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Preface

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

by The Education University of Hong Kong, Massachusetts Institute of Technology, and City University of Hong Kong.

CoolThink@JC strives to inspire students to apply digital creativity in their daily lives and prepare them to tackle future
challenges in any fields. Computational thinking (CT) is considered as an indispensable capability to empower students to
move beyond mere technology consumption into problem-solving, creation and innovation. This 4-year initiative benefits
over 18,500 upper primary students at 32 pilot schools on computational thinking through coding education. Through intensive
professional teacher development, the Initiative develops teaching capacity of over 100 local teachers and help them master
computational thinking pedagogy. Over time, the project team targets to make greater impact by sharing insights and curricular

materials beyond the pilot schools.

CTE2019 is held at The Education University of Hong Kong on 13-15 June, 2019. Last year, the conference was held together
with a Coding Fair to reach out to over 4500 parents and children. Riding on the success, the conference this year is organized
along with the fair again to welcome enthusiastic family. Through a series of coding workshops and booth exhibition by pilot
schools, participants will get a taste of computational thinking education. The parent seminars, with the theme “Code, Music
and Sports”, include sharing from influencers who excel to incorporate coding in their expertise. We are excited to welcome

participants to join us at the conference and the fair.



“Computational Thinking Education” is the main theme of CTE2019 which aims to keep abreast of the latest development
of how to facilitate students’ CT abilities, and disseminate findings and outcomes on the implementation of CT development
in school education. CTE2019 gathers educators and researchers around the world to share implementation practices and
disseminate research findings on the systematical teaching of computational thinking and coding across different educational

settings. There are 16 sub-themes under CTE2019, namely:

Computational Thinking

Computational Thinking and Coding Education in K-12
Computational Thinking and Unplugged Activities in K-12
Computational Thinking and Subject Learning and Teaching in K-12
Computational Thinking and Teacher Development
Computational Thinking and loT

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

Computational Thinking and Artificial Intelligence Education
Computational Thinking Development in Higher Education
Computational Thinking and Special Education Needs
Computational Thinking and Evaluation

Computational Thinking and Non-formal Learning
Computational Thinking and Psychological Studies
Computational Thinking in Educational Policy

General Submission to Computational Thinking Education



The conference received a total of 64 submissions (45 full papers, 12 short papers and 7 poster papers) by 137 authors from

17 countries/regions (see Table 1).

Table 1: Distribution of Paper Submissions for CTE2019

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

China 36 Malaysia 2

The United States 17 Sweden 2

Finland 8 Australia 1

Germany 6 Canada 1

Japan 5 Hong Kong 1

Singapore 5 Indonesia 1

South Korea 5 The Netherlands 4

The United Kingdom 4 Total 137

The International Programme Committee (IPC) is formed by 88 Members and 14 Co-chairs worldwide. Each paper with
author identification anonymous was reviewed by at least three IPC Members. Related sub-theme Chairs then conducted
meta-reviews and made recommendation on the acceptance of papers based on IPC Members’ reviews. With the
comprehensive review process, 49 accepted papers are presented (20 full papers, 19 short papers and 10 poster papers) (see

Table 2) at the conference.

Table 2: Paper Presented at CTE2019

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



The conference comprises keynote, invited speeches and forum by internationally renowned scholars; workshops as well as

academic paper and poster presentations.

Keynote and Invited Speeches

There are four Keynote Speeches and one Invited Speech at CTE2019:

Keynote Speeches

1. “A Rigorous, Inclusive, and Sustainable Approach to CTforALL”
by Dr. Leigh Ann DELYSER (CSforALL, The United States)

2. “Designing for Disciplinary-specific CT: How to Bring CT into Mathematics Classrooms?”’
by Prof. Chee-kit LOOI (Nanyang Technological University, Singapore)

3. “Evaluation and Assessment of Computational Thinking and ‘Unplugged’ Activities”
by Prof. Jan VAHRENHOLD (University of Munster, Germany)

4. “Computational Thinking is Winning: What it is About?”

by Prof. Valentina DAGIENE (Vilnius University, Lithuania)

Invited Speech

“Computational Thinking in the Interdisciplinary Robotic Game: the CHARM of STEAM”

by Prof. Ju-ling SHIH (National University of Tainan, Taiwan)

International Forum on Research, Practices and Policies on Computational Thinking Education in K-12

In this forum, there are presentations by speakers from different countries/regions on their sharing of research, practices and
policies for promoting computational thinking education in their own countries/regions. Discussions focus on the directions
related to the curriculum, teacher development plan, parent education campaign, and nation-/region-wide social consensus for

CTE.



Panelists:

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

Prof. Rong-huai HUANG (Beijing Normal University, China)

Prof. Chee-kit LOOI (Nanyang Technological University, Singapore)
Prof. Marcelo MILRAD (Linnaeus University, Sweden)

Prof. Ju-ling SHIH (National University of Tainan, Taiwan)

Moderator:

Prof. Siu-cheung KONG (The Education University of Hong Kong, Hong Kong)

Workshop “Exploring MIT App Inventor: Past, Present, and Future”

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

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

Speaker:

Dr. Evan PATTON (Massachusetts Institute of Technology, The United States)

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

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

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

Speaker:

Mr. Denny XIA, (Gravity Link International Limited (Hong Kong))



Doctoral Consortium

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

and thereby facilitating fruitful exchange and communication.

Moderators:

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

Prof. SHIH, Ju-ling (National University of Tainan, Taiwan)

Academic Paper and Poster Presentations

There are 14 sessions of academic paper presentation and an academic poster presentation session with 49 papers (20 full
papers, 19 short papers and 10 poster papers) in the conference. Worldwide scholars present and exchange the latest research
ideas and findings, which highlight the importance and pathways of computational thinking education covering K-12

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

On behalf of the Conference Organizing Committee and CoolThink@JC, we would like to express our gratitude towards all

speakers, panelists, as well as paper presenters for their contribution to the success and smooth operation of CTE2019.

We sincerely hope everyone enjoy and get inspired from CTE2019.

Prof. Siu-cheung KONG
The Education University of Hong Kong, Hong Kong

Conference Chair of CTE2019 cum Coding Fair

Principal Tsz-wing CHU
St. Hilary’s Primary School, Hong Kong

Conference Chair of CTE2019 cum Coding Fair
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The System-analytic Approach for Gifted High School Students to Develop

Computational Thinking

Nguyen-thinh LEY", Niels PINKWART?
2 Humboldt Universitéat zu Berlin, Germany
nguyen-thinh.le@hu-berlin.de, niels.pinkwart@hu-berlin.de

ABSTRACT

In this paper, we report lessons learned from applying the
system-analytic approach in developing computational
thinking for high school students. We have been establishing
a network of Society for Gifted School Students in
Computer Science since two years. Every year, we offer a
ten-weeks project for gifted students from schools around
the city Berlin in Germany. In one study case in summer
semester 2016, after ten weeks, students finished
successfully their own projects ideas with a small software
product. For evaluating the system-analytic approach, we
used three measure instruments: 1) the subjective attitude of
teacher students who supervised the school students, 2)
products of the projects, and 3) the repeated participation of
the school students. We could report the following results:
Three teacher students showed positive experience with the
system-analytic approach; Each student group could realize
their own ideas and successfully developed apps; 70% of
school students, who attended the project in summer
semester 2016 applied for participation in the second
project.

KEYWORDS
gifted students, system-analytic approach, computer science
education

1. INTRODUCTION

We were faced by a question from the parents of a gifted
high school student: “My son is able to write programs in
five programming languages. Do you have a method to boost
him?” To answer this question, first, we looked into the
curricula of different federal states in Germany, and then
international curricula (e.g., the CSTA K-12 Computer
Science standards of ACM, 2011). Unfortunately, we could
not really find a didactical principle or contents for gifted
school students in Computer Science. A possible solution
might be recommending such students to attend local
courses held in communities around the globe such as
CoderDojo  (https://coderdojo.com), Hour of Code
(https://hourofcode.com) or attending self-paced courses
from online coding schools such as Code.org
(http://code.org), CodaKid (https://codakid.com), Khan
Academy (https://khanacademy.org). With those self-paced
online courses and communities, they might develop their
competency by themselves in programming. However, those
courses rather support students in developing programming
skills than computational thinking, which is a fundamental
competence to be acquired.

Didactical approaches for developing computational
thinking have mostly been developed and validated with

average intellectual level students. For gifted school
students, specific didactical approaches for developing
computational thinking are rare. In a textbook, Schubert and
Schwill (2011) proposed the system-analytic approach for
novice Computer Science students, who have just begun
learning Computer Science. They found a disadvantage of
this approach that it would require high intellectual level of
students. Exploiting this “disadvantage”, we hypothesize
that this approach might be appropriate for gifted students,
because they have higher ability level than others and have
more curiosity.

In this paper, we investigate the research question: Can the
system-analytic approach be adopted to gifted students? We
briefly review approaches to teaching gifted students in
Section 2 and didactical approaches for teaching
computational thinking in Section 3. The implementation of
the system-analytic approach for a group of gifted students
is described in Section 4. We report on the success of our
first implementation of the system-analytic approach to
developing computational thinking for gifted students in
Section 5.

2. APPROACHES TO TEACHING
GIFTED STUDENTS

There are many diverse definitions for “giftedness”. While
the definition for “giftedness” in most English literature
relies on the Section 9101 of US Elementary and Secondary
Education Act, “Students, children, or youth who give
evidence of high achievement capability in areas such as
intellectual, creative, artistic, or leadership capacity, or
in specific academic fields, and who need services and
activities not ordinarily provided by the school in order to
fully develop those capabilities.” (US, 2019), the definition
for “Giftedness” in German literature is rather based on a
specific 1Q (intelligence quotient) level. The Federal
Ministry for Education and Research of Germany considers
gifted students as the ones, who have 1Q over 130 (BMBF,
2019). Johnsen (2004) summarized three common features
among definitions for gifted students: 1) Students show high
performance in different areas (e.g., intellectual, creative,
artistic, leadership, academic); 2) The comparison with other
groups (e.g., general education classrooms, of the same age,
experience, or environment); 3) A need for development of
the gift (e.g., capability or potential). Adopting these three
features, in our following study case, we consider students,
who participate in the Society for School Students in
Computer Science, as potentially gifted, because they are
recommended by their school teachers and are required to
pass an exercise from the Computer Science Competition
“Informatik Biber” (https://bwinf.de/biber).


mailto:nguyen-thinh.le@hu-berlin.de
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Azzam (2016) suggested six strategies for challenging gifted
students: 1) “Offer the Most Difficult First”, 2) “Pre-Test for
Volunteers”, 3) “Prepare to Take It Up”, 4) “Speak to
Student Interests”, 5) “Enable Gifted Students to Work
Together”, and 6) “Plan for Tiered Learning”. The first
strategy is to give all students (not only gifted students) most
difficult tasks. If they can solve the most difficult tasks first,
then they should be freed from additional homework
assignments. However, Azzam did not discuss how to deal
with the difficult tasks if some students cannot solve them.
The second strategy is applied to sort out gifted students
from non-gifted students. For those students, who pass most
test items, would be recommended to solve advanced tasks
and this decision is left to all students. This strategy avoids
gifted students becoming bored. However, if a teacher
already knows the ability of each student, such a pre-test
would be not required. The third strategy aims at providing
differentiated work materials to students of different ability
levels and this can be referred to as performance-
differentiated strategy. This strategy is usually adopted by
teachers. However, this strategy requires much preparation
by teachers. The fourth strategy is intended to help teachers
develop learning materials adaptive to interests of his/her
students. The fifth strategy promotes collaborative learning
for enhancing their academic performance and benefits
gained by other students. The sixth strategy suggests
teachers to plan their lessons at different tiers of difficulty.
The author argued that teachers have to develop their lesson
plan, anyway. Thus, at the planning time, they can also
develop deep and complex activities for gifted students and
prepare work sheets at the entry, advanced, and extension
levels. Similar to the third strategy, the plan for tiered
learning aims at avoiding gifted students getting bored.

In the explorative study with 112 potentially gifted Master
students in Serbia, Gojkov et al. (2015) suggested that
didactical teaching approaches for gifted higher education
students should “encourage curiosity, being well-informed,
open-minded, flexible, confronting personal prejudices,
carefully making decisions”, and thus stimulate critical
thinking of gifted students.

3. DIDACTICAL APPROACHESTO

COMPUTATIONAL THINKING
Didactical approaches for programming can be found in a
huge body of literature, e.g. use peer instruction (Porter et
al., 2011; Porter et al., 2013; Council, 2015), use live coding
instead of showing slides (Barker et al., 2005; Rubin, 2013;
Willingham, 2009), use worked examples and labelled
subgoals (Margulieux et al., 2012; Morrison et al., 2015),
use authentic tasks (Guzdial, 2013; Bouvier et al., 2016;
Repenning, 2017). Brown & Wilson (2018) summarized 10
tips for teaching programming, which are based on research
results. However, didactical approaches for computational
thinking and their empirical validations are rare to be found.

Atmatzidou and Demetriadis (2014) proposed to deploy
robotics activities to develop computational thinking skills.
The authors focused on the following skills of computational
thinking: abstraction, generalization, algorithm, modularity,
decomposition and problem solving. The authors reported
positive results that students became familiar with the

concepts of computational thinking and could deploy them
in the problem solving process.

