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interview method evolved out of the clinical interview
method. That is, an artifact interview is about interviewing a
child’s conceptual understanding of a topic. In this approach,
the interviewer engages in conversation with the Scratcher
about their computational products and practices, using
work samples to guide the conversation. It is similar to and
newer than clinical interviewing, and focuses on an artifact
that a child has created. Students’ laptop screens and voices
were recorded during their artifact interviews. During artifact
interviews, students were asked open-ended questions such
as “Why did you use these particular blocks and sprites?”
and What steps did you follow to create your project? All the
interviews were conducted at the end of the module
implementations. The researchers acted as participant
observers in the classroom during module implementation.
They worked to build a good rapport with the students during
this time and the interviews were done in a conversational
mood so that students engaged in the interview.
Additionally, field notes and photographs of the module
implementation were gathered.

3.5. Data Analysis

After transcribing the artifact interviews, we analyzed not
only the participants’ statements on their Scratch artifacts
during interviews but also theScratch programs themselves.
During the module implementation, the participants engaged
in both Massachusetts” DLCS standards (2016) such as “3-
5.CT.b4: Individually and collaboratively create tests and
modify a program in a graphical environment (e.g., block-
based visual programming language)”, which is
coding/programming in Scratch in this case, and
Massachusetts’ ELA standards (2017) such as “W 4.3: Write
narratives to develop real or imagined experiences or events
using effective technique, descriptive details, and clear event
sequences”, which is writing a story based on a few character
traits in this case. In our data analysis, we focused on how
separate standards of the two disciplines intersect in the
participants’ Scratch stories.

4. RESULTS

The entire class worked in groups of three or four to write a
story based on the character traits they picked at the
beginning of the lessons and to create a short Scratch story
based on their written story. Martin and Kyle were two
members of a group of four. During the lessons, the group
came up with a story called Zombie Apocalypse with three
parts, beginning, middle, and end. The story was framed
around a few characters traits such as brave (Martin’s
choice), daring (Kyle’s choice), and fearless. Based on these
character traits, using a graphic organizer and a story map,
the group in the leadership of Kyle wrote a story around the
following idea: carrying Zombies in it, a meteor called the
Nebula hits the Earth, and then Zombies in the Nebula come
out, destroy the Earth, and zombify all human beings.
However, only three people and one goblin, students
themselves, remain alive and the three people fight against
zombies, Kkill them all, and save the world. Based on this
story, Martin and Kyle were responsible for creating the
beginning of the story in Scratch, so the projects of the two
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students were similar in terms of graphical content, and each
of them separately designed the short Scratch story up to the
point where zombies spread all over the world, which
represented the beginning of the story.

4.1. Martin’s project

Briefly, the first scene of Martin’s Scratch project was that
the Earth and the Nebula appear in outer space, and the
Nebula slowly approaches (gliding) the Earth and crashes
into it. After that, the backdrop switches to another one
where there is fire all over the place in a city on the Earth
because of the crash. This second scene is to represent the
idea that the entire Earth was being destroyed by zombies.
After this scene, the backdrop switches to another
background in which there are three zombies that were
released from the Nebula after the crash. These scenes are
shown in order in Figure 1 below.

A screenshot of scene two

A screenshot of scene one A screenshot of scene three

Figure 1 (Screenshots of scenes of Martin’s Scratch story)

4.1.1. Remixing for self-expression

Martin was a Scratcher who could effectively utilize the
tools that the Scratch environment provides such as remixing
different characters in costumes according to the purpose of
his project such as representing the character trait “brave” he
picked. Figure 2 below is a screenshot of Martin’s character
development on Scratch:

Figure 2 (Screenshots of evolution of Martin’s character)

As seen in Figure 2 above, Martin remixed the body of a
knight sprite and the head of a black person sprite in Scratch
library. When Martin was asked how he created it, he was
simultaneously telling and showing the interviewer on his
laptop screen how he made it:

When | go to Devin, | took off. Let's go to
people [in Scratch library]. Took off his [a black
person sprite's] face [head]. [...] go here and
then right then I choose the knight. [...] I got rid
of the head [of the knight]. [...] Delete that, then
get rid of the body [of the person sprite]. That,
delete. [...] Copied this [the person’s head], then
go here [knight body withouthead], paste [the
head on the knight body costume]. Then [..] got
rid of the neck [of the person sprite]. [...] And
put the head on the top of the- [knight body]”
(Interview 103019)
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As a mixed-race person of Latinx and Black descent, and
choosing “brave” as his character trait for this project, Martin
not only represented himself as a Black person in the story
but also remixed it with a knight that represents bravery.
After Martin described and showed how he remixed two
characters on Scratch to create a new character, the
researchers asked “why did you create that sprite?” Martin
replied as follows:

[...] my character should be like just free with [a]
shirt on [be]cause the zombies can easily get
them. | want him to have protection. Then if the
zombie[s] start climbing on their back and
they're almost about to get him, he can take it off
and run away. (Interview 103019).

Martin thought that he cannot fight against zombies as a
normal person with his regular clothes, so he chose to be a
knight whose costumes protect against zombies and this part
of the narrative needed to be shown visually and created
computationally. Martin was able to make all this happen
with the tools that Scratch provides for its users such as
characters, backdrops, and blocks for action.

4.2. Kyle’s project

In his project, just like Martin’s, Kyle’s short Scratch story
starts with a scene in outer space, as seen in Figure 3,where
the Nebula approaches the Earth and hits it. And then, all
zombies in the Nebula spread across all corners of the world.
Right after this scene, the backdrop changes to another
backdrop in which a few zombies were placed on different
coordinates on the background and the buildings in that area
were ruined. This background was to reflect the idea of
zombies being released from the Nebula and of destroying
the Earth.

e =

i = i -
Hrs el

A screenshot of scene one

A screenshot of scene two

Figure 3 (Screenshots of scenes of Kyle’s Scratch story)

4.2.1. Programming for narrative coherence

Not knowing that the glide block existed on Scratch, Kyle
did create a script that functions as a glide block in Scratch
as shown in Figure 4 below.

nstitute of
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Figure 4 (A screenshot of Kyle’s glide block)

When we asked Kyle how he created that script, he
responded:

All right, so this is the meteor. And, when | click
this [green flag], which means go, it'll move 25
steps. In this case it would be 25 steps closer to
the earth. [...] And it goes 25 steps toward the
earth, and then it waits three tenths of a second,
and then moves 10 steps and waits two tenths of
a second, and then goes another 10 steps, two
tenths a second, and then goes another 10 steps.
So, [it] looks like it's actually flying through, it's
called the galaxy, towards earth. (Interview
103019)

According to the story, Kyle needed to animate an action
where the meteor approaches the Earth before hitting it. Not
knowing that the glide block existed in Scratch, Kyle
programmed a script that functioned as a glide block in
Scratch. This accomplished his goal of narrative coherence,
such that viewers could see the meteor flying towards Earth.
In this case, Kyle’s programming activity was guided by the
narrative of the meteor moving from outer space to the earth.

5. DISCUSSION

Martin and Kyle’s individual work in Scratch demonstrates
the powerful way in which the Scratch program can be used
to support ELA lessons in the elementary classroom. The
students were given the opportunity to write a story in
Scratch that met the following State of Massachusetts (2017)
writing standard for fourth grade: “Write narratives to
develop real or imagined experiences or events using
effective technique, descriptive details, and clear event
sequences.” The sequencing of events maps very well tothe
temporal nature of the Scratch interface as demonstrated by
the change in background. Both Martin and Kyle changed
the background in the “beginning” of the story to
demonstrate plot movement. Moreover, Scratch supported
student imagination as the group (following Kyle’s lead)
created a “Zombie” story - an aspect of popular culture as
demonstrated in Zombie video games such as: “Zombie
Apocalypse.” Both students were able to develop descriptive
details and support the presentation of the details by
engaging in computational practices and they did so by using
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computational means. For example, Martin engaged in the
activity of remixing in order to create a character that could
successfully fight against the zombies. Interestingly, in this
case, Martin elected to modify the knight to have the head of
a Black boy. Arguably, Martin was placing himself in the
story. This is an important constructionist design element of
Scratch - Martin was able to create a more meaningful
narrative, by placing himself in the story. This type of
imagination is also important for success in writing and
interpreting narratives, as one is able to personally connect
to a story (Eagen, 1992).

Meanwhile, Kyle demonstrated a keen understanding of the
need for the story to unfold in a visually meaningful way,
and since he was not aware of the glide block in Scratch
(which would have allowed his zombie filled meteor to
visually move across the screen) he created his own glide
block. This is an especially important point regarding
interdisciplinarity and Scratch. The narrative is that the
meteor moved through space and collided with Earth. In
order for that narrative to be communicated, Kyle needed to
show the meteor moving smoothly across the screen over
time. To solve this problem, Kyle created the code with
imperceptibly short time variables (three-tenths of a second
for every 25 steps). In writing this code, Kyle both learned
how to program Scratch with some level of precision, and
also served the narrative by creating the visual effect of the
meteor streaking through space. Effectively, Kyle was able
to serve the narrative while learning to code.

6. CONCLUSION

In this study, we used an interdisciplinary integration
approach, with CS/CT concepts being integrated into ELA,
to examine how two 4th graders expanded their ELA
knowledge and their CS/CT knowledge through Scratch
while engaged in the lesson. Scratch is an environment that
allows for this integration because it was designed in a way
that supports the creation of a story. Scratchers can create
narrative elements through the tools that Scratch provides
such as rich, visual graphics like sprites / characters,
backdrops / setting, and action that can be created through
blocks / programming. These narrative elements can be
easily tinkered within Scratch to write a story as seen in our
study. Scratch is a powerful tool for interdisciplinary
integration, especially when children are provided with the
opportunity to collaboratively engage in narrative, fictional
writing assignments such as the one featured in this
classroom.
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Amelie LABUSCHY, Birgit EICKELMANN?
12paderborn University, Germany
amelie.labusch@upb.de, birgit.eickelmann@upb.de

ABSTRACT

Although computational thinking (CT) has emerged as an
important 21st century key competence (Voogt, Fisser,
Good, Mishra & Yadav, 2015; Wing, 2006), it becomes
apparent that there are great differences (Bocconi,
Chioccariello, Dettori, Ferrari & Engelhardt, 2016).
Selecting four countries (Denmark, Finland, Germany, and
the USA) with different approaches of curricular anchoring,
linear regression analyses with relevant variables were
conducted based on the data from the IEA International
Computer and Information Literacy Study 2018 (Fraillon,
Ainley, Schulz, Friedman & Daniel Duckworth, 2019).

