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Abstract. Currently, plug-and-unplugged activities for
learning statistics are needed to determine students' mindsets
when solving statistical problems manually, using calculations
without programming as an unplugged activity and for data
analysis as a plug activity. This research analyzes
computational thinking self-efficacy in pre-service biology
teachers by implementing plug-and-unplugged activities in
statistics learning. The research method used is a case study
with a computational thinking self-efficacy questionnaire
instrument. The sample used was 107 pre-service biology
teachers at a university in Indonesia who received plug-and-
unplugged activities in statistics learning for one semester.
The programs used in plug activities are the R and SPSS
applications. The research results show that 43% of pre-
service biology teachers' computational thinking self-efficacy
is in the good category, 26% is in the moderate category, 16%
is in the very good category, 10% is in the low category, and
the rest are very low. Meanwhile, if we look at each component
of self-efficacy, computational thinking, decomposition,
pattern recognition, abstraction, and algorithmic thinking are
each in the moderate category. This indicates that plug-and-
unplugged activities can initiate computational thinking skills
in pre-service biology teachers. It is necessary to routinely
provide activities or learning activities that can improve the
computational thinking of pre-service biology teachers
because of the need in this digital era.

Keywords: plug and unplugged activities; computational
thinking self-efficacy; learning statistics; pre-service biology
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Introduction

Computers have become an irreplaceable tool in the daily life of most people. Many
real-world problems are solved using computers or its science principles. For this reason,
the ability of individuals to use computers effectively is a skill that can help them to manage
problems in their daily activities (Booth, 2013). However, people may have difficulty solving
problems using computers if they do not have a strong technological background. Such
people may need to learn how to make their lives easier by using technology effectively
and in ways that improve their quality of life (Wing, 2008; Computer Science Teacher
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Association [CSTA], 2011). Therefore, students need to carry out unplugged and plugged
activities in solving data analysis problems in statistics courses as an opportunity to gain
hands-on experience in class.

Unplugged and plugged programming activities in statistics learning are needed
because students need to analyze data effectively, efficiently, and validly. Unplugged
programming activities are learning activities without being connected to IT devices
(Tsarava et al., 2017). Plugged programming activities are learning activities that use
programs that are paired with IT devices (plugged activities) (Tsarava et al., 2017). For
plugged activities, namely games, using the help of a computer, you can use a PC, laptop,
or smartphone. Besides that, students also get the much-needed provision for the future.
According to Ramalingam et al. (2004), programming experience affects programming self-
efficacy. Because there is a relationship between programming and computational thinking,
these results add weight to the assumption that students' self-efficacy might impact their
competence acquisition. Besides that, students also get the much-needed provision for the
future. According to Ramalingam et al. (2004), programming experience affects self-
efficacy because there is a relationship between coding and computational thinking. These
results add weight to the assumption that students' self-efficacy in computational thinking
might impact their competence acquisition in it.

The ability to think computationally is not just a thought process to solve problems
but also contains processes in it, such as problems and solving each part one by one and
modeling the problem coherently (Zhang et al., 2023; Astrachan, 2009). According to
Brichacek (2014), computational thinking is directly related to '21st-century student
standards'. If we apply computational thinking to higher-order skills such as problem-
solving, creativity, and critical thinking, our innovation capacity will likely increase. Given
that innovation is one of the skills students need in the 21st century, it can be argued that
computational thinking has an important role in delivering the standards expected in this
century. In this regard, computational thinking must be one of the critical skills of the 21st
century (Philips, 2009).

The efforts made by educators in Indonesia are still limited regarding the
measurement of the concept of self-efficacy, which is related to concepts such as academic
success, motivation, and educational self-regulation. Although several factors influence
student success, self-efficacy and attitudes are more important than others (Anastasiadou
& Karakos, 2011). Belief in self-efficacy is an individual's belief about whether they can
demonstrate the behavior necessary to achieve the desired target. The main goal when
measuring self-efficacy is measuring task performance rather than individual personal
features. Self-efficacy measurement is a component that gives an idea of the individual's
success. Steps can then be taken to increase their success and performance (Askar &
Davenport, 2009). Therefore, self-efficacy measurement is considered important, and
several self-efficacy scales have been developed for many concepts in the field of education
(Ding et al., 2023). Several scales related to computational thinking, such as programming,
were developed (Ramalingam et al., 2004).

