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Abstract

With the progress of computer science education in recent years, more and more educators have brought
attention to computer science education among young children. Among all these strategies, the unplugged
form has been shown to be more effective in teaching. However, recent studies have focused more on the
impact of unplugged computer science courses on young children and less on whether these courses are
appropriate for the developmental stage of young children. Therefore, this research summarized the
curriculum characteristics by comparing different series of unplugged courses for young children from four
nations. Then, in a 7-day workshop conducted in China's urban areas, we explored the issues that arise in
the implementation of these courses. This research reveals that, although the existing courses cater to a
young age range, four issues can still be found, including difficulty, ability difference, too much cooperation,
and emphasis on abstraction. Some of these issues may be handled by instructors, while others need
consideration of the connection between curriculum design and the physical and cognitive development
levels of young children. Furthermore, this research explored the acceptance of unplugged computer
science among Chinese young children as well as its impact on their computational thinking level,

achieving positive results.
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1 Introduction

Information technology (IT) has been increasingly important in people's lives since the turn of the
century. According to statistics from 2021, 76% of U.S. states will have computer science curriculum
standards from kindergarten to high school (code.org, 2021). Furthermore, countries such as the United

Kingdom, France, Spain, Denmark, Finland, the Czech Republic, and Australia have implemented
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computer science policies and frameworks from kindergarten to high school (Balanskat & Engelhardt, 2015;
European Schoolnet, 2014; Livingstone, 2012; Uzunboylu et al., 2017). It can be found that the curriculum
of various countries pays attention to young children. Computer Science Unplugged (CSU), as a method
of not utilizing text and screen, has received a lot of attention in recent years, especially when it comes to
young children's physiological and cognitive development.

CSU is a method of learning computer ideas, programming logic, and computational thinking that
does not need the use of computers. Instead, games and activities are used to teach students computer
concepts, programming logic, and computational thinking (Bell et al., 1998). It was formally introduced
into the "K-12 Computer Science Model Curriculum" by the Association for Computing Machinery (ACM)
K-12 Working Group in 2003.

In the past five years, many scholars have carried out CSU research for young children. Faber and his
mates have adapted the CSUnplugged.org curriculum to the learning environment and content of Dutch
children (Hylke H. Faber, et al., 2017). Sermin Metin presented research on teaching CSU courses in
kindergartens in a moderately developed region of Turkey, demonstrating the benefits of the unplugged
approach to programming skills (Metin S., 2020). Sina Wetzel offers CSU research in Germany that uses a
combination of indoor and outdoor learning methods to expand the space for CS education (Wetzel et al.,
2020) . Olmo-Munoz and his colleagues presented research on CSU for children aged 5-7 years old in
Spain, which indicated that when children were taught in an unplugged environment before being taught
in a plugged one, their performance and attention improved dramatically (Del Javier Olmo-Mu-noz et al.,
2020). Brackmann demonstrated a study of CSU courses conducted in disadvantaged parts of Brazil, which
revealed that the unplugged technique may significantly increase students' problem-solving abilities in
these impoverished settings (Brackmann et al., 2019). In addition, many researchers from different
countries have also paid attention to the effect of unplugged computer science curriculum on children, and
their research has achieved similar positive results (Conde et al., 2017; DELAL & ONER, 2020; Hsu &
Liang, 2021; Lee & Junoh, 2019; Saxena et al., 2020; Systo & Kwiatkowska, 2014; Un-Jou K et al., 2020;
Wohl et al., 2015; Yuliana I et al., 2021).

