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Abstract

Unplugged activities as a low-cost solution to foster computational thinking (CT) skills seem to be a trend in recent
years. However, current evidence of the effectiveness of unplugged activities in promoting students'CT skills has

been inconsistent. To understand the potential of unplugged activities on computational thinking skills, a systematic
review and meta-analysis were conducted. Our review of 49 studies examined the influence of unplugged activities
to improve students' CT skills in K-12 education between 2006 and 2022. The literature review showed that studies
on CT skills were mainly (81.64%) conducted in computer science and STEM education, with board and card games
being the most common unplugged activities for fostering CT skills in K-12 education. CT diagnostic tools (36.37%)
were frequently used as assessment tools. A follow-up meta-analysis of 13 studies with 16 effect sizes showed a gen-

research are provided accordingly.

erally large overall effect size (Hedges's g=1.028, 95% C/[0.641, 1.415], p<0.001) for the use of unplugged activities
in promoting students’'CT skills. The analysis of several moderator variables (i.e., grade level, class size, intervention
duration, and learning tools) and their possible effects on CT skills indicated that unplugged activities are a prom-
ising instructional strategy for enhancing students' CT skills. Taken together, the results highlight the affordances
of unplugged pedagogy for promoting CT skills in K-12 education. Recommendations for policies, practice, and
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Introduction

The last decade has witnessed an increased interest in
using computer programming and coding to foster stu-
dents’ learning of computational thinking (CT) as one of
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the most crucial twenty-first century skills. CT is defined
as a problem-solving and thinking process composed of
computer science ideas and skills that can be applied to
better understand the world around us (Wing, 2006).
Guided by Wing’s definition and call to action since
2006 (Grover & Pea, 2018), CT is “the thought processes
involved in developing problems and their solutions such
that an information-processing agent may efficiently
carry out the solutions” (Wing, 2011). The concept
has been further redefined as “the thinking processes
required in creating issues such that their solutions may
be expressed as computational steps and algorithms”
(Aho, 2012).

Although initiatives to include CT in school curricula
are relatively recent, the concept itself is not new. Alan
Perlis advocated in the 1960s that all college students
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should understand programming and the “theory of
computing” (Guzdial, 2008). The roots of CT in educa-
tion can be seen in Papert’s work from the 1980s, which
focused on how children might use computer program-
ming to hone their thinking skills. CT as an essential skill
for all students has received much interest from educa-
tion systems worldwide. Countries such as the United
States, the United Kingdom, China, Finland, Korea, and
Japan have adopted initiatives and policies to develop
CT skills through compulsory schooling and their
national curricula (Israel et al., 2015; Kim et al.,, 2021;
Kong, 2016; Kucuk & Sisman, 2017). Moreover, CT is
recognized as the foundation of all science, technology,
engineering, and mathematics (STEM) disciplines (Hen-
derson et al, 2007; Li et al, 2020), especially in K-12
education (Grover & Pea, 2013) as scholars believe that
STEM provides a natural setting for incorporating CT
(Li et al., 2019; Ozding et al., 2022; Weintrop et al., 2016;
Ye et al., 2023). With such a focus on the importance of
both STEM and computer science, the idea that com-
puter science should be a part of STEM to promote CT
and integrate the strengths of both disciplines is becom-
ing increasingly prevalent (Barr & Stephenson, 2011;
Century et al.,, 2020; Johnson et al., 2013; Sengupta et al.,
2013; Shute et al., 2017). According to Weintrop et al.
(2016), CT makes scientific and mathematics instruction
more compatible with contemporary professional prac-
tices in these subjects. The potential benefits of CT have
led to its incorporation into the K-12 STEM curriculum
(Hurt et al., 2023). Specifically, the US Next Generation
Science Standards (NGSS) recognize CT as a key scien-
tific and engineering practice (NGSS Lead States, 2013),
and it was also mentioned in the 2012 NRC K-12 science
education framework (Grover & Pea, 2013).

Unplugged activities and plugged-in exercises are the
two main approaches educators and researchers use to
teach CT (Brackmann et al., 2017). Unplugged activities
have become popular because of their low-cost approach
in helping students understand computer science con-
cepts and grasp CT skills without using a computer,
digital devices, or any specific hardware (Bell et al., 2009;
Busuttil & Formosa, 2020). Moreover, those activities
enhance students’ cognitive capabilities since children in
the preoperational stage rely on their perceptions to solve
problems (Sigelman & Rider, 2012). Therefore, tangible
materials should be used to cultivate CT and problem-
solving skills (Chevalier et al., 2020). One possible strat-
egy is to offer unplugged (without devices) CT activities
prior to their plugging (with devices) counterparts (Looi
et al,, 2018; Saxena et al., 2020). Board games, cards,
stickers, or physical movements are common unplugged
activities that have gained recent research interest
(Busuttil & Formosa, 2020; Chen & Chi, 2020; Csizmadia
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et al., 2019; Minamide et al.,, 2020; Saxena et al., 2020;
Threekunprapa & Yasri, 2020).

CT has been manifested in several prior literature
review to understand its characteristics and outcomes
better. For example, Shute et al. (2017) reviewed ear-
lier studies on CT from the perspectives of definition,
interventions, models, and assessment. Their work clas-
sified CT into six aspects: decomposition, abstraction,
algorithm design, debugging, iteration, and generali-
zation. Similarly, Grover and Pea (2018) proposed CT
practices, including problem decomposition, creating
computational artifacts, testing, debugging, iterative
refinement (incremental development), and collabo-
ration and creativity (now regarded as a cross-cutting
twenty-first century skill). Moreno-Leé6n et al. (2018)
concluded that the focus should shift from general pro-
gramming to CT. However, these aforementioned stud-
ies are limited, as they only discussed the components
of CT, associated outcomes, and tools used to foster
CT skills. Based on a synthetic review of the purpose,
theoretical basis, scope, type, and employed research
design of the literature focused on CT, Kalelioglu et al.
(2016) proposed a framework for the notion, scope,
and elements of CT. Moreover, regarding educational
level, extant studies focused on the K-12 level (Huang
& Looi, 2021) and, quite recently, on early childhood
education (Bati, 2022).Taken together, despite several
literature discussion on CT skills, extensive review of
studies regarding unplugged activities is missing on
a large scale, and there is still a lack of comprehensive
understanding of unplugged activities in the CT edu-
cation literature (Kite et al., 2021). More recently, a
review work by Huang and Looi (2021) critically ana-
lyzed how appropriate K-12 “unplugged” pedagogies
could support CT development. However, the analy-
sis was limited to the field of computer science, plac-
ing priority on addressing pedagogical issues. Thus, the
current literature overlooked the thorough picture of
how unplugged activities have been implemented and
how effectively they fostered CT skills. It is crucial to
evaluate the efficacy of an (unplugged) curriculum that
incorporates CT elements (Grover & Pea, 2013), and
whether in-class interventions produce the desired
results is yet to be answered (Settle et al., 2012; Shute
et al., 2017).

To fill the knowledge gaps in the current literature,
this review aims to provide a clear picture and deep
understanding of the current state of CT and unplugged
activities in education to synthesize and summarize
previous work, focusing on landscape, methodology,
and design of unplugged activities to foster CT skills.
In addition to the literature review, we conducted a
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meta-analysis with evidence of the effectiveness of
unplugged activities on the development of CT skills.

Literature review

Computational thinking

Computational thinking has received tremendous atten-
tion from educational researchers in the last decade,
and the concept of CT has been understood from dif-
ferent perspectives. For example, CT has been related to
problem-solving, the construction of artifacts, situated
learning, the use of cognitive tools, and “thinking like a
computer scientist” (Wing, 2006). Researchers have high-
lighted the top five CT skills, namely abstraction, algo-
rithmic thinking, problem-solving, pattern recognition,
and design-based thinking (Kalelioglu et al., 2016). It is
evident that the definition of CT includes thinking types
such as algorithmic and design-based concepts (Kale-
lioglu et al.,, 2016). Other researchers developed several
definitions for their own research fields. For example,
Barr and Stephenson (2011) suggested that in K-12, CT
requires problem-solving abilities and specific disposi-
tions, such as confidence and persistence, when tackling
specific issues. Furthermore, CT refers to “students using
computers to model their ideas and develop programs”
(Israel et al., 2015).

