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Abstract

Children’s preschool years are crucial for the development of computational thinking
(CT) skills. However, debate continues regarding whether CT should be developed
through plugged-in or unplugged activities. This study investigated the similarities
and differences between plugged-in and unplugged activities with similar learn-
ing content and assessment methods for cultivating computational thinking (CT) in
young children. Twenty-four young children (aged 5-6 years) from a kindergarten in
Foshan, China, were randomly assigned to either the plugged-in or unplugged group
to participate in a five-week study. In the plugged-in group, Dodobot was used in the
classroom, while in the unplugged group, unplugged materials such as paper, pen-
cil and tangram puzzles were used. Research results indicate that 1) both plugged-
in and unplugged activities significantly improved the young children’s CT skills
after a short-term educational intervention, but there were no significant differences
between the two groups; 2) the extent to which the plugged-in and unplugged activi-
ties promoted subdimensions of CT was different, with the plugged-in group dem-
onstrating significant improvements in hardware, algorithm, and modularity and the
unplugged group demonstrating significant improvements in terms of representation;
3) the children from both the plugged-in and unplugged groups showed high moti-
vation; And 4) the children in both the plugged-in and unplugged groups showed
cooperative behaviors. The frequency of cooperative behavior was more related to
materials, and cooperation quality was more related to teacher guidance.
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1 Introduction

Computational thinking (CT) is the thought process involved in formulating a
problem and expressing its solution(s) in such a way that a computer or machine
can effectively carry out (Wing, 2017). The emergence and development of such
thinking requires learners to have abstract and logical thinking abilities. Young
children are transitioning from figurative thinking to abstract thinking. If specific
reference systems are provided to guide their thinking at this stage (Angeli &
Valanides, 2020; Gibson, 2012), they will be able to use abstract thinking. There-
fore, the preschool years are supposed to be a critical period for young learn-
ers’ CT education and coding and programming skills development (Flannery &
Bers, 2013; Torres et al., 2018). Researchers have emphasized the significance of
CT learning at the early childhood stage (Su & Yang, 2023). Early access to CT
and coding interventions in childhood may result in long-term benefits, similar to
improvements in academic achievement associated with early acquisition of liter-
acy skills (Relkin et al., 2021). Children can develop a variety of CT skills, such
as pattern recognition, sequencing, and algorithm design, through both activities
that plugged and unplugged (Saxena et al., 2020).

The importance of developing CT in early childhood is generally acknowl-
edged. However, due to young children’s unique cognitive characteristics
(figurative thinking predominates, and abstract thinking is developing), insuf-
ficient research has been conducted on which teaching practices in early child-
hood education are most effective in developing children’s CT (Bati, 2021; Bers
et al., 2014; Boticki et al., 2018). Currently, there are two main types of activ-
ity for cultivating young children’s CT: plugged-in and unplugged. The term
"plugged-in activities" refers to learning activities that use computers, electronic
devices, or other digital tools to enhance students’ computational thinking abili-
ties (Grover & Pea, 2013). By contrast, unplugged activities are those that do
not involve computers, electronic devices, or other forms of technology. Instead,
they rely on paper and pencil, physical objects, and games, among other non-dig-
ital methods, to cultivate students’ computational thinking abilities (Looi et al.,
2018). Plugged-in activities (e.g., visual programming and programming robots)
are regarded as the mainstream approach due to the following advantages (Bers,
2010; Caballero-Gonzalez et al., 2019; Stoeckelmayr et al., 2011). (1) Figurative.
Complex and abstract CT can be visualized and made more accessible to young
children (Sullivan et al., 2015). (2) Observable. Teachers can observe children’s
programming behaviors to understand their level of CT and implement interven-
tions (Bers, 2018a). (3) Effectiveness. Empirical studies have demonstrated that
plugged-in activities are more effective in teaching CT (Elkin et al., 2016). How-
ever, there are certain dilemmas in using plugged-in activities to develop CT: (1)
with relatively high cost, the use of programming robots may be restricted from
widespread use in large classes (Lye & Koh, 2014; Xinogalos et al., 2017). (2)
Few teachers have educational backgrounds in computer-related majors (Bell
et al., 2009; Bers et al., 2002). (3) It is difficult to integrate such activity into tra-
ditional courses (Bell et al., 2009).
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In recent years, unplugged activities have attracted increasing attention, as they
have become a new way to cultivate CT in young children and have the following
advantages: (1) Screen-free. It does not harm children’s eyesight (Rodriguez et al.,
2017; World Health, 2019). (2) Low threshold. Young children without program-
ming skills may also benefit from foundational unplugged CT experiences with
physical, hands-on play, etc. (Rodriguez et al., 2017). (3) Low cognitive load.
Young children do not need to spend time or cognitive resources learning program-
ming language syntax (Bell & Vahrenhold, 2018; Yadav et al., 2018). However,
unplugged activities also have some shortcomings: (1) measuring learning outcomes
is challenging, as there is no fixed, uniform learning content or assessment tools for
computational thinking in unplugged activities (Brackmann et al., 2017; Jun, 2018;
Tsarava et al., 2018). (2) course design and development is difficult because few
learning resources are available. and (3) it may not be favorable for young children’s
future coding education. Although unplugged activities can involve children in com-
putational thinking, they do not improve their ability to use programming languages,
which is the basis of coding (Bers, 2018b).

In summary, although previous studies have proven that both plugged-in and
unplugged activities can develop young children’s CT, few studies have examined
and compared their effectiveness. Therefore, the present study sets out to investi-
gate the similarities and differences between plugged-in and unplugged activities in
developing young children’s CT, with the effect measured in terms of overall and
subdimensional development. To ensure that the results of this comparative study
are as objective and accurate as possible, similar teaching content and educational
interventions were implemented for the two groups, and similar assessment tools
were used to measure the learning outcomes of both types of activities. Moreover,
a variety of test questions, observation scales and field diaries were also applied for
cross-validation. We expect the findings of this study to provide empirical support
for cultivating young children’s computational thinking (e.g., blended plugged-in
and unplugged models and how to blend them).

2 Literature review
2.1 Computational thinking framework and evaluation in early childhood
2.1.1 Computational thinking framework

The CT framework comprises the dimensions of computational thinking and its
contents. To better develop and evaluate students’ CT, a variety of CT frameworks
have been proposed by various scholars and organizations. The Computer Science
Teachers Association (CSTA) and the International Society for Technology in Edu-
cation (ISTE) (2011) have developed a framework for K-12 that includes nine core
ideas: data collection, data analysis, data representation, problem decomposition,
abstraction, algorithms and processes, automation, parallelization, and simulation.
This framework provides an appropriate reference for addressing the question of
what CT content to teach and how to teach it in K-12 education (Barr & Stephenson,
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2011). Brennan and Resnick developed a new framework based on Scratch teach-
ing practices that divided CT into three key dimensions: CT concepts, CT practices,
and CT perspectives. In contrast to the K-12 Computational Thinking Framework,
this framework focuses on technology-related changes in learners’ thinking that are
generated during the learning process (Brennan & Resnick, 2012). Based on litera-
ture analysis, Selby and Woollard (2013) proposed a five-element framework that
includes abstraction, decomposition, generalization, evaluation, and algorithmic
thinking. Due to the specific nature of their cognitive development and learning
styles, young children in kindergarten require a more targeted CT evaluation frame-
work. Bers (2018a) proposed seven dimensions of CT suitable for young children:
algorithms, modularity, control structures, representation, hardware/software, design
process, and debugging. She claims that these seven dimensions are closely related
to the concepts and skills that young children need to develop and master in their
early years. While the above frameworks are based on the plugged-in environment,
CSunplugged.org proposes an unplugged-based framework that classifies CT into
six dimensions: abstraction, decomposition, algorithmic thinking, generalization or
patterns, evaluation, and logic.