However, current researchers have focused more on the impact of CSU courses on young children's
computational thinking, and pay less attention to these CSU courses. As these curricula are often developed
based on a particular computational thinking framework, some researchers have pointed out that these
frameworks used in children's education do not take into account the uniqueness of children's development
and the level of development of their cognitive and social communication abilities at various ages (Relkin
et al., 2020). Moreover, some researchers believe that preschool children are more vulnerable to the harm
of traditional programming education and the nature of CSU is more suitable for children's physiological
development. Therefore, it is strange that there is little research on curriculum in preschool education
(Battal et al., 2021). Therefore, the purpose of this research is to summarize their characteristics and explore
the problems in practice by comparing the international computer science unplugged curriculum contents
for young children. On the other hand, considering that there is little research on the impact of CSU courses
on Chinese children, this paper will also discuss this issue. Therefore, the research questions of this paper
can be stated as follows:

1. What are the characteristics of unplugged computer science courses for young children?
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2. What are the problems in the implementation of these unplugged computer science courses for
young children?

3. What is the effect of these unplugged computer science courses on Chinese children?

In response to these questions, the next section of this paper will describe the research methods used
in the research, the process of course analysis and practice, the results of the research will be presented in

section 3 and further discussion of the findings will be developed in section 4.

2 Methods and Procedure

Content analysis and pre-experimental design were employed in this study (DELAL & ONER, 2020).
In order to understand their characteristics, courses were transcribed, coded, and examined for content
analysis. Then they were assessed using the CT framework of adaptive development. Based on the
evaluation results, the research summarized the characteristics of the courses and reorganized seven new
courses. The impact of these courses was investigated in a one-group pre-test and post-test pre-

experimental study with Chinese young children in a workshop.

2.1 Course Analysis

Four databases, Web of Sciences, Google Scholar, Education Resources Information Centre, and
Association for Computing Machinery (ACM) Digital Library were included in the basic search using the
keywords "Unplug", "CS" and "Programming". Several criteria were developed to screen the articles: the
research must be available, and empirical, and it has to be conducted with students in K-6. Finally, 31
studies were selected, and the curriculum mentioned in these studies are collected. Among the available
curricula that explicitly include CSU were mainly CSUnplugged.org in New Zealand, Code.org in the
United States, CodeKinderen.nl in the Netherlands, Brazil's National Foundation Curriculum, Finland's
National Curriculum, and the Nuri project in South Kore. Unplugged courses in New Zealand, the United
States, the Netherlands, and Brazil were chosen after analyzing the integrity of the curriculum, as indicated
in Table 1.

After excluding the curriculum for advanced age groups, the research uses the third version of the
curriculum from The New Zealand curriculum website (CSUnplugged.org) and maintains 11 of the courses
(coded as CS-xx). Meanwhile, the research employs its latest CS Fundamentals 2020-21 unplugged courses
in the US curriculum (Code.org). The first four for lower age stages were chosen from the six stages of the
series. After the elimination of items with similar course content, ten courses (coded as Co-xx) are retained.
The research omitted language-based courses and incorrect content from the Dutch curriculum
(CodeKinderen.nl) and chose 10 courses (coded as NL-xx) from a total of 12. The Course of Brazil
(Computacional.com.br) selected 14 (coded as BR-xx) from 24 courses in its database that could recognize
the course content and teaching method, removed the purely manual activity materials and courses based
on Internet software, and removed the purely manual activity materials and courses based on Internet

software.
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Country  New Zealand The U.S. Netherland Brazil
N 11 10 10 14
Coding CS-xx Co-xx NL-xx BR-xx

Website CSUnplugged.org Code.org Codekinderen.nl Computacional.com.br

Table 1 Course selection results and information

Since all of the curriculums are published in English (or Dutch), we translated them into Chinese to
make it easier for Chinese educators to analyze and evaluate. Because each of the four curriculum series
has a distinct theoretical basis for CT and considering the developmental stage of children, Professor Bers'
developmentally appropriate framework for CT was selected as the basis for analysis and evaluation., as
shown in Table 2 (Bers, 2021). Two in-service teachers were invited to conduct an independent evaluation
with the authors, who both have a background in computer science. The items with contradictory

evaluations were then discussed in a two-hour video conference, and the evaluation outcomes are detailed