Armoni et al. (2010) proposed to present computational
elements and algorithm/program design in a “zipped”
manner. That is, both theoretical and practical notions are
“zipped” in a proposed order. The “algorithmic first, object
second” approach suggests to teach fundamental algorithmic
aspects first, followed by object oriented notions. In
addition, the authors suggested deploying several didactical
principles: utilizing motivating examples and demonstrating
gradual design processes.

Caspersen and Nowack (2013) proposed the following five
didactical principles to computational thinking education in
Danish high schools: (1) A learning activity is not
(necessarily) the same as a knowledge area; (2) Learning
activities should be application-oriented; (3) Learning
activities should facilitate and guide a consume-before-
produce progression through the materials; (4) Learning
activities should include several substantial worked
examples; (5) Learning activities should illustrate stepwise
improvement as a general approach to incremental
development of artefacts.

Other didactical principles have been proposed such as
game-based learning and narrative media-approaches
(Andersen et al., 2003), activity-based approaches (Hazzan
etal., 2011)

Either deploying robotics in educational activities
(Atmatzidou & Demetriadis, 2014), or using motivating
examples and gradual design process (Armoni et al., 2010),
or game-based (Andersen et al., 2013), or activity-based
approaches (Hazzan et al., 2011), those approaches underlie
the constructivism theory, which is frequently promoted in
general Computer Science education (Salanci, 2015;
Hadjerrouit, 2009).

To our best knowledge, since a specific didactical approach
for gifted students to computational thinking has not been
proposed and validated, we attempted to investigate whether
the system-analytic approach is applicable for gifted
students.

The system-analytic approach (Schubert & Schwill, 2011)
requires students to study a complex software system in a
top-down manner through the following phases: (1) Looking
on the system, (2) digging into the system, (3) modifying the
system, and (4) constructing a system. In the first phase
“Looking on the system”, the student’s activity starts with
trying to use the system. The student tries to interact with the
system through the system’s user interface. Through this
activity, the student is expected to acquire the competency
of using the computer system and evaluating a system. In the
second phase “looking into the system”, the student is asked
to identify the internal components of the system (maybe
with a documentation) and to investigate the interplay
between the internal components and the system’s
interaction with the user. After the student has acquired an
understanding about the internal “world” of the system, the
third phase “modifying the system” requires the student to
extend the system with a new functionality or to adjust the
system according to a new requirement. In the last phase
“constructing a system”, the student’s experience with



system development will be applied and extended. The
student can reuse existing components of the initial systems
and construct a new system to solve a similar problem. Thus,
the system-analytic approach can be considered a variant of
the activity-based approach (Hazzan et al., 2011) and an
implementation of the constructivism learning theory
(Salanci, 2015; Hadjerrouit, 2009).

According to Schubert and Schwill (2011), the system-
analytic approach has various advantages. First, this
approach is authentic to software development in the
industry, because it requires a usage and construction of
information systems. Second, this approach may be suited in
a project-oriented learning setting, which requires team
work and that is the authentic working environment in IT
companies. Third, this approach is subject-crossing and thus,
a project-based learning setting could involve an application
context outside of the learning subject computer science and
various social competencies might be enhanced. Since this
approach requires competencies in different areas (in
addition to Computer Science), thus, students with less
knowledge in Computer Science can contribute their
knowledge in other subjects in the project as well. Schuber
and Schwill (2011) suggested two disadvantages for this
approach. First, this approach is highly intellectual-
demanding. It requires the instructor to prepare an
appropriate system (or program product) to be analyzed.
Second, the approach does not solve the diversity problem
of heterogeneous student groups. Due to the high demand of
intellectuality, the system-analytic approach might be
appropriate for gifted students, who usually have higher
intellectuality than others.

4, METHOD

In the following, we present a study case, in which the
system-analytic approach was used to teach a group of gifted
students. The study case was the first project offered to
gifted school students in Berlin. The school students
between the 7" and 10" grade were recommended by
Computer Science teachers in our partner schools around
Berlin (Germany) to join the “Society of Computer Science
for Gifted Students”. That means, the student group is
heterogeneous. The time capacity for each project was
limited to ten weeks, each has two academic hours (90
minutes) and the project was required to take place after the
regular school time. Given these constraints, we decided to
adopt the system-analytic approach, because, first, it meets
the intellectual level of gifted students. Second, they are
creative and high demanding to create a system quickly,
thus, the approach may meet their satisfaction of developing
their own ideas after passing the first three phases. In these
projects with gifted school students, we planned to deploy
new technology (e.g., tablets, drones, robots, ect.). First, new
technology serves as means to enhance motivation of
students, because Ozcan and Bicen (2016) reported that
gifted students indicated an important role of technology in
their education. Second, we intended to implement the
constructivism learning theory (see Section 3). The projects
we conducted with gifted students were intended to develop
the following competencies that were based on the
recommendations of the Society for Computer Science in
Germany for schools. The process-oriented skills include: 1)

modeling and implementation, 2) reasoning and evaluating,
3) structuring and networking, 4) communication and
cooperation, 5) presentation and interpretation. The content-
oriented skills include: 1) information and data, 2)
algorithms, 3) programming languages and automata, 4)
informatics systems, 5) informatics, humans and society (Gl,
2008).

The following study case was conducted in summer
semester 2016 based on the constraints and conditions
above. Due to time constraint of 10 weeks, we aimed at
enhancing the computational thinking skills of school
students by focusing on the following content-oriented
skills: algorithms and informatics systems along the process-
oriented competency dimension. The topic of our project
was app development, because at that time apps were
penetrating our daily life and students needed to know how
an app can be developed, and thus, addressing the specified
computational thinking skills (algorithms and informatics
systems). After analyzing different Android development
platforms, we decided for the MIT App Inventor
(http://ai2.appinventor.mit.edu), because the other platforms
such as Android Studio
(https://developer.android.com/studio) requires an
introduction into a high-level programming language,
whereas MIT App Inventor provides visual programming
language that is easier to acquire within short time period
(10 weeks).

20 high school students were admitted to join our project,
among which there were three female students. The 20 high
school students were divided into ten groups, which were
supervised by three teacher students for the computer
science education. After the second week, three high school
students dropped out. Seventeen remaining students
continued to the end of the project period.

With the intention of adopting the system-analytic approach,
we had to prepare materials for the first three phases
“looking on the system”, “looking into the system”,
“modifying the system”. For these purposes, we collected
existing apps (e.g. Photo Booth, TalkToMe, Quiz Me, No
Text While Driving for Al2, Exploring with Location Sensor
in  AI2) provided on the tutorial  page
(http://appinventor.mit.edu/explore/ai2/tutorials). Each app
was analyzed with respect to its difficulty level (easy,
medium, and difficult) and its extension possibilities were
suggested. The difficulty of each app served to recommend
school students to choose an appropriate app corresponding
to their level. The extension possibilities of each app were
intended to give students as working exercises. Given the
selected apps, adopting the system-analytic approach, in
Phase 1, the students should choose an app and play with it.
In Phase 2, the students analyze the functionality of the
chosen app. In Phase 3, the students modify/extend the
functionality or the design of the app. Finally, in Phase 4, the
students are asked to design the concept for a new app and
to implement the app using MIT App Inventor.

The teaching concept for the 10 weeks project looks as
following. The first session aims at introducing the
organization of the project and the App Inventor in general.


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

The second session aimed at carrying out Phase 1 and 2.
First, we presented an example application and its code on
App Inventor. This presentation was intended to help
students be familiar with App Inventor. Then, the students
were asked to choose an app from the collected list with
flagged difficulty levels and to analyze it. In the last 15
minutes of the session, each group was required to present
its results to the class.

The third and fourth sessions’ objective was modifying an
app. For this purpose, first, we presented an app and showed
its code. Then, we asked the students for possible
modifications on this app. From those suggested
modifications, we illustrated some small modifications by
changing/adding code of that app. During this step, we
explained how the added code would change the app. After
that, we asked the students to modify the design of a chosen
app (i.e., the GUI components) and to add new
functionalities to the existing app by copying and pasting
existing code. Fifteen minutes before the session’s end, we
requested the students to present results of their modification
tasks. Except one student in one group, other groups
completed their task. One special gifted student finished the
modification tasks, left his group and worked on developing
his own app. Each group was requested to present results of
their modification tasks.

From now on, the students were supported to develop their
own projects. We adopted the project method of Frey
(2010): finding a project idea, drawing a project concept,
concretizing the project plan, carrying out the project,
reflecting the project plan, meta interaction (discussion
about the progress of the project). Adopting this project
method suggested by Frey (2010), the fifth session was
devoted to helping students develop ideas for new apps.
Each group was asked to develop own idea and concept for
an app. Before the session was ended, the groups were
requested to exchange their ideas. The presentations of the
groups’ ideas showed that students had difficulty. Some of
the groups did not have concrete ideas whereas some others
had ideas that were not realistic to be realized within the
given time constraint (4 weeks left). Thus, we encouraged
the students to think about ideas for their apps as homework.
In addition, for special gifted students, we encouraged them
to look at the Android studio platform, if they find MIT App
Inventor would not satisfy the requirements of their app
project.

As a support for students in developing ideas for a new app,
in the beginning of the sixth session, we gave each group a
structure, which includes the following questions: 1) How is
our app? 2) What kind of functionalities can our app
provide? 3) How should our app look like (how should the
user interface be designed)? 4) How is the mile stone plan
for the project to be carried out in the next 4 weeks? The
concept (Questions 2 and 3) and the project plan (Question
4). During this session, we supported the groups to
concretize their ideas and discussed with them about the
realistic components of their apps. After their ideas have
been agreed by us, they started to design the user interface
for their apps.

The next three sessions were planned for the implementation
of the apps’ concepts. In the beginning of this construction

phase, we gave the students some hints regarding project
management (e.g., milestones specification and phases of a
software development cycle). We were available for the
groups on demand. Through this construction phase, the
students applied their multifaceted interdisciplinary
knowledge and their competency in using MIT App Inventor
that they acquired in the first three phases to realize their
own app ideas. At the end of the ninth session, the groups
could realize their apps’ ideas, but not completely. As
homework, we encouraged them to optimize their apps and
informed them about the presentation on the last session
with the presence of their parents.

The last session was reserved for preparing the presentation
of each project group. All the groups could demonstrate their
project results. As lessons learned, the most difficult part of
the 10-weeks project was the task to develop a project idea
with the students. Some students did have great ideas and
desired to realize them. However, those too big project ideas
can not be realized within the limited project time. Instead,
we encouraged them to limit the realization possibilities for
their ideas. For example, some students would like to
develop an additional server platform and that is unrealistic
for the project period, if the students did not have experience
with server-based software development. Of course, we
could show them the possibility to connect web services
with App Inventor and let them decide by themselves, if their
project could be finished in the given time frame.

5. RESULTS

Since the aim of our paper is to investigate the research
question “How can the system-analytic approach be applied
appropriately to gifted students?”, it is required to evaluate
the results of the project that implemented the system-
analytic approach. For evaluating the success of the project,
we used three instruments: 1) The attitude of the student
teachers, who developed learning materials and supervised
the gifted school students; 2) Products of the project, i.e.,
developed apps; 3) The motivation of the gifted students.

Results based on the first measure were collected from the
reports of the teacher students. The first student reported as
follows: “through the possibility of developing and realizing
the own ideas, on the opposite to the common didactical
approach in the school, gifted students could make a lot of
new experience. Thus, they can benefit a lot from their
different experiences independent from their teacher”, “the
system-analytic approach helped the students discover and
understand apps quickly. Thus, it brought the students
necessary experience to realize their own apps after solving
the modification tasks successfully”. The second student
reported that “this is my first time | could test the system-
analytic approach. | must say that this approach is
appropriate for our conditions (i.e., 10 weeks project, gifted
school students) and the top-down manner of the approach
could help students to find additional understanding for a
complex system”. The third teacher student found the project
“very positive that we could connect between theories and
practice. | think that App inventor enhances the intrinsic
motivation of the students because they could develop their
apps easily and share them with other users on the same
platform”.



Considering the number of developed apps as a measure for
the success of the project, seven apps of seven groups were
developed and demonstrated on the last session with the
presence of the students’ parents. They were proud to
present and explain their apps. Figure 1 illustrates one of the
apps developed by the students. This game requires the
player to avoid the bricks representing moving meteoroids.
The left part of the figure shows the media that were required
to build the app and the right part is the emulator of MIT
App Inventor.
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Figure 1. A project entitled “meteoroids”.

In order to measure the motivation of the gifted students
about their project, we checked the number of students who
sent us application for the second project in the winter
semester 2016/2017. We could find that 70.1% of them (12
old school students) wanted to join our second project.

6. CONCLUSIONS

While some approaches to developing computational
thinking in schools have been researched and developed, for
the special group of gifted students, didactical approaches
are rarely found in literature. In this paper, we have
suggested to adopt the system-analytic approach for gifted
students. We learned the following lessons. First, this
approach helps students work through and be familiar with
a new technology very quickly. We did not need to present
new Computer Science concepts related to the technology in
the bottom-up manner. Second, in order to apply this
approach, a careful choose of existing applications is
required in order to develop modification tasks. The
applications should meet the students’ interests. Thus, not
only one single application, but several applications are
required in order to satisfy different students. With different
applications, various types of underlying concepts can be
learned. Therefore, preparing appropriate applications for

students is the most important task adopting the system-
analytic approach. Since this approach does not address the
performance heterogeneity of students, additional strategy,
e.g., collaborative learning in a project setting, should be
embedded.

