
a role model in the classroom (e.g. passionate, one that stand out is a child asked mg
responsive). whether she can write her program in

Japanese. | was not sure whether my
answer should be yes or no at that tin
and still not sure at this moment. But
told her as long as shimished her
classwork, she can program it in
Japanese. Surprisingly, she finished
work within 15 minutes and start
writing her Japanese program.

On the other hand, the major responsibilities of TAs are
to provide a professnal support to teachers in relation

to teaching and learning. They have to praise students
who have successfully completed the class exercises
with creative ideas and behave well, and are able to assist
other classmates. Also, they have to inspire stigdi&n
generate creative ideas by encouraging students to finish
their tasks by themselves with appropriate guidance.

They have to report any concerns regarding student | Growth This experience made me realized th

matters to their supervisors. power of curiosity and sometimes it
might be the best teacher a child can
have.
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