In addition to the definitions, various CT frameworks
were also proposed. For example, Brennan and Resnick
(2012) stated that CT has three key dimensions: compu-
tational concepts, computational practices, and compu-
tational perspectives. Kalelioglu et al. (2016) developed
a framework for teaching CT skills via a problem-solv-
ing process. Weintrop et al. (2016) categorized CT into
four major groups: data practices, modeling and simu-
lation practices, computational problem-solving prac-
tices, and systems thinking practices. More recently, Tsai
et al. (2020) indicated that CT could be understood from
either domain-general or domain-specific perspectives.
The domain-general refers to the competencies required
for methodically solving problems in daily life and across
all learning domains. By contrast, the domain-specific
characterizes computational thinking as abilities neces-
sary to systematically address problems in the subject
domain of computer science or computer programming
(Tsai et al., 2020).

Unplugged activities in CT education

Since Wing'’s (2006) work promoted CT as a transver-
sal competence for every child to learn and use, exten-
sive efforts have been made to operationalize CT in
the K-12 context. Unplugged activities are commonly
described as “learning computer science without a com-
puter” (Bell et al., 2009), which are being implemented
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with tools such as board games, toys, cards, puzzles,
and papers. CT education has several benefits and
offers superior features, such as low cost, independence
of the use of computers, no need for teacher’s informa-
tion and communication technology (ICT) skills, and
ease of implementation (Busuttil & Formosa, 2020;
Minamide et al.,, 2020). Some researchers have con-
ducted action research or case studies using or devel-
oping new unplugged games for CT training courses.
For example, Tsarava et al. (2019b) developed three life-
size board games to provide an unplugged, gamified,
low-threshold introduction to CT for primary school
children. Minamide et al. (2020) described unplugged
programming activities using stickers and a scanner,
which were popular among children. Torres-Torres
et al. (2019) showed two graph paper games—Avatar
and Carpet—taken from a series of activities imple-
mented with primary school students to introduce and
motivate females’ interests and strengthen their educa-
tion equity and empowerment in the STEM area.

Other researchers have leveraged quasi-experimental
studies to assess the application of unplugged activities
in the development of CT. For instance, Brackmann et al.
(2017) carried out a quasi-experiment with unplugged
tools from the “Hello Ruby” book and the “Code Mas-
ter” board game, demonstrating that unplugged activities
have a significant positive effect on motivation promises
in the development of CT. Furthermore, Tonbuloglu and
Tonbuloglu (2019) proposed a nested mixed design to
prove that unplugged activities with the coding work-
sheet positively affect the improvement of students’ CT
skills without significant change in their problem-solving
skills. Delal and Oner (2020) employed a one-group pre-
experimental design with pre-test and post-test to exam-
ine the effect of using the Bebras challenge on fostering
CT skills. Del Olmo-Muioz et al. (2020) experimented
with both unplugged and plugged-in activities among
children in second grade, finding that unplugged activi-
ties with text blocks seem beneficial as they significantly
increased the children’s level of CT skills and learning
motivations. Sun et al.,, (2021a) conducted a quasi-exper-
imental study to compare the effect of the learner-cen-
tered unplugged activity mode based on games and
puzzles with the traditional instructor-directed lecturing
mode. The findings showed that students in the learner-
centered unplugged activity mode scored higher on pro-
gramming knowledge, behaviors and attitudes.

The results of these prior endeavors are promising, as
they hold the potential to expand and deepen our under-
standing of unplugged activities in CT education. How-
ever, although different tools (e.g., board games and
blocks) to foster CT skills has been implemented in those
studies, there is less consensus regarding the effectiveness
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of these tools in the acquisition of CT skills. Thus, there
is a need for a systematic review to summarize recent
empirical studies on unplugged activities and to examine
the influence of various factors on promoting CT skills
through unplugged activities.

Factors of unplugged activity designs for promoting CT
skills

Prior studies have shown that different research designs
may influence the promotion of CT skills (Sun et al,
2021c). Specifically, (1) Students’ grade level affects
perceived CT skills differently (Hu et al., 2021). (2) The
intervention sample size can exert different degrees of
influence on the experimental results (Chen et al., 2018).
(3) The length of intervention in cultivating students’ CT
varies from several minutes to one academic year. (4)
Investigating the effectiveness of educational tools is the
primary research purpose in many CT studies (Sun et al,,
2021b). In the current study, we considered the research
design factors involved in unplugged educational activi-
ties, such as grade level, class/group size, length of inter-
vention, and unplugged learning tools.

Grade level

Researchers have tried to foster students’ CT skills across
different educational levels. Atmatzidou and Demetriadis
(2016) found that students of different academic levels
varied in specific dimensions of CT skills in plugged-in
activities. Although unplugged activities were also used
in various grade levels from early education to second-
ary school (Delal & Oner, 2020; Saxena et al., 2020), only
few studies have explored how grade level could affect
students’ development of CT skills in the context of
unplugged activities. Hu et al. (2021) emphasized that the
level of education was a significant moderator variable
influencing academic achievement in block-based visual
programming learning. Fidai et al. (2020) conducted a
meta-analysis of “Scratch”-ing CT with Arduino, and the
results showed that grade level had no significant mod-
erating effect on students’” CT concepts, practice, and
perspective skills. This denotes that there is a lack of sys-
tematic understanding of how grade-level variations con-
tribute to the use of unplugged activities to promote CT
skills. Therefore, in the present study, we opted for the
meta-analysis to understand whether the grade level has
a relevant difference in unplugged activities on students’
CT skills. We consider grade level to be a possible mod-
erator in this study, as we investigate the differences in
effectiveness between the studies.

Class size
The class size (or sample size) is an essential factor affect-
ing learning outcomes in both traditional and online
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learning environments (Breton, 2014; Li & Konstan-
topoulos, 2016; Parks-Stamm et al., 2017; Shen & Kon-
stantopoulos, 2022). Quasi-experimental studies of
unplugged activities and CT skills vary greatly in class
size, from as small as 25 students (Busuttil & Formosa,
2020) to as many as 148 students (Miller et al., 2018).
According to Sun et al. (2021b), educational games have
a different impact on students’ CT skills based on sam-
ple sizes, as a sample size from 0 to 50 has the greatest
effect. Moreover, Sun et al. (2021c¢) indicated that when
the sample size increased, the impact of programming
on students’ CT skills gradually decreased. In summary,
the current evidence of the impact of sample size on CT
skills is insufficient. Therefore, the current review ana-
lyzed quasi-experimental studies’ class/group size to
discover whether there were differences in the effects of
unplugged activities on CT achievement. This enables us
to recommend good practices regarding sample size for
instructional designers and researchers.

Length of intervention

The effectiveness of plugged-in activities on CT skills is
related to the length of the intervention. Fidai et al. (2020)
conducted a meta-analysis on computational thinking
with Arduino and Scratch, which pointed out that the
length of intervention positively affected CT achieve-
ment. However, the length of implementing unplugged
activities differs across studies, and therefore is yet to be
assessed on CT skills, with some being as short as one
or two hours (Chen & Chi, 2020; Tsarava et al., 2019b),
and others extending over 10 weeks (Hsu & Liang, 2021;
Tsarava et al.,, 2017; Twigg et al., 2019;). Therefore, in this
study, we investigated whether the length of the inter-
vention might explain the differences in effectiveness
between the studies.

Unplugged learning tools
In CT education, different programming tools may
produce different teaching effects (Sun et al, 2021c).
Unplugged activities positively affect students’ confidence
in understanding CT concepts (Hermans & Aivaloglou,
2017). Many unplugged learning tools are currently used
to help students learn CT, such as board games, blocks,
graph paper games, and coding worksheets. However, it
is pivotal to examine whether different unplugged tools
have relevant effects on students’ CT skills. According
to Grover and Pea (2013), current learning tools for fos-
tering students’ CT skills seem to vary in effectiveness.
Thus, as a factor, unplugged learning tools are considered
to explore which is the best-unplugged tool for cultivat-
ing CT.

The present study aims to synthesize and examine
evidence on promoting students’ CT skills through
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unplugged activities. We conducted a systematic lit-
erature review and a meta-analysis to comprehensively
understand the current state of unplugged activities con-
cerning CT skills and evaluate the efficacy of unplugged
activities on students’ CT skills. Overall, we formulated
five research questions:

RQ1 What are the landscapes (publication type, publi-
cation year, country, and educational settings) of
the identified studies?

RQ2 What are the characteristics of the methodology
(i.e., research type, research method) among the
identified studies?

RQ3 How have unplugged activities been designed to
support the learning of CT skills?

RQ4 Do unplugged activities effectively enhance K-12
students’ CT skills?

RQ5 Do the research design factors (i.e., grade level,

class size, length of intervention, and unplugged
tools) moderate the effect of unplugged activities
on the development of students’ CT skills?

To answer the aforementioned research questions, a
systematic review of unplugged activities in K-12 CT
education was conducted to answer RQ1l, RQ2, and
RQ3. Further, a meta-analysis was carried out to examine
the average impact of unplugged activities on students’
development of CT skills. To this end, we used modera-
tor analyses to explore an effective unplugged activities
design to answer RQ4 and RQ5.