in Appendix A.
Indicator layer I ~ Indicator layer II Indicator layer III Contain?
) Sequencing/order N/Y
Algorithm ) o
Logical organization N/Y
Breaking up a large job into
g up ge ) N/Y
smaller steps
Grouping a list of instructions
Modularity . P g
into a given category or module N/Y
to complete a larger project or
integration
Recognizin atterns  and
Children's g J P N/Y
Control Structures  repetition
developmentally
] Causes and effect
appropriate CT . .
. Symbolic representation N/Y
framework Representation L
Models and migration N/Y
Understanding that objects don’t
Hardware/Software work by magic but by human- N/Y
engineered
The design process of "ask
Design Process questions, imagine, plan, create, N/Y
test, improve and share"
. Identifying problems N/Y
Debugging .
Problem-solving N/Y

Table 2 Curriculum evaluation framework
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2.2 Workshop

One of the participating teachers was invited to conduct a 7-day CSU workshop in China after
completing the course analysis. The workshop was held for one hour per day in a school in Zhaoqing City,
Guangdong Province, China. We had advertised our volunteer recruiting on the Internet to reach a larger
spectrum of social groupings. The recruitment requirements of volunteers are children aged 6-8 years. A
total of 15 children (10 males and 5 girls) took part in the experiment. The children varied in age from 4.8
to 7 years old (mean=5.59, SD=0.648) and were in grades ranging from middle kindergarten to first grade,
as shown in Table 3. Meanwhile, none of them had any prior programming experience and, could be
considered to have the same computer science background. On the first day of the workshop, all
participants' parents signed a consent form acknowledging that this was fully voluntary educational

research that can be withdrawn at any moment.

Items N
Participant 15
Male 10 Female 5
Min Mode Max
Age 4.8 (7%) 6 (47%) 7 (7%)
Middle K ) .
Grade Middle K (47%) First Grade (13%)
(47%)
Programming
learning 0 0 0
experience
Parental Lower secondary Master and above
] Bachelor (47%)
education (7% (27%)
Household Under $350 $850 and above $850 and above
income/month (7%) (80%) (80%)

Table 3 Information of participates

The researchers rearranged and rewrote the four series of curricula described above, resulting in seven
courses, based on the workshop's space-time features and the situation of volunteers. Table 4 contains
pertinent information on the courses used in the workshop. At the end of each course, the participant
completed a "self-evaluation card," which is displayed in Appendix B, to indicate his or her emotional
efficacy (code.org). A brief measure of computational thinking was provided at the end of the last course,
using challenges taken from BebrasUnplugged, which is shown in Appendix C (Bebras, 2016).

After the development of the CT measurement, 4 children who enrolled in the course but were unable
to participate, with a mean age of 5.5 (SD=0.77) and no programming experience, were invited to complete
a comprehension test. This was done to ensure that Chinese children above the age of five could understand
and complete the questions after the teacher had explained to the children.

The teacher and researchers were required to give a reflective report based on their observations after

each day of the workshop, and at the end of the workshop, the researcher interviewed the parents about
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their opinions. The materials reviewed for this workshop included a video recording of the workshop,

learning resources, teacher reflections, CT assessment, and parent interviews.

Name Description
Briefly introduce the overall course content,
and promote the understanding among
participants through a game of designing
Magic of Parity check personal avatars. Then, let 'them feel the
Lesson-1 wonders of computer science through
(CSUnplugged.org) ) ) ) i
information transfer games and parity magic
games, and increase their interest in the
course.

The participants will draw pictures of mobile
phones in their daily lives and share them with
their peers, then they observe and replicate
the internal structure of real mobile phones
with Lego blocks so that they can understand
the components of smart devices, and finish
the paper-cutting game "Assemble your own
computer" freely before the end.

Participants will understand the principles of
Lesson-3 | Pixel coloring (CSUnplugged.org) screen displays through a square paper
coloring game.