7. REFERENCES

ACM. (2011). CSTA K-12 CS Standards, 2011 Edition.
Retrieved April 5, 2019, from
https://www.csteachers.org/page/standards

Atmatzidou, S., & Demetriadis, S. (2014). How to Support
Students” Computational Thinking Skills in Educational
Robotics Activities. Proceedings of 4™ International
Workshop Teaching Robatics, Teaching with Robotics &
5% International Conference Robotics in Education, 43-
50.

Andersen, P. B., Bennedsen, J., Brandorff, S., Caspersen,
M.E., & Mosegaard, J. (2003). Teaching Programming to
Liberal Arts Students — A Narrative Media Approach.
Proc. of the Conference on Innovation and Technology in
Computer Science Education. ACM Press.

Armoni, M., Benaya, T., Ginat, D., & Zur, E. (2010).
Didactics of Introduction to Computer Science in High
School. In Proceedings of the 4™ International
Conference on Informatics in Secondary Schools -
Evolution and Perspectives. Springer Verlag, 36-48.

Azzam, A. (2016). Six Strategies for Challenging Gifted
Learners. ASCD Education Update, 58(4). Retrieved
April 5, 2019, from
http://www.ascd.org/publications/newsletters/education-
update/apr16/vol58/num04/Six-Strategies-for-
Challenging-Gifted-Learners.aspx

Barker, L. J., Garvin-Doxas, K., Roberts, E. (2005). What
Can Computer Science Learn from a Fine Arts Approach
to Teaching? In: Proceedings of the 36" SIGCSE
Technical Symposium on Computer Science Education.
ACM, 421-425.

BMBF. (2019). Bundesministerium fir Forschung und
Bildung. Retrieved April 5, 2019, from
https://www.bmbf.de/upload_filestore/pub/Begabte Kind
er_finden_und_foerdern.pdf

Bouvier D, Lovellette E, Matta J, Alshaigy B, Becker BA,
Craig M, et al. (2016). Novice Programmers and the
Problem Description Effect. In: Proceedings of the 2016
ITICSE Working Group Reports. ACM, 103-118.

Brown, N. & Wilson, G. (2018). Ten Quick Tips for
Teaching Programming. PLoS Computational Biology,
14(4), e1006023. DOI:10.1371/journal.pcbi.1006023

Caspersen, M. & Nowack, P. (2013). Computational
Thinking and Practice — A Generic Approach to
Computing in Danish High Schools. Proceedings of the
15" Australasian Computing Education Conference, 137-
143.

Council, N. R. (2015). Reaching Students: What Research
Says about Effective Instruction in Undergraduate
Science and Engineering. Washington, DC: The National
Academies Press.



https://www.csteachers.org/page/standards
http://www.ascd.org/publications/newsletters/education-update/apr16/vol58/num04/Six-Strategies-for-Challenging-Gifted-Learners.aspx
http://www.ascd.org/publications/newsletters/education-update/apr16/vol58/num04/Six-Strategies-for-Challenging-Gifted-Learners.aspx
http://www.ascd.org/publications/newsletters/education-update/apr16/vol58/num04/Six-Strategies-for-Challenging-Gifted-Learners.aspx
https://www.bmbf.de/upload_filestore/pub/Begabte_Kinder_finden_und_foerdern.pdf
https://www.bmbf.de/upload_filestore/pub/Begabte_Kinder_finden_und_foerdern.pdf

Frey, K. (2010). Die Projektmethode. Der Weg Zum
Bildenden Tun. Beltz Verlag. ISBN: 978-3-407-25688-1

Gl. (2008). Bildungsstandards Informatik fir die
Sekundarstufe 1. Retrieved April 5, 2019, from
https://qgi.de/fileadmin/Gl/Hauptseite/ Aktuelles/Meldunge

n/2016/Bildungsstandards 2008.pdf

Gojkov, G., Stojanovic¢, A., Gojkov-Raji¢, A. (2015).
Didactic Strategies and Competencies of Gifted Students
in the Digital Era. CEPS Journal, 5(2), 57-72.

Guzdial M. (2013). Exploring Hypotheses about Media
Computation. In: Proceedings of the Ninth Annual
International ACM Conference on International
Computing Education Research. ACM, 19-26.

Hadjerrouit, S. (2009). Didactics of ICT in Secondary
Education: Conceptual Issues and Practical Perspectives.
Issues in Informing Science and Information Technology,
Vol. 6. Retrieved April 5, 2019, from
https://pdfs.semanticscholar.org/800b/bc1b5fb9bf60a3c3f
aa01045c¢2aa043433bd.pdf

Hazzan, O., Lapidot, T., & Ragonis, N. (2011). Guide to
Teaching Computer Science: An Activity-based
Approach. Springer-Verlag. ISBN 978-0-85729-443-2

Johnsen, S. K. (2004). Definitions, Models, and
Characteristics of Gifted Students. In Johnsen, S. K. (ed.):
Identifying Gifted Students: A Practical Guide. Prufrock
Press, 1-22.

Margulieux, L. E., Guzdial, M., & Catrambone, R. (2012).
Subgoal-labeled Instructional Material Improves
Performance and Transfer in Learning to Develop Mobile
Applications. In: Proceedings of the 9" Annual
International Conference on International Computing
Education Research, 71-78.

Morrison, B. B., Margulieux, L. E., & Guzdial, M. (2015).
Subgoals, Context, and Worked Examples in Learning
Computing Problem Solving. In: Proceedings of the 11t

Annual International Conference on International
Computing Education Research. ACM, 21-29.

Ozcana, D., & Bicen, H. (2016). Giftedness and
Technology. Procedia Computer Science, 102, 630-634.

Porter, L., Bailey Lee, C., Simon, B., Cutts, Q., & Zingaro,
D. (2011). Experience Report: A Multi-classroom Report
on the Value of Peer Instruction. In: Proceedings of the
16" Annual Joint Conference on Innovation and
Technology in Computer Science Education, 138-142.

Porter, L., Guzdial, M., McDowell, C., & Simon, B.
(2013). Success in Introductory Programming: What
Works? Communications of the ACM, 56(8), 34-36.

Ratuporo, J., Poentinen, S., & Kukkonen, J. (2006).
Towards the Information Society — The Case of Finnish
Teacher Education. Informatics in Education, 5(2), 285-
300.

Repenning A. (2017). Moving Beyond Syntax: Lessons
from 20 Years of Blocks Programing in AgentSheets.
Journal of Visual Languages and Sentient Systems, 3, 68-
91 DOI: 10.18293/VLSS2017-010.

Rubin, M. J. (2013) The Effectiveness of Live-coding to
Teach Introductory Programming. In: Proceeding of the
44" ACM Technical Symposium on Computer Science
Education. SIGCSE "13. ACM, 651-656.

Salanci, L. (2015). Didactics of Programming. ICTE
Journal, 4(3), 32-39.

Schubert, S. & Schwill, A. (2011). Didaktik der Informatik.
Springer Spektrum, ISBN 978-3-8274-2653-6, 287-302.

US. (2019). Elementary & Seconary Education. Retrieved
April 5, 2019, from
https://wwwz2.ed.gov/policy/elsec/leg/esea02/pgl107.html

Willingham, D. T. (2009). Why Don 't Students Like
School? A Cognitive Scientist Answers Questions about
How the Mind Works and What It Means for the
Classroom. John Wiley & Sons.



https://gi.de/fileadmin/GI/Hauptseite/Aktuelles/Meldungen/2016/Bildungsstandards_2008.pdf
https://gi.de/fileadmin/GI/Hauptseite/Aktuelles/Meldungen/2016/Bildungsstandards_2008.pdf
https://pdfs.semanticscholar.org/800b/bc1b5fb9bf60a3c3faa01045c2aa043433bd.pdf
https://pdfs.semanticscholar.org/800b/bc1b5fb9bf60a3c3faa01045c2aa043433bd.pdf
https://www2.ed.gov/policy/elsec/leg/esea02/pg107.html

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

Correlations among Figure Reasoning Intelligence, Computational Thinking, and

Computer Programming Self-Efficacy in Scratch Program Problem Solving
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ABSTRACT

Computational thinking plays a critical role in learning computer programming. However, the relationship between the
development of computational thinking skills and learner’s intelligence is still not clear in past studies. This study investigated
the correlations among learner’s figure reasoning intelligence, computational thinking, Scratch program problem solving and
computer programming self-efficacy. A total of 44 university students from north Taiwan participated in this study in which
6 Scratch loop programs were used for problem solving. A Pearson correlation analysis was conducted and the coefficients
among the Figure Reasoning Intelligent test scores, the Bebras test scores, the Scratch program problem solving performance
and the computer programming self-efficacy scores were positively significant. This study suggested future studies to further
explore the roles of figure reasoning skills and computational thinking in learning computer programming and possible
applications for individualized learning and instruction.
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The Study on the Factors Affecting Robotics Course Learning Intention based on

Computational Thinking

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

ABSTRACT

In order to explore the influencing factors of students' learning intentions in the robotics course based on computational
thinking, this study used the technology acceptance model as the theoretical basis, and took 153 primary and middle school
students in Shanghai as the research subject, and constructed the learning intention model of primary and middle school
students in the robotics course. By analyzing the relationship between variables, it is concluded that students can improve
their perceived usefulness to robotics courses by enhancing subjective norms and entertainment perceptions; and improving
perceived ease of use by enhancing self-efficacy. The robotics course designers who aim to cultivate computational thinking
can optimize in terms of entertainment and interactivity, while paying attention to the gradual progress of programming

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

KEYWORDS
learning behavioral intentions; TAM; computational thinking; robotics courses
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ABSTRACT

Taking a Learning Analytics approach, we study the micro-
persistence of students in acquiring computational thinking.
Micro-persistence is the behavior characterized by being
persistent in completing a task with the best possible
solution. We do so by analyzing data of 18-6™-grade children
(n=119) who used an online, game-based learning platform
(CodeMonkey™). Overall, we find that micro-persistence is
associated with task difficulty, and that contextual variables
may explain persistence better than personal attributes.

KEYWORDS
persistence, computational thinking, game-based learning,
learning analytics, state-or-trait.

1. INTRODUCTION

Computational Thinking (CT), which is a way to solve
human problems based on mental tools and computing
processes, is considered today an imperative skill for the 21
century (Wing, 2010). Persistence—that is, a learner's will
to complete a learning process and to achieve her or his
learning goals —is considered as an essential dimension of
CT (Barr, Harrison, & Conery, 2011).

In recent years, a wide variety of online game-based
challenge-based learning platforms have been developed to
support the acquisition of CT concepts (Kim & Ko, 2017).
Such platforms take advantage of the Game-Based Learning
approach in order to increase motivation (Ibanez, Di-Serio,
& Delgado-Kloos, 2014; Kazimoglu, Kiernan, Bacon, &
MacKinnon, 2011, 2012), which is closely related to
persistence (Moreira, Dias, Vaz, & Vaz, 2013; Vollmeyer &
Rheinberg, 2000). In such platforms, which inherently
encourage progressing in the game, persistence may serve as
an obstacle, as it may come at the expense of investing in
each of the game's tasks. Therefore, examining persistence
on the macro level (i.e. persistence in the learning process)
may not reveal the whole picture of knowledge acquirement.
This is why it is important to focus on persistence in each
component of the learning process, which we defined as
micro-persistence.

Indeed, it was recently shown that being actively engaged
with learning tasks while using an interactive learning
platform distinguishes learners who demonstrate a
productive persistence from those who just spend time
without achieving mastery (Kai, Almeda, Baker, Heffernan,
& Heffernan, 2018). Hence, the importance of studying
micro-persistence.

A plethora of factors—related to learners' characteristics,
programs' structure, technology in use, and the context in
which learning occurs—are associated with persistence in
online learning platforms (Dalipi, Imran, & Kastrati, 2018;
Gazza & Hunker, 2014; Lee & Choi, 2011; Naito, Bezerra,
Mércia, & Silva, 2016). In this context, gamification and

interactivity—attributes shared by most of the online
learning platforms for CT—were proposed as central
features that increase persistence and reduce dropout in
online learning (Croxton, 2014; Siimer & Aydin, 2018).

Therefore, the main purpose of the current study is to
examine the associations between students' micro-
persistence and task difficulty, as they expressed while
acquiring CT in a game-based learning platform. Moreover,
the study examines whether micro-persistence is better
explained by contextual variables (State) or alternatively by
personal attributes (Trait) — hence is it state-or-trait
dependent?

2. METHODOLOGY

2.1. The Learning Platform: CodeMonkey™
CodeMonkey  (http://www.playcodemonkey.com) is a
game-based challenge-based learning platform for
developing CT, aimed mainly at K-12 students.
CodeMonkey is unique in that students are required to enter
a code from the very first stage (in contrast to the most
common, block-based programming approach), however, no
previous knowledge in coding is required.

In each level of the game, the learner needs to help the main
character, a monkey, catch bananas while overcoming
various obstacles. Here, we analyze data drawn from the first
four Worlds of the game, teaching basic commands to
control the game’s characters’ movement (Worlds 1-2),
times-loops (World 3), and the concept of variables (World
4). Each of the game's Worlds is built of a few Challenges,
and moving forward from one Challenge to another, and
from one World to another, is only possible upon completing
the former.