Measuring self-efficacy is an important component that can provide an overview of
how successful individuals face the real world in the future. The steps used to solve
problems in computational thinking can then be taken to increase the success and
performance of students in the future. This is reinforced by technology that continues to
develop and programming languages that continue to experience progress in versions. So,
students must be introduced to the differences in data analysis using the unplugged system
and plug systems such as SPSS and R programming in the statistics class. Thus, this
research aims to analyze computational thinking self-efficacy in pre-service biology
teachers by implementing plug-and-unplugged activities in statistics learning.
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Methods

This research was conducted using the case study method, namely a research
method, to understand better a subject or process (Flyvbjerg, 2011). The sample of this
research is 107 in-service biology teachers. The research instrument used in this study was
the computational thinking self-efficacy questionnaire developed by Kukul et al. (2017),
consisting of 20 items. Kukul et al. (2017) developed 31 computational thinking self-
efficacy items on a 5-point scale called computer programming self-efficacy. Based on the
validity and reliability of tests results, these items have an adequate level to measure the
self-efficacy of students' computer programming.

Table 1. The Category of computational thinking self-efficacy

Category Range
Very Satisfied 85-100
Satisfied 70-84
Moderate 55-69
Disatisfied 50-54
Very Disatisfied 0-49

Results and Discussion

Plug and unplug activities are learning that is connected to the computer and learning
that is not connected to the computer. This plug and unplug teaching can provide an
overview of student satisfaction in learning (Erumit & Sahin, 2020). In learning statistics,
plug and unplug activities are shown in the student section to analyze data using the SPSS
application and unplug activities are shown in student activities through manual
calculations. This plug and unplug activity are considered quite effective in training students
to think computationally. This is in accordance with research conducted by Chongo et al.
(2021) that plug and unplug activities are effective in developing students' CT skills, not
only that, plug and unplug are also recommended in learning because they are able to
improve students' abilities in solving problems.

The ability to think computationally is a thinking process that focuses on formulating
problems and expressing solutions in such a way that they can be applied. Computational
thinking is a trend of skills that can be developed in learning. The components in
computational thinking are abstraction, generalization, decomposition, algorithmic thinking
and debugging (detecting and correcting errors). Abstraction the ability to decide what
information about an object is known to be stored and what information should be ignored
(Wing, 2011). Generalization is the ability of students to formulate general solutions.
Decomposition is the ability of students to solve complex problems into smaller and simpler
components. Algorithmic is the ability to design a series of actions to be performed.
Debugging means the ability to correct actions taken, erase and correct errors (Selby,
2014). Computational thinking is one of the good skills to improve students' ability to solve
problems because someone will find it easy to observe problems, find solutions to
problems, solve problems, and be able to develop solutions or problem solving. In addition,
computational thinking sharpens us to think more effectively and efficiently.

Computational thinking ability can be seen in students' self-confidence. Research has
shown that self-efficacy has a strong influence on coding achievement and computational
thinking skills (Baek et al., 2019). Self-efficacy can be defined as the perceptions of
students regarding their own skills and is thought to be directly associated with their
performance and effort in performing a task (Bandura, 1977). Self-efficacy is an important
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construct in education, as it can influence (among other aspects) perseverance,
engagement, and success in educational tasks. As such, a student's CTSE can have an
important influence on, and may be a predictor for, the development and use of CT skills
(De Jong & Jeuring, 2022). As such, a student's CTSE can have an important influence on,
and may be a predictor for, the development and use of computational thinking skills (De
Jong & Jeuring, 2022)

In this study, data were obtained from the distribution of the research instrument
used in this study, namely self-efficacy questionnaires for computational thinking skills as
many as 20 items and distributed to the study sample, namely 107 pre-service biology
teachers. The data can be seen in Figure 1.

M Very Satisfied

M Satisfied
Moderate

M Disatisfied

Very Disatisfied

Figure 1. Computational Thinking Self Efficacy of Pre-service Biology Teachers

The results show that students for CTSE is divided into five categories, namely very
satisfied, satisfied, moderate, dissatisfied, and very dissatisfied. As many as 16% of
students in very satisfied category, 43% of students in satisfied category, 26% of students
in moderate, 10% of students in dissatisfied category and students who have self-efficacy
in very dissatisfied category as much as 5%.