Although CT has received considerable attention over the past few years, there
is not yet a full consensus on the subdimensions included in the CT framework
(Coulter et al., 2010; Barr & Stephenson, 2011). In terms of its specific content,
there is a high degree of consistency. Among them, the seven powerful ideas pro-
posed by Bers constitute the dominant framework for studying CT in young chil-
dren and is adopted in our study.

2.1.2 Computational thinking evaluation

With the introduction of the CT framework, corresponding assessment instruments
for evaluating CT skills have been developed (de Ruiter & Bers, 2022). There are
four main types of tools for preschool children’s CT evaluation: test questions
(including questionnaires, paper/electronic test questions, or hands-on tasks), obser-
vation scales, programming tasks, and field diaries or interviews.

(1) Test questions. The paper-and pencil-based test (TechCheck-K) was developed
by Relkin et al. (2021) and is currently a well-accepted tool for evaluating chil-
dren’s CT in the early years. It includes six dimensions of Bers’ computational
thinking framework: algorithms, modularity, control structures, representation,
hardware/software, and debugging. Test question-based instruments have the
advantage of being time-efficient and not dependent on a specific environment
(Bers et al., 2022; Relkin et al., 2021). TechCheck has good psychometric prop-
erties (The observed a=0.68; criterion validity at r=0.53) as shown in a valida-
tion study (Relkin et al., 2020). It is noteworthy that the percentage of correct
responses for each item on TechCheck-K closely paralleled that observed with
the original TechCheck in first and second grade students (Relkin & Bers, 2022).

(2) Observation scales. Observation scales are based on the way CT is evalu-
ated through expert observation and rating children’s manipulative behaviors.
Relkin (2018) developed CT with the KIBO Interactive Play Rating Scales
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(IPS-KIBO) based on Bers’ seven dimensions. Each dimension is subdivided
into five observable operational behaviors at increasing levels on a scale of
NS to 4. In unplugged environments, few observation scales are available,
possibly due to the lack of uniform learning materials and the difficulty of
quantifying learning behavior.

(3) Programming task. Programming tasks are a way to evaluate CT in terms of the
extent to which children complete the tasks. For example, the Coding Stages
Assessment (CSA) tool developed by Ruiter and Bers is used to assess young
children’s CT levels. It is an open-ended question evaluation that includes two
types of question assessments. The first type of question requires only a verbal
response, in which young children need only to answer the researcher’s questions
in words. The second type of question is task-based, in which young children
need to manipulate Scratchlr to complete programming tasks proposed by the
researcher. The advantage of task-based evaluation tools is that they can meas-
ure CT and assess young children’s programming proficiency. However, these
evaluations can be time-consuming (de Ruiter & Bers, 2022).

(4) Field Diaries. Field diaries are a way to evaluate CT by observing and recording
learners’ behaviors or conversations in the field. Using this approach, Brackmann
et al. (2017) observed that students displayed motivation while participating in
unplugged activities. Caballero-Gonzalez et al. (2019) also used this approach to
record students’ behavioral performances in learning Bee-Bot, thus supporting
the results of an evaluation based on a programming task. Due to its subjectivity,
this approach is generally not used alone and is often used as a supplementary
research method along with quantitative research tools.

A review of assessment instruments for young children’s CT reveals the following:
(1) assessment tools are contextual in nature and need to be used in specific scenarios
in practice. (2) the TechCheck-K test is an effective assessment tool for evaluating the
effects of both plugged-in and unplugged activities on preschoolers. (3) there are more
well-developed observation scales for plugged-in activities, but few observation scales
are designed specifically for unplugged activities.

2.2 Comparison of plugged and unplugged activities to cultivate computational
thinking in kindergarten children

Most of the current literature focuses on the effects of a single plugged-in or unplugged
activity on young children’s CT development. A thorough review found that there are
still very few studies comparing the effects of these two activities (Bati, 2021). Moreo-
ver, current comparative research focuses mainly on learning outcomes (i.e., level of
CT skills) and learning processes (cooperative behavior, motivation, etc.)

2.2.1 Comparison of learning outcomes
Wohl et al. (2015) used test questions and interviews to measure and compare UK

schoolchildren (5-7 years old) who participated in plugged-in (Scratch, Cubelets)
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and unplugged activities, showing that both activities enabled young children to
grasp core concepts in computing subjects but that the unplugged activities appeared
to promote a better understanding of ‘algorithmic, logical prediction, debugging’
concepts than the Scratch and Cubelets tools in the plug-in activities. Cubelets,
which have a toy-like shape, were the most popular of the three teaching tools.
These findings also indicate that there is not always a positive correlation between
learners’ preferences for learning tools and academic outcomes. According to the
authors, special attention should be given to ensuring students’ focus on learning
concepts rather than tools. Messer et al. (2018) evaluated three groups of students
who participated in iPad-based programming, paper and pen-based programming,
and pencil and paper mathematical addition and subtraction tasks using mathemati-
cal competency as a criterion and found significant improvement in test scores for
all groups but did not find either programming tool to be more effective than the
addition and subtraction tasks, nor was the iPad more effective than paper and pen-
cil. The authors suggested that the educational experience is more important than
the medium through which it is delivered. Yang et al. (2022) used TechCheck to
compare the effects of building block play and programming robots on the devel-
opment of CT in young children and found that both contributed to significant
improvements in CT levels over a short period, but children in the robot program-
ming group showed greater improvements in sequencing skills. The block play in
this study were self-directed, whereas programming learning took place in a group
setting with teacher intervention, which indicates that the level of teacher interven-
tion in the two activities was not the same. Hence, it may take further research to
determine whether differences in teacher intervention lead to differences in CT.

Furthermore, Polat and Yilmaz (2022) compared the effects of unplugged and
plugged-in activities on children’s basic programming achievement and computa-
tional thinking skills. The results show that there is no difference between the two
activities in terms of CT skill development, but children in the unplugged group had
significantly better basic programming scores than those in the plugged group. The
unplugged activities helped students better focus on the subject matter by eliminat-
ing the destructive effects of computers or other digital tools. The findings of the
study support the idea that unplugged activities have a positive impact on teaching
CT and basic programming.