Upon submitting a solution to a Challenge, the user gets
immediate feedback. A correct solution can award the user
with one, two or three Stars: one Star for successfully
accomplishing the task (i.e., the monkey collected all the
needed bananas), two Stars for a correct solution that also
demonstrated the newly-presented concepts, and three Stars
for a 2-Star solution which is also the most efficient solution.
See Figure for a screenshot of one Challenge, along with 1-
, 2-, and 3-Star example solutions. Upon submitting a
solution, hints are given in order for the user to improve the
code and achieve a higher-Star solution. It is when users
attempt to improve their Star-rating—that is, re-trying to
solve a Challenge after already solving it correctly—that we
identify as micro-persistence.
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Figure 1. Demonstrating 1-, 2-, and 3-Star solutions to the
same Challenge (#25, in the Times-Loops World).

2.2. Population and Dataset

For this study, we analyzed actions of 119 elementary school
students from all over Israel, who played the game between
March-July 2017 and completed all the Challenges in
Worlds 1-3 and at least 10 Challenges in World 4 (only the
first 10 Challenges were considered). Note that due to a
natural dropout, population size is decreasing as the game
progresses. Therefore, we referred only to students who
continuously carried out the above-mentioned worlds. All
students were connected to the game using their school-
provided user accounts, however, we have no information
on whether they used it in a formal school context, or on a
voluntary basis.

The dataset we analyzed included only correct solution
attempts of these users (failed attempts were not fully
documented); however, we believe that the number of
correct attempts to resolve a task which was already solved,
is a good proxy for micro-persistence.

2.3. Variables

2.3.1. Task Difficulty

We have two different measures for task difficulty, referring
to both success and effort. These measures are first
calculated at the Challenge level, and then they are averaged
for each World across its Challenges.

Success. Maximum Stars Achieved (across all student’s
attempts) is first calculated for each student in each
Challenge and then averaged for the Challenge across all
students. Finally, an average for a World is calculated across
the World’s Challenges.

Effort. The number of attempts to achieve 2- or 3-Star
solutions is another proxy for difficulty. Again, this is first
calculated for each student at the Challenge-level, then
aggregated to the World-level by taking an average across
that World’s Challenges. (Note that in this case, not all
students had submitted 2- or 3-Star solutions in every
Challenge.) So, we get two variables: 2-Stars Attempts and
3-Star Attempts.

2.3.2. Student Micro-Persistence

We have two different measures for micro-persistence,
indicating an improvement of a correct solution that got
either 1- or 2 Stars to a 3-Star solution. Note that this
improvement can span over more than a single additional
attempt and that we count the actual improvement and not
the number of attempts. Each of these measures is first
calculated at the Challenge level and then aggregated to the
World level (across the World’s Challenges) in two ways, as
described below.

1- to 3-Star Improvement. We consider cases where the
first correct solution got 1 Star and the next better solution
got 3 Stars (i.e., no 2-Star solutions were submitted in
between). For each student in each Challenge, we set a value
of 1 if this student got 1 Star for his first correct solution in
that Challenge and their next better attempt was a 3-Star
solution; otherwise, we set a value of 0. Then, for each
World, we aggregate these values over the World’s
Challenges, for each student, by either averaging or taking
the maximum, which gives us two variables: 1-to-3-Star
Improvement Average and 1-to-3-Star Improvement Binary,
accordingly. Note that for the latter, a value of 0 means that
no improvements were done in any of this World's
Challenges, while a value of 1 means that improvement was
done in at least one Challenge in this World.

2- to 3-Star Improvement. We consider cases where the
first correct solution got 2 Stars and the next better solution
got 3 Stars (additional 1-Star solutions in between are
counted) and calculate this measurement done similarly to
the previous one, resulting with two additional variables: 2-
to-3-Star  Improvement  Average and  2-to-3-Star
Improvement Binary.

(The other two forms of micro-persistence—i.e., 1-to-2-Star
improvement, and 1-to-2-to-3-Star improvement, were
rarely observed in the data and therefore omitted from the
data analysis).

3. FINDINGS
3.1. Descriptive Statistics of the Research Variables

3.1.1. Task Difficulty

Overall, as evident from Maximum Stars Achieved, task
difficulty is linearly decreasing as the game progresses. This
variable’s values are rather high, with low variability, and
even in World 4 it takes a value of 2.78 (SD=0.32); these
findings are summarized in Table 1. This means that
generally, students achieve the highest number of Stars.
Indeed, in 4361 of 4760 student-Challenge cases (92%),
students achieved a 3-Star solution.

Additionally, we can look at the two other variables
measuring the number of attempts to achieve a 2- or 3-Star
solution, namely, 2-Star Attempts and 3-Star Attempts,
accordingly. (Note that contrary to Maximum Star Achieved,
these variables are positively associated with difficulty.)
Here, we see that the number of attempts is not linearly
increasing along Worlds, but rather that World 2 is more
difficult than World 3 (See Table 1).

Table 1. Task difficulty descriptive statistics (n=119).
Difficulty World Average (SD)
Variable 1 2 3 2

Max. Stars 2.97 2.90 2.86 2.78

Achieved (0.08) (0.15) 0.22) (0.32)
2-Star 0.03 0.15 0.12 0.16
Attempts (0.05) (0.10) (0.12) (0.14)
3-Star 1.01 1.12 1.01 1.05
Attempts (0.10) (0.42) (0.28) (0.34)
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3.1.2. Students' Persistence

Recall that we have four micro-persistence variables,
measuring persistence in improving from 1-Star to 3-Star
solutions and from 2-Star to 3-Star solutions, each having
Binary and Average calculations. For all these variables, we
observe an increase from World 1 to World 2, and from
World 3 to World 4, as well as an increase in the standard
deviation. This means that persistence is increasing between
these Worlds (albeit with increased variance). However,
there are differences in the variables' trend from World 2 to
World 3.

When examining improvement from 2-Star to 3-Star
solutions, both variables decrease from World 2 to World 3.
An improvement from 1-Star to 3-Star solutions behave
differently: Its Binary variable—which indicates the very
existence of micro-persistence anywhere along the World's
Challenges—increases from World 2 to World 3; Its
Average variable—which indicates the cumulative effect of
micro-persistence along the World's Challenges—is about
the same in these two Worlds. Findings are summarized in
Table 2.

This irregularity of the micro-persistence trend is associated
with the above-mentioned irregularity of task difficulty in
World 2. That is, we saw that World 2 yields more attempts
than World 3 for 2- and 3-Star solutions; nevertheless, we
see that students are more eager in World 2, compared to
World 3, to achieve the best solution once they started with
a 2-Star solution, but this is not evident for students who first
achieved a 1-Star solution.

Table 2. Micro-persistence descriptive statistics (n=119).
Persistence World Average (SD)

Variable 1 2 3 2
1-to-3 0.01 0.02 0.02 0.04
Average (0.03) (0.04) (0.04) (0.06)
1-to-3 0.08 0.16 0.18 0.35
Binary (0.28) (0.37) (0.39) (0.48)
2-t0-3 0.01 0.07 0.05 0.06
Average (0.03) (0.09) (0.07) (0.08)
2-t0-3 0.09 0.5 0.34 0.48
Binary (0.29) (0.5) (0.47) (0.5)

3.2. State- and Trait-Models for Persistence

To understand whether micro-persistence is more related to
the World’s characteristics (state) or to the student's
characteristics (trait), we have constructed two linear
regression models (state and trait) for each of the four
research variables. Each of the eight models is built on the
full dataset of 476 rows.

A State Model tries to predict persistence by Worlds. It uses
four variables that denote the game Worlds and is set as
follows: for each row in the data, the variable that
corresponds to the World documented in this row is set to 1,
the others are set to 0. Similarly, a Trait Model tries to
predict persistence by the student; this model uses 119
variables, each denotes a student. Note that by using this
approach, we refer to the students themselves, or to the
Worlds themselves, as the trait/state variables, accordingly,

since each of them is a good proxy to the sum of all their
characteristics (Baker, 2007).

The models were built using Rapid Miner Studio Version
9.1 and their quality was measured using r? (squared
correlation), using 10-fold cross-validation.

3.2.1. Understanding the State Models

Regarding the 1-to-3-Star improvement, in both State
models (Average and Binary), World 1 has a negative
coefficient ($=-0.011 at p<0.05 and p$=-0.101 at p<0.01,
respectively), while World 4 has a positive coefficient (8
=0.019 and p$=0.168, respectively, both at p<0.001). This
means that World 1 is associated with lower persistence
compared to the other Worlds, while World 4 is associated
with higher persistence compared to the other Worlds. This
may be explained by the difference in difficulty between
these Worlds, as detailed above (Section 3.1.1), with World
4 is more difficult than World 1.

Regarding 2-to-3 Star improvement, we find a similar trend.
Here, again, in both State models (Average and Binary),
World 1 has negative coefficients ($=-0.036 and $=-0.244,
respectively, both at p<0.001), while World 4 has positive
coefficients ($=0.019, at p<0.05, and £=0.143 at p<0.01,
respectively). This, again, may be explained by the
difference in difficulty between these two Worlds.
Additionally, World 2 has positive coefficients in both
models ($=0.029 and p=0.168, respectively, both at
p<0.001); that is, World 2 is associated with higher
persistence compared to the other Worlds. This may be
related to our previous findings, according to which students
in World 2 are more persistent in achieving the best solution
once they started with a 2-Star solution, as was detailed
above (Section 3.1.2).

3.2.2. Understanding the Trait Models

When looking at the Trait models, we find that for all four
variables, there are a few students who came up with
significant positive coefficients (no student came up with a
significant negative coefficient); these numbers range
between 8 (1-to-3 Average) to 42 (2-to-3 Average). For a
student to come up significantly positive in a trait-model
means that this student demonstrated higher persistence
along the game than other students.

We should highlight that all students who came up with
significant coefficients in the 1-to-3 Average model are also
significant in the 1-to-3 Binary model; this is obvious, based
on the definition and construction of the related variables
(i.e. those who are, on average, more persistent — are more
persistent in essence). Interestingly, we observe an opposite
logic relation for the 2-to-3 improvement: All students who
came up with significant coefficients in the 2-to-3 Binary
model are also significant in the 2-to-3 Average model; i.e.,
those students who were, in principle, persistent throughout
the game — were also highly persistent by their action. Of
course, this relation is not a necessity.

Additionally, nine students came up with significant
coefficients in both the 1-to-3 Binary model and the 2-to-3
Binary model. Same goes for seven students who came up
significant in both the 1-to-3 Average and the 2-to-3 Average
models. This means that there are a few students who are
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more persistent than others in improving their result, no
matter what is the initial solution.

3.2.3. The State-or-Trait Question

Overall, we find that regarding the four research
variables, the State models were significant, while the
Trait models were not, indicating a possible state, rather
than a trait explanation for persistence. However, the state
models had low prediction power, with r? ranges between
0.072-0.11. Results are summarized in Table 3 and Table 4
(for the Trait models, we only note how many student-
variables were found significant, without mentioning the
specific students nor the coefficients; this will be discussed
below).

Comparing 1-3 and 2-3 models, we see that the 2-3 models
have higher r? values, but less significant coefficients. This
may be a result of the 1-3 data having more 0 values, hence
the prediction model can be simpler (predicting 0), but it's
more difficult to predict non-0 values.

Table 3. The 1-to-3-Star State and Trait models.

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

Coefficients students

World4 (0.168™)
*p<0.05, ™ p<0.01, ™ p<0.001

Table 4. The 2-to-3-Star State and Trait models

State Trait

Avg. r? 0.104 0.046
Significant ~ World1 (- 42 students
Coefficients 0.036™)

World2
(0.029")
World4 (0.019™)

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

World2
(0.168™)

World4 (0.143™)
*p<0.05, ™ p<0.01, ** p<0.001

4. DISCUSSION

In this study, we investigated students' persistence while
acquiring CT in an online game-based learning platform.
Rather than referring to persistence on the macro-level, as
commonly done—that is, as the opposite of disengaging
from the learning process—we explored micro-persistence,
which reflects the behavior of keeping students engaged
with a learning task. This level of persistence has only been
little studied (Dumdumaya et al., 2018; Fang et al., 2017).
Analyzing persistence at that level allows us to examine the

nuanced relationship between persistence and difficulty at
the task level. As we measured both students’ persistence in
a task and the task difficulty using different mechanisms, we
were able to demonstrate the complex relationship between
these two constructs.

Overall, we observed positive associations between task
difficulty and student's persistence. This is in line with recent
studies of game-based learning, which found positive links
between difficulty and proxies of persistence, like
engagement or flow (Hamari et al., 2016; Hung, Sun, & Yu,
2015).

However, our nuanced examination of persistence enabled
us to identify a specific set of learning tasks (World 2) in
which students demonstrated an interesting behavior: while
they were relatively highly persistent in achieving the best
solution once they started with a 2-Star solution, this
persistence was not evident for students who first achieved
a 1-Star solution. Recall that it is the 2-Star solution in which
students apply the new knowledge taught. That is, according
to our findings, students who have already demonstrated a
certain ability to learn new material are the ones who are
motivated to achieve the best solution. It may be that those
students are intrinsically motivated, as mastery-oriented
learners—i.e., those who wish to increase their competence
and abilities while mastering new tasks—are characterized
by higher persistence, even when facing difficulties, than
those who seek a positive judgment of their abilities and
performance (performance-orientation). In other words,
motivation, mainly intrinsic, has a positive effect on
persistence (Dweck, 1986; Garris, Ahlers, & Driskell, 2002).
Of course, the alternative explanation may also apply, that
is, that playing the game persistently assisted in increasing
learners' motivation, as was argued by Hamari et al. (2016)
in the context of challenging games in which skills are
promoted. Therefore, one important research direction is to
further study the causal dynamics of the persistence-
difficulty association.

