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ABSTRACT: This paper describes the implementation and student learning outcomes of a nationwide
professional development program for lower secondary and upper secondary school teachers to integrate
computational thinking into the K-12 curriculum. Computational thinking comprises important concepts and
skills that all students should develop to take an active role in a global society. However, teaching computational
thinking is challenging. There are few teachers with the knowledge and skills to integrate computation into their
courses. In this program, the participating teachers implemented a set of lesson plans that included both
unplugged activities to scaffold student learning, and ‘plugged’ activities following a use-modify-create learning
progression with the Micro:bit device to practice these skills. The study used a quasi-experimental design to
compare students’ level of computational thinking between the program participants and a control group. The
results suggest a positive effect of the learning activities on student computational thinking knowledge and skills
as compared to the control group. This result persists after controlling for school context and student gender.
This study provides an explicit approach to implementing these activities in the context of a developing country
and assesses their effectiveness in a large-scale study.

Keywords: Computational thinking, Micro:bit, Use-modify-create, Unplugged, Teacher professional
development

1. Introduction

Computational thinking (CT) is an important set of skills and practices that enable professionals from all
disciplines to solve complex problems. Wing (2011) defined it as “the thought processes involved in formulating
problems and their solutions so that the solutions are represented in a form that can be effectively carried out by
an information-processing agent” (p. 1). Different definitions for computational thinking often involve concepts
and practices such as abstraction, decomposition, automation, algorithmic thinking, and modeling and simulation
(e.g., Grover, 2017; Katai, 2020; Noh & Lee, 2020). Such practices allow professionals to process large datasets,
automate repetitive tasks, and understand and predict complex phenomena using, modifying, and creating
computational models and simulations (Weintrop et al., 2016). Hence, computation has been denominated the
third pillar of scientific discovery (Wing & Stanzione, 2016), together with theoretical and experimental
approaches to inquiry.

The affordances of computing for professionals in all disciplines have generated a call from academics,
governments, and international agencies to integrate computational thinking across all educational levels (Angeli
et al., 2016; Barr & Stephenson, 2011; Katai, 2020; Lee et al., 2011; Royal Society, 2012). Some authors even
suggest that developing student computational thinking is as important as learning math or reading and writing
(Grover & Pea, 2013; Sanford & Naidu, 2016). However, teaching computational thinking may be more
effective and inclusive when integrated into disciplinary contexts and real-world problems (Jocius et al., 2021;
Mouza et al., 2020; Katai, 2020; Weintrop et al., 2016). Nevertheless, some degree of explicit direct instruction
of basic concepts is required to avoid distraction and cognitive overload in students trying to make sense of a
contextual project (Tricot, 2017).

Several countries, including the United States (Mouza et al., 2020), the United Kingdom (Curzon et al., 2014),
and Australia (Yadav et al., 2017), have started to integrate computational thinking into their K-12 curricula. In
many of these places, however, there is no formal training for teachers to incorporate computational thinking,
which offers challenges for teaching it at the schools, and may stress teachers (Angeli et al., 2016; Caeli &
Bundsgaard, 2020). Furthermore, most of what we know about how students learn computing is from developed
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countries and privileged students. More research is required to understand how students from different contexts
(e.g., culture, language, technology access) learn about computational thinking and their challenges in this
process.

This paper reports on the student outcomes after implementing a professional development program for lower
secondary and upper secondary school teachers aimed at integrating computational thinking concepts and
practices into the public school system in Colombia: “Programacidén para Nifios y Nifias” (in English, Coding for
Kids - CFK). Colombia, like many developing countries, faces four interrelated challenges. First, the education
system is not producing enough people with CT skills to fill both current and projected industry demand. Second,
women are significantly underrepresented in the STEM education pipeline and workforce. Third, many teachers
have no preparation to integrate CT into their courses. Fourth, there is limited research on STEM teachers’
pedagogical knowledge (PK) of CT and its effect on student learning.

Colombia is a country with significant achievement gaps between men and women and between urban and rural
students. Colombia is the country with the most critical situation among all the countries belonging to the
OECD: although Colombia follows the world trend of a better performance of women compared to men in
Language skills, it has the smallest gap in favor of women. While in science and mathematics, the country
presents the largest gap against women (OECD, 2020). The results of the 2018 PISA test also showed a
systematic and large gap of almost 40 points between students in urban and rural areas, a value that compares
with 24 points at the average level of OECD countries (ICFES, 2020). Bridging this divide between CT skills
and those that students currently develop in Colombian schools requires innovative approaches to K-12
education (Barr et al., 2011; Mohaghegh & McCauley, 2016).

