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Abstract: There is a debate about the way to introduce computational thinking (CT) in schools.
Different proposals are on the table; these include the creation of new computational areas for
developing CT, the introduction of CT in STEM areas, and the cross-curricular integration of CT in
schools. There is also concern that no student should be left behind, independently of their economic
situation. To this effect, an unplugged approach is the most cost-effective solution. In addition, this
topic is interesting in the context of a pandemic situation that has prevented the sharing of materials
between students. This study analyzes an unplugged cross-curricular introduction of CT in the
Social Sciences area among sixth grade students. A group of 14 students was selected to carry out
an unplugged intervention design—where they were required to program an imaginary robot on
paper—in the Social Sciences area. Their CT development and academic results were compared to
those of 31 students from the control group who continued attending regular classes. Results showed
that an unplugged teaching style of CT in Social Sciences lessons significantly increased CT (p < 0.001)
and with a large effect size (d = 1.305) without differences in students’ academic achievement. The
findings show that children can potentially develop their CT in non-STEM lessons, learning the same
curricular contents, and maintaining their academic results.

Keywords: unplugged; K—6; education; cross-curricular; robotics; programming; computational thinking

1. Introduction

Computational thinking (CT) is a concept of growing importance [1]. It is booming
because technology is the present and the future of our societies [2], and its use is con-
tinuously increasing [3]. Digitalization is one of the current priorities of different social
agents and states. After the COVID-19 crisis, states are investing in digitalization in pursuit
of their economic recovery, especially in Europe with their Next Generation EU funds.
Nevertheless, digitalization faces some important challenges, especially in terms of security,
data protection, and functionality. In addition, digitalization of work usually requires
robots, artificial intelligence, software, and devices to create, control, and understand them.
In this context, societies will need citizens with the necessary skills to understand, create,
and control technology, and the development of CT will help to face these demands [4].

CT is useful to increase our understanding of technology and it is considered essential
for K-12 (kindergarten to grade 12) students [5,6]. As a result, it is gaining relevance in
education all over the world [7]. Computer science and CT are being studied at the educa-
tional policy level [3,6-12], and teachers at all educational levels have been encouraged to
work together with researchers to study and promote CT teaching in different stages of the
education process and through different ways (see e.g., [13-16]). These proposals offer very
different approaches to the learning of CT in K-12 education. For example, while some of
them integrate literacy coding and CT as cross-disciplinary elements in curricula (see [13]),
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others recommend a specific subject (or area) to promote coding languages (see [16]). In this
respect, Swaid [3] points out that some areas of knowledge are more appropriate to develop
students’ CT because they require its use, such as STEM (science, technology, engineering,
and mathematics) subjects.

There are benefits and drawbacks to each of these proposals, but all of them seem
effective in their interventions [16]. Brackmann et al. [17] pointed out that there are two
main approaches to CT teaching that are being adopted and investigated in schools: one
with computer programming exercises (plugged activities) and another with unplugged
activities. The difference between them is the way children are exposed to CT; the latter
being without using devices [18]. As not all countries nor social classes have the same
purchasing power, this situation presents an issue to equality between countries and
social strata based on financial variables. There is also concern that no student should be
left behind, regardless of their economic situation [14,19]. In this regard, an unplugged
approach seems to be the best choice since it is the most cost-effective as no gadget is
necessary throughout the teaching-learning process.

In addition, the recent pandemic situation posed a serious challenge in educational
settings as students were not allowed to share materials due to health security concerns.
Bearing in mind the lack of CT interventions in non-STEM subjects [20,21], and in order
to give response to the demands of further evidence regarding the optimal introduction
age of CT [14] and the unplugged CT approaches [22,23], this paper aims to analyze the
impact of an unplugged approach to CT in a cross-curricular design on CT development
and academic results in the area of Social Sciences.