Importantly, the unique behavior described above happened
in World 2, which is somehow an extension of World 1;
Worlds 3 and 4 teach new concepts. That is, when aiming at
extending the learner's knowledge, we observe a situation
where those who are already capable of solving the tasks —
keep trying until achieving the best solution. While this
behavior may seem desirable, it may also increase the
knowledge gap between learners, and may eventually harm
those who need help the most. Interactive learning platforms
(like the one studied here) often have help mechanisms that
may assist the struggling students, but, paradoxically, it was
found that these mechanisms mostly to promote the
medium-achievers (probably represented in our case by
those who initially got a 2-Star solution) (Roll, Baker,
Aleven, & Koedinger, 2014). Therefore, it is advisable to
keep studying the ways in which the knowledge gap may be
reduced while using interactive learning platforms.

Examining the state-or-trait question—that is, whether
personal or contextual attributes better explain micro-
persistence behavior—we overall demonstrate that the
former has a stronger predictive value than the latter; this is
in accordance with previously mentioned findings regarding
the persistence-difficulty association. However, both types
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of predictions are not necessarily strong. Indeed, the
literature indicates that persistence is related to both
contextual and personal characteristics. Persistence may be
influenced by contextual variables—such as task difficulty,
or even a teacher's encouragement—but also by personal
attributes, e.g., self-perception of abilities (Schunk, 1996).
While intrinsic motivation may be more pronounced,
extrinsic factors also have a substantial role (Garris et al.,
2002). It may be that some characteristics of the learning
platforms—e.g. gaming and interactivity—promote
students' engagement; specifically, reward systems (in our
case, the Stars) are often mentioned as having positive
motivational or metacognitive effect on learning, in a way
that increases engagement (Buckley & Doyle, 2016; Mekler,
Brithlmann, Opwis, & Tuch, 2013; O’Rourke, Peach,
Dweck, & Popovi¢, 2016; Richter, Raban, & Rafaeli, 2015).
In future research, we suggest to further explore how
external factors such as the gameplay, the rewards system or
the challenges’ structure affect students’ persistence to
acquire CT in similar platforms.

Carefully examining the Trait-models sheds some important
light on the personal tendency for persistence. We found a
subset of the students (as large as 35% of the research
population) who are prominently more persistent than the
rest of the population. More than that, some students appear
to be consistently persistent in attempting to achieve the best
solution, no matter what was their starting point. Such a
group of highly-motivated students may serve as the basis
for understanding the differences in learners' demonstration
of persistence. In that light; this may be studied qualitatively.

This study has some practical implications as well. First,
educational content developers who wish to keep at a high
level of micro-persistence should monitor the difficulty of
the learning processes in which learners are involved
(Luckin, 2001); optimally, learners should find their flow
state, in which challenge and ability to overcome the
challenge are matched perfectly (Peterson, Verenikina, &
Herrington, 2008). Supporting learners’ motivation to solve
challenges will subsequently result in improving the
acquirement of new knowledge; in this case, CT skills.
Second, teachers who wish to use game-based learning in
their instruction, should motivate learners to the task and not
solely rely on extrinsic motivation to be ignited by the
rewarding mechanisms of the game (Peterson et al., 2008;
Pucher, Mense, & Wahl, 2002).
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ABSTRACT

At present, the important issue of engineering technology education is how to solve the problem of engineering talent training
(Han, Capraro, Capraro, 2015), how to carry out engineering design teaching, etc., is a very important and urgent problem
research problem. Today, technical artificial intelligence, the Internet of Things and other technology industries require a large
number of talent. Therefore, it is necessary to cultivate good information engineering talents. The correct procedure should
be used to teach students. This study will summarize in the semantic flow chart analysis. Expert course design courses in the

field of information engineering can provide students with the best teaching content, train their information engineering
talents, and improve their thinking skills.
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The Effects of Gender Differences and Learning Styles on Scratch’s Programming

Performance and Computational Thinking Ability
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ABSTRACT

The purpose of this study was to explorer the effects of gender differences and learning styles on learners’ scratch
programming achievement, motivation and computational thinking ability. The object consisted of 39 sixth-grade students in
two classes, including 21 males and 18 females. A quasi-experimental design was adopted and conducted a six-hour teaching
experiment for four weeks. The results show that: The game-based learning project approach of this study can effectively
promote learning. Gender and learning style have no interaction in scratch learning achievement and computational thinking
ability. The effects of gender and learning style on programming learning achievements are not significantly different. In
computing thinking, female learners outperform men, but male learners have greater progress. In learning motivation, the
accommodator and assimilator style learners are significantly more attention than the converger learners.

KEYWORDS
gender difference, learning style, programming education, computational thinking
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ABSTRACT

Although the general principles of Computational Thinking
are manifold and not bound to one specific programming
paradigm current practice is less varied, dominated by visual
block-based approaches following the imperative paradigm.
For this study, an environment with an agent in a maze has
been made accessible to programming in two different
modalities: visual block-based programming (the current
standard) and reactive rule-based programming. The latter
approach allows for defining the agent behavior in bottom-
up style in reaction to current local conditions. We have
tested the transfer between the two approaches in both
directions, i.e. starting with reactive rule-based pro-
gramming followed by visual block-based programming and
vice versa. It turns out starting with the reactive rule-based
approach is superior in terms of achievement (level gain)
and problem understanding.

KEYWORDS
representational flexibility, algorithmic thinking, reactive
rule-based programming, block-based programming

1. INTRODUCTION

According to Hoppe and Werneburg (2019), the “essence of
Computational Thinking (CT) lies in the creation of ‘logical
artifacts’ that externalize and reify human ideas in a form
that can be interpreted and ‘run’ on computers”. These
logical artifacts are often the results of programming
activities, which links computational thinking to
programming as a medium. Although the term
“Computational Thinking” has gained popularity more
recently, especially through Wing (2006), already Papert
(1996) described the idea and used the term in conjunction
with the development of the LOGO language as a medium
for learning mathematics. In her recent characterization of
CT, Wing (2017) emphasizes the importance of abstraction:
“The most important and high-level thought process in
computational thinking is the abstraction process.
Abstraction is used in defining patterns, generalizing from
specific instances, and parameterization”.

The executable artefacts that are created in CT activities are
examples of “computational models”. Such models can be
generated by learners from scratch, they can be modified, or
they can be used for experimentation as is often the case with
interactive simulations supporting scientific inquiry
learning. Systematically using or modifying simulations can
also involve CT skills (cf. Sengupta et al., 2013). However,
in such environments the basic computational “ingredients”,
namely underlying data structures and a basic processing
model, are usually predefined and fixed. However, from a

computer science point of view it is desirable that learners
should be able to create computational models with a certain
freedom of choice regarding the use of different
representations (e.g. data structures) and processing
mechanisms. Even beyond simple variation in formulating a
specific programming solution, we would like to enable
learners to actively experience different computational
approaches and paradigms. Aho (2012) uses the term
“models of computation” to address this aspect. Variations
on this level are found between different classes of
programming languages (e.g., imperative versus declarative
languages) but also comprise “abstract machines” such as
automata or grammars. We use the term “representational
flexibility” to denote the characteristic of a CT environment
that supports different models of computation.

The study reported on in this paper combines two different
computational approaches and investigates sequencing and
transfer effects between two different ensuing experiences.
This is enabled through the provision of different
computational approaches that are applied to the same
problem, namely steering a programmable agent to escape
from a maze. In this context, successful problem solving
requires understanding and skills on two levels: (1)
programming and (2) maze strategies. Related to (2), we
would speak of “learning through programming” as
compared to “learning to program” (1). The co-existence of
these two orientations is frequently found in programming-
based microworlds (cf. DiSessa, 2000). The maze problem
domain is closely related to turtle geometry. Labyrinth
algorithms are discussed from this perspective by Abelson
and DiSessa (1981).

The aim of our study is to investigate the influence of
“representational variation” in terms of multiple models of
computation on both problem understanding and the
development of programming skills.

2. THE ENVIRONMENT: TMAZESTUDIO
The ctMazeStudio system facilitates the definition of agent
behavior in a maze environment with different difficulty
levels. At all levels, the goal is to define a strategy that lets
the agent find a way out of any maze of the given level. In
the overall learning process, the learners will formulate
strategies of more and more general nature, ending up with
a correct implementation of “wall following” (i.e. navigating
through maze keeping the walls always on one hand side).

ctMazeStudio offers two different computational approaches
to formulate agent strategies as solutions to the given
problems:
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The reactive rule-based approach facilitates the formulation
of strategies in a bottom-up and “situated” fashion: In a
given situation (i.e. with the agent in a certain position in a
certain maze), the learner is provided with a localized rule
that reflects the concrete situation in the neighborhood of the
agent in its pre-instantiated conditions (IF-part) whereas the
action part (THEN-part) of the rule is still empty. Now the
learner has to fill in a corresponding action or action
sequence made up of 90°turns (“Left” / “Right™) or stepwise
movements forward. Figure 1 shows an example of such a
situated rule construction: The agent (called “Hero”) facing
towards the right has walls to the left and right (“blocked”)
and a free space in the viewing direction (“front free”). Here,
the choice is clearly “Go Forward”.

Define a new Rule

Edit an existing Rule ¥

g Current Position Gol

Figure 1. ctMazeStudio’s “situated” Rule Editor.

The rule editor shown above is always invoked when a new
situation is encountered. For the given conditions, the
learner selects the desired actions and thus defines a situated
rule of “reactive” behavior (triggered by the given
conditions). The user can also delete conditions, which
implies that the corresponding rule will be applied in
situations more general than the given one, disregarding one
of the premises (as a generalization mechanism). The rules
will be “memorized” by the agent and will be re-applied
under the same conditions. This approach was inspired by
the kind of visual agent programming introduced in
“KidSim” (Smith, Cypher, & Spohrer, 1994).

In addition to the rule editor, ctMazeStudio contains two
more components: the behavior stage and a rule library
(Figure 2).

Behaviour Stage

Rule Library Log of the

Movement
eeeeee

Posmon Rue o

uuuuuuuuuuuu

Figure 2. ctMazeStudio with Rule Library.

The architecture of the rule-based variant of ctMazeStudio is
shown in Figure 3. In the graphical user interface, the user

can create a new rule or modify an existing rule in the rule
editor. Each created rule is listed in the rule library, initially
in the order of creation. The ordering of the rules determines
the order of the matching and ensuing execution. The rule
manager combines the rule library with the interpretation of
rules and renders the result in the behavior stage using a
game engine.

cthazeStudio - RRBP Mode

Graphical User Interface

of ent
— T
Rule Editor l |
Phaser Game
Sal
l Object L—_-‘ il I

Figure 3. Architecture of the rule-based system.

The rule library (shown in Figure 2) allows for managing the
collection of all previously defined rules. The learners can
edit or delete already defined rules, directly enter new rules
and change the order (and thus priority) of the rules to be
checked. Depending on the entries in the rule library, the
corresponding actions are executed and the specific entry in
the rule library is highlighted. The execution will stop if now
applicable is found or the goal is reached.

On the higher levels, learners have to apply different
strategies to improve their programming code (i.e. the rule
set). When they investigate and test their rule sets in
consecutive situations, they may revise formerly defined
rule sets through generalization (dropping of conditions) or
reordering. The challenge is to create a maximally powerful
rule set with a minimum number of rules. This requires a
level of understanding that allows for predicting global
behavior based on the locally specified rules. In the maze
example, a small set of rules (minimally three) will be
created to implement a wall-following strategy. A correct
algorithmic solution has to ensure that the wall is always
kept either on the right or on the left hand. This strategy
works with any kind of maze that has no cycles or “islands”.

Movemen! - (Eupm—————

Logic 7777 ﬂi target reached
Loops 5

wain do (o) il wayfree (ACILICHD
Variabies do | tum (XKD

o forward
Functions O 1

elseif | way freo
do
L9 forward 1

e

Figure 4. Block-structured programming interface.

In addition to the reactive rule-based mode, the ctMaze-
Studio environment can also be programmed through a
block-structured interface (Figure 4), similar to Scratch
(Resnick et al., 2009). This corresponds to top-down
imperative programming approach with conditionals and
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loops as control structures. In combination of both
approaches, ctMazeStudio affords a specific form of
“representational flexibility” the gives the learner two
different programming interfaces for the same task.

3. HYPOTHESES AND STUDY DESIGN
Providing the learners with choices between different
computational approaches and representations when
teaching CT is a postulate that resonates with conveying the
power and richness of computer science constructs to the
learners. This is very much what Aho (2012) advocates
when he introduces the notion of “models of computation”.
CT learning environments based on one specific
computational approach will particularly support a learning
progression within this approach. In ctMazeStudio we can
examine the impact of and the interaction between different
computational representations and approaches. The target is,
in first place, the development of problem understanding in
the given task domain conditioned by the one or the other
computational approach. The computational approaches
provide different versions of agent programming, whereas
the task domain is the same (namely labyrinth algorithms
leading to “discovering” the wall-following strategy).

Based on these premises, we have studied the effect of
sequencing the usage of reactive rule based programming
approach (RRBP) and of visual block-based programming
(VBBP). Our central hypothesis was:

(H1) The understanding and active mastery of wall-
following will be better supported by RRBP.