The social background of the students, the extent to which
different computational thinking-related skills are learned at
school, studying computer science (CS) or a similar subject,
and the students’ gender were included in these analyses.
The results first indicated that in all countries there was a
close link between social background and students’
competences in computational thinking as well as between
the extent to which computational thinking-related skills
were learned at school and students’ competences in
computational thinking. Second, there were also differences
in competence with regard to studying computer science in
Germany, Denmark, and Finland and gender-specific
differences in favor of boys in Germany, Denmark, and the
USA. Third, it became apparent that the results offer
individual points of improvement for each educational
system — regardless of which approach of curricular
anchoring they follow.

KEYWORDS
Computational thinking competences, IEA-ICILS 2018,
School curriculum approaches, Individual characteristics

1. INTRODUCTION

In times of progressive digitalization, increasingly
sophisticated technologization based on algorithmic
structure, and the associated changes in all areas of life, the
question arises as to what competences children and young
people must acquire to successfully participate in society and
be prepared for an adequate working life. Since school holds
a key role in the acquisition of students’ competences and
addressing the issue of relevant competences in the field of
digitalization and information technology in education, the
key competence computational thinking (CT) emerges
(Labusch & Eickelmann, 2020). In a general overview of the
different approaches in various educational systems three
different approaches to the curricular anchoring of
computational thinking can be identified (Eickelmann,
2019): (1) computational thinking as a cross-

curricular competence, (2) computational thinking as part of
computer science, and (3) computational thinking as an
individual subject or learning area. For the later analyses,
four countries, participating in the international option
computational thinking in the International Computer and
Information Literacy Study 2018 (ICILS 2018), were
selected that could be classified under the different
approaches at the time of study’s data collection in 2018.

In Finland, ‘algorithmic thinking' has been anchored in
mathematics since 2014. The revision of the core curriculum
around algorithmic thinking and programming has already
been completed in 2014, implementation started in 2016
with a two-year implementation phase. Finland has included
computational thinking in the national curriculum as a cross-
curricular competence (first approach) that is anchored
across disciplines (Bocconi, Chioccariello & Earp, 2018).

In Germany, where the development of school curricula is
guided at the federal state level, the integration of
computational thinking varies from state to state. However,
schools rely on the long tradition of computer science
teaching (second approach) as an optional subject (Bocconi,
Chioccariello, Dettori, Ferrari & Engelhardt, 2016).

Denmark has been piloting the integration of computational
thinking in model schools since the summer of 2018, both as
a separate subject (third approach) and as part of a subject
integration approach (first approach)
(Undervisningsministeriet, 2018). The cross-curricular topic
‘IT and Media’ in KO to K9 is integrated in all subjects and
includes elements of computational thinking such as
problem-solving and logical thinking  (Bocconi,
Chioccariello & Earp, 2018).

In the USA, school curricula and policies vary regionally (all
three approaches). Some companies are working with the US
government to develop hew computer science standards, and
many states have issued new guidelines for curricula (Hsu,
Irie & Ching, 2019).

When considering the extent to which individual aspects of
the acquisition of a competence, school assessment studies
examining other areas of competence have shown the
importance of wusing individual characteristics as
explanations. Thus, for students’ computer and information
literacy, a close link between social background and
competences could be shown for all participating countries
in ICILS 2013 and 2018 (Eickelmann et al., 2019; Fraillon,
Ainley, Schulz, Friedman & Duckworth, 2019).

Moreover, it is relevant to what extent students have learned
computational thinking-related skills at school. In recent
years, many partial competences of computational
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thinking have been discussed (e.g. Bauer, Butler & Popovic,
2015; Lye & Koh, 2014). What they all have in common —
roughly summarized - is the partial competence of
decomposition or analysis of data or problems. It is also
concerned with the conception or simulation of solutions and
the representation of processes.

Since computer science lessons were not offered nationwide
in 2018, it is necessary to look at whether students have
participated in computer science lessons in the respective
current school year. Another aspect is the gender of students,
where differences have been shown to be crucial for
computational thinking itself (e.g. Roman- Gonzaélez, Pérez-
Gonzédlez &  Jiménez-Fernandez, 2017). These
considerations result in the following research question:

To what extent can differences in students’ competences in
computational thinking be explained by their social
background, their school learning of computational
thinking-related skills, studying the subject computer
science, as well as their gender in four countries with
different curricular anchoring of computational thinking?

2. METHODS

2.1. Study and Data

The following analyses are based on data from the
International Computer and Information Literacy Study
2018 (ICILS 2018). The competences in computational
thinking (CT) are defined in the framework of ICILS 2018
as “an individual’s ability to recognize aspects of real- world
problems which are appropriate for computational
formulation and to evaluate and develop algorithmic
solutions to those problems so that the solutions could be
operationalized with a computer” (Fraillon, Ainley, Schulz,
Duckworth & Friedman, 2019, p. 27). The construct of these
competences formed the basis for the development of the
computer-based student tests. The students (international
average age of 14.4 years) worked on two computational
thinking test modules of 25 minutes each. In addition,
questionnaires for students, teachers, school principals, and
ICT coordinators were used todetermine

the framework conditions. (Eickelmann et al., 2019;
Fraillon, Ainley, Schulz, Friedman & Duckworth, 2019).

2.2. Analyses

To analyze the data, addressing the research question,
linear regression analyses were carried out for the selected
countries (Finland, N=2,546 students; = Denmark,
N=2,404 students; Germany, N=3,655 students; USA,
N=6,790 students). Four regression models were calculated
for each of the four countries.

In the first model, indicators of social background — cultural
capital (model I) and HISEI (model Il) — were drawn upon.
Following this approach, the eighth graders in ICILS 2018
were asked how many books they had at home (without
magazines, newspapers, comics, and textbooks). The later
analysis refers to the distinction between a maximum of 100
books (low cultural capital) available and more than 100
books (high cultural capital) available at home. To describe
the socio-economic status of a student

nstitute of Education.

family, analyses refer to the highest occupational status of
parents (HISEI). A low HISEI score (below 40 points) is
available, for example, for postmen and women, train
conductors and hairdressers. A medium HISEI value (40 to
59 points) is found, for example, for police officers, nurses,
social workers, and administrative staff. A high HISEI score
(60 or more points) is given, for example, to teachers,
journalists, and lawyers.

In the second model, three items were selected from a scale
for the extent of school-based learning of computational
thinking skills. The selection was based on theories and
research, a high affinity to the computational thinking tests,
and - determined with a preliminary analysis - the power of
variance explanation. The items 'to break a complex process
into smaller parts', 'to use simulations to help understand or
solve real world problems', and 'to make flow diagrams to
show the different parts of a process' were considered. A
distinction was made between ‘at least to a moderate extent'
as a reference category and 'to a small extent or not atall'.

In the third model, the studying of the subject computer
science (CS) or a similar subject is used. In the main survey,
the students were asked whether they had studied computing,
computer science, information technology, informatics or
similar in the respective current school year.

In the fourth model, the gender of the students was used to
explain the variance (options ‘female' and 'male’).

3. RESULTS

The following four tables show the corresponding regression
models for students in Finland, Germany, Denmark, and the
USA.

Table 1. Regression Model | Explaining Differences in
Students” CT Competences by Social Background.
Finland Germany Denmark [VETY.
b (SE) b (SE) b (SE) b (SE)
27.6* (4.2) 48.6* (5.5) 25.5* (3.9) 44.4*(3.2)
20.0* (5.2) 30.2* (5.9) 18.8* (4.9) 22.5*(3.2)
44.9* (5.4) 51.2* (8.0) 30.8* (5.7) 48.0%(3.9)

cultural capital®
medium HISEI value
high HISEI value

constant 481.7 4435 498.9 466.8
R2 o7 13 05 09

b - regression weight (unstandardized).
dependent variable: students' computational thinking.
* significant coefficient (p < .05).

A0 - maximum of 100 books; 1 - more than 100 books.

|EA: International Computer and Information Literacy Study 2018 © ICILS 2018
It turns out that the correlation between computational
thinking competences and cultural capital was significant in
all four countries. While it was 25.5 points in Denmark and
27.6 points in Finland, it was 44.4 points in the USA and 48.6
points in Germany. For the medium HISEI value in model
I1, there were values between 18.8 points (Denmark) and 30.2
points (Germany), which were all significant. For the high
HISEI value, there were significant values between 30.8
points (Denmark) and 51.2 points (Germany). The
explanation of variance amounted to between 5 percent
(Denmark) and 13 percent (Germany). This also reveals that
for Germany, for example, 13 percent of the variance in the
competences in computational
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background and the educational success of the students
could be established for the competence area of
computational thinking. At this point, all countries should
consider the strategic and conceptual development of core
curricula to overcome the high socially caused educational
disparities that have been identified.

Moreover, the results proved that there are computational
thinking-related skills that are conducive to learning and
those that seem to be counterproductive. It should be noted
here that the study is limited to reveal whether and to what
extent the individual skills were learned at school, while it
didn’t examine how skills were learned. It would be useful
to carry out in-depth analyses, possibly with qualitative
design, to see exactly in what form, for instance, simulations
and flowcharts were used.

Overall, however, there is a tendency towards making
teaching more productive so that students can achieve higher
levels of competence in computational thinking.

The differences in competence between girls and boys are
also remarkable, especially when other variables are
controlled. Here, it is important to foster girls and get them
more enthusiastic about computational thinking, and if
necessary, to teach them in a gender-sensitive way. In
parallel, boys are to be further fostered to make the best
possible use of their potential.