Generally, 1) most comparative studies focus on assessing and comparing the
overall levels of CT rather than its subdimensions. 2) In terms of assessment
tools, test questions are commonly used to compare the effectiveness of these two
activities because they save time and effort while not being restricted by the envi-
ronment. There are, however, some disadvantages associated with paper-based
tests, such as the possibility of children guessing multiple-choice questions cor-
rectly, which in some respects do not reflect their true abilities. 3) It is obvious
that using only one assessment tool in a study may not comprehensively cover
all dimensions of CT, which may result in distorted results. Therefore, there have
been attempts to combine a process evaluation tool with a summative evaluation
tool in plugged-in activities (Relkin, 2018). However, few have tried to combine
multiple assessment tools in comparative studies on plugged-in vs. unplugged
activities. There are indeed numerous challenges associated with doing so. First,
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maintaining consistent subdimensions of CT between these two activities is a
problem; second, the development of a process observation scale for unplugged
activities is still lacking.

2.2.2 Comparison of learning processes

In addition to learning outcomes, the comparison also involved cooperative behav-
iors and motivation shown by the children in the learning process (Heljakka et al.,
2019; Zhan et al., 2022). In terms of collaborative behaviors, Polat and Yilmaz
(2022) argued that the choice of learning tool (e.g., screen-based or paper-and-pen-
cil) influences the frequency of collaborative behaviors, while Sun et al., (2021a)
argued that the difficulty of the designed activity is one of the most important influ-
encing factors. Critten et al. (2022) used both plugged-in (robotics) and unplugged
(traditional paper and pencil) activities to develop CT in preschool children aged
2—4 years and found that the children’s development of CT was accompanied by an
increase in their communication and cooperation skills. He attributed this to factors
such as materials, choice of activities, and teacher guidance. However, the study
did not further discuss whether there were differences between plugged-in and
unplugged activities in terms of promoting cooperation skills. Sun et al., (2021a)
observed that children in the plugged-in group were more motivated, with teach-
ers indicating in their interviews that the paper and pencil manipulation involved
in the unplugged activities made students feel like they were doing exercises and
thus were less motivated to learn. Sun also identified the way teachers presented
programming concepts in unplugged activities as a significant factor in students’
motivation. On the other hand, Zhan et al. (2022) found that unplugged activities
contribute positively to young children’s engagement and motivation levels due to
the interactions they have with each other and with their teachers. For young chil-
dren, the specific factors in CT education that influence their motivation and coop-
erative behavior need to be further explored.

Because previous comparative studies have not reached a definite conclusion
regarding the respective benefits and drawbacks of plugged-in and unplugged
activities for fostering CT, some researchers have started to investigate using a
blended model of the two activities (Bers, 2017; Huang & Looi, 2021; Metin,
2022; Thies & Vahrenhold, 2013). For example, Saxena et al. (2020) employed
an unplugged method to help young children learn pattern recognition and
sequencing, using the Bee-Bot robot to help them learn algorithm design. Their
study shows that plugged-in and unplugged activities might reinforce one another
rather than being mutually exclusive. However, there is still a lack of sufficient
evidence to explain why certain subdimensions are developed through plugged-
in activities and others through unplugged activities. Thus, to further explore the
respective advantages of the two activities and to serve as a guide for the crea-
tion of a blended model incorporating both plugged-in and unplugged activities,
it is necessary to compare the effects of plugged-in and unplugged activities on
the development of different subdimensions under the same CT development and
assessment framework.
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2.3 Research gap

A review of the literature reveals that there are still several issues worth further
exploration in the comparative study of plugged-in and unplugged activities. (1)
Studies have compared the effects of plugged-in and unplugged activities on the
overall development of young children’s CT, but in-depth comparisons of the two
activities at the subdimensional developmental level are still relatively rare. Further-
more, they have focused mainly on primary and secondary school students, but pre-
school children’s cognitive characteristics greatly differ from those of primary and
secondary school students. (2) Currently, empirical research on the effectiveness of
unplugged activities is insufficient, primarily due to the lack of evaluation tools. In
particular, no observational scales for assessing the learning process of young chil-
dren participating in unplugged activities have been developed, which has also led
to a lack of cross-validation studies using multiple assessment tools in combination.
(3) In both activities, factors influencing young children’s motivation and coopera-
tive behaviors, and their explanations are still very controversial and require further
study.

2.4 Research questions

To fill this knowledge gap, this study focuses on the following three research
questions.

RQ1: Is there a significant difference in overall CT between the young children
in the plugged-in group and the unplugged group under short-term educational
intervention?

RQ2: Is there a significant difference in the subdimension of CT between the
young children in the plugged-in group and the unplugged group under the short-
term education intervention? If so, what are the differences?

RQ3: What are the similarities and differences in learning motivation and coop-
erative behavior of the young children in the plugged-in group and the unplugged
group beyond CT skills?

3 Research design

Based on the above analysis, 1) two types of learning activities (plugged-in and
unplugged) were designed for children 5 to 6 years old based on the CT framework pro-
posed by Bers. Instructional design, teacher instruction, and free play time are strictly
controlled to minimize the interference of irrelevant variables. 2) Observation scales
that are suitable for unplugged activities are developed by referring to those of plugged-
in activities. 3) Similar evaluation tools, such as TechCheck-K test questions, were used
to assess the overall development and subdimension development of CT learning of
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children in the plugged-in group and the unplugged group and to compare the similari-
ties and differences in the effectiveness of these two activities.

3.1 Participants

The participants were 24 young children (M =66.08 months, SD=23.798) from a public
kindergarten in Foshan, Guangdong Province, China. These children were randomly
assigned to either the plugged group or the unplugged group, with their parents pro-
viding informed consent in terms of enrolling their child in the study. The participants
included 10 girls (41.7%) and 14 boys (58.3%), with 12 children in the plugged-in
group (50%) and 12 children in the unplugged group (50%). Based on the measure-
ment results from TechCheck-K, there is no significant difference (p=0.820>0.05) in
the level of CT between the plugged-in group (M=8.421) and the unplugged group
(M=8.501). These young children have the following characteristics. (1) There was an
uneven level of CT at the beginning. The highest score was 14 points, and the lowest
score was 4 points. A total of 14 students (58.33%) scored less than 8 points (including
8 points), and the overall level was below the medium level M =8.46, SD=2.206). (2)
None of the children had previous experience in systematic thinking training or cod-
ing. (3) Children’s logical thinking begins to germinate at 5—6 years old, and they can
carry out preliminary induction and reasoning. Throughout the study, all children par-
ticipated in sessions and no data was missing.

3.2 Materials

(1) Dodobot R1 was used as the material for the plugged-in group. Dodobot R1 is
a drawing robot designed by iFLYTEK’s Alpha Egg to educate children over
3 years old in programming. The main body of Dodobot R1 is a car driven by
two main wheels. With color and trajectory recognition modules at the bottom, it
acts according to fixed instructions through coding. In addition, Dodobot R1 has
DIY expansion holes on both the left and right sides that can be combined with
small LEGO bricks to equip R1 with a variety of equipment and shapes. Thus,
the fun can be increased, and children’s imagination and hands-on ability can be
improved. Figure 1 shows Dodobot1 and the marker used to draw the route.