Methods

Data sources and search strategy

The literature search was conducted following the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) paradigm (Moher et al., 2009),
a commonly used approach that ensures a transpar-
ent and rigorous framework for conducting and report-
ing systematic reviews (Taherian Kalati & Kim, 2022).

Table 1 Inclusion and exclusion criteria for the literature review
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Following the guidelines, we searched literature via elec-
tronic databases, i.e,, Web of Science, Springer Link,
Taylor & Francis Online, Wiley Online Library, ERIC,
and ScienceDirect, due to their comprehensive cover-
age of publications in the fields of education, computer
sciences, and psychology. Since the flourishing of CT
research was in 2006, motivated by Wing’s work (when
she proposed the concept of computational thinking for
the first time), we considered the time span of searching
the published research from January 2006 to May 2022
to synthesize the empirical evidence from the broadest
range of qualified papers with Boolean operators (AND
and OR). The following search terms were combined dif-
ferently: (1) unplugged board games, without computer,
story, or game; and (2) computational thinking, CT. For
example, ‘unplugged * AND (computational thinking OR
CT). A pool of 479 records was retrieved from the data-
bases. After deleting duplicate records, 446 articles were
considered for further screening.

Inclusion and exclusion criteria

We applied selection criteria to refine the search results.
Since the study aimed to explore unplugged tools and
activities that foster students’ computational thinking,
the inclusion criteria limited the literature scope to the
full-text empirical studies published in English between
2006 and 2022. The full inclusion and exclusion criteria
are described in Table 1.

To conduct the meta-analysis, we further extended the
selection criteria of the collected articles to the following
criteria: (1) must be experimental studies or quasi-exper-
imental studies, which contained at least one control
group or designed pre-test and post-test; (2) used tests,
questionnaires, scales, or tasks to examine the impact of
unplugged activities on CT skills; (3) reported sufficient
data to calculate the effect value, such as mean, standard
deviation, t/F value, and sample size by quantitative sta-
tistical methods.

Inclusion criteria

Exclusion criteria

1. Empirical study

2. Focused on K-12 education

3. Written in English

4. Studies used unplugged tools or methods

5. Peer-reviewed journals articles or conference papers, or book chapters
6. Available in full-text
7. Published between 2006 and 2022

1. Non-empirical and theoretical studies
2. Others such as college education, adult education
3. Written in other languages

4. Studies used programming elements (i.e,, visual programming, com-
puter, and other plugged-in tools)

5. Other publication forms (e.g., reports, dissertations, narrative papers, etc.)
6. Not available in full-text
7. Published before 2006 or after May 2022
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Screening process

Two authors of this research applied the inclusion and
exclusion criteria to screen 446 articles by reading the
titles, keywords, and abstracts. As a result, 366 records
were removed, and 80 articles matched the initial screen-
ing. After that, the authors read the full text to exclude
articles that met the exclusion criteria. Ultimately, 49
articles were included in the literature review, and 13
articles (16 effect sizes) were eligible for the meta-anal-
ysis. During the screening and selection process, incon-
formity was discussed and resolved by the authors.
Cohen’s kappa score was computed to test interrater
reliability agreement that reached a coefficient of .93,
suggesting “perfect agreement” (Hsu & Field, 2003). The
article selection process is shown in Fig. 1. In addition,
an overview of identified studies can be found in Appen-
dix (Table 10) and a full list of the reviewed articles can
be found in Additional file 1.

Coding and data analysis

Systematic literature review coding

A coding schema was developed that included publica-
tion type, publication year, affiliation of the first author,
participants (i.e., grade level, age, number of partici-
pants), subject area in which unplugged activities were
researched (e.g., computer science, STEM), the design

Records identified from
search (N=479)
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and implementation of unplugged curricula or activities
(e.g., tools, experiment duration, CT assessment), and
characteristics of methodology (i.e., types of research,
research methods). Two authors worked collaboratively
to code the studies and analyze the data. The researchers
dealt with their disagreements through constant dialogue
and multiple analyses during the coding process.

Data analysis process used for meta-analysis

We synthesized the effect size and analyzed the modera-
tor variables using Comprehensive Meta-Analysis soft-
ware (CMA, version 3.0). The original data from different
independent studies, including the number of samples
(N), mean, and standard deviation (SD), were input into
the CMA software.

Calculating effect sizes for each study

First, we calculated the effect sizes of each study by the
metric of Hedges’s g, which is better than Cohen’s d for
setting small sample size bias (Borenstein et al., 2010).
The effect size was interpreted by applying Cohen’s asser-
tion, where g is less than 0.2 indicates a small effect,
0.2-0.8 suggests a medium effect, and larger than 0.8
indicates a large effect (Cohen, 1992). A 95% confidence
interval (CI) for Hedges’s g was also calculated to test for
significant differences.

Records after duplicates

Duplicates records removed (N =33)

Records excluded in title and keywords
stage (N =50)

removed (N =446)

Full-text article assessed for

Records excluded in abstract stage (N
=316)

Full-text articles excluded, with reasons

cligibility (N =80)

Studies included in

(N=31)

Full-text articles excluded with reasons

empirical synthesis (N =49)

Studies included in
quantitative synthesis
(meta-analysis; N =13)

[ Included ] [ Eligibili J ( Screening J [IdentiﬁcationJ

Fig. 1 PRISMA flow diagram of the article screening process

(N =36)
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where X7 and X» are the mean scores, n7 and n; are the
sample sizes, and S7 and S are the standard deviation of
the experiment and control groups, respectively.

d; =

Testing for heterogeneity and calculating overall effect sizes
The overall effect size was estimated using fixed-effects
or random-effects models, which depended on the het-
erogeneity among these studies. When there is significant
heterogeneity, using a random-effect model would bet-
ter address the differences between the research effect
sizes (Wang et al., 2020). This is because the fixed-effects
model would be appropriate if one had strong evidence
that the primary studies included in the meta-analy-
sis were virtually identical (Schmidt et al., 2009). The
fixed-effects model allows deductions about the studies
involved in the meta-analysis. By contrast, the random-
effects model permits generalizations with the studies
that have been or may be carried out beyond the studies
included in the meta-analysis (Hu et al., 2021).

The heterogeneity analysis was computed with the Q
statistic and the * value, which evaluate how much of the
variance between studies can be attributed to actual vari-
ance instead of sampling bias (Borenstein et al., 2021).
The larger the I* value, the greater the heterogeneity.
0-25% indicates that heterogeneity is considered low,
25-75% indicates moderate heterogeneity, and 75-100%
indicates substantial heterogeneity (Higgins et al., 2003).

Examining publication bias

Since publication bias from multiple sources can affect
the validity of the research (Borenstein et al., 2021), pub-
lication bias was examined before starting a meta-analy-
sis. A funnel plot was used to examine the validity of the
meta-analysis, which helped to distinguish publication
bias from other asymmetry factors (Peters et al., 2008).
If there was a publication bias in the meta-analysis, the
funnel plot would be asymmetrical (Egger et al., 1997).
We also employed Egger’s test for the asymmetry of the
funnel plot and the classic fail-safe N test as complemen-
tary procedures for investigating potential publication
bias. Rosenthal’s (1979) fail-safe N (i.e., classic fail-safe N)
was used to estimate how many insignificant effect sizes
(unpublished data) would be necessary to reduce the
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overall effect size to an insignificant level. If the fail-safe
N is larger than 5n+ 10, then the estimated effect size of
unpublished research is unlikely to affect the effect size of
the meta-analysis.

Moderator analysis

The heterogeneity of studies also indicated that fur-
ther moderator analysis was needed to determine which
moderator accounted for the variance among the stud-
ies (Higgins et al., 2003). Three statistical models have
commonly been applied to moderator analyses: the
fixed-effects model, the random-effects model, and the
mixed-effects model. The fixed-effects model attempts
to report the results of included studies rather than for a
larger population, while the random-effects model infers
the results to a wider range of population (Borenstein
et al., 2010). The mixed-effects model is an adjusted ran-
dom-effects model in which the random-effects model
is used to combine effect sizes within subgroups and
fixed effects between subgroups. In this study, we con-
sidered grade level, class size, length of intervention, and
unplugged tools to explore which variables could moder-
ate the influence of unplugged activities on CT skills, and
to report the results based on the mixed-effects model.

Results

RQ1: What are the identified studies’ landscapes
(publication type, publication year, country, participants’
profiles, and educational settings)?