Our two experimental conditions were RRBP first, followed
by VBBP second for group A and vice versa for group B.
Following H1, we would expect the learning gain (related to
the maze strategy) to be higher for group A than for group B
after the first trial. We would expect group B to “catch up”
after the second round. Additional observations were made
regarding the problem-specific and general coding abilities
in the VBBP approach. Specifically, we would expect:

(H2) Prior experience with RRBP will lead to better
solutions in the VBBP modality in terms of finding and
implementing correct strategies.

Figure 5 represents the overall experimental procedure:

* Demographics

* Group A: RRBP
* Group B: VBBP

* Algorithmic
e Algorithmic understanding
understanding

* CT competences

* Group A: VBBP

* Algorithmic
understanding
* CT competences

* Group B: RRBP

Figure 5. Experimental procedure.

The tests of algorithmic understanding were related to the
maze problem and operationalized through specific
questions, involving paper and pencil solutions with given

labyrinths. CT competencies were tested through questions
inspired by Gonzalez (2015) and Grover and Basu (2017).

The study was conducted in a public German high school
(“Gymnasium”) with a group of 31 students of grade nine
participating in a computer science course (elective), 2 were
female and 29 male, and all between 14 and 16 years old (M
= 14.87). The average self-assessment of programming
skills was 2.77 on a 5-point Likert scale. Group had 15,
group B 16 participants. The duration of the test was 90
minutes.

4. RESULTS

Table 1 captures the distribution of successful completions
of level 8 (corresponding to wall following) for all groups
and conditions. For both groups, the rate of success
increased from trial 1 to trial 2 (A: 6 to 8; B: 2 to 5). The
overall success was higher in group A.

Table 1. Success (completion of Level 8)
per group and programming modality.

RRBP VBBP
Group A 6 8
Group B 5 2

The outcome for group A indicates that a better problem
understanding was developed in the RRBP condition and, if
this was the first experience, it could be transferred to the
second phase allowing for a re-coding in the other modality
(VBBP). In contrast, starting with VBBP did not facilitate
initial understanding and success in solving the problem.

1.2
1.0
0.8
0.6

0.4
0.2

0.0
T1 T2

Declarative A Declarative B

Procedural A Procedural B

Figure 6. Algorithmic understanding: declarative and
procedural knowledge of groups A and B, measured
attimes T, and T,.

Figure 6 shows the quantified results of the “algorithmic
understanding” test applied after Run 1 (T1) and after Run 2
(T2). The questions were designed in such a way as to
distinguish procedural and declarative knowledge related to
this problem, and the diagram shows the results with this
distinction. First, we compared the different measurements
for each of the groups (A and B) separately using the non-
parametric Wilcoxon signed-rank test. For both groups, the
difference (in both cases an increase) in procedural
knowledge was not significant. However, group B showed
a significant increase in declarative knowledge between T1
and T2 (Z=19.5, p=0.026). The corresponding difference
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(slight decrease) of declarative knowledge in group A was
not significant.

Secondly, we used the Mann-Whitney U test to compare the
declarative understanding between groups A and B. We
found a significant difference for the measurements at time
point T1 (U=68.5, p=0.20), but no significant difference at
T2 (U=105.5, p=0.286).

This corroborates our central hypothesis (H1): The RRBP
experience is essential for a better (declarative) under-
standing of the maze strategy in both groups. The essential
knowledge gain comes from the exposition to RRBP.

The second hypotheses (H2) is plausibly backed by the
comparison of success figures in Table 1: Success in the
VBBP condition is four times higher if this modality is
preceded by RRBP. However, an analysis of “productivity”
in terms of number of trials did not show a difference
between groups A and B in the VBBP condition.

Evidently, the empirical basis for our findings is limited. The
quantitative dominance of male participants in our
experimental group introduces a gender imbalance but it is
typical for elective (choice-based) computer science courses
in German high schools and was inevitable in a study
conducted in the field.

In spite of the overall positive result for RRBP, there was a
specific issue that often created a learning obstacle: The
Rule Editor allowed for entering an unlimited sequence of
actions so that a specific solution for the given maze could
be specified at a single blow. However, such solutions would
not be transferable to other mazes (not even of the same
level). To avoid this problem, the number of actions in one
rule can be limited in the current version of ctMazeStudio.
The maximally necessary number of actions would be two,
which allows for combining one forward step with a turn.

5. DISCUSSION

This study aimed at investigating the differences in CT
“induced” by different computational approaches or para-
digms used in then maze problem solving task. The
differences were reflected and measured in terms of the
understanding of the problem-related strategies as an effect
of “learning through programming”.

The RRBP approach favors a bottom-up and “situated” type
of reasoning and is certainly closer to the problem than
VBBP. Accordingly, it provides an easier start. However,
RRBP comes with the challenge of inferring the global
behavior of the agent from a collection of such locally
defined rules. A correct implementation of the wall-
following strategy requires the generalization of rules and
typically also a reduction of the accumulated rule set, which
requires more than a local understanding of the individual
rules. We could demonstrate that the prior experience with
RRBP supports the declarative understanding of the problem
better than VBBP and also leads to higher success rates in
the following VBBP condition, which in turn is
characterized by a top-down and imperative model of
computation. In this sense, RRBP is able to “feed into”
VBBP in terms of a transfer of learning.

Our findings suggest that sticking to one computational
approach alone may not be adequate. Different models of
computation do not only increment the learners’ knowledge
base by juxtaposition, they can also positively interact with
each other. Accordingly, we should further explore
“representational flexibility” in teaching CT.
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A Study on the Current Situation of Visual Programming for Primary School

Students and Its Influencing Factors
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ABSTRACT

In order to investigate the current situation and influencing factors of visual programming learning of primary school students,
this study took the sixth grade students who have just learned the Scratch course for half a year as the research object, and
studied their learning interest, future career intention, motivation, cognitive load and programming self-efficacy. The findings
are as follows: (1) students have strong interest in computer programming, high learning motivation, good self-efficacy in
programming and low cognitive load; however, students are less willing to engage in computer programming relates
occupations in the future. (2) there are significant differences between male and female students in future career intention and
programming self-efficacy. (3) there is a significant positive correlation between learning interest, future career intention,
motivation and programming self-efficacy, and a significant negative correlation between cognitive load and learning interest.
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visual programming, learning interest, motivation, programming self-efficacy
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ABSTRACT

Since its inception, computational thinking has gradually
been accepted by many countries as a critical element to the
curriculum of elementary schools. Hence this study aimed to
develop coding poker cards by the principles of game-based
learning. That is, coding poker cards are used to increase
learners’ motivation and improve their cognitive skills.
Meanwhile, this study employs augmented reality (AR) to
verify these poker cards and exhibit real program behaviors.
Lastly, this study hopes to develop a set of coding poker
cards featured with low-cost, portable, and being able to
provide real-time cooperation and face-to-face interaction
using AR technologies.

KEYWORDS
computational thinking, coding, poker cards, augmented
reality

1. MOTIVATION AND PURPOSE

The concept of computational thinking was presented by
Prof. Wing at Carnegie Mellon University in 2006. As she
pointed out, computational thinking can be employed to
solve problems, design systems, and understand human
behaviors. Some scholars have also stressed that
computational thinking is a necessary skill that an individual
need to acquire in modern times. By this token, it is very
important for children to acquire computational thinking
ability since childhood. An easy way to develop this ability
is to learn by writing a program (Buitrago Flérez, Casallas,
Hernandez, Reyes, Restrepo, Danies, 2017). Most young
learners who have zero experience in programming struggle
with the text-based user interface (TUI) when they are
flummoxed by its complexity (Costelloe, 2004; Powers,
Ecott & Hirshfield, 2007). So far the benefits of “game-
based learning” for young learners have been recognized by
a considerable amount of studies.

With the rising popularity of educational board games, the
computer science unplugged project (Bell, Alexander,
Freeman, & Grimley, 2009) has also begun to gain attention,
while related materials and ways of application have
appeared on the market. To disseminate the concepts of
program logic, this study presents a set of coding poker cards
featured with low-cost and portable, which can also provide
real-time cooperation and face-to-face interaction using AR
technologies.

2. GAME DESIGN OF CODING POKER

CARDS
The game mechanics of coding poker cards are mainly about
card players trying to choose a route from a range of choices
when they embark on a trip. By so doing, they need to use
cards to discover the program logic, which indicates the
principle of such routes. Meanwhile, card players try to

consider how to use a minimum number of cards to get to
the destination. Two to four players aged above eight can
form a group for a game, which lasts 20-40 minutes. The
program logic behind coding poker cards consists of
sequence, event, repetition, parallel, naming, operator, and
data application. The flowchart of the game is shown in
Figure 1:

Each person is given four cards.

v

A topic card is drawn by the chosen person of the team.

v

Cards are changed according to game mechanics.

v

Arrange the cards into the topic card's answers

v v

The result is verified by The result is verified by
peer cooperation. an AR app.

Figure 1. How to play coding poker cards.

The number of players should be decided at the very start.
Each person is given four cards. Once all cards are
distributed, a topic card is drawn by the person who has won
the rock-paper-scissors hand game. The number of topic
cards is between 2 to 4 (Figure 1). Two sides of the topic
card are for the question and the answer, separately. Once it
is drawn, the side with the question is up. Moreover, the
maximum number of cards (with answers to them) is ten.
Topics are contextually formulated.

Then card players can engage in “folding” or “drawing
cards” according to some game mechanics. During the
above said process, a person may draw a card at each turn,
and the maximum is ten cards. When a card is drawn, the
player may also take his new card through folding or
changing cards. We also add some game mechanics to make
this game even more enjoyable, such as getting more cards
quickly, two cards being exchanged, and drawing cards from
others’ hands. It is up to the card player which topic card
she/he will be choosing. Once the player has collected all the
cards of which the problem-solving tasks have been
completed, she/he needs to wait until the next turn to declare
she/he has accomplished the mission. When it is
accomplished, the card player is required to give
explanations by order of the poker cards (Figure 3). Other
teammates shall verify the result.
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Figure 3. Player collected all the cards according the tasks.

Card players may decide which topic card she/he is choosing
from all the cards. As the person has collected all the cards
of which the problem-solving tasks have been completed,
she/he needs to wait until the next turn to declare she/he has
accomplished the mission. When it is accomplished, the card
player is required to give explanations by order of these
poker cards. Other teammates shall verify the result. If a
mobile phone is at hand, then player can be scanned via AR
technologies for verification (Figures 3).

Figure 4. AR scan for verification.

3. CONCLUSION

The importance of computational thinking in education has
been internationally accepted in recent years. Computational
thinking may help children develop problem-solving skills
and form a logical thinking model. Therefore, we create
coding poker cards based on the principle of “game-based
learning.” That is, coding poker cards are used to increase
the learners’ motivation, facilitate “flow,” and then improve
their cognitive skills. Meanwhile, AR is used to verify these
poker cards and exhibit real program behaviors. Lastly, this
study hopes to develop a set of coding poker cards featured
with low-cost, portable, which can provide real-time
cooperation and face-to-face interaction using AR
technologies. We will explore learners’ performance after
playing coding poker cards, using scales and behavioral
models in an empirical study.
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ABSTRACT

The aim of this study is to explore how the game adventure
in Minecraft promote computational thinking in the context
of after-school K-12 programming club. Earth 2.0 map was
designed to include problem-based puzzles and engaging
post-apocalyptic game narrative (see tasks section). Earth
2.0 was tested in the authentic context with 60 pupils and
five teachers. Preliminary findings provides support for
using Minecraft as a tool for learning computational thinking
concepts and practices.

KEYWORDS
minecraft, serious gaming,
programming with games

computational thinking,

1. INTRODUCTION

Wing (2006) defines computational thinking as a thought
process involved in programming. Computational thinking
is also considered an essential skill for 21th century students.
Brennan & Resnick (2012) have presented three major
dimensions of computational thinking (CT): 1) concepts:
e.g. sequences and loops 2) practices: e.g. testing and
debugging or reusing and remixing 3) perspectives:
expressing or questioning. They illustrate their framework
with practical examples with Scratch - a programming
environment which engages users to creative problem
solving activities by programming, like Earth 2.0 designed
in our experiment.

However, based on literature review done by Lye & Koh
(2016) most of studies (85% in their literature review)
examined the learning outcomes in terms of computational
concepts (e.g. variables or conditions) although
computational thinking entails also practices and
perspectives as suggested above. In this study, emphasis was
put to concepts and practices. Our Minecraft map for
learning CT, Earth 2.0 was designed to include two of the
concepts suggested by Brennan & Resnick (2012)

2. AIM OF THE STUDY

The aim of this study is to explore how the game adventure
in Minecraft can be used to promote computational thinking
in the context of after-school K-12 programming club.

3. METHODS

The design rationales for Earth 2.0 Minecraft coding game
were recurring difficulties on finding a functional and
motivating way to teach programming in context of after-
school programming club.

In order to solve this issue, pedagogically and theoretically
grounded game experience was designed and evaluated in
authentic context together with the code-club participants.

3.1. Participants

Participant groups enrolled on after-school programming
club (five clubs, 8-20 participants (7-12 years old, 62
participants altogether) for three months with first four
sessions on Minecraft. In the context of this study, all five
club groups used the prototype version of the Earth 2.0
computational thinking game.