(2) The material for the unplugged group was paper and other ancillary materi-
als such as tangram puzzles and combination locks. The instructional design
includes path planning, pattern recognition, password decryption, and treasure
hunting. Figure 2 shows some of the material.

3.3 Measurement
3.3.1 Evaluation tools
Three tools were employed in this study to assess young children’s CT: the Tech-

Check-K test questions, classroom observation scale, and field diary. Table 1 shows
the application scenarios for each tool.

@ Springer



9550 Education and Information Technologies (2024) 29:9541-9574

Fig. 1 Dodobot R1 for plugged-in activities

(1) TechCheck-K. TechCheck-K is a CT test question developed by Relkin designed
for kindergartners. It consists of 15 questions presented in a forced-selection
multiple-choice format with three options. Observation scales were employed as
an auxiliary evaluation tool since TechCheck-K questions cover only six dimen-
sions of Bers’ seven powerful ideas (apart from the design process). A sample
TechCheck-K item is shown in APPENDIX A.

(2) The Observation Scale for CT-Dodobot (OSCT-Dodobot) was adapted from
the “Computational Thinking with KIBO Interactive Play Rating Scale”. The
evaluation consists of six powerful concepts (algorithm, hardware/software, con-
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Fig.2 Materials used in unplugged activities
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3)

4)

trol structure, debugging, modularity, and design process). Each dimension is
subdivided into five levels (NS, 1, 2, 3, 4), which represent the lowest to highest
performance levels. It is a teacher-friendly grading method since each dimension
is described with a typical behavioral description. A sample OSCT-Dodobot
item is shown in APPENDIX B.

The Observation Scale for CT in Unplugged (OSCTU)was developed using the
Delphi method based on the “Computational Thinking with KIBO Interactive
Play Rating Scale” and the CT framework proposed by CS unplugged.org. A
questionnaire was sent to five computational thinking experts by e-mail, along
with a description of the background and content of the OSCTU. Experts
evaluated each indicator’s importance and modified it when necessary. Based
on feedback collected in the first round of expert appraisal, the question-
naire was edited and sent to the experts again for evaluation. This process
was repeated several times until all five experts reached a consensus on the
content and wording of the OSCTU. The coordination coefficient (Kendall’s
W) and variation coefficient (Vi) were collected from each round of expert
appraisal and were calculated. The overall coordination coefficient obtained
was 0.51 (< 1); in addition, the coefficient of variation in the five dimensions
was between 0 and 0.28 (< 0.3). Such results showed that the coordination of
expert opinions on all of the indicators was good and credible. Based on such
findings, the present study put forward a final version of the OSCTU, featuring
5 dimensions and 15 indicators. Kendall’s W, Vi and A sample OSCTU items
are presented in APPENDIX C, D and E.

Researchers used field diaries to record and analyze teachers’ and children’s main
behavior and language. Diaries are used to analyze and reflect upon the reasons
for children’s motivational and cooperative behavior in the classroom, as well
as how teachers guide and support these behaviors.

3.3.2 Evaluation process

Similar instructional interventions were applied for both the plugged-in and
unplugged groups. Before the treatment, both groups of children received a test
of CT ability, which showed that both groups had no significant differences.
Then, both groups took part in a 5-week experiment that included a learning
activity of 45 to 60 min per week. During the experiment, observation scales
(OSCT-Dodobot, and OSCTU) and field diaries were used to observe and
record the children’s performance in both groups. After five weeks of learning
activities, the TechCheck-K was used to assess the children in both groups.
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4 Procedure

The ADDIE model is used to develop plugged-in and unplugged activities
(Branch, 2009). Instructional design, teacher instruction, and free play time
are tightly controlled in both activities, ensuring that differences in compu-
tational thinking development are caused primarily by differences in learning
resources. There is a fixed protagonist in both learning activities, and each
activity focuses on the problems and challenges encountered by this protago-
nist. Plugged-in activities are presented in Table 2, and unplugged activities
are presented in Table 3.

Figure 3 shows the learning process for plugged-in activities versus unplugged
activities.

5 Results
5.1 Quantitative results

5.1.1 Comparison of overall development of computational thinking

(1) Comparison of overall level based on the TechCheck-K test questions.

To investigate the effect of plugged-in and unplugged activities on chil-
dren’s CT improvement and the differences between the two activities in pro-
moting children’s CT development, we conducted independent t tests and uni-
variate analyses. When comparing within-group differences, we assessed the
effects of both plugged and unplugged activities on children’s CT development
using an independent t test. When comparing between-group differences, we
used a one-way analysis of covariance test, with baseline scores entered as
covariates.

Table 4 displays the within-group and between-group differences between
the plugged-in and unplugged groups. From the within-group comparison, there
was a significant difference between the pretest and posttest in the plugged group
(p<0.05), which indicated that the activity in the plugged group could effectively
improve the CT level of the toddlers. There was a significant difference between
the pretest and posttest in the unplugged group (p <0.05), which indicated that the
unplugged activity could also effectively improve the CT level of the toddlers. In
terms of group comparison, there was no statistically significant difference between
the plugged-in and unplugged groups.
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Table2 Schedule of plugged-in activities

Activity Explanation Main pillars
] Hello, Dodobot: Using hardware such as Hardware
I switches and charging locations, ~ Software
x + .| Kindergartners learn how to code Dodobot by  Representation
using the colors red, green, and blue, and then ~ Algorithms
I . move onto rabbits, elephants, and bears. Debugging
Design process
Cops and Robbers: A map with many Hardware
@ ——— ; " animals and houses is shown to Software
! _|_ kindergartner, and they need to locate the Representation
I_ N 9 thief who stole the kitten’s necklace and Algorithms
E |— —| devise a route to catch him. Debugging
I_| E}( {ﬂ Design process
Modularity
Go for a Drive: Kindergartners need to plan Hardware
¥ H H m a route for a joyride. However, Dodobot has ~ Software
oz 1 J_ to slow when it encounters a sidewalk and Representation
B g_ _g:_ __?:_’!’—J’-!,_ wait three seconds when it encounters a red Algorithms
L _*_ _ 1] light Debugging
T _!__!_ Design process
< 1 00 | Modularity
Control Structures
Go to school: The task cards allow Hardware
0 1 ™ kindergartners to check the reasons Dodobot  Software
l [ l is not able to walk to school successfully Representation
T -t_ ——!;_ ® | individually and then find the right route to Algorithms
L ?__i_ __i__ J__ help the Dodobot return to school Debugging
T : T : successfully. Design process
i i

Modularity
Control Structures

I
—

N

—

L= __|._ __!__ -

Dodobot’s weekend: In cooperation with
their peers, kindergartners can set tasks and
challenges and

using various buildings

character cards.