This paper aims to address these issues and assess the effects of a national-level professional development
program on student learning. The research team designed a set of lesson plans that integrate computational
thinking into their learning environments. Computer programming and CT skills represent a form of complex
learning, where students need to consider many interacting elements at once (Mselle & Twaakyondo, 2012).
Reducing extraneous cognitive loads and facilitating the development of schemata may contribute to effectively
supporting student learning (Sweller et al., 2019). The lesson plans included a use-modify-create progression to
scaffold student learning and reduce extraneous cognitive loads. While use-modify-create has been suggested as
a promising approach to introduce CT skills (Lee et al., 2011), empirical evidence of how it works has just
started to emerge (e.g., Franklin et al., 2020; Lytle et al., 2019), and little is known about how to operationalize
its implementation. In this paper, we describe the design of Coding for Kids (CFK), its theoretical underpinnings,
and its effects on students’ CT skills. This study contributes to the body of knowledge of computational thinking
education by providing and assessing an approach to integrate both unplugged learning activities and the use-
modify-create learning progression in a developing country like Colombia. While we describe the teacher
professional development program, our ultimate goal was to understand how it impacted student learning. To our
knowledge, there is no such large-scale implementation of a professional development program that assesses
student learning in a similar context. In this context, both teachers and students have limited knowledge about
computing; the main language is Spanish (very few understand English), and the school infrastructure is limited.
The guiding research question for this study is:

What is the effect of the Coding for Kids program on student computational thinking knowledge and skills?

2. Theoretical framework
2.1. Constructivism and cognitive load theory

The CFK program is based on the theoretical frameworks of both constructivism and cognitive load theory
(CLT). Both of these frameworks informed the design of the lesson plans and can help explain potential
differences in student performance on CT skills. From a Constructivist perspective, students build their
knowledge starting from their prior knowledge while engaging in reflective practices (Ben-Ari, 1998; Jonassen et
al., 1999). These student-centered learning environments promote changes in the existing cognitive structures
and internal representations. Making connections to prior knowledge — including a mental model of what a
computer is — and to relevant contexts for the student is key from this perspective (Ben-Ari, 1998).

Likewise, the Cognitive Load Theory (CLT) suggests a cognitive architecture that we use to process information

and learn new concepts and skills (Sweller et al., 2019). The cognitive architecture includes a working memory
(STM) and a long-term memory (LTM). The STM is limited in time and space, while the LTM is vast. There are
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different types of cognitive loads in the STM. The intrinsic load is given by the complexity of the concepts or
skills to be learned, and can hardly be modified (Sweller et al., 2011). The extraneous load is not required for
learning, and is often given by poor instructional designs or poor learning materials (e.g., trying to make sense
out of the relationship between a poor figure and a text). The germane load, also called germane resources, is the
positive load for learning. The germane resources help us make sense of the intrinsic load, by making
connections to existing schemata (i.e., how knowledge is stored in the LTM). When we need to learn many
interacting elements at once, we can experience a cognitive overload in our STM. We can only remember what
we have in the STM if we make significant connections to the schemata stored in the LTM.

The CLT suggests several effects that may derive into effective pedagogical strategies to manage the cognitive
loads in the STM. For instance, the worked-example effect describes how novice learners may reduce their
cognitive loads by engaging in an active exploration of worked-examples instead of engaging in problem-solving
from scratch. A worked-example is an expert’s solution to a problem, which includes a problem statement, a
step-by-step solution, and auxiliary representations of the problem and the solution (Atkinson et al., 2000). The
worked-example effect suggests that by first exploring an expert’s solution to a problem, novice learners start
developing the required schemata that enable them to solve problems independently. At some point, the learning
environment may include a fading approach by providing only partially solved worked-examples: the completion
effect.

2.2. Implications for the lesson plans

We used two strategies in the design of the lesson plans to manage student cognitive loads. Start with unplugged
learning activities to present basic concepts. Continue with computing activities using the Makecode editor and
the Micro:bit device following the “use-modify-create” progression. The Micro:bit is an open-source
programmable microcomputer to teach computer science concepts (Sentance et al., 2017). Physical computing
devices such as the Micro:bit device have been explored to introduce computing concepts, and suggest positive
outcomes on reducing student cognitive load while promoting creativity and motivation (Sentance et al., 2017).
While these devices may be useful for computational thinking education, they require a pedagogical integration
to support student learning. We designed seven lesson plans that teachers implemented in two separate 50-
minute sessions. The first session is dedicated to an unplugged activity, while the second session is focused on
the use-modify-create learning activity. Two additional lesson plans focused on assessment activities for teachers
to monitor student learning.