3.2. Tasks and Pedagogical Design

Earth 2.0 Minecraft world is based on storyline where robots
are to be programmed for reconstructing the earth, where all
activities are suddenly stopped. Players are scientist-
astronauts who are ordered to go back on earth and check the
situation. There is information about someone, who is trying
to sabotage players’ attempts to rehabilitate the planet earth.

This narrative is further divided into four main puzzles
(quests) and one bonus puzzle (quest) which all are separate
Minecraft worlds and one bonus world. First, player has to
learn to use the programming tool, Beginners Turtle, in
Tutorial.

Then they are introduced to basic programming concepts
and practices in specific order (see the table 1). Concepts and
practices of computational thinking (Brennan & Resnick
2012) are distributed to three sequential task-groups: Quests
1, 2 and 3. Finally, a fourth task-group, Bonus Quest, is
included for quicker and more advanced players. See more
detailed descriptions in the Table 1. Layout of an individual
puzzle is introduced in Figures 1 and 2.

Table 1. Tasks to promote Computational thinking included
in Earth 2.0.

Structures and
statements used

Game phase  Task

Tutorial Practice using the Only movement
(Beginners) Turtle to commands
open a door to Portal
room (to advance to
Quest 1)

Quest 1, Use movement Only movement

Puzzles 1-3  commands to move the ~ commands
Turtle and advance

Quest 1, Use loop to move the While-true-do

Puzzle 4 Turtle long distances
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Quest 2, Build a bridge Repeat -structure
Puzzle 1
Quest 2, Remix bridge program to Repeat -structure
Puzzle 2 build stairs followed by a
bridge
Quest 2, Use loop to move the While-true-do
Puzzle 3 Turtle long distances
Quest 2, Remix bridge programto Repeat -structure
Puzzle 4 repair broken bridge
Quest 3, Practice to use While-true-do,
Puzzle 1 conditionals and loops If-then-else
together to dig through a
cave
Quest 3, Program automated Turtle While-true-do,
Puzzle 2 to avoid obstacles If-then-else
Quest 3, Remix previous program  While-true-do,
Puzzle 3 to build a bridge while If-then-else
avoiding obstacles
Quest 3, Program automated Turtle While-true-do, If-
Puzzle 4 to solve a labyrinth then-else if
Quest 3, Reuse and debug previous While-true-do, If-
Puzzle 5 program to solve bigger  then-else if
labyrinth
Quest 3, Remix bridge, obstacle ~ While-true-do, If-
Puzzle 6 and digger programsto  then-else if

reach the exit

Bonus Quest, Reuse bridge program
Puzzle 1 and stair program to
create path to the exit

Repeat -structure,
While-true-do

Bonus Quest, Create intelligent bridge- While-true-do, If-
builder -program to create then-else if
path

Puzzle 2

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

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

program to build stairs. B3: Overview of Puzzles 1-2 in
Quest 2, both puzzles completed.

3.2 Data collection and analysis

To assess conceptual understanding of the computational
thinking, the pupils completed identical online pre- and post-
test surveys with a pre-/post-test quasi experimental design.
Specifically, the conceptual knowledge measurement
includes eleven questions that are developed based on the
Ericson’s and McKlin’s (2012) Scratch test. Detailed
procedures are described in the poster.

4. RESULTS

Paired samples t-test was conducted to compare pre- and
post-test means. Results showed that participants gained
higher scores in the post-test (M=11.67) than in pre-test
(M=8.13). t(60) = 6.71, p<.000. All other test measures were
significant, except comparison of the pre- and post-test
means in the group of young pupils (7-9 years old), in which
average gain between pre- and post-tests was only 0.04 and
Wilcoxon signed rank test was not significant.

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

More detailed results of pre- and post-tests will be presented
in the poster at the conference. In addition to statistical tests,
also correct responses between pre- and post-tests were
compared.

5. REFERENCES

Brennan, K., & Resnick, M. (2012). New Frameworks for
Studying and Assessing the Development of
Computational Thinking. In Proceedings of the 2012
Annual Meeting of the American Educational Research
Association. Vancouver, Canada, 1-25.

Ericson, B., & McKlin, T. (2012). Effective and
Sustainable Computing Summer Camps. In Proceedings
of the 43rd ACM Technical Symposium on Computer
Science Education. ACM, 289-294.

Lye, S. Y., & Koh, J. H. L. (2014). Review on Teaching
and Learning of Computational Thinking through
Programming: What is Next for K-12? Computers in
Human Behavior, 41, 51-61.

Wing, J. M. (2006). Computational Thinking.
Communications of the ACM, 49(3), 33-35.

49



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

Investigating the Elementary School Students’ Skills of Computational Thinking

and Self-Efficacy through a Robot Programming Project

Chien-yuan SU**, Song HAN?, Yue HU?®
123 Department of Curriculum and Learning Science, Zhejiang University, China
bredysu@gmail.com, 18645625763@163.com, hy zju@126.com

ABSTRACT

This study attempts to integrate project-based learning (PBL) into a children’s programming learning activity and to
investigate its effort on improving the students’ computational thinking and self-efficacy of programming. The whole activity
is divided into five stages, which 1) to decide the problem, 2) to explore a possible solution, 3) to collect relevant information,
4) to try to solve the problem, and 5) to present the results. 41 fifth and sixth graders at Liyang Foreign Language School in
Jiangsu participated in this study. These participants were assigned to an experimental group with PBL and a control group
without PBL to proceed programming learning activity. Learning performance, including computational thinking tests and
self-efficacy of programming, was measured.
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Effects of Plugged and Unplugged Advanced Strategy on Primary School

Children’s Outcomes in Scratch Learning

Wei-chi LIAO?, Jung-chuan YEN?"
2 Department of Mathematics and Information Education, National Taipei University of Education, Taiwan
heart1543@gmail.com, jcyen.ntue@gmail.com

ABSTRACT

The purpose of this study is to examine the effects of different advanced strategies of plugged and unplugged on the elementary
students’ programming learning motivation, learning achievement of Scratch and the ability of computational thinking. A
quasi-experimental design was adopted and conducted a six-hour teaching experiment for four weeks. The subjects were 78
students in the sixth grade of two primary schools. An MANOVA and ANCOVA analysis were employed for statistical
analysis of the data. The results show that: The unplugged group significantly outperformed the plugged group in relevance
and satisfaction in learning motivation. The unplugged group significantly outperformed the plugged group in Scratch learning
achievement. However, there is no significant difference between the two groups in the performance of computational thinking
ability. This study suggests to provide unplugged advanced learning activities before the formal programming course, should
be more to promote learners' motivation and learning achievement.

KEYWORDS
programming education, computational thinking, scratch, advanced strategy, learning motivation
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ABSTRACT

Computational Thinking (CT) has caught the attention of
researchers, educators, and policymakers in many fields, and
has been recognized as an important skill in this increasingly
complex society. One challenge emerging in education is
finding a way to embed computational thinking curricula
into K-12 education. Researchers and educators are
exploring ways to provide CT instruction. The study in this
presentation investigates an innovative way to teach the CT
skill abstraction. According to Grover & Pea’s article
(2013), “abstraction involves defining patterns, generalizing
from specific instances, and dealing with complexity.” This
study explores the types of strategies students use when they
play a game that requires multiple CT skills. Three hundred
and sixty-five middle school students played two card
games: Ghost Blitz vs. Sushi Go! and completed pre- and
post-assessments which were designed based on the
definition of abstraction to compare the participants’
performance. We analyzed students’ gameplay strategies to
examine whether participants spontaneously utilized
abstraction skills to make a plan to reach their goals when
they were playing.

KEYWORDS
abstraction, pattern recognition, game-based learning, K-12
education, unplugged activities

1. INTRODUCTION

Since the computer was introduced to this world, people had
experienced significant changes and challenges around their
life. It not only alters concrete surroundings and gives more
complexity but also influences our thought process to align
with algorithm and computing for addressing more
complicated problems and corporate with technologies.
Many scholars have argued that computational thinking is an
important 21st-century skill for K-12 students (e.g. Cetin &
Dubinsky, 2017). Nonetheless, a challenge emerges for
educators: How to embed CT into K-12 education (Guzdial,
2008)?

To consider this question, we need to verify what elements
and features constitute computational thinking. Studies of
computational thinking show that it can provide a way to
formulate real world’s complexity into the systematic and
well-structured problematic constitution and assist people to
design solutions (Jansen, Kohen-Vacs, Otero, & Milrad,
2018). This thought process is similar to the approach of
computer scientists when they are problem-solving and
coding. An important point for educators and researchers is
to focus on the thinking skills of computer scientists (Grover
& Pea, 2018). They should also consider suitable and
meaningful complex problems to specific age group to
practice CT skills (Jansen et. Al, 2018). The type of activity

can influence people’s learning, so providing motivational
tools would also be important. Therefore, the present study
focused on pattern recognition and abstraction and
combined with game-based learning context (board games)
to explore the evidence that non-programming environment
can bolster the learning of CT.

2. BACKGROUND

2.1. Computational Thinking

Jeanette Wing defined computational thinking as a thought
process that involves formulating problems and solutions
which can be easily carried out by humans and machines
(Wing, 2011). Her arguments gave researchers and
educators ideas to study in many fields which are outside the
computer sciences. Since many scholars recognize CT is an
important and necessary survival skill for students to face
future challenges (e. g. Cetin & Dubinsky, 2017), educators
make an effort to design CT curricula and activities.
However, there is still uncertainty about which CT thinking
skills are utilized in the process of problem-solving. This
issue is under debate. Nevertheless, some scholars
developed propositions about the content of CT by
observing and organizing the programmers’ behaviors when
they are solving problems in the programming environment.
A framework proposed by Grover and Pea in 2018 focuses
on the thought process programmers engage in as they are
solving problems. “Keep in mind the framing of ‘thinking
like <domain expert> for <domain-specific>" thinking
competencies.” p. 22 was their core idea to define CT. They
also mentioned there are two facets in CT framework:
concepts, and practices. They utilized abundantly life
examples which made readers and educators can easily
understand and develop pedagogy without the computer.
Based on the framework of CT, this study adopted the
concepts of pattern recognition, abstraction, and
generalization with the practices of CT to design the
experiment.

2.2. Pattern Recognition, Abstraction and Generalization

One of important elements in CT is abstraction which relates
to high-level thought process (Wing, 2011), and also is an
ability to simplify the complexity for problem solving
(Grover & Pea, 2018). However, based on four stages in the
development theory of Piaget, it will be difficult for young
children to be able to learn abstract (Kramer, 2007). If
educators would like to embed CT into K-12 education, the
age-related ceiling of learning abstraction is an obstacle to
design relevant curriculums. Nevertheless, recent study
found evidence that young students can utilize the rationale
of abstraction in their general learning process, such as when
labeling a diagram (Waite, Curzon, Marsh, & Sentence,
2016). Some studies which recruited elementary schoolers
to do experiment within programming context proved
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children could understand how to program their ideas by
instruction and discussion (e.g. Harel & Papert, 1990).

Abstraction relates to decomposing a problem (patterns),
hiding the unnecessary elements (pattern recognition), and
extracting the common patterns from specific examples
(Kramer, 2007). According to Grover & Pea’s article (2013),
“abstraction involves defining patterns, generalizing from
specific instances, and dealing with complexity.” p. 39.
Align with these definitions, present study designed
assessments and learning context for participants. Authors
are more interested in the learning effect within non-
programming environment. One study organized various
unplugged activities and analyzed what kind of CT skills
students can learn from them (Brackmann, Roméan-Gonzaélez,
Robles, Moreno-Ledn, Casali, & Barone, 2017). Therefore,
board games would be the main learning implement in this
study.

2.3. Game-based learning and Gameplay Strategy
Game-based learning has been developing for decades and
has proved that it can motivate students to learn (Schifter,
2013). A study gave “Pandemic”, which is a collaboration
strategy board game, to participants and analyzed their
playing process in alignment with CT skills (Berland & Lee,
2011). They provided that the behavior of players when they
were discussing the next step in the game can be associated
with CT. That means the process of making a gaming
strategy might be able to stimulate students to learn and
utilize abstraction. These articles provided evidence that
teachers can utilize unplugged activities to teach CT skills
for students.

When talking about unplugged activities, the most popular
way to motivate students is to use games. Game-based
learning has been developing for decades and has proved
that it can motivate students to learn (Schifter, 2013). A
study gave “Pandemic”, which is a collaboration strategy
board game, to participants and analyzed their playing
process in alignment with CT skills (Berland & Lee, 2011).
The present study used two different card games: Ghost
Blitz which was intended to provide the opportunity for
participants to practice pattern recognition and
generalization, and Sushi Go! which was intended to not
provide any chance for students to learn abstraction skills.

3. RESEARCH DESIGN

The present research aligned with the framework of CT,
which was argued by Grover and Pea in 2018, focused on
pattern recognition and abstraction concepts, and utilized
specific board games to construct non-programming context
to examine the learning effect of CT skills.

3.1. Research question

This research focused on exploring whether playing board
games which focus on pattern recognition could bolster
participants to utilize CT skills for making their winning
strategy.

3.2. Participants
There were 365 middle school students at 12-13 years old
who were recruited in this study. Participants were randomly

assigned into an experimental group (N=217) who played
Ghost Blitz and a control group (N=147) who played Sushi
Gol.

3.3. Hypotheses

There are two hypotheses in this research. The first
hypothesis was that participants who were in the
experimental group would outperform participants who
played the control game in pattern recognition. The
secondary hypothesis was that the experimental group
would have better performance than the control group in the
skill of generalizing from specific instances.