Hardware
Software
Representation
Algorithms
Debugging
Design process
Modularity

Control Structures

(2) Cross-validation based on observation scales.
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Table 3 Schedule of the unplugged activities

Activity Explanation Main pillars

Great Adventure: A variety of tasks related Representation

to decryption are shown to kindergartners. Algorithms

z They have to discover and wuse the Debugging

1
[

transformation relationship between symbols Design process

/
*

to solve problems and complete the treasure

Pl

hunt (e.g., unlock a combination lock). Other
examples: potion ratio, secrets on the stone,

etc.

Asen’s Weekend: A map with many food Representation

options is shown to kindergartners. They have  Algorithms

<)

we

to find the shortest route to buy the food on Modularity

(]

Debugging

@«

» the menu and get to the cashier (e.g.,

shopping). Other examples: go to school, Design process

@.
¢
b & -

planting, etc.

Go Hiking: Identify patterns, copy, populate, Representation

expand, and more to complete challenges. Algorithms
Modularity
Debugging

Design process

Treasure Diving: Kindergartners play the Representation

game “Treasure Hunt Under the Sea”, moving  Algorithms

in accordance with the specific instructions Modularity

represented by different animals. For Debugging

example, the turtle indicates that if you Design process

encounter a turtle, you can only go forward. Control Structures

Asen’s Birthday Party: Kindergartners have
to work together to breakdown tasks, identify
all the steps needed to solve them, and plan a
party for Asen.

Representation
Algorithms
Modularity
Debugging

Design process

Control Structures

Since TechCheck-K did not fully cover all seven dimensions (the design process
dimension was not included because it is not easily measured by test questions), we
then compared the overall level of CT using the observation scale OSCT-Dodobot
with the OSCTU outcome data to validate the results of the TechCheck-K test ques-
tions. The results are shown in Table 5.

We conducted a t test analysis on the average scores of five classroom observa-
tions for the plugged-in and unplugged children, and the results showed that there
was no statistically significant difference in the development of CT between the
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Intervention tasks

Contents

Game import
1. Hello, Dodobot @
2. Cops and Robbers Task-presentation
Plugged-in 3. Go for a Drive iy
rou
g P 4.Go to School Task Implementation
5. Dodobot's Weekend @

Summary and evaluation

« TechCheck-k
* OSCT-Dodobot
« Field diary

Unplugged

1. Asen’s Weekend
2. Great Adventure
group 3. Go Hiking
4.Treasure Diving
5. Asen’s Birthday Party

Recall life experiences

&

Create situations and
transfer experiences

&

Professor of new knowledge

Practice with Games

« TechCheck-k
+ OSCTU
+ Field diary

Fig. 3 Teaching process for plugged-in and unplugged activities

plugged-in group and the unplugged group of children (p>0.05), which is con-
sistent with the results of the TechCheck-K test.

5.1.2 Comparison of subdimension development level of computational thinking

(1) Comparison of subdimensions based on the TechCheck-K test.

To further compare and evaluate the effects of plugged-in and unplugged activi-
ties on the CT subdimensions, an independent t test was conducted to compare the
differences in the CT subdimensions before and after within each group, and one-
way analysis of covariance was used to compare the differences in the CT subdimen-
sions between the two groups. Cohen’s test was used to measure the magnitude of

Table 4 The overall results of performance in the TechCheck-K

Mean Within-group Between-group
t p Cohen’sd F p Cohen’s d
Plugged-in  Pretest 8.421 -3.370  0.003* 1.372 0.327 0573  0.015
Post-test 11.752
Unplugged  Pretest 8.501 -3.272  0.004* 1.334
Post-test 11.253

* p<0.05
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Table 5 The overall results of N Mean SD

t Cohen’s d
performance in the OSCT- P onens
Dodobot and OSCTU OSCT-Dodobot 12 10.883 1.949 -2.202 0.055 1.258

OSCTU 12 12946 2.944
" p<0.05

As the observation scale for unplugged activities does not include
the software and hardware dimension; this dimension is not included
in the comparison

the effect of improvement in CT for each dimension within the group and between
groups for each dimension.

As shown in Table 6, in terms of within-group differences, the plugged-in
group had significant differences in hardware, algorithm, and modularization
based on TechCheck-K scores (p<0.05), indicating that the plugged-in activity
had the best enhancement effect on these subdimensions. The unplugged activity
had a significant difference in the representation dimension (p <0.05), indicating
that it had the most effective improvement in this dimension. In terms of between-
group differences, the difference in the hardware dimension was the most signifi-
cant between the two groups (p < 0.05), while there were no significant differences
in other dimensions.

(2) Evaluation and cross-validation of subdimension development based on the
observation scale.

To cross-validate the reliability of TechCheck-K in the development of subdi-
mensions, this study combined OSCT-Dodobot and OSCTU to cross-validate the
development level of subdimensions under the two types of activities. The obser-
vation scale was used to evaluate children’s CT levels through observation and
rating by the classroom teacher. To visually compare the results of the evalua-
tion of each dimension, a radar chart was created, as shown in Fig. 4. Notably,
in the unplugged activities, as no computer devices or robots were used, the chil-
dren were unable to acquire knowledge of software/hardware through operation.
This dimension was not suitable as an evaluation item on the observation scale of
unplugged activities. Figure 4 shows the intergroup difference in the five dimen-
sions of “algorithm/modularization, debugging, representation, design process,
and control process” between the two activities.

Figure 4 shows that the scores for the four subdimensions of “algorithm/modu-
larization, debugging, representation, and design process” were similar between the
plugged-in and unplugged groups, which is generally consistent with the results of
the intergroup comparison of the TechCheck-K test. The scores for the “design pro-
cess” dimension, which is not included in the TechCheck-K test, were also similar for
both groups. However, there was a slightly larger difference between the two groups
in the “control structure” dimension, which was not consistent with the results of
the TechCheck-K test. In the TechCheck-K test, the children in both unplugged and
plugged groups scored full marks in the “control structure” dimension (it cannot be
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e=@== Plugged-in Unplugged
Algorithms
4
3
Design Process / 1 Representation

0

Control .

Structures Debugging

Fig.4 The average scores of the plugged-in and unplugged groups in each dimension

excluded that the children might have guessed the multiple-choice answers), which
may indicate that the test did not fully assess the children’s true levels in this dimen-
sion. However, through observation, we found that the children in the unplugged
group performed better in the control structure dimension.

In conclusion, the evaluation results of the Observation Scale and TechCheck-
K test on the subdimensions of CT of the two groups were consistent, indicating
that the level of CT demonstrated by the children in practical exercises was consist-
ent with the level of theoretical tests. Alternatively, it can be said that the CT level
reflected by the children in theoretical testing was verified in practical activities.

5.2 Qualitative results
5.2.1 Learning motivation

To answer RQ3, the field diaries were coded based on Grounded Theory. Among
the coded concepts were learning motivation, cooperative behavior, and so on. The
plugged-in and unplugged groups were analyzed and compared according to the
coded entries and content, and qualitative results were drawn regarding RQ3.