Publication types and timelines

Regarding the publication types, of the 49 papers
reviewed in this research, 28 were journal articles
(57.14%), 20 were conference papers (40.82%), and one
was a book chapter (2.04%). The distribution of the pub-
lished research by year is illustrated in Fig. 2. There is a
clear upward trend in publishing empirical studies on
unplugged activities for developing CT skills, indicating
the growing popularity and importance of CT in recent
years. The earliest literature on CT was published by
Wing (2006), while the earliest empirical study regarding
unplugged tools for fostering CT skills was published in
2008 (e.g., Nishida et al., 2008). Despite the fact that there
have been constant unplugged activities and CT skills
research growth from 2017 to 2022, published research
peaked with 10 articles in 2019 and 2020.

Country and region

We used the country affiliation information of the first
author as an indicator of the country and region infor-
mation. Overall, most of the studies were affiliated to
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Fig. 2 Distribution of the selected studies by publication year (Till May 15th 2022)
Table 2 Distribution of publications by country and region Table 3 Distribution of publications by subject, level of
Country and regions Frequency Percent (%) education, and sample size
Subject/level/sample size Frequency Percent (%)
Europe 25 51.02
Spain 6 12.25 Subject
Germany 5 10.21 Computer science 31 63.27
Turkey 4 8.16 STEM 9 18.37
Croatia 2 408 Social science 2 408
Italy 2 408 Not indicated 7 14.29
United Kingdom 2 4.08 Level of education
France 1 204 Kindergarten 2 4.08
Malta 1 204 Primary school 24 4898
Norway 1 204 Lower secondary school " 2245
Sweden 1 204 Higher secondary school 2 4.08
Asia 12 2449 Multi-level 5 10.21
China 3 6.12 Not indicated 5 10.21
Japan 3 6.12 Sample size
Hong Kong, China 2 4,08 1-50 18 36.73
Taiwan 2 4.08 51-100 8 16.33
Singapore 1 204 More than 100 14 2857
Thailand 1 204 Not indicated 9 18.37
North American—United States 10 2041
Oceania—Australia 1 204
South America—Brazil 1 204 Germany contributed five studies (10.21%). Turkey has

European countries (N=25; 51.02%), followed by Asia
(N=12; 24.49%) and North American countries (N=10;
20.41%). In Europe, Spain led six studies (12.25%) and

four studies (8.16%), whereas Croatia, Italy, and the
United Kingdom each contributed two articles (N=2;
4.08%%). Studies conducted in Asia were scattered, cov-
ering Japan, mainland China, Taiwan, Hong Kong, Sin-
gapore, and Thailand. The United States topped North
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American countries with 10 articles (20.41%). The rest of
the studies were spread across Oceania (Australia) and
South America (Brazil). More details can be found in
Table 2.

Educational setting

We analyzed the subjects, level of education, and sam-
ple size of the selected studies. As indicated in Table 3,
the vast majority of the research was applied to com-
puter science subjects (N=31; 63.27%). Nine studies
(18.37%) were conducted in the field of STEM. Two
unplugged activities (4.08%) were undertaken in the
social sciences. However, seven studies (14.29%) did
not mention the subject. Overall, the results indicated
that unplugged activities primarily train CT skills in
computer science classes and STEM subjects to culti-
vate problem-solving abilities.

Regarding grade level, studies on unplugged activi-
ties for computational thinking mainly recruited pri-
mary school students (N=24; 48.98%), while (N=13;
26.53%) of the studies involved participants from second-
ary schools. In addition, five identified articles (10.21%)
included participants from multiple grades (e.g., both
primary and lower secondary schools). Five studies failed
to report the education level of the participants.

In general, studies involved a wide range of partici-
pants and grades. The largest number of participants
was recruited in a study taken in a computer science
class with 667 primary school students (e.g., Relkin
et al.,, 2021), and the smallest number of participants was
reported in a study with 11 participants in kindergarten
(e.g., Saxena et al., 2020). Almost one out of four stud-
ies (N=14; 28.57%) featured more than 100 participants,
with the largest sample size of 667 (Relkin et al., 2021).
However, approximately half of the studies (N=26;
53.06%) recruited fewer than 100 participants, and nine
studies (18.37%) did not specify the sample size.

Table 4 Summary of characteristics of methodology in the

literature
Characteristics of methods Frequency Percent (%)
Research type
Quasi-experimental study 23 46.94
Case study 16 32.65
Action research 10 2041
Research methods
Quantitative methods 18 36.73
Qualitative methods 10 2041
Mixed methods 11 2245
Not indicated 10 2041
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RQ2: What are the characteristics of the methodology
among the identified studies?

Distribution of research types

We grouped research types by experimental, case study,
and action research based on the classification of Johan-
nesson and Perjons (2014). As illustrated in Table 4,
nearly half of the studies (N=23; 46.94%) implemented
an experimental method, 16 featured case studies
(32.65%), and 10 studies (20.41%) used action research.
Most quasi-experimental studies (N=15; 30.61%) were
designed with experimental and control groups. The
rest of the quasi-experimental studies applied a single-
group design, employing pre-test and post-test to assess
students’ learning achievement and CT skills. The case
studies introduced unplugged tools or courses, provid-
ing examples without an experimental design. Moreover,
10 studies (20.41%) used action or design-based research;
only four were designed with compared groups but no
comparison data analysis.

Distribution of research methods

In terms of research methods, quantitative methods
(N=18; 36.73%) were the most common in the included
studies, followed by qualitative and mixed methods (see
Table 4). Among the quantitative research designs, 12
studies (24.49%) used pre-test and post-test design (e.g.,
del Olmo-Mufoz et al., 2020; Tsarava et al, 2019b),
and one study used post-test design (e.g., Csizmadia
et al., 2019). As for qualitative studies, researchers tend
to develop unplugged tools (e.g., Saxena et al., 2020) or
teach the unplugged curriculum while gathering data
through observations, interviews, videos, and worksheets
(e.g., Busuttil & Formosa, 2020; Twigg et al., 2019). For
instance, Chen and Chi (2020) used participation obser-
vations and interviews to explain students’ first-time
learning experiences using board games.

Regarding studies that used mixed methods, most
studies (N=8; 16.33%) employed pre-test and post-test
design to generate quantitative data in addition to stu-
dent or teacher interviews, observations, and videos of
CT experiences for qualitative analysis (e.g., Looi et al,
2018; Tsarava et al., 2018). Three studies (6.12%) per-
formed post-test and qualitative analysis, and designed
quasi-experimental research that compared between the
unplugged CT activity group and the control group.

RQ3: How have unplugged activities been designed

to support the learning of CT skills?

Learning tools

There are numerous unplugged tools to develop students’
CT skills (see Table 5). The most popular unplugged tools
that teachers used for designing CT learning activities
were board and card games (N=22; 44.90%), followed
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Table 5 Publications by learning tools and length of
intervention
Tools/intervention time Frequency Percent (%)
Unplugged tools
Board and card game 22 44.90
Paper activity 17 34.70
Unplugged robotics and blocks 4 8.16
Multiple 4 8.16
Textbook 2 4.08
Length of intervention
1-5 weeks 15 3061
6-10 weeks 18 36.73
More than 10 weeks 6 12.25
Not indicated 10 2041

by paper activities (e.g., Bebras, paper programming)
(N=17; 34.70%). For instance, Delal and Oner (2020)
applied Bebras tasks to construct unplugged classroom
activities of three difficulty levels, while another study
used building construction board games to spontane-
ously promote students’ knowledge in CT and English
(e.g., Hsu & Liang, 2021). Unplugged robots and blocks
were adopted in four studies (8.16%) to increase stu-
dents’ engineering interest and attitudes and their acqui-
sition of computational thinking (e.g., Miller et al., 2018;
Threekunprapa & Yasri, 2020). For example, Miller et al.
(2018) used unplugged robotics to develop an introduc-
tory engineering lesson for secondary school students
(43% had no prior knowledge of engineering). Two stud-
ies (4.08%) used textbooks, such as children’s literature,
to introduce computing principles and concepts (e.g.,
Kircali & Ozdener, 2022; Twigg et al.,, 2019). Finally, four
studies (8.16%) used more than one tool as a research
intervention (e.g., Gaio, 2017; Saxena et al., 2020; Storjak
et al., 2020).

Length of intervention

We sorted the information on intervention length to
further examine the learning design for fostering com-
putational thinking. As indicated in Table 5, the stud-
ies ranged from a few weeks to more than 10 weeks.
Whereas most of the studies lasted for 6-10 weeks
(N=18; 36.73%) (especially in quasi-experimental
research), some studies applied a short intervention
(1-5 weeks) design (N=15; 30.61%) and a long interven-
tion (>10 weeks) design (N=6; 12.25%). For example,
a short, one-hour activity design was used in one study
by Chen and Chi (2020) where they focused on primary
school students’ first-time experience of playing the
board game ‘coding ocean’ The research of Chibas et al.
(2018) features a 6-month longitudinal design, in which
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they followed how teachers used an unplugged approach
to teach preschool children basic programming.