1.1. Background
1.1.1. Computational Thinking

CT is a contemporary concept reformulated from ideas from the 1960s [7]. Alan Perlis
reflected on the importance for all university students, regardless of their degrees and areas
of study, to be able to program and understand the “theory of computing” [24]. In 1967,
Papert and his group created LOGO, a programming language for schoolchildren with
the aim of promoting their “procedural thinking” [25], a precursor of CT. However, these
ideas were developed perhaps too soon for society’s embracement of technology at the
time. Technology’s applications were reserved for complex calculations. This specificity in
its use and the lack of resources available to the general public for accessing the existing
technology reduced interest in this type of project. Nevertheless, technology is now widely
employed around the world, and a new concept, CT, was brought to the fore by Wing [26],
a term that was defined as a process that “involves problem-solving, system design and
understanding of human behavior” [26] (p. 33).

After some considerations from the scientific community, Wing [27] redefined CT as
“the thought processes involved in formulating a problem and expressing its solution(s)
in such a way that a computer (human or machine) can effectively carry it out” (p. 8).
A similar definition to that was specified by INTEF [28] in Spain, defining CT as “the
ability to solve problems and communicate ideas taking advantage of the power offered by
computers” (p. 16).

Programming, according to Grover and Pea [29], is a key tool for supporting cognitive
tasks connected to computational thinking. Therefore, code-literacy skills are understood
to be an important part of STEM disciplines [30]. One of the most relevant curricular
definitions of CT comes from the MIT-Harvard model [15], which is mainly oriented to
the use of their own block-based programming language, Scratch. However, CT and
programming should not be considered to be the same thing [15,31]. CT is a way of
thinking that can be used in most of the tasks people usually carry out [32,33]. For instance,
Henderson [34] claims that “writing instructions, choreographing a dance, using graphical
software, cooking using a recipe, following instructions to construct a table or using an
electronic instrument are all examples of everyday computational thinking” (p. 100).
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In this study, according to INTEF [28], the MIT-Harvard model was selected to design
the experimental interventions devoted to teaching CT. According to this model, CT is
divided into three computational dimensions: concepts, practices, and perspectives. Com-
putational concepts are sequences, loops, events, parallelism, conditionals, operators, and
data. For example, when cooking: one must sequence the order of the ingredients; to
avoid food burning, one must stir it every minute or so (loop); if the dish tastes bland, one
must add salt (conditional), etc. Computational practices are those processes that routinely
ensure success during programming. They are composed of experimentation and iteration;
evaluation and debugging; reuse and remixing; and abstraction and modularization. The
last dimension refers to those changes of perspective that students appreciate from learning
CT, these being: to express oneself, to connect, and to question. Expressing yourself, be-
cause programming is used as a means of creation, design, and self-expression; connecting,
so that people share their work and connect with the community, developing collaborative
works; and questioning, that is asking about the digital world closest to them.

1.1.2. Computational Thinking through Unplugged Activities

Unplugged teaching of CT and computer science (CS) is not new (see [35]). However,
studies about this type of teaching have rapidly increased in recent years [36]. Most of
these papers compare plugged and unplugged activities in CT learning [5,6,37]. Bell and
Vahrenhold [38] discern that the approaches of unplugged activities relate to CT in educa-
tion in the following ways: (1) supporting or complementing computer programming—the
most popular way to develop CT—; (2) helping with integrating CT with other subjects,
such as math, physics, biology, or music; (3) teachers learning about CT for professional
development; and (4) measuring CT achievement in the form of Bebras challenges.

It should be noted that plugged and unplugged approaches to CT are not mutually
exclusive, as several studies have shown (see [39-43]). Both approaches can achieve
different goals or be complementary and reinforcing (see e.g., [44-48]). In particular,
an idea that is gaining ground, and supported by solid evidence from research, is that
unplugged activities are an appropriate prior step to understanding algorithmic thinking
and procedures before using programming languages [49-54]. What is more, it seems that
unplugged teaching of CT is more effective than plugged teaching at early ages and when
CT is initially introduced [17,19,55]. There are initiatives based on unplugged teaching
of CT, such as CSUnplugged.org, a program developed by the CS Education Research
Group of Canterbury University in New Zeeland, which provides guidance and materials
for teachers and scholars for students” development of their CS skills. CSUnplugged.org
consists of a website translated to multiple languages with collections of activities. Another
noteworthy initiative is Code.org, whose aim is to expand the access to CS in schools
through a website that includes a combination of coding lessons and unplugged activities
that has proven to successfully promote CT (see [55]).