As expected, the children in the plugged-in group showed high motivation in
the learning activities. None of them had previous experience with robots, and pro-
gramming the robots to move or make sounds greatly sparked their interest. The
children in the unplugged group also showed a high level of motivation, which was
unexpected, as we assumed that the materials were common to them. However, they
provided feedback that the activities were different from their usual activities, and
they found them interesting. The following are observations taken verbatim from the
researcher’s field diary.
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e In the activity “Hello, Dodobot”, children O and L from the plugged-in group
tried multiple times to make the robot move according to their programmed
route, yet they failed. They actively sought help from the teacher, who discov-
ered with them that the robot’s mode had accidentally been changed to “free
mode”. The teacher guided O in adjusting the mode, and after successfully doing
s0, O and L continued their exploration.

e In the activity “Great Adventure”, children L. and H from the unplugged group
worked together to unlock a code lock. After L entered the wrong password, H
and L checked the answer together again and found that A had written a number
incorrectly. Because the first group completed the task, the two of them cheered
and received the “treasure” inside the password box.

e In the activity “Go Hiking”, after completing the first task, all the children were
filled with confidence and urged the teacher to quickly tell them what would hap-
pen next and what kind of challenging tasks the second main character Asen
would encounter.

e In the Cops and Robbers activity, children were able to observe the thief hidden
in the story map. Child Z first tried to trace the route on the map with his finger,
and then together with his peers, they drew a color code to make Dodobot move
to the thief’s location.

e In the activity “Go for a Drive”, children Z and C from the plugged-in
group encountered some difficulties. They disagreed about whether they should
turn left or right to reach the designated location. At the same time, C confused
the color codes for left and right turns. Although Z was a little angry, he still
allowed C to have a try. In the end, C realized that he was wrong, and the two
successfully designed the route to help Dodobot reach the correct destination.

5.2.2 Frequency and quality of cooperative behaviors among children

Positive cooperative behaviors were exhibited by children in both plugged-in and
unplugged activities, and the teacher’s observational guidance had some impact on
the quality of the children’s cooperation. The following are observations taken ver-
batim from the researcher’s field diary.

e In the activity “Do go school”, P and F shared their joy of success with the
teacher when they successfully completed the challenge, proudly stating that they
had worked together to achieve it. P shared that he and H had encountered dif-
ficulties during the operation when the robot could not recognize the color they
used. As a result, the robot did not walk along the predetermined path. However,
they eventually completed the task together.

e In the activity “Go for a Drive”, H used the wrong color code, so Dododot did
not follow the established route. By checking the color code drawn together, H
and L found that the code was wrong, and L told H to wait and suggested that
they could walk on one path first and then another to reach the destination. L
then used a new color code according to the idea just proposed. However, a new
problem arose, as the robot could not recognize the code. H discovered that the
order of the color composition was wrong and should be green—blue instead of
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blue—green. With both H and L’s cooperation, they successfully adjusted the
route.

¢ In the activity “Asen’s Weekend”, Z kept failing in the process of completing the
second jigsaw puzzle challenge. The teacher guided L to determine the difficul-
ties Z encountered and asked L whether he could help Z. After being reminded
by the teacher of the difficulties Z encountered, L decided to take the initiative to
help him, but instead of helping him directly, he showed him how to do it.

e During the group discussion process in the activity “Asen’s Birthday Party,” H
was slightly idle, and a few children were chatting. Through observation, the
teacher found that a few stronger children were always the ones talking and doing
things. Thus, the teacher reminded them that they could divide the work, with
someone organizing the discussion, and someone else responsible for taking
notes, and so on. After the teacher’s intervention, the children had clearer roles
and responsibilities.

6 Discussion

6.1 RQ1:Is there a significant difference in terms of the overall CT competency
between the children in the plugged-in group and the unplugged group
under short-term educational intervention?

The present study found that young children’s CT can be significantly improved by
both plugged-in and unplugged activities within a short period, without significant
differences between the two groups. As shown in Table 4, the plugged-in group had
a statistically significant improvement in the TechCheck-K score between the pre-
test and the posttest (p <0.01); meanwhile, the effect size of the improvement in the
plugged-in group was “large” (d=1.37). Similarly, a statistically significant prepost
improvement in the TechCheck-K score is found in the unplugged group (p <0.01),
which also indicates a ‘large’ effect size (d=1.33). All these findings are aligned
with the conclusions of Messer et al. (2018) and Yang et al. (2022). This study used
the same evaluation tool to compare the learning effects of the two activities, which
is similar to other studies that analyzed plugged-in versus unplugged activities. Fur-
thermore, the present study utilized the OSCT-Dodobot and OSCTU as process
observation measures to cross-verify the TechCheck-K results, generating similar
findings. Such cross-validation of the multiple evaluation tools increases the validity
of the assessment results.

It interests us that unplugged activities can be as effective as plugged-in activi-
ties in developing children’s CT through short-term interventions. This finding is
consistent with Polat and Yilmaz (2022) findings that unplugged activity has a posi-
tive impact on the development of young children’s CT. Consequently, parents who
rush to enroll their children in programming classes may obtain inspiration from this
finding and hence reduce their parental anxiety. Based on such preliminary findings,
we further analyzed the reasons unplugged activities can be effective and found the
following explanations: young children are transitioning from concrete to abstract
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thinking. During this time, well-designed unplugged activities can provide young
children with positive experiences and hence activate their thinking processes.
These activities support young children in abstract thinking and facilitate the transi-
tion to the next stage of their development.

Three reasons could account for this phenomenon. First, the thinking develop-
ment of young children in the early stage needs to use concrete things that exist
objectively to form an effective understanding (Sun, et al., 2021b). Unplugged activ-
ities use figurative materials such as cards, tangrams, and combination locks that are
linked to concrete life experiences and provide scaffolding for children’s thinking.
Second, since children’s preexisting experiences can have an important impact on
their ability to learn new information (Heikkild & Mannila, 2018), unplugged activi-
ties direct children to make connections between activities and their daily lives (del
Olmo-Mufioz et al., 2020). For example, CT could be integrated into the familiar
life experience of purchasing vegetables to facilitate children’s learning and under-
standing of “design process” and “algorithms”. Finally, it is possible that unplugged
activities are more effective, but the benefits may diminish over time. Children
benefit quickly from play in unplugged activities without having to learn complex
grammar and instructions, whereas children may lag behind in plugged-in activi-
ties, as they have to learn the robot’s operations and programming instructions in
advance. For example, using the CT test, Sun and et al., (2021a) found that students
who participated in unplugged activities improved their CT skills more rapidly, but
the degree of improvement faded over time, with the benefit of unplugged activi-
ties gradually weakening. Therefore, it can be tentatively concluded that the devel-
opment of computational thinking is more effectively promoted by participating in
unplugged activities before plugged-in activities. This result is in accordance with
previous findings (Saxena et al., 2020; Sun, et al., 2021a).