In answer to the question as to what differences exist
between the countries with regard to the approach of
anchoring computational thinking in the curriculum, it
should be emphasized that the results should not be used as
a basis for concluding that one approach is better than the
other. In this context, it should be emphasized that the four
considered countries are all very highly developed and have
advanced educational systems. This is another reason why
in-depth analysis that include aspects of the education
system would be necessary.
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ABSTRACT

This study describes a standard decomposition process,
which is designed to decompose content standards into
observable components that might illustrate computational
thinking skills. These components will be integrated into an
online game-based learning environment as evidence of
learning (EoL) and mastery (EoM). Focusing on three
computer science standards, we describe how the standard
decomposition process was used to generate standard
decomposition tables. We show samples of the content of
these decomposition tables and describe how these tables
evolved based on educator feedback.

KEYWORDS
Computational thinking, Design-based implementation
research, Game-based learning, Middle grades

1. INTRODUCTION

The definition of computational thinking (CT) has evolved
over the last several decades. In early work, Papert (1972)
generated the term CT to describe children’s learning during
programming experiences. More recently, Wing (2006)
broadened the definition of CT to include students’ thought
processes. Jansen et al. (2018) concluded that CT provides
people with a method to restructure complex real- world
problems into systematic and well-structured problems and
supports people in designing solutions that can be
manipulated by machines or humans. Grover and Pea (2013)
further built on this perspective, stating “CT’s essence is
thinking like a computer scientist when confronted with a
problem” (p. 39). Similarly, Aho (2012) considered that CT
assists people in representing the solutions for solving
complex problems as computational steps and algorithms. In
this study, we adopt the CT definition as: a thought process
(including a set of thinking skills) that occurs when students
are confronted with a problem that can be formulated into
steps and the solution can be executed by humans or
machines.

Most CT research focuses on programming-based
environments. For example, Kazimoglu et al. (2012) had
students design a program to control a robot. Brennan &
Resnick (2012) used Scratch (a visual programming
language) to develop CT skills, and Basawapatna et al.
(2011) designed CT games. Many tools are available for
educators to teach students how to code and write
programming languages. In our study, we extend this work
by defining CT skills more broadly and encouraging students
to practice and make connections between CT skills.

We use an online game-based learning environment to
provide middle grades students with unique learning
opportunities focused on CT. Game-based learning offers
unique affordances for “stealth” learning (Sharp, 2012). For
example, when playing games, students experience a state of
flow (Csikszentmihalyi et al., 2014), which contributes to
immersive learning experiences while playing. CT education
researchers are working to extract and quantify these
learning experiences to understand if and what students are
learning during immersive gameplay (e.g., Grover et al.,
2015; Grover et al., 2017).

Immersive  game-based learning environments are
innovative, covert ways to assess students’ learning. The
assessment information gathered within game-based
learning environments could support teachers in tailoring
student learning experiences based on students’ needs. In
this study, we use the terms Evidence of Learning (EoL)
and Evidence of Mastery (EoM) to describe observable
behaviors to show students are progressing toward mastery
(i.e., EoL) or show evidence of mastery (i.e., EOM). In our
study, game developers will use this information to design
learning experiences and integrate them into an existing
commercial game. The most salient evidence of students’
learning will be extracted and communicated to teachers to
inform differentiated instruction focused on CT skills.

2. CURRENT PROJECT PURPOSE

This study is part of a larger interdisciplinary project
designed to develop a game-based learning environment
within the existing Minecraft mod “Lumber Jack Tycoon.”
The learning environment will be developed for middle
grades students, designed around focus CSTA computer
science standards with an emphasis on CT. Teachers will
receive information about their students’ progress toward
mastering learning standards through integration between
the game, a data collection cloud infrastructure, and a
learning management system called Canvas.

We use design-based implementation research (DBIR) to
guide the development of the game-based learning
environment (Confrey, 2019; Fishman, et al., 2007; Penuel
et al., 2011). As such, we rely heavily on co-development
with educators who work directly with students who the
game will ultimately serve. We formed an Educator
Advisory Panel (EAP), which included middle grades
educators with an interest in computer science and CT. The
five EAP educators represented six middle schools across
four public school districts in the southern United States.
Three educators identified as teachers, one identified as an
instructional coach, and one identified as an instructional
technology specialist.
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Several teachers reported greater confidence in all practices
after CTSI, particularly Beth, Evan, and Matt. Some teachers
reported greater confidence in some specific practices but
not others. For example, Betsy reported only a slight
difference in confidence in regard to modeling and overall
increased confidence in all other practices. Martin Marshall,
and Parvez, who teach math or physics, also fall into this
category, reporting similar pre-post difference in data and
programming practices and general increases in modeling
and algorithm practices. Finally, a set of teachers reported
similar confidence in all four practices before and after
CTSI, specifically Carrie, Chelsea, Emma, and Paul.

3.2. What teachers learned

We explore what teachers learned (RQ2) by analyzing their
responses to “What did you learn from CTSI?” We use the
qualitative responses to understand the variance in
individual teachers’ reported change in confidence across
teachers who reported greater confidence in all practices
after CTSI (Beth, Evan, Matt), greater confidence in some
specific practices but not others (Betsy, Martin, Marshall,
Parvez), and similar confidence before and after CTSI
(Carrie, Chelsea, Emma, Paul).

Teachers who generally showed a general increase in
confidence across all four practices (Beth, Matt, Evan)
mentioned learning about a variety of related topics that
helped them co-design their curriculum, including CT,
specific tools (e.g., NetLogo), their subject-area content,
collaboration, and pedagogy:

I learned how to use NetLogo, NetTango, and CODAP, how
to integrate such models into a content-heavy, nuanced unit,
and a lot about collaboration. (Beth)

OMG- I have learned to embrace co-design, learned to work
at odd hours, Slack the heck out of my co-design mates and
learn the basics of coding and manipulating code. I have
also learned to value the feedback my mates have given me,
their patience and to learn to take feedback positively for a
growth-mindset. I have also learned that my science
pedagogy is in need of a redshift, or rather a new lens to look
at science through- that of CT. I am grateful to be energized
by all the possibilities and potential accomplishments this
will translate into for my students. (Evan)

Increased my understanding of computational thinking,
computational modeling, incorporating CT practices in a
mathematics classroom, and my ability to develop and adapt
NetLogo & CODAP models to fit my needs in a statistics
classroom. (Matt)

All three teachers discussed how learning about CT and
specific tools helped them address their teaching goals. Beth
and Matt mentioned learning about computational models
and integrating them into their classroom. Further, Evan
described how he grew as a designer and teacher, including
learning to value his team’s feedback and gaining “a new
lens to look at science” through CT.

The teachers who showed increased confidence in some of
the practices Betsy, Martin, Marshall, Parvez) also reported
gaining specific skills and CT knowledge that support
students in their classrooms:

nstitute of Education.

1 learned a lot about programming. I learned that I can still
learn. I learned what computational thinking is and how to
apply it in the classroom. (Betsy)

I learned what the heck CT means, I learned how to
incorporate CT into my lessons, I learned a little bit of
programming in NetLogo and how to use CODAP, I brushed
up slightly on my Python skills, and I deepened my
understanding of my own content (specifically sampling
distributions). (Martin)

I got a lot of technical skills in Python, CODAP, and
NetLogo. I can build (but better modify!) agent-based
simulations! I can make quick data visualizations with
CODAP! I can make MUCH BETTER data visualizations
with Python! I also learned some nuanced ideas about how
to better incorporate CT into a scaffolded unit, and I think
the segue into the more advanced concepts is done much
more smoothly than I initially planned.” (Marshall)

Learned to code in NetLogo and make custom designed
lessons. Also learned to use NetTango block modeling for
students. (Parvez)

These teachers all mention learning to code/program. Most
of them have some prior experience and thus were able to
gain specific tools and skills to build activities for their
students. This may explain why they did not necessarily gain
confidence in teaching particular CT-STEM practices, but
instead, they came away with new ideas for how to use tools
with their students, such as “MUCH BETTER data
visualizations with Python” and “nuanced ideas about how
to better incorporate CT into a scaffolded unit” (Marshall).

The set of teachers that showed little change in reported
confidence (Carrie, Chelsea, Emma, Paul) also mentioned
learning about CT, content, and curriculum design.
However, compared to other groups, they mention more
specific strategies for teaching their subject area and
curricular topic:

I was introduced to Sage Modeler, and I also learned
additional details about working with the [curriculum
editor] interface. (Carrie)

CTSI was helpful this year to separate various aspects of
computational thinking. (Chelsea)

1 was able to develop a new unit around infectious diseases,
this led to a lot of content knowledge about particular
diseases, as well as CT knowledge of how to model and think
about these diseases. In working with my team I was able to
break down specific knowledge points for kids to figure out
and develop models to help them do that. (Emma)

I have learned a lot about coding. Also, the coding forced me
to think about physics- concepts and equations- such that [
could write correct codes to model phenomena. (Paul)

These teachers reported learning different things, from CT
itself (Chelsea), to specific tools (Carrie), and ways to think
about teaching their content through models (Emma), or
coding (Paul). Particularly for Emma and Paul, it may be that
designing CT-STEM activities helped them realize what
they did not yet know about their topic and “forced” them to
think deeper about the nature of their content from the CT
perspective.
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4. DISCUSSION

Given that CT integration is difficult for teachers, our work
begins to shed light on how and what teachers can learn
about CT through professional development focused on co-
design of CT-integrated curriculum. Our teachers, on
average, felt some confidence with all four CT-STEM
practices prior to our summer institute, which is not
surprising given that they showed interest in CT and wanted
to participate in CTSI over the summer. Yet, after the
professional development, our teachers, on average, reported
higher confidence in teaching CT-STEM practices,
particularly in modeling and algorithm practices. This gives
us encouragement that the professional development may be
a good approach to help teachers engage in and learn about
CT-STEM practices, even if they are already confident in
some of those practices.

Our findings also show that teachers' confidence did not
change in the same way across the four CT-STEM practices.
Some seemed to gain confidence in all practices, while other
teachers only gained confidence in a few practices, and still
others showed no change after our professional
development. These differences were expected, given that a
few teachers were already extremely confident in teaching
CT-STEM practices prior to the professional development,
and thus it did not affect their confidence with specific
practices. For them, the experience may have been an
opportunity to learn about specific software and tools that
they can use to design curricula or engage students in their
classroom, rather than an opportunity to learn about CT-
STEM practices. Teachers’ responses to what they learned
from the summer institute suggests that they learned many
related skills and ideas for designing and implementing CT-
STEM curriculum. Some learned how to program and code
using particular tools and strategies to address their teaching
goals. Others learned about CT itself, how it may be “a new
lens to look at science” (Evan), and how to integrate it into
existing content in their curriculum. Some teachers
described changes in how they view content and teaching,
which may affect their pedagogy, which will be analyzed in
a future paper on how teachers implemented their units.