Student self-efficacy is a belief in students demonstrating the behaviour needed to
achieve success. As many as 16% of students have computational thinking self-efficacy in
the very satisfied and as much as 43% in the satisfied category. This means that most of
the total students have high self-efficacy in their computational thinking abilities.
Furthermore, 26% of students have computational thinking self-efficacy which is in the
quite satisfied category. This means that a small portion of the total students have
computational thinking self-efficacy at a moderate level. Students who have self-efficacy
are in the category of satisfied and very dissatisfied as much as 10% and 5%. This means
that a small proportion of students have low computational thinking self-efficacy.

Computational thinking self-efficacy will determine students to feel, think, motivate
themselves and behave computationally. Students who have high computational thinking
self-efficacy have good confidence in each stage of it that has been carried out during the
learning process starting from determining the most suitable knowledge data and
information to use, formulating solutions, decomposing or breaking down problems into
simple components, as well as designing various steps to be carried out (algorithmic), and
identifying errors that occur and correcting errors regarding coding in programming. All
the steps that are passed through plugging or unplugging can be done very well by
students. In line with Ramadhani & Mariani (2021) opinion which states that students with
computational abilities students with high self-efficacy can complete tasks, understand,
and choose strategies in completing tasks (magnitude dimension), students are able to
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survive and be confident in facing tasks and challenges (strength dimension), students
have confidence in completing tasks in various contexts (generality dimension). High self-
confidence makes students always enthusiastic and have great motivation in participating
in statistics learning so that they have good performance in carrying out assignments and
are reflected in the success of everyone.

On the other hand, students with low CTSE mean that these students are unsure of
every step of it that is done. Students are still afraid and do not have confidence in their
ability to deal with various diverse contexts and lack confidence when they have to be in
an unusual situation so that students are less able to determine the most suitable
knowledge data and information to use, formulate solutions, decompose or solve problems
into simple components, as well as designing various steps to be carried out (algorithmic),
and identifying errors that occur and correcting errors regarding coding in programming.
Students with low computational thinking self-efficacy tend to see difficult assignments as
threats that they must avoid. Because of this, they also tend to avoid setting goals and
have a low level of commitment to the goals they set.

Computational thinking self-efficacy is a benchmark that describes student success
in working and thinking computationally whose success is achieved along with high self-
confidence. A higher level of self-efficacy will increase the success of individuals and the
level of happiness caused by that success. Individuals who trust their talents are more
advanced in coping with difficult tasks (Bandura, 2001). The factors of independence and
persistence of students, the ability to analyse complex and simple programming tasks, and
self-regulation are things that need to be considered in increasing the self-efficacy of
computational thinking (Ramalingam and Wiedenbeck, 1998). In addition, the habit of
practicing mutational thinking to solve problems can be continued because a positive
correlation is found between computational thinking, self-efficacy programming and
reflective thinking aimed at problem solving (Durak et al. 2019). This is in accordance with
the opinion (Ramalingam et al., 2014) which says that it is also influenced by previous
programming experiences carried out by students and increases as students’ progress
through introductory courses.

Simple research data is simply narrated in the form of complete and clear sentences,
while complex data is presented in the form of tables and or pictures as needed.

algorithmic thinking

Pattern rekognisi

Abstraction - |G

Decomposition

0O 10 20 30 40 50 60 70 80 90 100

Component of Computational
Thinking Self Efficacy

Student Scores

Figure 2. Component of Computational Thinking Self Efficacy

Decomposition is one of the important components of computational thinking because
the decomposition ability of students greatly influences the next problem-solving step. If
students already have good decomposition skills, they will find solving problems easier. As
the first step, problem decomposition will affect the next steps greatly. If students have
good skills in problem decomposition, students will have bigger opportunity to solve the
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given problem (Rosali & Suryadi, 2021). The research results using plug and unplugged
activities in statistics lessons obtained a decomposition value of 62.5, included in the
moderate category. This shows that some students can solve statistical problems
systematically, from a complex level to a level that is easier to understand. Students can
identify problems, develop strategies, and understand problem patterns to find concrete
solutions. Decomposition can involve looking at similarities within and patterns of the
problem's constituent parts so they become easier to understand and work with (Mvalo &
Bates, 2019).