Assessment tools

We classified the various assessment methods and instru-
ments in the reviewed studies. Tools were classified as
CT diagnostic tools, CT summative tools, CT percep-
tions-attitudes tools, and CT formative—iterative tools,
referring to the work of Roméan-Gonzdlez et al. (2019)
(see Table 6).

CT diagnostic tools were the most frequently used
since they appeared in 18 (36.73%) studies. For example,
Brackmann et al. (2017), Merino-Armero et al. (2022),
and Tsarava et al. (2019a) used the Computational Think-
ing test (CTt), which consist of 28 multiple-choice items
formulated from images based on a journey through a
maze, while Sun et al. (2022) and other four studies (e.g.,
del Olmo-Muinoz et al., 2020; Delal & Oner, 2020; Rod-
riguez et al,, 2017; Sun et al, 2021d) used the ‘Bebras
Computational Thinking Challenge’ to assess the extent
to which students can transfer their CT skills to differ-
ent types of problems and contexts. Six studies (12.24%)
used self-designed instruments to assess the acquisition
of CT skills (e.g., Hsu & Liang, 2021; Threekunprapa &
Yasri, 2020), learning performance (e.g., Saxena et al,
2020), coded patterns (e.g., Léonard et al., 2019), debug-
ging (e.g., Ahn et al., 2021), and algorithms (e.g., Gresse
Von Wangenheim et al., 2019). Others used CT work-
sheets to measure students’ learning through unplugged
activity (e.g., Busuttil & Formosa, 2020; Looi et al., 2018;
Storjak et al., 2020).

The second most frequent category was CT percep-
tions-attitudes tools (N=15; 30.61%), which aimed at
assessing the perceptions (e.g., self-efficacy perceptions)
and attitudes of the subjects not only about CT, but also
about related issues. Five studies (10.21%) used the Com-
putational Thinking Scales (CTS) developed by Korkmaz
et al. (2017), to investigate the impact of CT on learning
competencies, including creativity, algorithmic think-
ing, critical thinking, problem-solving, and cooperativity.
In addition, 10 studies (20.41%) used surveys to exam-
ine students’ attitudes (e.g., Leifheit et al.,, 2018; Miller
et al., 2018; Minamide et al., 2020; Sun et al., 2021a;
Vlahu-Gjorgievska et al., 2018), satisfaction (e.g., Gresse
Von Wangenheim et al., 2019; Storjak et al., 2020), self-
efficacy (e.g., Ahn et al., 2021; Threekunprapa & Yasri,
2020), and motivation (e.g., del Olmo-Muiioz et al., 2020)
towards unplugged activities or courses.

Furthermore, 11 studies (22.45%) used instruments
that fall under the CT summative tools category, includ-
ing projection, observations, and problem-solving inter-
views. For example, Sun et al.,, (2021a) assessed the final
programming projects created by learners and observed
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Table 6 Classification of the reviewed studies for assessment tools
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Category

Instruments and methods used to assess CT References

CT diagnostic tools (N=18; 36.73%)
Bebras test

TechCheck test
Test
Computational thinking

Performance assessments

Coded patterns

Debugging

Algorithms
Worksheet

CT perceptions-attitude tools (N=15, 30.61%)

Perceptions of UA/CS
Attitudes

Satisfaction

Self-efficacy
Motivation
CT summative tools (N=11; 22.45%) Project evaluation

Observations

Problem-solving interview
Activities logging
Activities coding

CT formative—iterative tools (N = 2; 4.08%)

Computational thinking test (CTt)

Computational Thinking Scales (CTS)

Brackmann et al. (2017), Merino-Armero et al. (2022),
Tsarava et al., (2019b)

del Olmo-Munoz et al. (2020), Delal and Oner (2020),
Rodriguez et al. (2017), Sun et al. (2021d, 2022)

Relkin et al. (2021)

Hsu and Liang (2021), Threekunprapa and Yasri (2020)
Saxena et al. (2020)

Léonard et al. (2019)

Ahnetal. (2021)

Gresse Von Wangenheim et al. (2019)

Busuttil and Formosa (2020), Looi et al. (2018), Storjak
etal. (2020)

Csizmadia et al. (2019), Hsu and Liang (2021), Kircali
and Ozdener (2022), Sun et al. (2021a), Tonbuloglu
and Tonbuloglu (2019)

Leifheit et al. (2018), Miller et al. (2018), Minamide
et al. (2020), Sun et al. (2021a), Vlahu-Gjorgievska et al.
(2018)

Gresse Von Wangenheim et al. (2019), Storjak et al.
(2020)

Ahn et al. (2021), Threekunprapa and Yasri (2020)
del Olmo-Munoz et al. (2020)
Sun et al. (2021a)

Busuttil and Formosa (2020), Chen and Chi (2020),
Dwyer et al. (2014), Peel et al. (2021), Saxena et al.
(2020), Sun et al. (2021a), Tonbuloglu and Tonbuloglu
(2019), Torres-Torres et al. (2020)

Ahn et al. (2021), Peel et al. (2019)
Léonard et al. (2019)
Csizmadia et al. (2019)

students’ behaviors through behaviorism videos. Seven
studies (14.29%) also used observations to understand
the engagement levels of students in class examinations
and their understanding of CT concepts (i.e., Busut-
til & Formosa, 2020; Chen & Chi, 2020; Dwyer et al,,
2014; Peel et al., 2021; Saxena et al., 2020; Tonbuloglu &
Tonbuloglu, 2019; Torres-Torres et al., 2020). Moreover,
Ahn et al. (2021) and Peel et al. (2019) conducted indi-
vidual interviews to measure problem-solving skills and
to determine the intervention’s effect on programming
skills.

Lastly, only two studies (4.08%) were categorized under
CT formative—iterative tools. For instance, Léonard et al.
(2019) analyzed students’ activities to investigate their
learning processes, while Csizmadia et al. (2019) coded
their mapping tools to analyze computational thinking
and constructionist learning.

RQ4: Do unplugged activities effectively enhance K-12
students’ CT skills?

Analyses of publication bias

To answer RQ4, 13 studies with 16 effect sizes and 1736
participants were examined using the meta-analysis
approach. Before conducting the meta-analysis, the study
examined publication bias using a funnel plot, Egger’s
test, and the classic fail-safe N test. The results of the fun-
nel plot graphic are shown in Fig. 3, which demonstrates
slight asymmetry. Egger’s test and the fail-safe N test were
conducted to determine whether this asymmetry was
statistically significant. In the Egger’s regression inter-
cept test, the results (intercept=2.658, 95% CI — 1.552
to 6.869, p=0.197 >0.05) revealed no evidence for pub-
lication bias. The classic fail-safe N was 1771, which was
greater than the tolerance level of 70 (5*12+ 10), show-
ing that an additional 1771 missing studies were required
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Fig. 3 Funnel plot of standard error by Hedges's g for unplugged activities on CT skills
Table 7 Overall effect size and the heterogeneity test
Model N k Hedges's g 95% ClI Test of Heterogeneity
Lower Upper Q df 1 (%)
FE 1736 16 0.751 0.681 0.821 348.667*** 15 95.698
RE 1.028 0.641 1415

FE fixed-effect model; RE random-effects model; k total number of effect size
®%p <0.001

to make the overall effect size statistically insignificant.
Therefore, based on the calculation of these statistics, we
can conclude that there was no over-exaggeration of the
effect of publication bias.

Overall effect size and heterogeneity analyses

The results of the overall effect size and heterogeneity are
reported in Table 7.For the 16 effect sizes among the stud-
ies, the fixed-effect model indicated a mean effect size
of 0.751 with a 95% confidence interval of 0.681-0.821.
The random-effects model revealed an overall effect size
of 1.028, with a 95% confidence interval of 0.641-1.415.
The statistics (Q=2348.667, I’=95.698, p<0.001) showed
that the effect sizes in the meta-analysis were heteroge-
neous. This indicated that there were differences among
the effect sizes that were attributable to sources other
than sampling error. Therefore, we adopted the random-
effects model for the overall effect size analysis, and mod-
erator analysis to explore the possible causes.

As shown in Table 7, the random-model result revealed
that unplugged activities significantly positively affected
students’ CT skills (Hedges's g=1.028, 95% CI [0.641,
1.415], p<0.001). The forest plot of all the included effect
sizes in the random-effects model is shown in Fig. 4.