Even though our study only involved 11 teachers, it revealed
much variation in what teachers gained through our
professional development, which researchers and educators
should take into account when designing and assessing such
programs. Our findings align with prior work that shows
variation in teacher outcomes from co- design experiences
and a need for multiple sources of data to capture teachers’
pathways (Kelter et al., 2020; Naimipour et al., 2020; Peel et
al., 2021; Svihla et al., 2015). Although quantitative
measures are important to ensure that teachers gain the
prerequisite skills and knowledge to develop quality
curricula and engage their students in CT, expanding
qualitative analyses or designing alternative measures to
capture teachers' learning and teaching of CT will help
illuminate the various ways in which they grow in their
pedagogy. Further, additional measures will help reveal
what aspects of co-design and professional development
experiences are essential to

nstitute of Education.

ensure teachers’ growth builds on their divergent needs and
prior experiences with CT.

Given the variance in teachers’ goals and experience with
CT, we designed our professional development to be
adaptable so that teachers can gain the knowledge, skills, and
insights required to learn about and integrate CT into their
classroom. In our professional development, the co- design
sessions were particularly flexible for teachers so that it
supports constructionist design (Kelter et al., 2020). Each co-
design session foregrounds teachers’ goals and thus was
shaped by the different types of support and levels of
engagement with CT needed to help each teacher achieve
their goals. Teachers may be restructuring how they
introduce content, brainstorming what features to include in
an CT activity, writing student questions, or programming
computational models with the support of their co-designers.
The variation in the co-design process allows for
differentiated support based on teachers’ prior experiences
and teaching goals for their curriculum. Hence, regardless of
their approach, goals, and needs during the professional
development, all teachers moved towards the same
destination: They all reported learning about some aspect of
CT, produced a CT-STEM curriculum, and felt confident in
their ability to teach CT-STEM practices to their students
alongside content in mathematics and science classrooms.
This work shows promise for professional development
focused on constructionist design as a way to engage
teachers in CT education. We advocate for additional work
that empowers teachers as designers of CT curriculum and
identifies additional pathways for teachers who may or may
not have prior confidence and experience in CT. Such work
will help us build additional professional development
opportunities that effectively engage teachers in integrating
and teaching CT in STEM classrooms.
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ABSTRACT

During the COVID-19 pandemic, we conducted an online-
only teacher development course (TDC) on computational
thinking (CT) teaching in a primary school context. Twelve
in-service primary school teachers participated in the
course, which consisted of thirteen 3-hour lessons. Analysis
of the participants’ CT concepts test results showed that
they successfully developed a good understanding of CT.
They also significantly improved in all four content
knowledge-related dimensions of  technological
pedagogical content knowledge (TPACK) of programming
for CT development. Participants’ evaluation of teaching
survey reflected that they agreed the course was of high
quality. These positive results implied that TDCs on CT
teaching can be conducted online successfully. This study
indicated the importance of providing a sustained TDCs for
teachers to gain sufficient CT knowledge and pedagogies of
CT teaching. For successful online teaching, it was essential
to maintain the teachers’ engagement in class by adjusting
the teaching pace to ensure all of them can follow the tasks
and assigning sufficient tutors to render timely assistance
when support was needed in completing the programming
tasks.
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1. INTRODUCTION

Wing (2006) argued that computational thinking (CT) is a
thinking process by which one formulates problems and
finds solutions by drawing on the fundamental concepts of
computer science. To help children become creative
problem solvers, the integration of CT into K-12 education
through programming is an important initiative (Hsu,
Chang, & Hung, 2018). However, there is a limited number
of teachers with CS background (Yadav, Gretter,
Hambrusch, & Sands, 2016) and a lack of specific
pedagogies for teaching CT through programming
(Menekse, 2015). Thus, it is critical to conduct professional
development for teachers to equip them with sufficient CT
knowledge and related pedagogies. Few empirical studies
were found on effective TDCs in CT in relation to
programming (Menekse, 2015; Kong, Lai, & Sun, 2020).
Also, the organization of online-only TDCs on CT teaching
was a new and emerging area that needed to be explored.
This study aimed to report an experience of conducting an
online TDC on CT teaching and the evaluation results of the
teachers’ learning progress in CT concepts, and
technological pedagogical content

knowledge (TPACK) of programming for CT development.

2. BACKGROUND

2.1. CTin Relation to Programming in a Primary School
Context

Programming is regarded as an effective method for
developing students’ CT (Kong & Abelson, 2019). Block-
based programming environments such as Scratch and App
Inventor provide a pleasant learning experience for young
students because their visual programming languages are
favorable for children to learn (Lye & Koh, 2014); as a
result, these environments can stimulate students’ interest in
programming (Weintrop & Wilensky, 2017). Brennan and
Resnick (2012) proposed a CT framework after observing
young students’ behavior while programming with Scratch.
This framework consisted of three components: CT
concepts, CT practices, and CT perspectives. CT concepts
refers to the concepts applied in programming. CT practices
refers to the problem-solving practices used in
programming. CT perspectives refers to how programmers
see themselves, their relationships with others, and the
digital world. This framework provided a concrete direction
for CT development in relation to programming among
young learners. The TDC in this study adopted these three
components to develop teachers’ competencies in delivering
CT lessons in primary school.

2.2. Importance of Teacher Development in CT

Two major challenges to incorporating CT education in
primary schools were found in this study, which may be
overcome by conducting effective TDCs. First, there were
only a small portion of teachers with a CS background
(Yadav et al., 2016). Some of them were not familiar with
block-based programming environments (Hubbard, 2018),
which would make it difficult for them to teach CT through
programming. Second, sustained professional development
was inadequate. Bower et al. (2017) found that most TDCs
are short in duration and put emphasis only on teaching how
to program rather than on incorporating related pedagogies
(Menekse, 2015). Consequently, teachers could only make
use of some general pedagogical strategies that were not
specific to CT development when teaching (Bower &
Falkner, 2015). Kong et al. (2020) suggested that primary
school teachers’ CT knowledge and their TPACK had
significantly improved after completing two 39-hour
courses. Therefore, it is critical to provide sustained TDCs
for teachers to equip them with ample knowledge and
pedagogies of teaching CT through programming.
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2.3. Factors of Conducting Effective TDCs on CT

There are two main factors leading to an effective TDC on
CT development. First, the course design requires a
sustained period of learning instead of a one-off lesson
(Garet, Porter, Desimone, Birman, & Yoon, 2001). A
sustained course provides a better training opportunity for
teachers since they have adequate time to acquire the
content knowledge. For CT development, Kong et al. (2020)
suggested that teachers need to learn how to teach CT and
apply what they had learned by producing group projects.
In addition, teachers’ active engagement has proved to be a
critical factor of a successful development course (Darling-
Hammond, Hyler, & Gardner, 2017). Kong et al. (2020)
proposed a pedagogy (i.e., to play, to think, and to code) to
teach CT, which highly required the participants’
engagement in class. They got ample opportunities to play
the App at first. Then they had to think about how to
produce the App. Finally, they needed to compose the
programs by themselves. Teachers need active participation
and engagement rather than passively receiving the
knowledge (Darling-Hammond et al., 2017).

3. METHODOLOGY

3.1. Design and Structure of the Course

The design principle of this online TDC was to fulfil the
important factors for successful teacher development
including a sustained period of learning and teachers’ active
engagement. The TDC lasted for 5 weeks, and it provided
both theory-based CT content knowledge and hands-on
experiences of programming pedagogies. The course was
conducted entirely online on Zoom. It consisted of thirteen
3-hour lessons and was divided into three parts.

The first part consisted of seven lessons. Six sample CT
units were shown to demonstrate how to use App Inventor
and pedagogical content knowledge (i.e., to play, to think,
and to code) to teach CT. At the beginning of each lesson,
the teachers played the apps. Then, they were guided to
think about the components and logical flow of the apps.
The teachers tried to deconstruct programming tasks into
smaller steps so that they could learn how to turn abstract
concepts into an algorithm to solve a problem. Finally, the
teachers followed the student guides to code and test the
app. If they were not able to finish coding the app in class,
they could use the student guides, which demonstrated how
to drag and drop the blocks step by step, to continue their
learning after class. After teaching each unit, we had
reflection on CT concepts, practices, and perspectives
development with the teachers.

In the second part, the teachers had a lesson in which they
observed an online CT lesson conducted by a local primary
school. This lesson aimed to enhance their pedagogical
understanding of how to deliver CT in relation to
programming in a primary school context. During the
observation, teachers could learn by reflecting on the
successful and those less successful experience and
incorporating the remarkable part into his/her own teaching.
We consolidated this learning by holding a reflection
section in the next lesson for the teachers to share their
observation.
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The third part of the course consisted of five lessons. The
teachers worked in groups to produce a portfolio of artifacts,
including a mobile app made in App Inventor for teaching
primary school students, student worksheets, and a unit of
CT teaching scheme with pedagogical design, to be
presented in the last lesson of the course. They were given
sufficient time to discuss their CT content knowledge and
the pedagogical design of their teaching. This offered a
chance for them to put their CT and pedagogical content
knowledge into practice. Figure 1 shows the design and
structure of this TDC.