By completing the dichotomy sorting activity in
the form of body games on the floor,
participants can understand the wonders of
the sorting algorithm, with sortable objects
include their age, height, and name strokes of

What's in a
Lesson-2 | phone(Codekinderen.nl;
Computacional.com.br)

Sorting
Lesson-4 | Networks(CSUnplugged.org;
CSUnplugged.org)

them.
Complete the map walking game through the
Map Game(Basic)(code.org; | instruction card, so that participants can
Lesson-5 . — .
code.org) understand the basic principle and logic of
programming and why the robot can "move".
Map Expand the content of the map game (basic) to
Lesson-6 | Game(Advanced)(Codekinderen.nl; | the floor, and complete the map game under
CSUnplugged.org) body activities, which is more fun.
N Understand what an application should
Application ) . ) o
Lesson-7 i . contain, and design their application to solve
Design(Computacional.com.br) )
practical problems.
Table 4 Workshop Course Description
3 Result

3.1 Course evaluation

According to the evaluation results, as shown in Table 5 and detailed in Appendix A, the most involved
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CT modules in the 45 courses are a logical organization (75.6%, which means that the module is present in
75.6% of the courses), decomposition (73.3%), integration (66.7%), and symbolic representation (64.4%),
and less involved in software and hardware recognition (24.4%) and modeling (15.6%). It means that
logical structure, decomposition, and integration, as well as symbolic representation, are significant
characteristics that any course pays attention to. On the other hand, the level of development of children,
such as software and hardware recognition, is not taken into consideration in the CT base of these course
series, therefore the issue is not addressed in the course, resulting in a low fraction of this item. In addition,
modeling and migration are not easily represented in the course scheme provided in the form of text, thus
there is only the lowest score.

The New Zealand course has the most content in sequencing (29.4 %), conditional structure (33.3 %),
and modeling (42.9 %), the Dutch course has the most content in decomposition (30.3 %), integration
(33.3 %), and design process (40.0 %), and the Brazilian course has the most content in logical organization
(35.3 %), integration (33.3 %), and modeling (42.9 %).

. Indicator layer III Proportion of corresponding courses
Indicator layer Il .
(Proportion of all courses) CS-xx | Co-xx | NL-xx [ BR-xx
Algorith Sequencing/order (46.7%) 38.10% | 9.50% | 23.80% | 28.60%
orithm
J Logical organization (75.6%) 29.40% | 14.70% | 20.60% | 35.30%
Modularit Decomposition (73.3%) 24.20% | 18.20% | 30.30% | 27.30%
odulari
Y integrating (66.7%) 16.70% | 16.70% | 33.30% | 33.30%
Pattern recognition (33.3%) 26.70% | 13.30% | 13.30% | 46.70%
Control Structures —
Condition (40.0%) 33.30% | 27.80% | 16.70% | 22.20%

Symbolic representation (64.4%) | 27.60% | 17.20% | 24.10% | 31.00%
Models and migration (15.6%) 42.90% | 0.00% | 14.30% | 42.90%

Representation

Hardware/Software Recognizing (24.4%) 27.30% | 18.20% | 18.20% | 36.40%
Design Process Revision and editing (44.4%) 15.00% | 25.00% | 40.00% | 20.00%
Debug Identify problems (35.6%) 25.00% | 25.00% | 25.00% | 25.00%
Solve problems (33.3%) 26.70% | 26.70% | 26.70% | 20.00%

Table 5 Evaluation results of courses

To represent the complexity of each series of courses and set of courses, all assessment items were
totaled together without weight. As shown in Table 6, each series has at least one course with a difficulty
of 0.8, and the primary difficulty is focused in the range of 0.17-0.75, indicating that the majority of courses
include at least two CT modules. The average difficulty of the Dutch series is the highest, followed by New

Zealand and Brazil.
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CS-xx CO-xx NL-xx BR-xx