This study explores the effect of integrating unplugged learning activities in computational thinking together
with the “Use-Modify-Create” strategy on students’ skills in Colombia. Hence, this study will contribute to
understanding how these two approaches may support the development of CT skills, while providing a concrete
approach to operationalize these approaches as a set of activities and scale it to a national level. This is
particularly important in the context of a developing country such as Colombia, since most of the existing
literature focuses on privileged students from developed countries.

2.2.1. Unplugged CS

Unplugged computer science is an approach to designing learning activities without needing a computing device.
Computational thinking includes several skills and reasoning processes, many of which can be approached
independently of the artifact: abstraction and generalization of patterns, information processing, symbolic
representations and symbolic representation systems, algorithmic thinking, problem decomposition, iterative,
recursive and parallel thinking, and conditional logic. Students can develop these skills without the need for a
computing device. Instead, students may do “by hand” what a computer program would do in an automated way
(Aranda & Ferguson, 2018; Faber et al., 2017). This approach ensures that the focus is on understanding and
skill development and not on the artifact at an initial stage of the learning process (Bell et al., 2009). Starting
with unplugged activities to learn these skills beyond a specific tool or programming language may help students
to develop their problem-solving skills, and reflect on their own thinking (Caeli & Yadav, 2020).

Unplugged learning activities have been suggested as being effective both inside and outside the classroom at
different levels to develop a fundamental understanding of concepts about algorithm design, and to change
conceptions about the nature of computer science (Caeli & Yadav, 2020). This approach may reduce extraneous
cognitive loads from elements that are inherent to some programming languages, like syntax or memory
management. These activities also offer an efficient way to attract students to computer science concepts without
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the need for much time and resources (Bell et al., 2009, Brackmann et al., 2017). Despite the widespread use of
unplugged activities, there is little empirical evidence in classroom settings (Bell & Vahrenhold, 2018).

The development of most concepts and practices of computational thinking can be worked unplugged so that
students can generalize these skills to other contexts that are not explicitly computer programming. However,
researchers recommend using CS unplugged activities in conjunction with programming challenges (Bell &
Vahrenhold, 2018). This should not be a discussion of whether CS unplugged is more powerful than using
plugged programming lessons alone. CS unplugged activities may help students lower the cognitive loads
associated with the device and programming language before actually applying this knowledge using a computer
device.

Furthermore, integrating computational thinking at the k-12 level, especially in developing countries like
Colombia, often brings challenges related to the accessibility to information and communication technologies for
schools and students. This is especially the case for rural populations. At the beginning of this project, only 70%
of the participating rural schools had working computing devices for their students (compared to around 90% for
urban schools), and less than 50% of all participating schools had internet access. The program designed a series
of unplugged activities to address this challenge and scaffold student learning.

2.2.2. Use-Modify-Create

The instructional principles of the worked-examples (Atkinson et al., 2000), explained by the CLT, support the
Use-Modify-Create progression to scaffold student learning of complex concepts and skills. Computer
programming is a complex skill to learn (Mselle & Twaakyondo, 2012), which may lead to cognitive overload.
A novice learner needs to learn about algorithm design, the problem they are trying to solve, the programming
language syntax and semantics, Boolean logic, and even how the computer works, all at the same time. The
worked-example effect and the completion effect can be mapped to this progression as follows: the instructor
provides a complete worked-example for students to explore (Use), students engage in the modification or
completion of a worked-example (Modify), and then design and implement (Create) their own solutions
iteratively (Figure 1).

__Figure 1. Progression use-modify-create (adapted from Lee et al., 2011)

{ Use ‘Modify ‘Create

Not My Solution

My Solution

The progression Use-Modify-Create may help reduce such cognitive overload experienced by novice
programmers. A recent study compared the use-modify-create progression to a sequence of activities where
students always needed to create their own code (Lytle et al., 2019). In this study, the teachers in the create-only
condition faced challenges supporting their students, and suggested that students needed additional scaffolding to
explore and visualize a solution before they engaged in creating it. Conversely, teachers in the use-modify-create
condition suggested that students were able to develop an understanding of how the program worked, and they
connected everything once they completed the Create activity. Franklin and colleagues (2020) also found that
this progression successfully scaffolds student learning, while promoting student agency. Finally, our own work
has also shown that engaging students in the active exploration of examples may support the development of
basic schemata for novice learners (Vieira et al., 2019).