Lesson 9-13

Produce a group
project

Lesson 1-7

Demonstrate how to
teach CK of CT
(using block-based
programming and
PCK)

Lesson 8

Observe an online
CT lesson of a local
primary school

(design a mobile app,
student worksheets
and a CT teaching
scheme for one unit

Figure 1. Design and Structure of the TDC

3.2. Participants and Procedures

The TDC was conducted in April and May 2020 with 39
lesson hours and 3 hours per lesson. This 5-week program
was conducted entirely online on Zoom due to the
pandemic. To ensure that the TDC maintain as high quality
as face-to-face meeting, we had to provide support to
teachers online when they encountered difficulties in
handling the programming hands-on activities to increase
their engagement. We slowed down the programming
process to make sure that all teachers went through these
tasks. We divided a programming task into several sub-
tasks. We needed to ensure that they finished the sub-task
before going to the next sub-task so that they could complete
activities with successful experience. Also, we asked them
to work in small groups with tutor supports when they were
conducting the programming tasks and when testing and
debugging the programs. The teachers needed to corporate
in completing the programming tasks when working in
groups. The tutors would give immediate help to the
teachers when all group members got stuck in the
programming activities. In face-to-face meetings, we have
one to two tutors in a classroom, but we assigned additional
tutors for each group in this online course to provide support
to the participants.

A total of 12 in-service primary school teachers attended the
TDC. Eight (66%) were male and four (33%) were female.
Most of the participants taught IT (66%) at their schools,
whereas the others taught subjects such as mathematics,
Chinese, and visual arts. Their average teaching experience
was 15.8 years. To evaluate their learning progress, we
asked them to complete (1) a CT concepts test and (2) a
TPACK questionnaire concerning programming for CT
development at the beginning of the course. They also
completed two post-tests in the second last lesson. At the
end of the course, participants were asked to completed the
evaluation of teaching survey. All teachers participated in
the tests and surveys online.

3.3. Measures

3.3.1. CT Concepts Test

A multiple-choice CT concepts test was adopted to evaluate
participants’ learning progress (Kong et al., 2020). The pre-
and post-tests were conducted in the firstand
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second last lessons. The test consisted of 25 items, which
required teachers to analyze the outcome of executing the
scripts in block-based programming environments. The test
assessed progress in four categories of CT concepts,
including repetition (3 items), conditionals (8 items), data
(8 items), and procedures (6 items). Figure 2 shows a
sample question about procedure.

Frank designed an app using App Inventor. Below are the Designer and Blocks for the app.

(a) What will happen when ‘Green ball’ touches the edges, using the above blocks?

O ‘“Green ball” will rebound

O ‘Green ball” will change color

O ‘Green ball’ will be moved to another random place
O *Green ball" will disappear

O “Green ball” will reappear at the bottom left corner

(b) What will happen when *Green ball’ touches the ‘Duck’?

O The cheer sound will be played

O The ‘Duck’ will change to blue color

O The ‘Duck’ will be moved to another random place
O “Green ball” will rebound

O None of the above

Figure 2. A Sample Item for Assessing CT Concepts

3.3.2. TPACK of Programming for CT Development
Questionnaire
Seven dimensions of TPACK were delineated by Mishra
and Koehler (2006). Since the foundation of CT
development was the content knowledge (CK) of
programming for CT development, this study focused on
evaluating the teachers’ TPACK development in four CK-
related dimensions (i.e. content knowledge [CK],
technological content knowledge [TCK], pedagogical
content knowledge [PCK], and technological pedagogical
content knowledge [TPACK]). In the CT context, CK
refers to the CK of CT concepts, practices, and
perspectives in a programming context; TCK refers to
knowledge of the use of programming features in a block-
based programming environment to teach CT; PCK refers
to the knowledge of teaching CT (e.g. unplugged activities)
without using technologies; and TPACK refers to the
knowledge of using technologies and pedagogies for
teaching CT in relation to programming in a context of an
explementary use (Kong et al., 2020).

The questionnaire contained 29 items, which was modified
from a TPACK instrument developed by Kong et al. (2020).
The sample item of CK was “I have sufficient knowledge
about programming.” The sample item of PCK was
“Without using technology, | can help my students to
understand the content knowledge of programming through
various ways.” The sample item of TCK was “I can choose
appropriate tools in App Inventor to teach students how to
program.” The sample item of TPACK was “I can teach
lessons that appropriately combine the content of
programming, technologies, and teaching approaches.”
Each item of this instrument was anchored from 1 (strongly
disagree) to 5 (strongly agree).
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4. RESULTS AND DISCUSSION

4.1. Results of the CT Concepts Test

Significant improvement was found in the results of the CT
concepts test as a whole (t(11)=3.36, p<.01) after the
completion of the course, as shown in Table 1. Among the
individual concepts, the teachers showed the greatest
improvement in their understanding of the concept of
procedures by the end of the course (t(11)=4.71, p<.01).

Table 1. Pre- and Post-test Results of CT Concepts Test.

Pre-test Post-test tvalue
Mean SD Mean SD B
Repetition 91.67 15.08 9444 1297 43
Conditionals 80.21 24.11 90.63 13.19 1.97
Data 69.79 24.11 80.21 12.45 1.45
Procedures 56.94 28.83 86.11 18.58 4.71**
Total (25 items) 72.67 1936 86.67 858 3.36**
Note** p<.01
4.2. Results of the TPACK of Programming

Questionnaire

Significant improvements were found across all CK- related
dimensions in TPACK after the completion of the course, as
shown in Table 2. Of these, teachers’ TCK showed the
greatest improvement, which indicated that they had gained
much more confidence in using the tools in the App Inventor
block-based programming environments to prospectively
develop their students’ CT.

Table 2. Pre- and Post-test Results of the TPACK of
Programming Questionnaire.

Pre-test Post-test
Mean®  SD  Meamr SD VA
CK 3.02 .81 4.04 .57 4.62%*
PCK 3.19 73 3.98 41 3.93%*
TCK 291 1.16 4.08 .60 5.65%%*
TPACK 3.00 1.02 4.00 47 4.38**

Note.*** p<.001, ** p<.01. 21 = Strongly Disagree; 2 = Disagree;
3 = Neutral; 4 = Agree; 5 = Strongly Agree.

4.3. Results of the Participants’ Evaluation of Teaching
Survey

At the end of the course, all 12 participants responded to the

evaluation of teaching survey. Table 3 shows that all

teachers agreed that they experienced the thinking process

during the lessons and they considered that the teaching was

of high quality.

Table 3. Participants’ Evaluation of Teaching Survey

Results
Items Mean SD
1. Delivering the course in an organized way.  3.75 .62
2. Inspiring students to think and learn. 3.83 .39
3. The overall teaching was of high quality. 375 45

Note. 1 = Strongly Disagree; 2 = Disagree; 3 = Agree; 4 =
Strongly Agree.

Table 4 shows that the most useful aspect of this course was
understanding the importance of “to think” rather than
rushing to code in CT learning. Tutor support was also
essential in online learning. Two teachers appreciated that
the teaching team installed all the apps to the tablet and
allowed them to borrow and bring home before the course.
They suggested that it was a good practice to upload the
learning materials to the online platform so that they could
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prepare prior to the lesson. They appreciated using these
apps to play around and think along with the teacher and
learning with their peers before starting to code in class.

Table 4. Participants’ Reponses of the Evaluation of
Teaching Survey

Responses Number of
teachers

1. Understand the nnportance of the thinking process of CT 4

2. Support of the whole teaching team 3

3. Well preparation and arrangement before the class 2

5. IMPLICATIONS AND CONCLUSION
This study reports a successful experience of conducting an
online TDC on CT teaching. The results showed that
teachers’ CT concepts, and TPACK of programming for CT
development improved considerably after the course. The
teachers’ positive experience and responses provided two
practical implications for conducting TDCs on CT in the
future.

First, the design of the course required a sustained period of
learning with the provision of theory-based CT CK and
hands-on practice of programming pedagogies. It was
important to offer sufficient examples to illustrate the
teaching of CT with a focus on CT concepts, practices, and
perspectives, as teachers needed to nurture their students’
CT in these three dimensions. Second, we need to enhance
the teachers’ engagement in online course by adjusting the
teaching pace and assigning sufficient tutors to provide
support (Bao, 2020). In online teaching, we suggest
adjusting the teaching pace to facilitate teachers’ successful
programming experience rather than rushing to complete all
tasks designed in the unit. Since more lesson time is used to
finish the programming tasks, sometimes we need to give
up the more difficult part of the tasks. We also suggest
breaking down the programming tasks into sufficient sub-
tasks to make sure all participants can follow and complete
the sub-tasks one by one. Apart from adjusting the teaching
pace and content, allocating sufficient tutors to render
timely support to the online class is essential to enhance the
participants’ engagement. While the instructors may not
remotely view each participant’s progress during the online
lesson, the tutors can provide immediate suggestion to
participants in small groups during the programming
activities, in particular testing and debugging. The greatest
limitation of this study was its small sample size. We shall
conduct similar evaluations in scenarios with more teachers
to investigate the effectiveness of TDCs in online teaching
mode.
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ABSTRACT

STEM education requires learners to utilise computational
thinking process to solve complex problems. One such
STEM activity is Logic Puzzle that was developed by Artec,
a Japanese Research and Development education Company
that established STEM education products such as robotics
and logic puzzles for preschool children in Japan. Logic
Puzzles are learning tools for children to strengthen
numeracy skills as children learn to solve puzzle problems
that relate to spatial relations of direction, position and
distance, processes of ordering and patterning, matching,
sorting, and comparing, counting, and applying simple
measurements. These processes employ computational
thinking which associates with four thinking steps, namely,
decomposition, pattern recognition, abstraction, and
algorithm. However, while applying computational thinking
processes to solve problems in logic puzzle activity,
extended logic a thinking process that enables the mind to
have multiple interpretations is also applied. This paper
discusses how STEM: logic puzzle activity enables learners
to apply computational thinking with the four thinking steps
along with extended logic to solve problems in logic puzzle.

KEYWORDS
Aurtec logic puzzle, computational thinking, extended logic

1. INTRODUCTION

Logic Puzzle is related to STEM. Logic Puzzle consists of
12 different themes across 48 lessons. The author shall draw
on her own classroom experience of using the theme on
balance game to elaborate how children learned to solve
logic puzzle problems that relate to STEM. Children learn
about law of physics concerning distribution of weight to
balance 2 numbers of 3-dimensional (D) blocks. Children are
required to count the numbers of blocks to assemble 3- D
blocks based on 2-D pictures in the logic puzzle workbook.
Children apply engineering skillsets to balance the blocks on
top of each other without falling off. Consequently,
technology is included as science and mathematics are
involved to balance the 3-D blocks. The process of solving
logic puzzle problems enables children to apply
computational thinking in 4 thinking steps, decomposition,
pattern recognition, abstraction, and algorithm (Wing, 2008,
2011), (Selby, Cynthia & Woollard, John, 2013), (German,
2019), (Charoula et al. 2016). The following sections discuss
how learners apply the 4 thinking steps along with extended
logic to solve logic puzzle 25 on balance game.