1.2. Objectives

The aim of this study is twofold: first, to evaluate whether unplugged activities linked
to Social Sciences curricular contents can be effective in promoting elementary school
students” CT skills; and second, to analyze the effect of this approach on the teaching and
learning of these contents. The experimental intervention was intentionally designed based
on the following principles: (i) do not modify the time devoted to the teaching of the Social
Sciences concepts, and (ii) adapt the introduction of CT to the teaching of these contents by
making as few changes as possible to their teaching without CT. Under this approach, our
hypothesis is that the intervention should allow students to improve their level of CT and,
at the same time, their academic performance should not be affected. The area of Social
Sciences was selected with the aim of generating evidence about the viability of making
the development of CT compatible with the teaching of non-STEM disciplines. Thus, the
study analyses the effect of an unplugged CT instruction integrated with the contents of
the Social Sciences subject. In particular, after the intervention, we evaluated the results
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in terms of students’ development of CT and academic achievement of students in that
subject. The research objectives are as follows:

e  Objective 1: To analyze eventual differences in sixth graders’ development of CT skills
after an unplugged CT intervention integrated in the Social Sciences area, compared
to regular Social Sciences lessons.

e  Objective 2: To analyze eventual differences in the sixth graders’ Social Sciences
academic achievement after an unplugged CT intervention integrated in the Social
Sciences area, compared to regular Social Sciences lessons.

2. Materials and Method

This study employed a posttest-only control group design [56], and, accordingly,
followed a four-step methodology: (1) selection and distribution of participants into two
conditions (experimental and control); (2) administration of intervention; (3) gathering data
for assessment; and (4) comparison of results between groups to determine the effectiveness
of the intervention.

2.1. Participants

Students from three sixth-grade classes at a Spanish school participated in the study.
Given that the experiment was developed in a pandemic context, and in accordance with
strict school regulations aimed at preventing the spread of the virus and avoiding new
confinements, under no circumstances could pupils from different groups be mixed. Thus,
one of the groups was randomly assigned to the experimental condition, while the other two
groups formed the control condition. The experimental and control conditions consisted of
14 and 31 students, respectively.

In Spain, one of the measures that the educational administration implemented to
return to face-to-face lessons after lockdown was to reduce the ratio of students per class-
room. In the school where the study was conducted, before the pandemic, there were
only two sixth-grade classes, but this measure implied that these two groups had to be
reorganized to form three groups of fewer students. In this process, the school management
team tried to make the three groups comparable in terms of academic achievement, gender,
and number of students. Accordingly, the selection of the participants after this distribution
process helped to minimize sampling bias [57].

2.2. Intervention

The interventions in the experimental and control conditions were similar insofar as
both had the same length and followed the same curricular program (teaching-learning
standards, contents, etc.). However, in the experimental condition, some of the tasks were
replaced by activities related to CT development integrated with the knowledge area.
These activities were unplugged and versed over programming imaginary robots. These
differences were mainly related to practical activities. The intervention lasted 6 weeks and
consisted of two teaching units: “The orographic relief of Spain” and “The orographic
relief of Europe”. Both teaching units addressed contents related to mountains, rivers,
and coasts of different geographical regions. Each week, students had three lessons of
45 min each. In the experimental condition, there were neither extra time nor sessions for
additional explanations.

The activities in the experimental condition revolved around how to program an
imaginary spatial robot (Figure 1) that could only move on a grid of meridians and parallels
of the Earth. This robot had to carry out the recognition of the territory for supporting
special agents in their missions over Spanish and European geography. Students were the
programmers of this imaginary robot and were instructed to direct it from point A to B
by stopping over diverse geographical accidents as mountain ranges, rivers, and coasts of
Spain and Europe using the orders that they preliminary had learned.
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We need you!

There are strategic places where
machines are our best allies.
The space is one of these
locations. But robots do what
people program them to do. So,
they need excellent
programmers who know how to
place the instructions correctly to
complete special missions. Our
special agents are on the ground and need support. Your time has come. Below
you have the necessary instructions to program the space robot. Good luck!

Figure 1. The introduction to the imaginary spatial robot activity.

They also had a guide with the basic instructions for programming the robot (Figure 2).
The activities were inspired by the type of movements and programming language of the
educational robot Ozobot.