N 11 10 10 14
Mean 0.5236 0.383 0.528 0.4464
SD 0.21416  0.26571 0.20176  0.22809
Minimum 0.25 0.08 0.25 0.08
Maximum 0.83 0.83 0.83 0.83
Percentiles 25 0.33 0.17 0.3775 0.31
75 0.75 0.6225 0.705 0.69

Table 6 Difficulty of different curricula series

3.2 Emotional efficacy

Participants gave back their emotional efficacy to the course by filling out a self-assessment at the end
of each day's workshop. The results are shown in Table 7. 105 reports were gathered during the workshop,
with 60 (57.14 %) indicating that the mood of participants was excellent, 30 (28.57 %) indicating very
good, and 12 (11.43 %) indicating good. Only one (0.95 %) emotion self-assessment indicated unhappiness,
which came on the second day of the course. Another two (1.90 %) reported doubt. In general, the majority
of the workshop participants' emotions were positive, with just a few individuals reporting negative

emotions in a course.

. Very Not .
Emotion Excellent Good Unhappy Angry Boring Doubt
good good
N 60 30 12 0 1 0 0 2

Percentiles 57.14%  28.57% 11.43% 0.00% 0.95% 0.00% 0.00% 1.90%

Table 7 Participants' self-assessment emotional efficacy

3.3 CT performance

At the end of the workshop, participants took the CT test. To guarantee that the exam is understandable
by children of that age, four children who signed up but were unable to attend were chosen to take the test
before the workshop. It was verified that the participants in the course could comprehend all of the test's
questions. Because the participants were not pre-tested at the start of the course, the comprehension test
results were utilized as a baseline in the quantitative analysis.
The final score was determined by tallying how many questions they successfully answered (6 points in
total). The findings of the baseline and participants' tests were subjected to an independent sample Mann
Whitney U test. Table 8 shows the findings. The mean baseline value was 3.5 (SD=0.577), whereas the
mean post-test value was 4.7333 (SD=0.883). The exact sig = 0.027<<0.05, suggesting that participants'
CT level had considerably improved compared to youngsters who did not attend the program. The effect
size of the two tests was 1.4716, showing that the CSU courses in the workshop made a significant

difference in CT improvement.
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Effect
Descriptive statistics Independent sample Mann-Whitney U test Size
L. Exact Cohen’s
N Mean SD N  Test Statistic Stand Error sig q
Baseline 4 3.5 0.57735 19 52 9.361 0.027 1.4716

Participants 15 4.7333  0.88372

Table 8 CT test performance of baseline and participant

Figure 1 shows a comparison of each test dimension. Participants' abilities of algorithm thinking,
decomposition, pattern recognition, and modeling improved significantly after the CSU program. The
proportion of correct algorithmic thinking grew from 25% to 60%, and decomposition had risen from 50%
to 80%. The accurate percentage of pattern recognition has grown from 50% to 80%, and modeling
increased from 0% to 80%. The other two items (Symbolic representation and Integration) did not seem to

make a significant difference.

Fig. 1 Comparison of each dimension of the test

3.4 Parents Interviews

During the interview, all of the parents showed support for the workshop. Some parents reported that
their children expressed a strong interest in the workshop's content to their parents at home. In an interview,
the parent of a child who took part in the activity noted:

He (the child) kept inquiring when he was supposed to go to the workshop. Do you have any plans to
provide related courses in the future? ... I hope you will continue to engage in similar activities. He is now
tremendously interested in computers. Learn more, and when he's old enough, I'll teach him how to
program! (Translated from Chinese)

Another mother of a child said in the interview:

He still enjoys this activity, although he admits that drawing is tough for him. He has no idea what to
draw... But he enjoys playing with construction blocks... I hope your course will be able to continue. This
thorough course has a lot of importance for kids. (Translated from Chinese)
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4 Discussion

In this research, we compared and analyzed four unplugged computer science curriculum series across
the world, defined the features of the CSU curriculum for young children, and reorganized a new unplugged
computer science curriculum based on these series. This new series contains seven courses, which were
used in an unplugged programming workshop for young children in Chinese urban areas. Through these
efforts, this research analyzes three issues: the first is what the characteristics of these courses are, the
second is what obstacles exist in the execution of these courses, and the third is how these courses affect
Chinese children. This part of the article will go into the research process and findings in response to these

questions.