2. COMPUTATIONAL THINKING,
EXTENDED LOGIC AND LOGIC
PUZZLE 25

Figure 1. Logic Puzzle Box

| A pro T ot oane | |
I |
Balance Game |
: |
e [
) [

Figure 2. Logic Puzzle Workbook, Balance Game, Challenge 1.2

The logic Puzzle box contains different types of Artec blocks
and parts for learners to solve logic puzzle problems in the
logic puzzle workbook.

2.1 Algorithm

Algorithm is primarily a guide or manual or set of
instructions to work on a particular piece of work.
(https://techterms.com/definition/algorithm). Learners have
to follow the balance game instructions by building 1 set of
green and yellow 3-D blocks from the given 2-D pictures in
the workbook of challenge 1.2. Next, they have to position
the green 3-D block on the given green rectangle and balance
the 3-D yellow block on the latter without falling off. This
also applies to the 3-D yellow block on the yellow rectangle.

2.2 Abstraction

The 3 phases of abstraction are singling out object from a situation,
symbolising singled out object as a concept and arranging the
singled-out object to connect to a system (Winter, 2014). The first
phase is for learners to single out the relevant coloured Artec
blocks to build 1 set of green and yellow 3-D blocks from
the puzzle box. The second phase is to learn from the
instructor concerning the purpose of putting 2 numbers of 3-
D blocks on top of one another to symbolise the concept of
balancing. The third phase is for learners to arrange 2
numbers of 3-D blocks to be put on top of one another to
fulfill the concept of balance based on the rule or instructions
of logic puzzle 25.

63


mailto:cokuan@googlemail.com
https://techterms.com/definition/algorithm

Looi, C.K., Wadhwa, B., Dagiené, V., Seow, P., Kee, Y.H., & Wu, L.K. ﬁEdS.). (2021). Proceedings of the 5" APSCE International Computational

Thinking and STEM in Education Conference 2021. Singapore: National

2.3 Decomposition

The process of first phase of abstraction relates to
decomposition in breaking down the matter (Donze &
Wong, 2018) and segregation (Yamaguchi, 2017). Learners
are required to break down the 2-D pictures from the
workbook to single out the quantity and types of Artec
blocks by segregating the required ones from the puzzle box
to build the 3-D blocks.

2.4  Pattern Recognition

The third phase of abstraction relates to pattern recognition
as learners have to find and recognise a pattern or sequence
from 2 unassociated items (Ripley & Taylor, 1987), (Baron,
2006). Learners have to find a sequence to put two different
3-D blocks on top of one another without falling off to fulfil
the concept of balancing, which relates to the 3™ phase of
abstract as discussed in 2.2.

2.5 Extended Logic

Recognising the pattern of balancing both 3-D blocks in a
vertical position, learners also apply extended logic thinking
process that enables them to interpret in multiple
perspectives (Wiseman, 2004) and (Kok, 2011). Learners
also realised that there were more than 1 solutions to solve
puzzle 25. Learners are motivated to think beyond one
solution to solve the problem. In other words, the puzzle
activity enables learners to extend beyond 1 solution to
another, thus offering learners to be flexible in thinking too.
The entire process to solve Logic Puzzle in Balancing Game
fosters computational thinking development.

Figure 3.
3. CONCLUSION

The discussion shows that logic puzzle enables learners to
apply 4 thinking domains of algorithm, abstraction,
decomposition, pattern recognition and extended logic. Each
thinking domain is applied interconnectedly to solve puzzle
problem. For example, in the first phase of abstraction,
learners have to break down the 2-D pictures to single out
the relevant Artec blocks and parts to form 3-D blocks, thus
relating to decomposition. The third phase of abstraction
relates to the process of finding a pattern or sequence to put
both 3-D blocks on top of one another to fulfil the concept
of balancing. Learners also realise that there is more than 1
solution to solve the puzzle problem because they are able to
“stretch” or “extend” the answer into multiple interpretations
that relates to application of extended logic. Therefore, logic
puzzle designed by Artec company, a STEM activity enables
learners to apply

nstitute of Education.

computational thinking skills along with extended logic to
solve problems.
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ABSTRACT

In the digital age, the demand for digital talents in our
commercial society has greatly increased. Digital talents
mainly refer to the general names of professionals in various
industries who can perform data analysis and forecast trends
on the basis of the building data models. Taking Accounting
Practice course as an example, this paper expounds the
teaching model of integrating computational thinking into
non-stem subjects. The main strategy adopted in this paper
is to design different practical tasks according to three
teaching difficulties. Based on the concept of
constructivism, students can use different tools at different
stages and find an efficient problem-solving model

KEYWORDS
Computational Thinking (CT),
Accounting, curriculum design, framework

1. INTRODUCTION

In the era of data, enterprises are eager to make decisions,
arrange inventory, advertise and deliver related consumer
products by collecting and using data. Therefore, the
demand for undergraduates with data analysis skills is
increasing rapidly. To meet the needs of the business
community, the Association of Advanced Business Schools
(AACSB) takes data analysis as an essential skill into
accounting practice and theory courses, and they have
developed the A7 certification standard with independent
AACSB certification. Accounting is a major that uses data
analysis most in business disciplines, and undergraduates
need to obtain more training in data analysis skills.
However, it is not easy to liberate students from the
complicated regulations and become masters of digital
resources.

Wing (2006, 2008) defined computational thinking as a
general thinking to solve problems, which was developed
by others (National Research Council 2010). The
accounting courses aim to develop students' skills and
enable them to understand how to use data to formulate and
solve business problems. The injection of computational
thinking provides accounting professionals with the
opportunity to use technology to analyze data and solve the
data-analysis problems.

Constructivism,

2. COMPUTATIONAL THINKING
FRAMEWORK OF FINANCIAL
ACCOUNTING

In this paper, our goal is to provide the CT in a practical
framework and procedures for implementing computational
thinking in accounting majors.

Based on the characteristics of accounting and the two
dimensions of computational thinking, the research team
proposes a theoretical framework for integrating
computational thinking into accounting courses, as shown
in Figure 1.

Computational
Thinking

Figure 1. CT framework for integrating  computational
thinking with Accounting work

The proposed framework in accounting course has five
components: ldentification, Abstraction, Decomposition,
Algorithm, as well as Evaluation (see Figure 1).

3. EXAMPLE OF CT IN ACCOUNTING
COURSE

In this section, we provide an example from our framework.
Here, we have carefully selected the professional course “financial
statement analysis”, which has the closest relationship with data
analysis skills in the accounting major as an example.

At first, instructor divides courses into three levels (see Table 1
below) according to the difficulty of using tools and course
contents.

Table 1. CT classify learning Content in three difficult
level
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Basic (Easy) Mastery(Medi | Advance(Diff
um) icult)
Identification| Identify Identify Identify  the
subject, data, | various correct data in
formula indicatorsand | a fuzzy data
expression can infer the set
relationship
between each
other
Thinking Single-step Multi-step Critical
process reasoning reasoning thinking and
multi-level
reasoning
Tool Bookkeeping Mind-map; Excel; Open-
(software) software Excel; Tableau | source
software
Algorithm Basic formula | Weighted Complex
index Model
processing

We take the chapter "Application of DuPont Analysis" as an
example to briefly summarize the CT application project in
Zhujiang College of South China Agricultural University.

Chapter: Applications of DuPont Analysis

Objective: Based on the concept of constructivism, using the
model of computational thinking to solidify students' problem-
solving path, to understand and master related concepts.

Difficult level: Medium

Methods: Group cooperation/individual completion of case
analysis

Tools: Mind -manager; Excel (software)

Task: Provide complete financial data for five years and
incomplete data for the sixth year of an enterprise. After mastering
the index decomposition of DuPont analysis, students are required
to predict the ROE index of the sixth year with 5- year data.

Assessment: The instructor rates their answers based on the criteria
listed in Table 2.

Table 2. Evaluation Norms based on the elements of
computational thinking

Norm A+ A B C

Accuracy Completely | Completely | Partially Few correct
correct correct correct

Abstract | The The Can't Can’t
formula formula complete understand
expression | expression | all all formulas
completely | completely | formulas
corrects. corrects.

Algorithm) Build No Model, | Flaws in | Flaws in
Model and Calculate the multi-step
verify right right calculation | calculations,

process but simple
calculations
OK

nstitute of Education.

4. DISCUSSION AND CONCLUSION

Our aim is to integrate computational thinking into practical
courses of accounting major by providing a thinking framework.
Applying computational thinking to practical courses and course
evaluation through instructional design can encourage students to
master the ability of using technical tools to solve practical
problems, and enable students to have a thinking path to solve
problems. The essence of the problem can only be discovered in
the plight of nowhere to go. Through reasoning the characteristics
of the problems in the thinking process, students finally mastered
the technical tools and solved the problems. Several elements of
the framework require teachers to set the difficulty levels
according to task content and students' technical ability in
curriculum design.

On the other hand, adding the 3A element of computational
thinking to the grading index of students' homework will help to
cultivate students' skills and application of learning CT in these
three aspects. There are still many issues to be explored in CT
application teaching of non-STEM disciplines, such as different
students' preferences in the use of technology tools, and how to
reconcile the differences in learning time when different students
master the use of tools.

5. REFERENCES

Alles, M. G. (2015). Drivers of the use and facilitators and
obstacles of the evolution of big data by the audit
profession. Accounting Horizons, 29(2), 439-449

American Institute of Certified Public Accountants
(AICPA) (2018). AICPA  pre-certification core
competency framework. Available:

https://www.aicpa.org/interestareas/accountingeducation
[resources/corecompetency.html

AACSB International (2013). Eligibility procedures and
accreditation standards for accounting accreditation.
Available:
http://www.aacsb.edu/accreditation/standards/2013-
accounting

National Research Council (2011). Report of a Workshop
of Pedagogical Aspects of Computational Thinking.
Washington, DC: The National Academies Press.
Available: https://doi.org/10.17226/13170.