Conditionals:
i [1f../ else ... |
Basic programs: [ 1F../ f not... |
Follow the line until the next intersection or end of the line
Pick direction left/right/straight/back Example:
Stop i
Line color ...
Send color ... to base Line color red
else
Loops: Send color red to base
Repeat:
Repeat _times: *xx
Repeat until _:
If
Example:

Line color green

Repeat 3 times: else

Follow the line until the next intersection or end of the line Follow the line until the next intersection or end of the line

Pick direction straight if not

(a) (b)

Figure 2. Instructions for students to program the spatial robot: (a) basic programs and loops, with
an example; and (b) conditionals with examples.

An example of an activity outline is “Our special agents have missions on Sierra
Morena, Sistema Central, and the Pirineos, and to this effect, they need the support of the
spatial robot. Program it for completing the recognition of the territory to accomplish our
mission. The spatial robot is located at coordinates (6, 2). Look at the map (Figure 3) and,
good luck!”
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Figure 3. Grid map used in one of the activities.

The activities were distributed throughout the first two units on geography in the
Social Sciences area, during the months of September, October, and November.

2.3. Assessment

To evaluate the effect of the intervention, two variables were chosen: students” CT
skills and academic achievement in Social Sciences. For that purpose, we used two instru-
ments: CT was assessed with the computational thinking test (CTt) [58], and the academic
achievement in the area of Social Sciences was determined by the students’ grades in the
evaluation tests employed by the school to assess students” content knowledge (the same
for both conditions). CTt was completed at the end of the intervention, and the academic
achievement instrument was made up of two tests, one for “The orographic relief of Spain”
and another for “The orographic relief of Europe”. The first academic achievement test was
completed in the third week and the second one was completed in the sixth week (Table 1).

Table 1. Time sequence of methodological design.

Week 1 to Week 3 Week 4 to Week 6 Week 7
Teaching
Teaching Unit 1 (TU1): The  Academic achievement Unit 2 (TU2): The Academic achievement test CTt
orographic relief of Spain test of TU1 orographic relief of TU2
of Europe

The CTt was distributed in a color-printed paper format, validated to evaluate this
type of thinking in sixth-grade students [58,59]. The instrument is made up of 28 items
formulated from images based on a journey through a maze, with 4 multiple-choice options
to answer the questions, with the appearance of visual block programming where only one
of the answers is correct.

The tests for measuring the academic results were two tests made up of 10 questions
each. These assessments included curricular contents from the two corresponding teaching
units in Social Sciences. These tests did not have questions about programming or CT.
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2.4. Analysis

All the tests were anonymized before coding with the purpose of avoiding interviewer
bias [57]. The questions were scored binarily, that is, if the answer was correct, 1 point was
assigned; if it was incorrect, 0 points were given. Finally, the data were analyzed with the
SPSS 24 software. First, the normality and homoscedasticity of each sample distribution
were analyzed; then, two t-tests were carried out, one for the academic results and another
for CT results. In addition, effect sizes of both variables were calculated. In particular,
Cohen’s d was employed as a measure of the effect size.

3. Results

First, due to the reduced number of participants of the study, Shapiro-Wilk normality
tests were used to assess the assumption of normality in each condition for each outcome
variable (CT and academic scores). The test revealed that both groups fulfilled this as-
sumption (p > 0.05) for both variables. Then, Levene tests were conducted to study the
homogeneity of variances in the outcome variables, and both confirmed the assumption
of homoscedasticity (p > 0.05). To compare academic results, the average score of the two
academic achievement tests was used (Table 2). A first glance at the results shows higher
results in both variables for the intervention group, with greater differences in CT than in
the case of academic scores.

Table 2. CT and academic achievement average scores.

Group N CT Scores Academic Scores
Intervention 14 15.14 (3.28) 6.43 (2.39)
Control 31 10.94 (3.19) 5.97 (2.43)

To establish whether these differences were significant, two Student’s t-tests were
performed. Results of these tests revealed that the differences in CT scores were statistically
significant (#(43) = —4.059; p < 0.001), but not in academic scores (#(43) = —0.589; p = 0.559).
This means that teaching Social Sciences with unplugged robotics activities increased
students” CT skills. It also means that the unplugged instruction did not affect students’
achievement, either positively or negatively, compared to the control instruction.