RQ5: Do the research design factors (i.e., grade level,

class size, length of intervention, and unplugged

tools) moderate the effect of unplugged activities

on the development of students’ CT skills?

To better understand the design factors of unplugged
activities centered on developing students’ CT skills, this
study explored possible moderator variables that affect
their effectiveness. Grade level, class size, length of inter-
vention, and unplugged learning tools may contribute
to the heterogeneity of effect size differences. All mod-
erator information for the included studies is provided in
Table 8.
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Study name Statistics for each study

Hedges's Standard Lower Upper

g error Variance limit limit
Brackmann et al. 1 (2017) 0.740 0.321 0.103 0.111 1369 23
Brackmann et al. 2 (2017) 0.815 0.359 0.129 0.111 1520 22
D. Sunetal 1(2021) 2347 0.328 0.107 1.705 2989 7.1
D. Sunetal 2 (2021) 0.375 0.253 0.064 -0.121 0.871 1483
del Olmo-Munoz et al. (2020) 2.77 0.304 0.093 2.179 3372 9.121
Delal & Oner (2020) 0.408 0.195 0.038 0.026 0.790 2.092
Hsu & Liang (2021) 0.697 0.293 0.086 0.123 1271 2382
Kircali & Ozdener (2022 0.300 0.238 0.057 -0.166 0.766 1262
L. Sun et al. (2022 1.123 0.262 0.069 0.609 1636 4282
L. Sun, Hu, etal. 1 (2021b) 0.569 0.264 0.070 0.050 1.087 2.150
L. Sun, Hu, etal. 2 (2021b) 0.661 0.250 0.062 0.171 1.150 2.64
Léonard et al. (2019) 0.956 0.071 0.005 0.818 1.094 13.551
Relkin et al. (2021) 0.360 0.055 0.003 0252 0468 6.524
Threekunprapa & Yasti (2020) 3.156 0.167 0.028 2.828 3.484 18.858
Tonbulogh & Tonbulogh (2019) 0.489 0.134 0.018 0226 0.751 3.649
Tsarava, Leifheit, et al. (2019) 0.809 0.261 0.068 0297 1.321 3.098

1.028 0.197 0.039 0641 1415 5205

Hedges's g and 95% CI

Z-Value p-Value

0.021 —
0.023 —
0.000
0.138 +——
0.000
0.036 ——
0.017 ——
0.207 -+
0.000
0.032
0.008
0.000
0.000
0.000
0.000
0.002
0.000

-2.00 -1.00 0.00 1.00 2.00
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Fig. 4 Forest plot of all included effect sizes in the random-effects model

Table 8 All moderator information of the included studies

Authors (year) N Grade level Intervention period Learning tools
Brackmann et al. (2017) 20/16 Primary Short Board game

del Olmo-Munoz et al. (2020) 42 Primary Medium Bebras

Delal and Oner (2020) 53 Lower Secondary Short Bebras

Hsu and Liang (2021) 24 Primary Long Board game
Kircali and Ozdener (2022) 35 Lower Secondary Medium Textbook

Léonard et al. (2019) 447 Primary Short Board game
Relkin et al. (2021) 667 Primary Medium Robots

Sun et al. (2021a) 32 Lower Secondary Medium Games and puzzles
Sun et al. (2021d) 29/33 Lower Secondary Medium Bebras

Sun et al. (2022) 33 Lower Secondary Medium Bebras
Threekunprapa and Yasri (2020) 160 Lower Secondary Short Block game
Tonbuloglu and Tonbuloglu (2019) 114 Primary Long Coding worksheet
Tsarava et al. (2019a) 31 Primary Long Board game

“Short”=1-5 weeks; “Medium”=6-10 weeks; and “Long"= 10+ weeks

This study reports the results of the moderator vari-
ables based on a mixed-effects model. Table 9 shows the
distribution of the moderator variables and their effect
sizes. According to Cohen (1992), when g is less than
0.2, it indicates a small effect, 0.2—0.8 suggests a medium
effect, and larger than 0.8 indicates a large effect.

Grade level

The result suggests that unplugged activities had a great
effect on students’ CT skills both in primary school
(g=0.914, p<0.001) and in lower secondary school

(g=1.117, p<0.05) (see Table 9). It seemed to work bet-
ter for lower secondary school students when compared
with their primary school counterparts. However, the
meta-analysis of the control treatment variable demon-
strated no statistically significant difference between the
control group treatment at the grade level (Q,=0.179,
p>0.05).

Class size
As indicated in Table 9, the class size with the larger sam-
ple (>100) had the highest impact on the CT skills of the
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Table 9 Results of moderator variable analysis of unplugged activities on CT
Moderator variables N Hedges's g SE 95% Cl z Q, p
LL uL
Grade level 0.179 0.672
Primary 0.914%** 0.187 0.547 1.280 4.888
Lower secondary 1.117% 0443 0.248 1.986 2.520
Class size 5.591 0.061
Small (<50) 1 1.006*** 0.227 0.562 1.451 4437
Medium (50-100) 1 0.408* 0.195 0.026 0.790 2.092
Large (>100) 4 1.228** 0425 0.395 2.060 2.890
Intervention period 3.595 0.166
Short (1-5 weeks) 5 1.226% 0.516 0.215 2238 2376
Medium (6-10 weeks) 8 1.033%** 0.278 0.489 1577 3.722
Long (> 10 weeks) 3 0.576*** 0.110 0.359 0.792 5215
Tools 0435 0.805
Board game 5 0.922%** 0.064 0.787 1.047 14.420
Paper activity 5 1.090** 0.387 0.333 1.848 2.820
Others 6 1.163* 0.469 0.244 2.082 2480

*p<0.05, *p<0.01, **p <0.001

students (g=1.228, p<0.01). Medium (g=0.408, p <0.05)
and small (g=1.006, p<0.001) sample size of unplugged
activities also significantly enhanced students’ CT. Again,
the unplugged activities effect differences among the
class size were insignificant (Q,=5.591, p>0.05).

Length of intervention

Regarding the length of intervention, the results in
Table 9 suggest that the medium intervention time with
the interval (6—10 weeks) (g=1.033, p<0.001) and short
durations (1-5 weeks) (g=1.226, p<0.05) both had a
high effect on students’ CT skills. The effect size of the
long intervention time with the interval (>10 weeks)
(g=0.576, p<0.001) was smaller. However, there were no
significant differences in the moderating effect of inter-
vention time on the relationship between unplugged
activities and the development of CT skills (Q,=3.595,
p>0.05).

Learning tools

As shown in Table 9, the use of paper activity tools
such as Bebras (g=1.090, p<0.01) had a high impact
on students’ CT skills, and board game tools (g=0.922,
p<0.001) also seemed to have an obvious large effect too.
Coding worksheets, paper programming, and robots in
unplugged activities had the greatest impact (g=1.163,
p<0.05). The heterogeneity test results (Q,=0.435,
p>0.05) demonstrated that the learning tool was not a

significant moderator variable influencing CT skills in
unplugged activities learning.

Discussion

Using a systematic literature review and a meta-analysis
approach, this study comprehensively synthesized and
examined evidence of the current state of unplugged
activities to improve students’ CT skills. Through the
lens of research landscapes, methodology characteristics,
and the effectiveness of unplugged activities to foster CT
skills, we ultimately identified the state-of-the-art and the
potential of using unplugged activities to promote stu-
dents’ CT skills among K12 CT education.

Overview of studies on unplugged activities in CT
education

The current state of published research on unplugged
activities to promote the learning of CT skills is promis-
ing. It has risen substantially in recent years, highlight-
ing its importance for teaching and learning future CT
skills (Li et al., 2020). A similar trend was also reported
by Hsu et al. (2018). In line with the prediction made by
Huang and Looi (2021), we believe such a trend will con-
tinue as interest in unplugged pedagogy and CT skills
grows. The unplugged activities in learning settings were
mostly introduced to computer science and STEM sub-
jects at the primary and lower secondary school levels.
This is in line with the recent review work by Tang et al.
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(2020), who reported that the majority of studies have
focused on the development of CT in primary and mid-
dle schools and can be explained in light of the relation-
ship between computer science and CT skills, in which
unplugged activities were adopted to promote CT skills.
Given that there is no evidence to imply that primary
and middle school are the only essential stages for chil-
dren to learn CT, it is necessary to expand the research
on CT assessments suitable for high school (Buitrago
Florez et al., 2017) and college students (Dong et al.,
2020). STEM subjects are the most common for primary
and secondary education. Thus, we suggest extending the
subject scope to other school subjects (e.g., language) to
find implementation mechanisms and methods and face
the challenges of applying CT to other subjects (Denning,
2017).