3.4. Materials

Ghost Blitz (Figure 1) is a card game that requires students
to engage in pattern recognition and provides opportunities
for learning generalization. There are five wooden objects
on the table. It contains two possible scenarios, one where
color and shape completely match one of the five objects in
the game, and one where the card completely leaves out the
color and shape of just one of the five objects. When playing
this game, participants have to recognize the color and shape
on the card, decide if “the correct answer” is completely
matched to a shape and color or if a specific shape and color
combination has not shown up, then grasp the correct item
from the table as soon as possible. Participants repeatedly
practiced pattern recognition skills during this game and had
chance to spontaneously learn to generalize features from
specific instances, which was a key to make a strategy for
how to play and win this game.

s
Tig
Figure 1. Ghost Blitz. Figure 2. Sushi Go!

Sushi Go! is also a card game which is related to collecting
information (Figure 2). Players choose one card from their
hand and put it on the table, then each player passes all
remaining cards in their hand to the player on their left side
and repeats the process until all cards have been chosen.
Each player then scores their collection by calculating the
value of specific sets of cards they were able to gather
during the game. Players have to observe others’ choice
and try to collect cards which have the highest score in the
round to win. This study assumed there is no relationship
between the game mechanics and the set of abstraction
skills, just observation and collection.

i

3.5. Procedure

In this study, there are three stages for participants, a pre-
test, a structured time for playing the games, and a post-test,
which was completed during school hours.

3.6. Measures

The assessments included geometry questions for pattern
recognition (Figure 3), math word problems for pattern
generalization, and one question in the posttest asking
participants to write down their gaming strategies.
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Assessments design in generalization was based on the
meaning of decomposition and generalization for problem-
solving to find open-ended problems in math. For example,
buying different and the most balloons for decoration in a
budget. The maximum points in the first two parts was 14
for the maximum, 0 for the minimum. For the question of
gaming strategy, the study distinguished three different
strategy categories for two games to find if there were any
behavior models that would be similar to abstraction skills.

A B C D E

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

3.7. Method

To analyze the data, this study conducted the two-sample t-
test first to see if all participants had the same math
competences, then the paired t-test for testing if there were
significant differences between pre- and posttest in two
different sections, pattern recognition and generalization, of
experimental and control groups. Categorizing gameplay
strategies was the last part of data analysis for finding other
evidence to support the results.

4. RESULTS

4.1. Pattern Recognition

Regarding pattern recognition, due to assessments’ inclusion
of math questions, the data must be clarified that all
participants had the same math ability in pretest before the
start of analysis. The result showed that there was no
statistically significant difference in math competency
(p=0.625) between experimental (M=3.26, SD=2.02) and
control group (M=3.47, SD=2.18).

The result in pattern recognition was statistically significant
in the experimental group’s scores between pre-and posttest
(M= 0.35, SD=1.73, p=0.003, d=0.202) but was not in the
control group (M=0.16, SD=1.63, p=0.229, d=0.099),
respectively. This outcome supports the hypothesis that
experimental group would outperform control group in
pattern recognition (See Figure 4).

Pattern Recognition
3.8

3.7
3.6 /
3.5
34
33

Pretest Posttest

—=@— Experimental Control

Figure 4. The mean of pre- and posttest in two groups.

4.2. Generalizing from specific instances

Regarding generalizing from specific instances, the results
showed that all participants had the same math competence
in pretest (p=0.902) no matter experimental (M=4.82,
SD=2.64) or control group (M=4.79, SD=2.56). The
analysis tests groups individually, the results showed that

both experimental (M= 0.02, SD=2.32, p=0.884, d=0.01)
and control group (M=0.24, 2.15, p=0.182, d=0.11) are not
statistically significant differences between pre- and
posttest. This outcome does not support the hypothesis that
experimental group would outperform control group in
generalizing from specific instances (See Figure 5).

Pattern Generalization

AAEA O
Noouk

S —

Pretest Posttest

=@==[Fxperimental Control

Figure 5. The mean of pre- and posttest in two groups.

4.3. Gameplay Strategies

This research divided the gaming strategy of participants
when playing games into three main categories: Non-
strategy, simple strategy, and multiple /complex strategy.

According to the categorized outcomes, they represented
that Sushi Go! triggered more practice on thinking multiple
plans than Ghost Blitz. They might give the explanation why
the mean of control group who was assigned to play Sushi
Go! had better performance of generating patterns than the
experimental group in posttest. However, this result needs
more evidence to verify the reliability.

5. DISCUSSION

Based on statistic results, researchers noted that there were
no significant differences between pre- and posttest test in
two groups respectively in generalization. Two facets, game
mechanic and assessments may provide the explanation and
need to be considered in future work.

5.1. Game Mechanic

Our results show that Ghost Blitz did provide practice for
students to learn pattern recognition. However, in the part of
generalization, it did not assist participants in generalizing
from specific instances. In contrast, Sushi Go! did not show
evidence to support that it can bolster students to learn
pattern recognition, but the mean of the control group in the
posttest of generalization was higher than in the
experimental group. These results are associated with a
game mechanic which is worth noticing in the study.

According to the definition of abstraction which relates to
make gameplay strategies. We did a simple comparison
from participants’ strategies and compared with the game
mechanics to see what the reason is to get this result from
generalization part. Game mechanics and their
correspondences to abstraction (See table 1 & 2):

Table 1. Ghost Blitz.
Game mechanics
Recognize the color and

Abstraction

Pattern recognition

shape
Compare card and five Remove the
objects unnecessary patterns
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Generalizing from
specific instances

Goal/the complexity

Finding two scenarios

Strategy to win this game

Table 2. Sushi Go!
Game mechanics Abstraction

Understand each Rules understanding, non-
card’s function abstraction

Finding your own patterns
and specific instances in this
game, then extracting
common features from your
own specific examples
Making a plan

Combination and
collection

Decide how to collect

the highest point to win

this game
From these two games’ mechanics, they show that Ghost
Blitz provides a sound module of patterns and examples
(two scenarios) for participants to practice pattern
recognition and generalization (formulate a model to win).
However, students who played Sushi Go! only received a
clear goal, but they had to set up their own patterns and
create their own instance to extract the general patterns. In
other words, Sushi Go! provides an ambiguous set of
patterns for participants, but according to the data analysis,
it still provides training for students to practice the
generalizing from specific instances.

5.2. Assessments

The design of assessments could also influence the results.
Ghost Blitz and Sushi Go! are all visual type games, but the
questions in the second part of the pre- and posttest for
generalization were constituted by words. The
transformation from visual to wverbal could impede
participants when answering the questions. Moreover, the
answer of word problems is difficult to define, it may
produce some uncertainty in the process of coding data.

6. CONCLUSION AND FUTURE WORK

6.1. Conclusion

This study has shown that board games can provide chances
for players to learn pattern recognition. However, it also
illustrated that the association of the type of board games and
assessments will influence the results.

6.2. Limitation and Future Work

Computational thinking is viewed as a way to deal with
complexity; however, this study utilized board games with
simple rules which may be one of limitations to explore the
function of board games can provide for learning CT skills.
Assessments also are the limitation for evaluating the
learning effect. Although CT is related to math problem-
solving skill, there is a concern that participants may utilize
their math competences to answer questions.

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

evaluating abstract reasoning and pattern recognition will be
also considered in the research to produce more reliable
evidence.
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ABSTRACT

In recent years, many countries promote information education courses based on computational thinking as the core in the
basic education. This kind of courses can train students' ability of systematical thinking and problems solving. However, it is
an important research issue of combining computational thinking with other subjects to design learning strategies for students
with learning disability. In this study, a mathematical learning activity with computational thinking will be designed for the
elementary school students with learning disability according to their special demand such as reading disorder, disorder of
written expression, math disability, etc. This activity will teach students how to use computational thinking to recognize the
direction and path of the map and to attend mathematics trails activities.
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Context K-2 Pupils’ Afterschool Coding Club
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ABSTRACT

This paper presents a study of developing computational
thinking (CT) practices by designing and testing unplugged
and plugged coding materials for 1%t and 2" grade pupils
between the ages of 6 and 8. Materials were used as a tool
in unplugged phase of afterschool coding club. Based on the
analysis, it is evident that pupils were able to apply the
concepts used in unplugged learning activities in their
ScratchJr projects followed unplugged part of the coding
club.

KEYWORDS
computational thinking, unplugged coding, instructional
design

1. INTRODUCTION

CT involves identifying a problem, evaluating the problem,
and reasoning to design solutions that solve the identified
problem (Wing, 2008). “Unplugged” is a term that describes
computational thinking activities carried out without
computers (Bell, Alexander, Freeman, & Grimley, 2009).
Learners study computing concepts through activities and
games without interacting with a computing device using
simple materials such as sheets of paper and crayons to learn
CT concepts (Bell, Alexander, Freeman, & Grimley, 2009).

2. AIM OF THE STUDY

The aim of the study was design computational thinking
lessons for K-2 students participating into after school code
club in the Finnish primary school. The pedagogical design
included both unplugged and plugged activities for learning
basics of the computational thinking

In this paper unplugged part of the design will be presented,
because it was considered crucial for learning computational
thinking in the context of non-experienced child-
programmers.

3. CONTEXT

The context for this experiment was an after-school
programming club in a primary school in Northern Finland.
Participants were 17 pupils (8 girls and 9 boys aged 6-8).
Original idea was to select only pupils who are non-
experienced on coding, but only 13 out of the selected 17
fulfilled the criterion. 4 participants were randomly selected
from the rest of the applicants in order to fill all seats
available.

The first author of this paper was the designer and instructor
of the activities in the coding club. The sessions were
arranged in a computer laboratory within the host school.

4. INSTRUCTIONAL DESIGN AND

MATERIALS
Instructional design for unplugged coding activities consists
of a series of processes employed to understand, improve
and develop educational materials that impact knowledge
and skills (Gagne & Briggs, 1974).

4.1. Design of Unplugged Coding AActivities

Unplugged activities are designed with the aim of
demonstrating CT concepts through authentic real-life
examples to capture the interest of learners and motivate
them.

Algorithm Worksheet
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Figure 1. Algorithm worksheet.

Algorithm WWorksheet: This unplugged activity focuses
on daily routine of learners starting from the first thing they
do in the morning to the last thing they do at night. A
predefined set of stickers (see Figure 6) were designed to be
used alongside a worksheet (storyboard) as can be seen in
Figure . This activity enforces the concept of orderly
sequences in algorithms.
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Figure 2. Decomposition worksheet.
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Decomposition: This activity focuses on teaching learners
how to break down large tasks into several, small, easily
solvable forms. Here, the weekly activities of learners are
broken down into daily activities. Figure shows a weekly
worksheet organize their weekly activities into an orderly
daily sequence.
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Figure 3. Pattern recognition worksheet.

Pattern Recognition: This worksheet (see Figure 3) follows
the decomposition worksheet, focusing on the identification
of repeated and non-repeated routines within one’s weekly
activities.
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Figure 4. Decisons worksheet.

Decisions: This activity focuses on making decisions based
on a condition. Decisions are made on a daily basis
regardless of age. This worksheet seeks to teach decision
making by performing an acidity based on a condition. See
Figure .
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Figure 5. Abstraction worksheet.

Abstraction: This activity focuses on teaching the concept
of abstraction. The worksheet (see Figure 5) used for this
activity is designed to support the inclusion and exclusion of
activities from one’s daily set of activities listed in the
algorithm worksheet

Figure 6. Stickers for worksheets.

Figure 6 represents sample stickers designed for the
worksheets. These stickers can be customized to include
options for gender-specific stickers to encourage authentic
learning, and motivate pupils to learn CT

5. RESULTS AND CONCLUSIONS
Preliminary results from the code club reveal that unplugged
learning materials were successful method to teach
principles of computational thinking.

Based on the analysis, it is evident that pupils were able to
apply the concepts used in unplugged learning activities in
their ScratchJr projects followed unplugged part of the
coding club. Future research will continue with un-plugged
design, but include also physical unplugged activities in
addition to paper-based work.
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Research on Gamified Collaborative Learning in the Cultivation of Computational

Thinking
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ABSTRACT

Computational thinking is one of the indispensable information literacy of today's students, and large researches have
demonstrated that gamified collaborative learning has a significant positive effect on students' learning. Therefore, this paper
designed a collaborative learning environment under Kodu to explore the influences of gamified collaborative learning on
computational thinking from two aspects of individual factors (learning interests and attitudes, self-efficacy), and
participation, the effect of socially shared regulation in collaborative learning. This investigation took two classes students of
10th grade as the sample and collected data via survey questionnaires and students’ discussion recordings, trying to provide
new ideas for cultivating students’ computational thinking.
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ABSTRACT

This paper starts with the analysis of the problems existing in the development of primary school students' computational
thinking, and explains the necessity of developing computational thinking training in the teaching of Scratch programming in
primary schools. In the Scratch program design teaching, the cultivation method, training method and evaluation direction of
computational thinking are discussed. Proposed a “new courses - Process Design - Instruction Teaching - Evaluation
Improvement - Integrated innovation - Share summary” to the teaching process and to formulate and analyze problems,
abstract modeling, algorithm design, optimization, migration as the six dimensions of the evaluation to solve computational
thinking. Combined with classroom teaching cases, it shows that students develop problems, analyze problems, abstract
modeling, algorithm design, optimization schemes, and migration method solving capabilities, thus contributing to the
formation of computational thinking.
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