The pattern recognition component averages 69.20 in the category where most
students have developed the pattern recognition component. According to Supiarmo,et al.
(2021), pattern recognition identifies patterns used to develop solutions and solve
problems. Pattern recognition can be used to find the best solution for solving a problem
and studying certain types of problems. In this study, indicators of pattern recognition
ability were measured using a questionnaire. The highest indicator is the indicator related
to knowing how to use programming variables, namely 71.58. The lowest indicator in
pattern recognition is the indicator that can correct errors regarding coding in the program,
namely 66.72. However, students have reached the pattern recognition component in
computational thinking. This is because students can solve problems with the material and
patterns found in a problem despite errors. According to Hasanah (2022), Pattern
recognition in problem-solving is the primary key to determining the right solution to a
problem and to knowing how to solve a particular type of problem so that recognizing the
same pattern or characteristic can help students in solving problems and help students in
building a problem solution.

The research results on plug and unplugged activities in statistics education courses
show that abstraction ability has an average value of 68.7, which is included in the
moderate category. Shows that students can choose the information needed to solve a
problem. According to Suprihatiningsih (2020), the ability to abstract in computational
thinking is the ability to identify patterns or information used to find different solutions to
a problem. The ability to abstract will affect the ability to design algorithms in
computational things because after students can choose essential and unimportant
information on a problem, they will be able to determine the right solution to the problem.
In this study, indicators of abstraction ability were measured using questionnaires. The
highest indicator is the ability of students to choose the most suitable programming
language, with a value of 75.5. In contrast, the lowest indicator of abstraction ability is the
ability of students to suggest different solutions to problems. These results show that
students can choose the information needed but have yet to determine different solutions
based on the information obtained. Based on the results of this study, abstraction ability
needs to be improved. Ways that can be done to improve abstraction skills, according to
Supini (2022), are (1) making a summary, someone will choose essential and unimportant
information from what is obtained, (2) retelling the day that has been passed, by retelling
then someone will choose a memorable story from the many stories that happened on that
day. Wafigah (2020) also stated that classroom learning begins by giving questions to
recalling previously learned material or concepts can help trigger reflective abstraction
skills.

Algorithmic thinking in learning activities in this research occurs in the final phase,
such as creating systematic stages in data analysis using applications, programming, or by
hand. Based on the results of the CTSE questionnaire, the average score for the algorithmic
thinking component of pre-service biology teachers was 67.7, which is in the moderate
category. This means that pre-service biology teachers can use SPSS and R to produce
valid data analysis with the highest achievement score of 72.3. Pre-service biology teachers
are also able to choose the most suitable steps for solving programming problems and are
also able to determine solutions to solve the problem step by step. Algorithmic thinking
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needs to be further improved because it will be helpful in the future careers of pre-service
biology teachers who are becoming biology teachers at the high school level. They need to
analyze data and draw conclusions quickly regarding student learning outcomes, learning
processes involving calculations in class, or in making research or development of
programming and digital media. According to Juskeviciené (2020), algorithmic thinking is
very important in this digital era for the programming needs of educators. However, the
challenge is that there is still limited learning to improve this ability. Therefore, plug-and-
unplugged activities can be used to initiate students' algorithmic thinking, which is
generally computational thinking skills. As is the case with research conducted by Sari et
al., (2022) by conducting learning using computational inquiry-based teaching (CibT)the
results of which can improve students' computational thinking skills. Milkova (2015) also
explains that multimedia applications can develop algorithmic thinking, which provides
excellent opportunities for teachers to demonstrate and visualize lesson material more
clearly and comprehensively and allows them to prepare learning materials for students
that optimize their study habits. Along with large software products developed by
professional teams, there are also various small programs dealing with objects appropriate
to the subject matter that are created based on scripts provided by teachers, considering
the needs of students.

Conclusion

In this study, most students had high computational thinking self-efficacy because
students believed in each stage of it, starting from determining the most suitable
knowledge data and information to use, formulating solutions, decomposing, or breaking
down problems into simple components, and designing various the steps to be performed
(algorithmic), and identifying errors that occur and correcting errors regarding coding in
programming which are passed both plug and unplug. The research results show that 43%
of pre-service biology teachers' computational thinking self-efficacy is in the good category,
26% is in the moderate category, 16% is in the very good category, 10% is in the low
category, and the rest are very low. Meanwhile, if we look at each component of self-
efficacy, computational thinking, decomposition, pattern recognition, abstraction, and
algorithmic thinking are each in the moderate category. This indicates that plug-and-
unplugged activities can initiate computational thinking skills in pre-service biology
teachers. It is necessary to routinely provide activities or learning activities that can
improve the computational thinking of pre-service biology teachers because of the need in
this digital era.
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