The characteristics of the methodology

among the identified studies

Assessment is crucial when introducing technology in
K-12 classrooms (Grover & Pea, 2013). In the method-
ology section, we focused only on the types of research
and research methods. Not surprisingly, the included
studies have used different methods to investigate
unplugged activities’ impact on CT skills. The identified
studies intensively applied a quasi-experimental design.
Quasi-experimental studies primarily used the pre-test/
post-test experimental method to evaluate students’ CT
outcomes; this is reasonable, as scholars need to meas-
ure how CT skills change in response to unplugged peda-
gogy. Besides quasi-experimental studies, case studies
and action studies were applied in many of the studies,
mostly with qualitative methods (Peel et al., 2021; Tsor-
tanidou et al., 2022). They tended to collect data via
course observation, students’ notes, and semi-structured
interviews. However, exploring how students develop
CT skills during unplugged activities using multiple data
sources also matters.

Regarding types of CT measurement and instrument,
quantitative approach seems to be a dominating way to
assess students’ CT skills. Recent reviews also support
this finding (e.g., Kalelioglu et al., 2016; Zhang & Nouri,
2019). Zhang and Nouri (2019) found that observation
and pre-test/post-test designs were the favored analytic
instruments and methods in studies on Scratch use in CT
education. Some studies employed more than one assess-
ment instrument to collect multiple pieces of evidence
(e.g., Hsu & Liang, 2021; Sun et al., 2021a; Threekunprapa
& Yasri, 2020; Tonbuloglu & Tonbuloglu, 2019), given
that triangulated evaluation of students’ CT learning can
be achieved through the combination of different assess-
ment tools (Tang et al., 2020). Qualitative approaches,
such as interviews, have been rarely used in the current
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CT literature. This issue has also been reported by Tang
et al. (2020). To investigate students’ in-depth thinking
processes in unplugged activities, future studies could
combine surveys with other methods, such as interviews
or think-alouds, to collect additional data.

Unplugged activities designed to foster CT skills

Board games and card games were the most applied
learning tools, as reported in nearly half of the identified
studies. This is probably because board and card games
feature high interactivity and high-level thinking (Gresse
Von Wangenheim et al., 2019; Kuo & Hsu, 2020), and cor-
respond to structural programming, including sequen-
tial structure, conditional structure, repetitive structure,
and the modeling concept of calling a procedure in pro-
gramming languages (Kuo & Hsu, 2020). Further, the use
of board games in education has a long history where
scholars have found it to be associated with significant
teaching results and improved learner motivation (e.g.,
Berland & Lee, 2011; Hinebaugh, 2009).

We attempted to identify the study duration in the lit-
erature. However, the results revealed large variations, as
some have a more than 10-week intervention design, and
others could be as short as several minutes. Some schol-
ars argue that an intervention period too short may bring
problems, such as the “memory effect” of using an identi-
cal set of items at both administrations, thus suggesting
increasing the sample and avoiding too-short interven-
tion period (e.g., several hours) to avoid the undesirable
effect on the result (Brackmann et al., 2017).

Regarding assessment tools, CT diagnostic instru-
ments were the most used assessment tools, while form-
ative-iterative techniques were the least used tools. CT
diagnostic instruments were often used to collect the
subject’s CT level. Such tools work best when delivered in
a pure pre-test condition (e.g., participants with no prior
programming experience) or occasionally in a post-test
condition (e.g., following an educational intervention)
to determine how much CT skill was gained. Moreover,
formative-iterative tools are implemented to evaluate stu-
dents’ learning outcomes (often programming projects),
instead of assessing the students themselves. As a result,
these tools are mostly employed throughout the learning
process and are specially built for a specific programming
environment. Using only one of the aforementioned CT
assessment instruments may create an incomplete por-
trait of pupils’ CT. This inadequate and biased evaluation
approach might lead us to misunderstand our children’s
CT development and make poor instructional judg-
ments. As a result, scholars have emphasized using dif-
ferent (or combined) assessment methods (Brennan &
Resnick, 2012; Grover et al., 2015).
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The effectiveness of unplugged activity on CT skills
According to the meta-analysis of the 16 independent
effect sizes, we found that unplugged activities can play
a positive role in cultivating students’ CT. As Kazimoglu
et al. (2012) noted, being unplugged can enable students
to connect and develop their CT skills with little or no
programming knowledge. Based on the results of the
moderator variable analysis (grade level, class size, inter-
vention time, and learning tools), we discuss the effec-
tiveness of unplugged activities on CT education below.

First, moderate factors, such as grade and class size,
significantly affected students’ CT skills. Unplugged
activities seemed more effective on lower secondary
school students than primary school students, and they
worked better in larger classroom sizes (>100), despite
such differences being non-significant. This finding is
contrary to the conclusions of del Olmo-Muiloz et al.
(2020) and Li et al. (2022), who presented the feasibility
of developing CT in students through unplugged activi-
ties at a younger age. Although grade level has no signifi-
cant influence on unplugged activities and CT, we posit
that there are two main reasons for this difference in
effect size. On the one hand, secondary school students’
cognitive and operational skills gradually mature so that
they can easily understand the rules of the activity and
master CT in a short time (Li et al,, 2022). In addition,
unplugged activities design may lack richness and inter-
activity for lower secondary school students, so long-
term interventions might reduce their enthusiasm (Sun
et al,, 2022). On the other hand, students at a younger age
do not fully understand the game’s rules and may easily
be attracted to other things during the learning process
(Sun et al., 2021b).

Second, regarding the length of the intervention,
unplugged activities can better develop students’ CT in
a short time. We found a trend toward a negative mod-
erating effect on the length of learning. With the exten-
sion of time, the influence of unplugged activities on CT
gradually declined. This indicates that an intervention
time of more than 1 month might weaken the effective-
ness of unplugged activities’ effectiveness. This result is
consistent with Chauhan’s (2017) finding that interven-
tions for primary school students to learn technology
for more than 6 months were not as effective as short-
term interventions. According to this finding, we assume
that the duration impact may be related to the learning
task’s difficulty. If the task is easy to complete in a short
time, there is no need to extend the learning time, as
the effect may decrease with time. Thus, we suggest that
educators consider implementing effective approaches
to maintain students’ learning motivation and cognition
for a longer time to promote learning performance. For
example, increasing task difficulty as duration extends
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and integrating unplugged and plugged-in activities (Sun
et al., 2022). This encourages conducting studies to iden-
tify the relationship between the learning task difficulty
level and the duration impact on different types of think-
ing skills.

Third, in terms of learning tools, the current studies
used various unplugged tools, including board and card
games, paper activities, unplugged robotics and blocks,
and textbooks. The most prominent positive effects on
students’ CT skills were in favor of board games and
paper activities among different tools. Educators found
that board games can substantially improve students’ CT
skills and develop English proficiency in the target vocab-
ulary and sentences (Hsu & Liang, 2021), spatial abilities,
reasoning, and problem-solving (Tsarava et al., 2019a).
Gaming in unplugged activities, such as robotics and
blocks, can give students an “intuitive” sense of accom-
plishment, which can better promote students’ interest
and motivation, thereby developing CT skills (Sun et al.,
2021b). Thus, educators are advised to appropriately con-
duct gamified activities according to students’ character-
istics and teaching conditions to maximize the impact of
unplugged pedagogy on students’ CT skills.

Implications

Unplugged approaches succeed in making CT educa-
tion accessible to K-12 students in outreach settings.
Such unplugged approaches have the potential to achieve
the same outcomes in formal education (Huang & Looi,
2021). Along these lines, the current review has several
important policy, research, and practice implications.

Policy

The last decade has seen a heated discussion of CT
skills as a crucial twenty-first-century competency.
In this review, we highlighted the growing popular-
ity and importance of CT in recent years and provided
evidence of the potential of unplugged activities to pro-
mote students’ CT skills. Therefore, it is necessary for
policymakers to promote unplugged pedagogy in CT
education. Countries worldwide have started modifying
their national curricula to introduce CT skills (Balan-
skat & Engelhardt, 2015; Brackmann et al., 2016), albeit
less emphasis is being placed on unplugged activities.
Scholars have shown concerns about too much depend-
ency on plugged-in approaches to foster CT skills, stat-
ing that code-centric operationalization can deprive
students of computationally rich learning experiences
and limit numerous kinds of representation (Basu et al,,
2016; Kite et al,, 2021). Unplugged pedagogy could be a
perfect alternative due to its characteristics such as cost-
effectiveness, independence of the use of computers, no
need for teacher’s ICT skills, and ease of implementation
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(Busuttil & Formosa, 2020; Minamide et al., 2020), and
it can provide rich learning experience using tools avail-
able in almost every classroom. Therefore, policymak-
ers, educational agencies, and other stakeholders should
hold discourses on the national level to facilitate integrat-
ing unplugged pedagogy in K-12 education and work
together to promote the policies and guidelines regarding
the integration of unplugged pedagogy into school cur-
riculum. Furthermore, constant exchanges with policy-
makers from other nations or regions, particularly those
more advanced in the field, can produce feasible propos-
als and experience for the effective implementation of
unplugged pedagogy to the school curriculum.