4.1 Characteristic of courses in four countries

At present, there are few qualitative studies in CSU research that concentrate on the curricular content
of young children. Faber, for example, highlighted the curriculum development and implementation
process in primary schools in 2017 (Hylke H. Faber, et al., 2017), while AGYEI shared the content of CSU
activities in the Finnish children's after-school interest group in 201 9 (Agyei et al., 2019). More researches
concentrate on the impact of CSU, and often directly refers to the content of existing courses at younger
ages, such as Leitheit's work for students in grades 3-4 (Leitheit et al., 2018). Comparing the characteristics
and commonalities of these series of courses, we believe that they can provide useful help for the
development of new courses for young children. The research summarizes the characteristics of these four
series of courses as follows:

CSunplugged.org in New Zealand was the first CSU course, and its curriculum is similar to
conventional programming courses, with a focus on the growth of algorithm thinking and control structure.
Furthermore, the courses are standardized so that in-service instructors can easily understand and apply
them.

The courses offered by code.org in the United States are modular. They are not only simple to
dismantle and use independently, but they also feature a lot of activity content and are quite interesting.

The Codekinderen.nl course in the Netherlands is distinguished by its emphasis on linking practice
and experience. It places a high emphasis on children's hands-on crafting and product development
throughout the course. This notion pervades every part of their courses, making them one-of-a-kind.

The computational.com.br course in Brazil is playful. The material is filled with tales, chores, cartoon
graphics, fictitious situations, music, and dance, and so on, all of which are appealing to young children.

To recap, the research divides the features of these courses into four categories, including the
practicality of the teaching plan, the richness of activities, the interest of content, and the creativity of
resources. This is essentially consistent with Bell's kinesthetic activity design guidelines proposed in 2008
(Bell et al., 2008).

4.2 Adaptation of courses
In the research, Rodriguez made some suggestions on the design of CSU courses (Rodriguez et al.,

2016). However, while these discussions are not about the design for young groups, we also consider Bers’
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suggestions in her book on the design of programming courses for young children (Bers, 2021). The final
course after reorganization and adaptation not only maintained the original characteristics of the course but
also made the following important adjustments:1. Integrating comparable activities in numerous courses
and picking more attractive activities that are adapted to children's cognitive development (e.g., Lesson-2,
Lesson-5, and Lesson-6), 2. Increase the proportion of physical activities in the course (e.g., Lesson-1,
Lesson-4, and Lesson-6), 3. Include Lego block activities to improve children's multidimensional
understanding of course objectives (e.g., Lessons-2 and -3), and 4. Increase the relevance of course content

to common information technology equipment (e.g., Lesson-2).

4.3 Challenges in implementation

Many researchers have illustrated the CSU curriculum implementation process in their research, but
few have explored the challenges encountered throughout the process, such as the research of Olmo- Muoz
J D in 2020. Through teacher reflection and video recording, this research describes the challenges
encountered throughout the curriculum implementation process, as shown in Table 9. In the research,
Conde et al. reported the age difference of CSU in CT development. Similarly, we believe that the age
difference should be considered in the design of the CSU curriculum. Although young children's
Computational Thinking skills have increased greatly as a result of the unplugged course, the information
they can assimilate is generally simpler. Parity, for example, is listed on the CSunplugged.org website as
appropriate for children ages 5-7, however, the children in this research were unable to comprehend the
two-dimensional parity in that course. Besides, we discovered that variations in non-technical experiences,
such as art instruction or sports training, had a substantial impact on participants' learning progress in
unplugged activities. It is believed that designing more inclusive activities or giving certain shortcuts might
significantly lessen the impact in this area. It should also be pointed out that although the current CSU
courses cover children aged 4-7, these courses are often not developed for their cognitive development
level. According to the relevant theories of developmental psychology, preschool children's cognitive
development is in the pre-operation stage and they are developing the skills of cooperation with others
(Feldman, 2006). This implies they are unable to do effective collaboration and abstract thinking like teens
(Mioduser et al., 2009). This mismatch was reflected in the challenges of collaboration and abstraction in