Wing, J. M. (2006). Computational
Communications of the ACM, 49(3),
https://doi.org/10.1145/1118178.1118215

Wing, J. M. (2008). Computational thinking and thinking
about computing. Philosophical Transactions of the
Royal.

thinking.
33-35.

67


https://www.aicpa.org/interestareas/accountingeducation/resources/corecompetency.html
https://www.aicpa.org/interestareas/accountingeducation/resources/corecompetency.html
http://www.aacsb.edu/accreditation/standards/2013-accounting
http://www.aacsb.edu/accreditation/standards/2013-accounting
https://doi.org/10.17226/13170
https://doi.org/10.1145/1118178.1118215



mailto:travisching007@gmail.com
mailto:bimlesh@nus.edu.sg

Looi, C.K., Wadhwa, B., Dagiené, V., Seow, P., Kee, Y.H., & Wu, L.K. ﬁEdS.). (2021). Proceedings of the 5" APSCE International Computational

Thinking and STEM in Education Conference 2021. Singapore: National

Vizblocks currently supports the creation of 8 types of
visualizations:

1. Dot Plot 5. Histogram
2. Pictograph 6. Line Chart
3. Bar Chart 7. Scatter Plot
4. Pie Chart 8. Heatmap

The choice for these 8 types of data visualizations was made
by studying Pre-K-12 Guidelines for Assessment and
Instruction in Statistics Education 11 (Bargagliotti et al.,
2020).

Vizblocks is built with little assumption of children’s prior
knowledge of Scratch. Most data visualizations can be built
in a drag and drop manner without programming
knowledge. However, since Vizblocks is built on Scratch,
children can make use of existing Scratch blocks to read in
data programmatically instead of using multiple similar
blocks for the same purpose. An added benefit of learning
with Vizblocks is that children might be keen to explore
computational thinking to ease visualization creation.

3.3. Vizblocks Information Repository

The information repository alongside the VizBlocks
extension has been built and is currently deployed at
https://vizblocks.comp.nus.edu.sg.

Users can access the Vizblocks tool through the website. by
simply clicking the “new project” button or on existing
projects. They can create, read, update, and delete projects
on the cloud.

The Vizblocks website also supports a “Studio” feature.
From an educator’s point of view, a studio functions as a
classroom where folders can be organized as submission
boxes. It is also a place where teachers and students can
communicate; From a student’s point of view, a studio can
be a collection of similar projects, serving to organize
projects for ease of access. It can also be a place for like-

minded students to gather and learn from each other.
-]

>
W =

° ] °

Figure 2. Studio on the VizBlocks website.

i =

Figure 3. Users communication in Studio.

In addition, educators can download lesson plans with
detailed step-by-step guides on the website. There is also an
assessment test functionality to help educators gauge their
students’ performance.

nstitute of Education.

«

Figure 4. Pie Chart Pre-Assessment Test on VizBlocks

4. CONCLUSION

For K-12 children and educators who need to receive or give
education on data visualization literacy, VizBlocks is both
an information repository and visual programming tool that
allows creative learning of data visualization literacy
through a visual block-based paradigm, easy access to
relevant materials and a community of shared learning.
Unlike existing tools such as C’est La Vis, Construct-A-Vis
and Diagram Safari, VizBlocks is a more powerful free-
form visualization tool. Its bottom-up approach not only has
a low barrier of entry but also reinforces knowledge on the
core concepts of visualizations thereby equipping children
with the skill to critically analyze any variety of
visualizations. Additionally, it has an extensive support for
collaborative learning that is not constrained by physical
proximity and additional hardware.
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ABSTRACT

Learning programming is never easy since not only the
knowledge but also the strategies to use the knowledge are
necessary for programming. Although board games have
been recognized as a promising approach to teaching
computational thinking and programming, they are usually
limited to turn-based design and lack the training of thinking
a plan. On the other hand, learning with mini- languages and
visual programming basically needs the use of computers
and thus requires the ability to operate computers. We
implemented the stored program concept and combined it
with the idea of making thinking visible in a multi-layer
board game to help to learn programming. Learners’
thinking results of programming can be reflected on this
new kind of board game and synchronized with problems
along with solutions. We conducted an experiment on the
learning performance improvement by comparing it with a
well-designed board game for learning computational
thinking, and the results showed the effectiveness of using
such a multi-layer board game.

KEYWORDS
programming, computational thinking, board games, make
thinking visible, teaching and learning strategies

1. INTRODUCTION

Programming skill might not be an ability that is directly
related to one’s professional, but it is generally agreed that
it is useful in everyone’s career. Over the past decades,
programming is moving into many of the domains
previously dominated by writing (Vee, 2013). Without
programming, as Soloway (1993) claimed, we will have cut
off half the power of computational medium. Programming
is further conceptualized as computational thinking (CT),
which refers to a universally applicable attitude and skill set
for everyone (Wing, 2006). The study conducted by Hsu et
al. (2018) showed that CT had gained the attention of
scholars and educators, and the subject of programming
constitutes the biggest proportion of CT research papers.

Programming is the ability to make digital technology do
whatever, and some call this skill human-machine
interaction (Prensky, 2008). A recent study conducted by
Siegmund et al. (2020) even showed an interesting result
that a clear left-lateral activation during program
comprehension. Programming empowerment was defined
as a person’s perceived autonomy and competence to use
CT effectively (Kong et al., 2018). Papert (1972) also

argued that providing children with access to computers
can give them the power to invent. Interacting with digital
media is the ability to read while being able to create our
own games, animations, or simulations is the ability to
write (Resnick et al, 2009). However, learning
programming is never easy since not only knowledge but
also the way knowledge is used or applied, i.e., strategies,
are necessary for programming (Davies, 1993). Robin et al.
(2003) recommended focusing on the combination and use
of new language features besides the learning of those
features, and the result of a survey conducted by Lahtinen
et al. (2005) also supports this argument. The variability in
program design shows the interaction with programmers’
knowledge (Rist, 1990); this makes programming hard to
learn and master. Détienne and Soloway (1990) identified
different strategies involved in program understanding.
Brooks (1983) noted at least three distinct sources of
differences in the ability of program comprehension:
programming knowledge, domain knowledge, and
comprehension strategies.

The approaches to teaching novices programming include
board games and educational programming environments.
When we reviewed these approaches, we made three
observations. First, invisible programming thinking makes it
difficult to learn. Programming is a process of thinking
abstraction and composition, and such thinking is invisible.
Second, directly learning with computers is difficult to
novices, even though many mini-languages and visual
environments are given. We argue that it is difficult to trace
the execution of programs and, to human brains, running
programs on computers is too fast! Novice programmers
need to slow down the execution and see the states. Third,
the lack of teaching how to think a whole plan in existing
programming board games. Programming is thinking a
whole plan to deal with all situations in advance rather than
making every decision individually. The devised plan
actually results in a stored program that can be loaded and
modified for executing again; it is the basics of computers.
These observations led us to develop a board game that can
visualize learners’ thinking results of programming on top
of problems.

2. RELATED WORK

2.1. Board games for CT and programming

Board games are cost-effective instructional materials that
can be integrated into a set of game-based learning strategies
(Santos, 2019), and the game was one of the main
pedagogies in CT research (Tang et al., 2020). Many
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board games have been developed to improve students’ CT
and programming achievement with or without the help of
technology. Kuo and Hsu (2020) utilized a board game
named Robot City in their study and proved that the game
could deepen students’ higher-level thinking and motivate
students to learn. Wu et al. (2018) designed a CT board
game, namely Interstellar Explorer, to develop players’
logical thinking, problem-solving ability, imagination, and
creativity. Yen & Liao (2019) showed that the use of board
games as teaching material for programming courses could
significantly improve the learning outcomes of field-
independent learners. These research results show that
board games are a promising approach to cultivate learners’
knowledge of CT and programming. To teachers, the cost-
effective feature makes it easy and simple to adopt board
games in classrooms. To learners, board games are realistic
and tangible. If computer concepts can be properly
transformed into the rules and elements of board games,
learners may get the computing ideas without computers.

2.2. Mini-languages and visual programming
Mini-languages and visual programming are other
approaches to teaching CT and programming. For the
purpose of education, giving learners a small set of language
elements, natural-language-like syntax, or visual interface
for writing code can avoid the difficulty in learning a
practical programming language in the industry. LOGO and
the use of Turtle graphics is a famous example (Papert,
1980). With a small syntax and simple semantics, even a
very young one can have a grip on programming
(Brusilovsky et al., 1997). Programming is also regarded as
adirect approach to foster CT (Lye & Koh, 2014). There are
also many visual programming environments designed for
education, including Scratch, App Inventor, and Alice. This
approach greatly lowers the threshold of learning
programming. Chang (2014) demonstrated the effects of
using the two visual programming environments and
explored the relationships among learning engagement,
learning anxiety, and learning playfulness. However, this
approach directly relies on computers, and they might be the
next learning materials after learners got the idea through
board games.

2.3. Make thinking visible

Making thinking visible is to have a window into learners’
thinking by some sort of organizing structure such as
thinking routines (Perkins, 2003; Tishman & Palmer, 2005;
Ritchhart et al., 2011). It is developed by Project Zero, an
educational research group at Harvard University. Making
thinking visible is to know what students understand and
how they are understanding. One of the ways to make
thinking visible is to surface the many opportunities for
thinking during subject matter learning, and thinking
routines are helpful tools in the process. Each thinking
routine is made up of a series of steps helping learners to
think. By operating such a pattern, we can scaffold learners’
thinking and make that thinking visible.

Programming can be made visible if we properly design a
thinking module and thinking routines for it. Like other
thinking, programming thinking is also pretty much

nstitute of Education.

invisible. Our observation is that invisible thinking is the
reason why programming is difficult for novices. The
thinking happens under the hood, within our mind-brain,
and this makes it difficult for experts to teach novices. It is
more difficult when we write and run programs on
computers since computers run so fast and learners can only
see the results and trace them on code. We based our
research on the idea of making thinking visible to concretely
design the system along with thinking routines.