6.2 RQ2:Is there a significant difference in the subdimension of CT
between the children in the plugged-in group and the unplugged group
under the short-term education intervention? If so, what are the differences?

The results show that plugged-in and unplugged activities have different improve-
ment effects on the subdimensions of CT. Table 6 presents the results of the within-
group and between-group comparisons for the plugged-in and unplugged activities.
The between-group comparison result indicates that the children in the plugged-in
group significantly improved in the dimensions of hardware and algorithm (large
effect size, d=0.83, 1.11>0.8) and moderate improvements in modularity (medium
effect size, d=0.65>0.5). In addition, the unplugged activity group showed signifi-
cant improvement in the dimension of representation (large effect size, d=1.2>0.8).

Plugged-in activities have significant advantages in fostering algorithms and
modularization (Relkin et al., 2021; Saxena et al., 2020; Yang et al., 2022). This
advantage is revealed by the “timely feedback™ advantage in the plugged-in activi-
ties. Young children can benefit from more trials and errors in plugged-in activi-
ties since the robots can offer more immediate and specific feedback. In contrast,
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unplugged materials cannot provide such “timely feedback”, which makes it difficult
for children to determine whether their answers are accurate. There is little chance
that they will find problems, make mistakes, and resolve them on their own since
young children tend to rely more on teachers for verification.

The present study has demonstrated the advantages of unplugged activities in promot-
ing the development of young children’s “representation” skills. This outcome is con-
trary to that of Relkin (2018), who found that children in a Coding as Another Language
(CAL) group performed significantly better in “representation” than those in a non-CAL
group. In fact, “representation” is a measure of a child’s ability to switch between repre-
sentation systems (Bers et al., 2019). In fact, programming instructions are usually rep-
resented differently by different programming robots. For example, BeeBot uses a left-
facing arrow (graphic) to indicate a left turn, while Dodobot uses red (color) to indicate
a left turn. In this regard, we believe that the way programming instructions are rendered
may influence the development of “representation”. It is more challenging for children
to comprehend programming directions composed of color permutations rather than
those composed of graphics, which may increase the cognitive burden on young children
and adversely affect their ability to master the concept. In Bell’s opinion, computational
thinking based on programming may increase the cognitive workload of young children
(Bell & Vahrenhold, 2018). Thus, unplugged activities that are close to children’s lives
may better promote “representational”” development than programming learning.

The above findings could have some implications for the practice of computational
thinking with a combination of plugged-in activities and unplugged activities. Previ-
ous studies have advocated combining plugged-in and unplugged activities in chrono-
logical order, and the conclusions of this study can be used to provide more specific
guidelines. What dimension of CT is most effectively developed using plugged-in
activities, and what dimension is most effectively developed using unplugged activi-
ties? To complement each other’s advantages, upon combining them in sequential
order, instructors are also suggested to explore the possibility of synchronously com-
bining plugged-in and unplugged activities within the same activity, i.e., shifting
from “asynchronously combining” to include “synchronously combining”.

6.3 Apart from CT, are there any other similarities and differences in learning
motivation and cooperative behavior between the children in the plugged-in
group and those in the unplugged group?

6.3.1 Both the plugged-in and unplugged groups showed a high level of motivation
for learning.

In the present studies both the plugged-in and unplugged groups showed a high level
of motivation for learning. The following factors could be causes of this result:

(1) Attractive learning materials. The enthusiasm for learning is primarily attributed
to the curiosity children in the plugged-in group had for robots and the robot’s
“timely feedback™ on learning behavior, providing the children with an opportu-
nity to adjust their answers until they arrive at the correct answer, which greatly
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motivated them to keep learning. In addition, the motivation for the children to
learn was derived from the unplugged materials that were fun, operative, and
directly linked to daily lives. In short, physical objects provided the young chil-
dren with more scaffolds and hence engaged and motivated them to think actively.

(2) Vivid instructional scenarios. Both the plugged-in and unplugged activities
used the situational teaching method. Preschoolers are full of imagination, and
the vivid and ups and downs of a fairy tale-like activity context were another
important reason for attracting the children to participate in the activities.

(3) Sufficient operational time. In the process of learning, the children have adequate
time to operate independently, trying to discover and adjust problems dynamically.
Such affirmative freedom fully mobilized learning enthusiasm and empowered the
children to be in charge of their own learning (Bers, 2008; Curzon et al., 2009).

(4) Hierarchical tasks. Based on Vygotsky’s zone of proximal development, appropri-
ate challenging tasks not only meet young children’s desire for challenge but also
provide them with the opportunity to develop self-confidence, which in turn moti-
vates them to engage in new challenges in the future. The present study set chal-
lenging tasks with different levels of difficulty for each plugged-in and unplugged
activity, stimulating the children’s enthusiastic participation. Consequently, they
felt a sense of achievement and actively shared their joy with their teachers.

In summary, children’s enthusiasm for learning is influenced by the selection of
activity materials, the design, and the organization of activities. Learning motivation
in young children cannot be attributed solely to programming tools. Content that is
relevant to the lives of young children is very important for their learning. This finding
confirms (Heikkild & Mannila, 2018) the claim that cultivating computational think-
ing in unplugged environments requires challenging scenarios that cater to children’s
interests, are appropriate for their ages, and involve them in self-operative activities.

6.3.2 Cooperative behavior was observed in both the plugged-in and unplugged
groups, with frequency more closely related to the material and quality more
closely related to teachers’ guidance.

Previous CT courses have been shown to promote cooperative behaviors (Critten et al.,
2022; Monteiro et al., 2021). In this study, the cooperative learning method was applied
to both the plugged-in and unplugged activities, ensuring that the two groups had equal
cooperation opportunities and frequency (Zhan et al., 2022). The study found that when
the children were participating in unplugged activities that involved paper and pencil
materials, their cooperation decreased. Some groups had one person manipulating while
others watched. In contrast, when the children were exposed to manipulable materials
such as jigsaw puzzles and cipher boxes, their verbal and physical contact increased, along
with the frequency of cooperative behavior, implying that the frequency of the children’s
cooperative behavior was related to the manipulability of the materials and whether or not
they were visually appealing. This finding was also obtained by Sun and et al., (2021a).
In terms of cooperation quality, direct intervention from teachers as an external
force cannot effectively resolve the cooperation problem and improve children’s
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cooperation ability when their cooperation produces contradictions and conflicts.
In contrast, allowing young children to resolve nondangerous disputes on their own
promotes increased cooperation. As an example, when observing a conflict between
two children, L and Z, over the completion of a task, the teacher did not intervene
directly. Instead, she observed the children’s reactions from a distance. Since the
teacher determined that the conflict stemmed from disagreements over route plan-
ning, she did not directly judge which idea was correct but rather asked whether
both could be tried in practice. Finally, under the teacher’s guidance, the two chil-
dren resolved their dispute through practice and successfully completed the task.
This shows that it is important for teachers to observe and analyze children’s behav-
iors and intervene and guide appropriately to improve the quality of cooperation.