curriculum implementation.
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Type Examples

The participants struggled to comprehend the two-dimensional
Difficult parity check, therefore they quickly converted it into a grid painting
ifficu
y game in Lesson-1. When teachers introduced the one-dimensional

parity check as adaptation, they could quickly grasp how it worked

Some participants felt overwhelmed and could only follow after the
Competence | instructor offered examples when they were asked to draw in Lesson-
Differences | 2. After questioning, those children who could start quickly had

received art training.

Two participants shared one material dispute, and all believed they
) should have it alone at lesson-2.

Cooperation ) )
When the students needed to cooperate to complete a big project,

they kept arguing at Lesson-3.

If participants were simply given a sheet of paper with a "monkey's
head" printed on it to help them create moving instructions, they
often utilized erroneous direction instructions (turning left or right)
Abstraction | in Lesson-5. Their mistakes were dramatically reduced after utilizing
a toy model (such as a plastic monkey) to replace the piece of paper.

They were able to achieve more challenging tasks (even beyond the

difficulty of curriculum design).

Table 9 Types of different problems that occurred in the workshop

4.4  Acceptance of Chinese young children

The finding of the participants' self-assessment of emotional efficiency shows that the majority of
participants had a positive attitude toward the adapted curriculum. This is consistent with previous
researchers' findings that such courses are often appealing to children (BUSUTTIL & FORMOSA, 2020;
Rodriguez et al., 2016). The outliers in this research need to be discussed separately - the only unhappy
evaluation. We went through the course with the support of a course video and teacher reflection. When
sharing learning materials with others, a kid in this course got into an argument. He has been at a
disadvantage because of his early age. Even though the conflict was resolved with the teacher's assistance,
his mood did not seem to be better. This seems to be a minor incident in the workshop, but as previously
said, it is the lack of consideration in curriculum design that leads to the possibility of dispute. This deficit
in curriculum design may be compensated for if teachers anticipate potential difficulties and develop
intervention measures in advance, but it imposes higher requirements on teachers using CSU (Huang &
Looi, 2021). In addition to the young children, their parents strongly appreciate the curriculum
implemented in the workshop and constantly inquire about the future curriculum plan during the interview.
Based on this, the research concludes that CSU courses adapted from the four series have a high level of

acceptability among Chinese urban children.
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4.5 Impact of CT levels

Many research has been conducted to investigate the impact of CSU on children's computational
thinking levels, and the majority of them have had positive results. Wohl's study, for example, demonstrates
that the unplugged computer science teaching method may effectively impart rather complicated topics
(such as computational thinking) (Wohl et al., 2015). Recent research by Yuliana and Saxena also
indicates that CSU courses may help young children dramatically enhance their level of Computational
Thinking (Saxena et al., 2020; Yuliana I et al., 2021). Chinese researchers have recently conducted various
CSU courses to explore the enhancement of students' Computational Thinking (Sun, D. et al., 2021; Sun,
L. etal.,2021). But they haven't paid attention to the situation of young children. This research's conclusion
is consistent with the findings of other studies. When compared to children who did not participate in the
program, the average score of those who did increase by 1.2 points. However, there are no substantial
changes in Symbolic representation and Integration if we look at the changes of children in each item of
computational thinking. Other studies have run across similar issues when attempting to assess children's
computational thinking. In his most recent study, for example, Relkin discovered that there is a ceiling
effect in the CT test of grade-2 pupils (Relkin et al., 2021). As early as 2011, Lee et al. discussed the
absence of appropriate methods to test the computational thinking skill of young children (Lee et al., 2011).
For young children, a few months of age difference may generate notable differences in their ability. As a
consequence, a group of general test questions may not be appropriate for their varying levels of
development. As a consequence, although many measurement methods have been employed to test
children's computational thinking level following CSU courses, including this research, with positive
findings, more adequate and persuasive Computational Thinking measurement tools are still needed.