2.4. Stored program and problem solving

The ability to store programs in computers makes it possible
to not only execute but also modify programs (Aspray,
1990). The stored program concept is based on the universal
Turing machine and included in the von Neumann
architecture, which is employed by almost every computer
in the past 70 years.

The process of programming can be regarded as thinking a
whole plan based on the stored program concept. The plan
is to deal with all situations in advance rather than making
every decision individually, and we need to revise programs
again and again. Shneiderman (1980) mentioned the
importance of planning in computer programming based on
the four stages in problem-solving given by Polya (1957):
understanding the problem, devising a plan, carrying out the
plan, and looking back. Bishop-Clark (1992) examined the
problem solving of a novice programmer writing a first draft
program and suggested instructors should consider
emphasizing the planning stage. Unfortunately, so far as we
know, existing board games for teaching CT and
programming encourage learners to think every small step
since these existing board games are basically turn-based.
Awareness of runtime is very important as well. Some
conditions cannot be determined until we really execute
programs. The usage of branches (if-else) is meaningful
only if we don’t know what the conditions exactly are.

3. OUR METHODOLOGY AND THE

MULTI-LAYER BOARD GAME DESIGN

In order to help novices learn programming, we developed
a thinking module to make the thinking results of
programming visible and traceable and designed a board
game with this thinking module.

Since programming is a process of thinking, it is quite
invisible. When a programming problem is given,
programmers need to think about how to use their
knowledge with strategies to write their solution. The
problem is naturally given in the form of words, i.e., a
description of the problem, while the solution is a piece of
code in terms of decomposition: sequences, branches, and
loops (Dahl et al., 1972). This means there is a gap between
programming problems and their solutions, and
programming itself is to cross the gap. Programming is
invisible and difficult so that learning programming takes
time and novices tend to drop at the beginning. In order to
increase learners’ development at the beginning to prevent
novices from dropping, we developed a thinking module to
bridge the gap between the words of problems and the code
of solutions, as shown in Figure 1. Thinking from
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word-level to code-level is invisible, and making thinking
visible can make it much easier to learn (Perkins, 2003).

Word-level Code-level

Thinking module

The solution in terms
of sequences,
branches, and loops

The description of a
given problem

Visualizing thinking on
a multi-layered grid

Figure 1. The thinking module bridges the gap between the
words of a given problem and the code of its solution.

3.1. The thinking module

The design of our thinking module is shown in Figure 2,
which is a multi-layered grid that visualizes the thinking of
programming. Our methodology is making problems,
solutions, and thinking results of programming visible by
the multi-layered grid along with thinking routines. In this
thinking module, problems can be visualized on top of the
grid with conditions and constraints, and the solution to a
problem is a route on the grid. The grid at the bottom is a
printed matter, which corresponds to the story map in many
board games. The problem layer represents obstacles on the
grid, i.e., rocks and lakes in other map-based strategy board
games. The transparent layer is a thin clear plastic sheet, like
the transparency (slide) used for projectors before, where
we can draw and erase. With the transparent layer, learners
can draw their thinking results on top of the problem, i.e.,
overlapping the thinking layer with the problem layer, as
shown in Figure 3. This makes learners’ thinking results
visible and traceable. Learners can repeatedly draw,
observe, and modify the route to visualize their thinking
results. Furthermore, learners can synchronize their
thinking results with the problem to find out the error or
even synchronize with a given solution. This multi-layered
grid can make problems, solutions, and learners’ thinking
results visible.

B : Using
E_,E """" thinking layer
5]
¥ PR
g2
g g +  “w +  _“» Problem
E ~—
s | e
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Figure 2. The design of our thinking module.

—» Transparent layer

X 14
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X

Figure 3. Learners can draw their thinking results of
programming on the transparent layer (the red dotted line).

3.2. The board game design

We designed a multi-layer board game based on this
thinking module. As shown in Figure 4, there are a grid
board, many obstacles, and a set of command cards in the
board game. The obstacles are placed on the grid to
represent the problem, and learners need to list command
cards in order to move from the Start at the left-bottom to
the Goal at the right-top. The rule is similar to many map-
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based strategy board games---giving commands to control
the movement. The no-entry sign means the places that
cannot be crossed. The player can use command pieces like
Forward, Turn-left, Turn-right, If-then, and Do-while to
conduct the movement. For If-then and Do-while command
pieces, a flag is used as the timing to change or stop the
action. For example, using Do-while along with a flag and
Forward means going forward until encountering the
specified flag. Before putting these command pieces
together, learners can draw the route by pen and try to figure
out the commands to use. In fact, the used commands form
a program written in a mini-language, and the drawing on
the transparent layer is the program execution. This design
asks learners to think like a computer and visualize the
execution. The problem shown in Figure 4 is a little hard
since it needs the use of sequence, branch, and loop to solve.
Figure 5 shows another problem where If-then and Forward
are given along with many animal pieces and food pieces.
The player can only move on the places without a no-entry
sign and give specific foods to different animals according
to the rules, for example giving meat to lions. In Figure 5, a
learner is drawing the route by pen and listing the commands
to use.

Figure 5. A learner is drawing the route Eirid\I‘i.éting the
commands to use.

Unlike the design in existing board games, a whole plan
needs to be set up first for a given problem rather than
considering a solution for the current situation every time.
This design follows the stages in problem-solving analyzed
by Polya (1957). It helps learners to understand the problem
with visualized elements on the problem layer and
encourages learners to devise a plan. After the plan is
devised, carrying it out on the thinking layer step by step
and looking back to check the result. Our design helps
learners to think like what computers actually do. By
overlapping the thinking layer with the problem layer and
the solution layer, it is easier to figure out where the error is;
learners’ programs are visible and traceable. The thinking
layer can also be kept as a learning portfolio or compared
with others’ thinking results. Furthermore, the thinking
layer is a stored program, which can be overlapped with the
problem layer next time to execute
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again. The design itself is analog and unplugged, but it
emulates computer behavior. For those who need guidance,
and additional transparency can be inserted as the
scaffolding layer between the thinking layer and the
problem layer to help learners write down parts of the
solution gradually.

Although we follow the way of traversing upon the grid in
existing CT board games, there are three main differences
from them, as shown in Figure 6. First, learners can directly
draw and erase on top of the problem to trace the movement.
By observing the drawn route, learners can understand
where the error is and how to fix it. Second, unlike other
turn-based board games, it requires learners to think and
draw a whole plan. The drawn route is a complete plan to be
carried out. Third, our design trains learners to simulate the
execution as computers. The route drawn on the transparent
layer represents the stored program concept, and learners
can simulate the execution slowly to understand what
computers do.

Existing Board Game

. x x .
Problem Layer +— oot
. L 777777777/
Grid 2777 7777777

Transparent Layer +— sm==s=====e==loooo 7
Problem Layer < ‘5': ’:”‘,‘,"
'
Grid «—77 77777777
Figure 6. The transparent layer make programming thinking
visible and traceable.

3.3. The learning design

This design is based on cognitive constructivism. Instead of
teaching how to program directly, our board game lets
students improve their understanding through experiences.
The use of familiar and concrete models increases novices’
understanding of computers and programming (Mayer,
1981). Transforming programs to the routes on a grid is such
a concrete model. We followed the idea of making thinking
visible (Ritchhart et al., 2011) and concretely applied it to
our design. Thinking routines for programming are given:

“Which commands should we use and compose?” “What
is the result of executing this single command?” “How to
modify this command for fixing the error?”

Teachers can regularly use these thinking routines to
develop student thinking of programming. Our design
makes it possible to synchronize thinking results with the
problem and compare thinking results with the solution. To
students, programming is a process of decomposition. It is
decomposing a program into smaller parts in the form of
sequence, branch, and loop. The design of our thinking
module makes every decomposition visible and traceable.
On the grid, sequences are mapped to a block as in other
board games, i.e., every sequence makes a step forward, and
branches are transformed to matching different conditions,
and loops are represented with matching the sentinel. Note
that the flags in Figure 4 are sentinels in

nstitute of Education.

loops and the question marks in Figure 5 denote runtime
conditions. Teachers ask students to put flags to specify
when the loop should be stopped and write branches in
advance to handle different possible conditions.

What we want to teach is to make a whole plan in advance
for a given problem and allowing to trace step by step
instead of thinking every small step. What learners thought
can be drawn and stored; is to teach the stored program
concept. We hide some conditions to ask learners to use
branches meaningfully; it is to teach being aware of runtime.

4. EXPERIMENT RESULTS AND DATA

ANALYSIS

To know the learning performance improvement on
programming using our multi-layer board game, we
conducted an experiment by recruiting 60 participants,
randomly divided into two groups to learn with different
board games, and compared the learning achievement of
programming between two groups. All subjects are the
students from two universities in Taiwan, and the learning
materials used in the control group and experiment group
are the Robot City board game and our multi-layer board
game, respectively. In the Robot City board game, players
can collect resource pieces for the given tasks and control
their avatars' movement (robots) by command cards. Note
that Robot City is a multiplayer board game, while the
current version of our board game is to encourage players to
discuss and think of the movement together. We chose
Robot City for comparison since it is a famous map-based
strategy board game in Taiwan, and the elements in our
board game are very close to it, except our board game has
a transparent layer and non-turn-based design.

4.1. Measuring tools and experimental procedure

To understand the learning performance improvement, we
designed eight questions for pre-test and post-test: 3 for
sequence logic, 3 for branch logic, and 2 for loop logic. In
the preparation of pre-test and post-test, Carnegie Mellon
University’s definition of CT and Oracle reference for
programming are used as references.

The experimental procedure is shown in Figure 7. In our
experiment, we exclude any subjects who already learned
programming. In the beginning, we gave a pre-test to know
how they understand CT and programming. Then we gave
an introduction to the learning material, i.e., how to play the
Robot City board game and our multi-layer board game for
the control group and the experiment group, respectively.
Then we gave subjects 60 minutes to play and conducted a
post-test after that; we assume it is enough to get a brief
understanding of the given board game. Due to the
limitations on the number of players in a board game, we
arranged 2~4 subjects in a game for both groups. Note that
for the case of the experiment group, we further divided the
game into three parts: sequence, branch, and loop. In other
words, subjects in the experiment group are asked to solve
the three kinds of problems in order during the 60 mins. On
the other hand, subjects in the cont