In addition to supportive policies and consolidated
understanding, educational agencies should also aim
at developing appropriate curricula and standards for
unplugged pedagogy. Despite multiple policies to push
the development of international standards (e.g., CSTA,
2017; ISTE, 2018; K-12 Computer Science Framework,
2016), existing standards and curriculaum mostly failed
to provide instructions for using unplugged pedagogy.
For instance, the current International Society for Tech-
nology in Education (ISTE) standard offers no explicit
descriptions of unplugged activities (ISTE, 2018). Given
the potential for of unplugged activities to promote inclu-
sive education by enabling students of all abilities to par-
ticipate in a course fundamental to future working life,
regional and national educational agencies, governments,
and other groups with policy influence should work
together toward more explicit standards and curriculum
of unplugged pedagogy for CT skills.

Practice

First, our meta-analysis has evidently emphasized the
effectiveness of unplugged activities in fostering students’
CT skills across K-12 educational levels. This implies
that unplugged pedagogy should be encouraged in edu-
cational practices. Globally, the use of ICT in education is
still far from being close to 100% in most African and in
some Asian nations (Wallet, 2014, 2015). Rural areas lack
resources, even in most European countries (Brackmann
et al, 2017). One advantage of unplugged activities is
that they are cost-effective, as the majority of unplugged
activities require materials that are typically available in
every classroom (e.g., papers, pencils, markers, and play-
ing cards) (Busuttil & Formosa, 2020). Our review has
confirmed the effectiveness of using unplugged tools
such as board games and paper activities to promote CT
skills. Stakeholders such as teachers and instructional
designers should work on creating solutions to integrate
such unplugged pedagogy into the classroom (Delal &
Oner, 2020). This requires teachers to be well trained in
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integrating such knowledge and instructional strategies.
In practice, schools should work with stakeholders, such
as educational agencies and non-governmental organiza-
tions (NGOs), to carry out specialized teacher develop-
ment programs and exchange good teaching practices
and innovative teaching methods. This addresses sev-
eral questions regarding the best practices when using
unplugged activities in learning environments (Huang &
Looi, 2021). For instance, what kind of teaching strate-
gies and methods look like? What are the teachers’ com-
petencies to provide practical experience and successful
outcomes? Therefore, we suggest searching the best
strategies for effective design of these activities, consid-
ering the teachers’ roles in facilitating students’ engage-
ment. Furthermore, since the most popular unplugged
tools that teachers used for designing CT learning activi-
ties were board and card games, teachers can discover
innovative game elements by adopting gamification as
an effective approach to increase motivation and engage-
ment (Metwally et al., 2021), and propose diverse activi-
ties, including mixed and non-digital gamified activities
(Qiao et al, 2022). Additionally, they can use diverse
tools that are not limited to board and card games, but
also paper activities and unplugged robotics and blocks,
in which the unplugged activities can be integrated to the
plugged-in activities according to the learning environ-
ment, grade level, and the intended learning outcomes.

Second, this study found that using unplugged activi-
ties to promote students’ CT skills were mostly applied
to computer science and STEM. Along with the popu-
larity of such topics in domains such as STEM and com-
puter science, scholars argue that current understandings
regarding how CT can be integrated into non-STEM
subjects and informal educational contexts are insuf-
ficient (Dong et al.,, 2020). Moreover, both researchers
and organizations have identified the need to emphasize
the alignment between CT skills and domain knowl-
edge, so that they can better serve the trending integra-
tion of CT into STEM and non-STEM subjects. CT has
the potential to deepen students’ understanding of vari-
ous subject domains, including STEM, non-STEM, and
everyday life problem-solving (Hurt et al., 2023; Tang
et al.,, 2020; Weintrop et al., 2016; Wing, 2008). In fact,
unplugged activities have already shown promise in some
non-STEM subjects. For example, a recent study by Hsu
and Liang (2021) provided evidence of an unplugged
approach promoting CT skills and foreign language
learning outcomes. Therefore, we invite more teachers,
educators, and grassroots initiatives to explore the possi-
bilities of integrating unplugged approaches into subjects
other than STEM and computer science.
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Research
There are several implications for future research. First,
although unplugged pedagogy is effective in foster-
ing CT skills, whether it is comparable to the plugged-
in approach is still unknown. For example, we still lack
knowledge on how both approaches should be applied
(e.g., separately or combine, sequences of use) to produce
the best outcomes. As suggested by some researchers, a
combined approach seems to work better (i.e., Del Olmo-
Muiioz et al., 2020; Sun et al., 2022), while others suggest
using one against the other (e.g., Polat & Yilmaz, 2022;
Tonbuloglu & Tonbuloglu, 2019), resulting in incon-
sistent conclusions. Scholars should explore whether
encouraging the integration of unplugged activities into
the curriculum at the primary level could promote stu-
dents’ CT skills. Moreover, in our review most of the
studies applied a relatively short intervention that is less
than 10 weeks. How students’ CT skills develop across
a larger timespan (i.e., from one term to few years) is
largely unknown. This raises questions for future research
to understand: what are the type of activities? How long
can intervention be effective for lower secondary and pri-
mary school students? How to design innovative hands-
on activities to promote twenty first-century skills?
Second, gender and subject may affect unplugged CT
skills. In our meta-analysis, we found grade, class size,
time of intervention, and tools were all significant media-
tors. We had planned to include gender as a potential
moderator of CT skills, but found there to be insufficient
evidence to conduct this subgroup analysis, as the large
majority of the identified studies failed to provide data
on CT skills separately by gender. In science, girls have
been found to show a decline in interest after interven-
tions that include unplugged activities. On the other side,
there is still a lack of evidence for unplugged approaches
to increase underrepresented students’ participation
(Huang & Looi, 2021), which needs further research in
the future. Given that unplugged CT activities can be
carried out in different subjects, it would be interesting
to explore whether unplugged activities affect other dis-
ciplines’ knowledge. As scholars have suggested, issues
such as the long-term retention of CT abilities and their
applicability to different settings and domains (i.e., non-
STEM subjects) are still in their infancy (Grover & Pea,
2018; Shute et al., 2017).

Limitations

Several limitations should be acknowledged. First, this
review has the “file drawer problem.” Our meta-analysis
included 13 studies and 16 effect sizes. Despite using
the most relevant search terms, we may still ignore
some studies. However, Dalton et al. (2012) suggested
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that the problem does not generate inflation or threaten
meta-analytic results. Second, this study only looked
at unplugged activities and CT skills from a general
perspective. However, there are divergent definitions
or dimensions in the CT field. According to a recent
note, CT skills can be categorized as domain-general or
domain-specific (Tsai et al., 2020). Future research could
broaden the literature by exploring how unplugged activ-
ities could promote specific CT skills across contexts.
Finally, our meta-analysis investigated four moderator
variables (i.e., grade level, participant size, intervention
time, and tools). Other factors, such as socioeconomic
status (SES), may be potential moderators. Miller et al.
(2018) found that integrating unplugged computing
classes in low-SES classrooms may help students achieve
the same engineering interests and attitudes as their
high-SES counterparts. However, contemporary studies
investigating the effect of SES factors on the acquisition
of CT skills are insufficient (Grover & Pea, 2018). Thus,
future research might compare the effect of unplugged
activities on CT skills among students of various SES,
ethnic groups, or socio-cultural backgrounds (Additional
file 1).

Conclusion

The proliferation of unplugged approaches in education
has accelerated in the last few years. Using a literature
review and a meta-analysis approach, this study summa-
rized the development of unplugged activities research in
CT education. The results show that interest in research
on unplugged activities has substantially increased in
recent decades. Most unplugged activities were applied
in computer science and STEM at the primary and lower
secondary school levels. Board and card games were fre-
quently used to design unplugged activities for assessing
CT skills. Moreover, CT diagnostic tools were frequently
used as assessment tools. A follow-up meta-analysis
demonstrated that grade level, class size, length of inter-
vention, and tools all contributed to the development of
CT skills. Taken together, the present work supports the
view that unplugged activities are useful for developing
students’ CT skills. This research can inform researchers,
educators, and teachers about the state-of-the-art of CT
and unplugged activities and evaluate the differences in
the effectiveness of relevant teaching factors with valu-
able advice on unplugged activities.

Appendix
See Table 10.
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