7 Conclusion and limitations

This study aims to compare and contrast the similarities and differences in the effec-
tiveness of plugged-in and unplugged activities with similar learning content and
assessment methods. The most obvious finding from the analysis is that both plugged-
in and unplugged activities significantly improved the young children’s computational
thinking after a short-term educational intervention, and there were no significant dif-
ferences between the two groups. Another finding is that there was a difference in the
extent to which the plugged-in and unplugged activities promoted the development of
subdimensions of computational thinking. Specifically, the plugged-in group demon-
strated significant improvements in the dimensions of hardware, algorithm, and modu-
larization, whereas the unplugged group demonstrated significant improvements in the
dimension of representation.

Observations of the learning process generated two findings. First, the young
children showed high motivation to study in both the plugged and unplugged activi-
ties. Second, despite the young children exhibiting cooperative behaviors in both the
plugged-in and unplugged activities, the frequency of cooperative behaviors was
more related to the learning materials, whereas the quality of cooperation was more
related to the teacher’s guidance.

Apart from the above research findings, this study has added to the literature by
developing an observation scale for unplugged activities. Data from the experiment
indicate that the scale has high validity and can be used to assess children’s computa-
tional thinking ability developed by participating in unplugged activities.

A limitation of this study is that observation scales and test questions were pri-
marily quantitative evaluations based on adult perspectives, ignoring the idea of
young children as “curriculum experiencers”, which could have a negative impact
on the completeness and objectivity of the results. An additional uncontrolled factor
is that there was a limited sample size in this study, which might reduce the general-
izability of the results. Consequently, in a follow-up study, we will consider using a
mosaic research method to further understand the learning experience of preschool-
ers and obtain more qualitative materials from larger samples to increase the cred-
ibility of the research results.
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Appendix A

TechCheck-K sample items (Relkin et al., 2020)
Which works the most like a computer?

A “.1 B. @ @
c. @ D. @

This seesaw isn’t going up and down. How can it be changed so it works?

The bunny can only hop one white square at a time. What is the fastest way for
the bunny to get ONE carrot?
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Appendix B

Sample of observation scale for CT in plugged activities (OSCT-Dodobot)

Instructions: Circle the level (1 — 4) in each category that best describes the
child’s highest level of ability in each category based on observation of their activi-
ties during interactive play with KIBO. If there is insufficient evidence to score a
particular category, circle “NS” (Not Scorable). Do not give more than one rating
per category or write in fractional ratings (e.g.: “Level 2.57).

Dimension Level Typical Behaviors

Algorithms/Modularity NS Not Scorable (child did not exhibit any programming behaviors related
to algorithms/modularity in the play)

1 Using color codes in random or nonsensical order
Doesn’t create meaningful sequences in Dodobot’s color

2 Correctly use of 2 types of color codes but does not create or show
understanding of longer sequences
Does not break programming tasks into smaller parts

3 Correctly use of 2 types of color codes in syntactically correct
sequences
Begins to divide more complicated programming tasks into simpler
steps
4 Breaks up programming task into parts that are inter-dependent or
recursive
Uses clusters of blocks as units in larger programs
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Dimension Level Typical Behaviors
Control Structure NS  Not Scorable (child did not exhibit any programming behaviors related
to algorithms/modularity in the play)
1 No understanding or use of repeats or conditionals
2 No understanding or use of repeats or conditionals and usually make
errors
3 Understanding or use of repeats

Understanding conditionals but occasionally make errors

4 Understanding or use of repeats or conditionals

Since each computational thinking learning activity may not necessarily cover all dimensions of compu-
tational thinking, corresponding observation items can be attached based on the taught content

Appendix C

Coefficient of variation of OSCTU

Dimension Evaluation metrics Mi ci Vi
Algorithm/Modularity objective 4.40 0.548 0.1245
steps 4.60 0.548 0.1191
order 4.60 0.548 0.1191
Control Structures comprehend 4.40 0.548 0.1245
identify 5.00 0.000 0.0000
apply 5.00 0.000 0.0000
migrate 5.00 0.447 0.0894
Representation realize 4.80 0.000 0.0000
comprehend 4.20 0.447 0.1064
apply 5.00 0.000 0.0000
Debugging Identify problems 4.80 0.447 0.0931
Define the problem 5.00 0.000 0.0000
Correct errors 5.00 0.000 0.0000
Design process plan 3.80 1.095 0.2888
Share and assessment 3.60 0.894 0.2483
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Appendix D

Coordination coefficient of OSCTU

dimension Kendall’s W X2 P
Algorithm / Modularity 0.501 35.083 0.01%*

Control Structures
Representation
Debugging
Design process

% p<0.01

Appendix E

Sample of Observation Scale for CT in Unplugged Activities (OSCTU)

Instructions: Circle the level (1 — 4) in each category that best describes the
child’s highest level of ability in each category based on observation of their activi-
ties during interactive play with KIBO. If there is insufficient evidence to score a
particular category, circle “NS” (Not Scorable). Do not give more than one rating
per category or write in fractional ratings (e.g.: “Level 2.57).
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dimension Evaluation metrics Level Typical Behaviors
Algorithms / Obeject NS Problem-solving blindly without any direction or goal,
Modularity incapacity to understand tasks or problems
1 Can not fully understand the task or problem, have a
basic outline of the goal to be solved but not clear
2 Basic understanding of tasks or problems, and clear
goals
3 Have a comprehensive understanding of the task or
problem, and have clear goals
4 Fully understanding the task or problem, having
clear and specific goals for solving the problem or
completing the task
Steps NS Lack of awareness of solving problems in steps
1 There is a preliminary awareness of solving problems
step by step, but do not know how to do it
2 May try to solve problems step by step, but individual
steps are not clear or simple enough
3 It is possible to reasonably divide the steps, and each
individual step is clear and simple
4 The steps are logically divided, each step has a clear
direction, very simple and clear
Order NS The order of the steps is disorderly, and there is no
logical relationship between them
1 ‘When it comes to simple sorting, it is possible to
reasonably design the sequence of steps, but there
may be one or two mistakes
2 When it comes to simple sorting, one can design the
steps in a reasonable and correct order, but cannot
sort the steps involving complex sorting (selective
judging) in order
3 Able to sort the steps involving complex sorting
(selection judgment), but with a high error rate
4 Being able to correctly sort steps involving complex
sorting (selection judgment)
Control Structures memorize and comprehend 0 Cannot memorize and comprehend any logical
relationships
1 Able to master the basic sequence
2 Good at mastering order, but have difficulty in under-
standing complex logical relationships such as loops
and repetitions
3 Basic understanding of complex logical relationships
such as repetition and looping
4 It is easier to understand complex logical relationships

such as loops, conditional statements, and so on

Since each computational thinking learning activity may not necessarily cover all dimensions of compu-
tational thinking, corresponding observation items can be attached based on the taught content
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