Finally, effect sizes were calculated. Concerning CT scores, the differences in favor
of the experimental condition can be considered large-sized, according to Cohen [60], as
d =1.31. Regarding the differences in academic performance, the effect size was small
(d = 0.19) according to Cohen, but medium-sized corresponding to Kraft’s scale [61]. Ac-
cording to the last scale measure, which establishes different grades of effect size taking
into account the relation cost-benefit of treatments, this intervention has a medium effect
size because the economic cost of the intervention for pupils is in the lower range and gains
are near to a value of d = 0.2. However, taking into account Cohen’s standards, although the
results are slightly higher for the experimental group, the effect size should be considered
as small.

4. Discussion

The analysis of results shows that teaching CT with an unplugged cross-curricular
approach has been found to be effective for the development of CT skills. The effect size
is large (d = 1.31), according to Cohen [60]. In addition, according to Kraft’s scale [61],
where the relation cost-benefit is the primary factor, the effect of intervention on the
academic achievement is medium-sized. These results are in concordance with previous
studies [17,19,55], whose analyses provided evidence of the high influence and results of
unplugged pedagogy in CT development at elementary levels. Therefore, the argument for
unplugged CT education as the foundation for understanding before creating codes [49-54]
is gaining force and these studies could support it.
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Furthermore, unplugged programming activities can enhance educational equity
in CT education, since their cost-effectiveness enables the full integration of students
from different backgrounds in the teaching—learning process. This is especially important
for countries and regions where the lack of hardware facilities, the economy, or their
geographical barriers do not allow equal access to this knowledge, as Sun et al. [19]
highlighted. In addition, something remarkable is the fact that, in a pandemic context,
it was possible to teach CT with an unplugged approach without sharing materials and
without peer contact. Even in the most difficult situations, education must continue, and the
unplugged methodology has been postulated as an interesting approach for teaching CT.

Regarding academic achievement, no statistically significant differences were observed
between experimental and control conditions, although scores were slightly higher (small
effect size) for those students who attended unplugged CT teaching. In this respect, it
should be underlined that Social Sciences is a subject that does not belong to the STEM
disciplines, and that, therefore, has less connection with CT, according to Swaid [3]. Despite
the apparent relationship between CT and STEM subjects, the role of CT in non-STEM
subjects is multifaceted and promising, even though it is still underexplored [62]. In this
context, our results should be seen as highly positive, as they illustrate how children can
effectively develop their CT in non-STEM lessons, learning the same curricular contents as
in lessons in which the promotion of CT is not involved. Moreover, the present study is a
contribution that will help to fill the gap in research addressing unplugged approaches, as
reported by Kite et al. [22], who reviewed the trends and issues in CT education research,
or by Huang and Looi [23], who reviewed the literature on unplugged pedagogies in K-12
CS and CT education.

Limitations

This study has some limitations, such as the reduced number of participants. The
sample size should be increased in future studies. Additionally, it is necessary to carry out
more studies about the effects of unplugged pedagogy on the development of CT and on
the learning of curricular contents in different areas and grades. If these contents were
reduced and/or academic results worsened, it would be necessary to consider whether
learning CT could be at the expense of another kind of knowledge. This piece of research
has only studied one of the curricular areas and only within a limited period of time, so the
information is reduced and focused only on Social Sciences. Studies in other areas or of
longer duration will be necessary to completely understand the scope of this methodology.

5. Conclusions

In this study, unplugged teaching of CT has been demonstrated to be completely
effective with a large effect size, without harming students” academic achievement. The
relevance of these findings is enhanced by the fact that material costs are minimal, formative
courses for teachers being one of the few requirements of its large-scale implementation.
Therefore, all countries and districts should at least be able to afford minimal and initial CT
development. In addition, this approach did not affect academic results, either positively
or negatively. In this respect, it must be considered that Social Sciences are not included
in STEM areas and that benefits on these areas could be achieved from CT instruction,
according to other studies [63,64]. With one eye on the demands of society and, taking into
account the vast volume of evidence to which this study contributes, it seems that there are
no excuses for CT instruction to be implemented in every primary school. Equity in CT
education is difficult to achieve, but cross-curricular unplugged teaching can ease the way.
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