In general, this research reveals their limitations via curricular implementation after describing and
assessing the features of the unplugged computer science curriculum in the four nations. These issues may
be utilized as a lesson for CSU curriculum implementation. Furthermore, we explored the adoption of these
courses among Chinese youngsters as well as their influence on Computational Thinking, with favorable

findings.

5 Limitation

We initially intended to conduct this research in kindergartens, but owing to the covid-19 epidemic,
all kindergartens were firmly under closed management, and researchers were unable to get access. As a
consequence, this research can only be conducted in the form of workshops, with a limited number of
participants. Although we have attempted to identify the most prevalent problems with the present CSU
curriculum in practice, there may be more flaws that need to be investigated if more students are involved.

The participants did not know each other since they were recruited via the internet, and the workshop
setting was unfamiliar territory to them. Because the children were too apprehensive to complete the
computational thinking exam before the start of the course, there was no stringent pre-test in this research.
Unfamiliar surroundings, on the other hand, will have an impact on children's performance, therefore the
study findings will not accurately represent their level (Crescenzi - Lanna, 2020).

Although the curriculum was well accepted by the children in this research, this does not guarantee
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that it would have the same impact in kindergarten. Three professional educators led 15 children in the
program, allowing each kid to receive individual attention. However, there is only one professional teacher
and three teaching assistants in China's kindergarten curriculum, and they must deal with classrooms of
more than 30 students. More adaptations and revisions to the present CSU curriculum are required to handle
such challenges.

The computational thinking measurement given by the Bebras organization is employed directly in
this investigation. Despite their widespread usage across the world, their reliability and validity have yet to
be properly validated (DAGIENE & STUPURIENE, 2016). Furthermore, we discovered that certain test
questions have a ceiling effect, which means they may not accurately represent children's skill levels. As a
result, the study's conclusion of enhancing children's computational thinking capacity may need a better
CT test to validate.

6 Conclusion

People's everyday lives are becoming more reliant on information technology, and the age group for
computer science education is broadening. Young children have been included in computer science
education due to the attention of countries all over the world. Unplugged computer science, out of all of
these methodologies, is better in tune with children's physiological and cognitive features. The positive
impact of CSU on children's computational thinking has been explored by several researchers. Few people,
however, wonder whether these courses are appropriate for young children in practice. This research
summarizes the characteristics of four existing series of unplugged courses by comparing and analyzing
their contents, including the practicality of the teaching plan, the abundance of activities, the interest of
material, and the creativity of resources. Then, these courses were applied in practice after reorganization
and integration. This research illustrates four types of issues in practice, including mismatch of content
difficulty, failure to consider ability differences, excessive emphasis on cooperation, and requirements for
abstract ability. Some of these issues need adjusting the curriculum content, while others necessitate
teachers being flexible in the classroom. However, we argue that the computational thinking framework
utilized in these curriculum designs fails to account for the cognitive and physiological development levels
of young children, which is the fundamental cause of the issues. On the other hand, this research explored
the acceptance of CSU courses and the influence on computational thinking in Chinese young kids,
revealing positive results. It is conceivable that if these courses are more closely aligned with their

developmental stage, children's learning impact of computer science will be more dazzling.
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