Other approaches to support student learning based on the Cognitive Load Theory include sub-goal labeling
(Morrison et al., 2015) and self-explaining (Vieira et al., 2017). However, the Use-Modify-Create provides a
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roadmap for students to increasingly develop their skills and agency (Franklin et al., 2020), moving from
studying complete worked-examples, to faded solutions, to creating and refining their own solutions iteratively.
The implications of this framework for this study are reflected in the learning design presented in the methods
section.

3. Methods

3.1. Program design

Despite the relevance of integrating computational thinking into the K-12 curricula, and the governmental efforts
to make it happen, there is no agreement about what practices and skills computational thinking really entails
(Curzon et al., 2019; Denning, 2017; Mouza et al., 2020). This makes it difficult to establish a universal set of
learning outcomes to integrate into the school curricula (Mueller et al., 2017). For this project, the research team
operationally defined computational thinking as a multidimensional set of complex skills, including
computational problem-solving, computational modeling, abstraction, decomposition, algorithm design,
programming and debugging, and solution validation. This definition integrates common concepts and skills that
often appear in several authors’ definitions (e.g., Denning, 2017; Grover, 2017; Katai, 2020; Weintrop et al.,
2016).

Using this operational definition, the research team designed nine lesson plans to be implemented by
participating teachers. While this paper focuses on student learning, the professional development program
became our delivery mechanism for the learning activities. Figure 2 summarizes the implementation process of
the learning materials. We first prepared a group of 12 mentors to lead the teacher training program. These 12
mentors implemented a two-day regional workshop for the teachers. The mentors modeled lesson plans #1 and
#2 on the first day of the workshop, where teachers played the role of students. The participating teachers then
prepared and taught lesson plans #3 and #4 for practice teaching on the second day of the workshop. The
mentors also visited the teachers in their schools five times in a period of six months. Four of these monthly
visits aimed at preparing the upcoming lesson plans, characterizing the participants’ teaching practices and
providing feedback and mentoring over the lesson plans. The goal of the fifth visit was to collect data on student
performance.

Figure 2. Professional development program Coding for Kids
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Each lesson plan comprises two 50-minute sessions, and follows the structure presented in Figure 3. The first
session focused on unplugged activities, while the second session included plugged activities with the Micro:bit
using the use-modify-create progression. The teachers start by discussing with students the learning outcomes for
the activity and the required prior knowledge to complete it. This part allows students to manage their
expectations, connect to their prior knowledge and, with a reflection at the end, promote metacognitive processes
(Robins, 2019). Students work on the Micro:bit on the second session, following a use-modify-create
progression. Students first explore an example, predicting the outcome of a program or explaining it to a partner
(i.e., Use). Students then make specific changes to the sample program, to engage in a scaffolded problem-
solving activity (i.e., Modify). Finally, students complete a challenge from scratch, engaging in problem-solving
with the Micro:bit (i.e., Create), using what they learned from the example.

Figure 4 shows an example of this progression in lesson plan #3. The goal of this activity is to simulate an
autonomous vehicle for scientific exploration inside a cavern. The proximity sensors are simulated using two
buttons, while the Micro:bit display will show where the vehicle would go. Students first need to predict what
the sample program is doing and run the program to validate the prediction (i.e., Use). This program identifies
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when a button is pressed and shows an arrow pointing toward the East. The next step is to Modify this program
so that it shows all directions on the display depending on what buttons are pressed. Finally, students should
Create a program using the compass sensor to guide the vehicle in one direction (e.g., North) following a black
line. Both the Modify and the Create steps in the progression engage the student in an iterative process of
implementing, testing, reflecting, and refining, often discussing them with a partner. The learning goals of this
lesson plan included: Using Boolean input variables; Communicating instructions using the LED screen;
Interpreting a sequence of instructions and a flow diagram to solve a problem such as a maze; Using logical
operations; Using loops that are repeated until the task is finished. Students started with the unplugged activity,
following and adjusting a flow diagram to move a toy around a sample maze to solve this challenge. These flow
diagrams included loops and logical operations that students needed to program later, using the Micro:bit input
variables (e.g., buttons) and LED display.

Figure 3. Structure of the lesson plans for Coding for Kids
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Figure 4. Sample activity of the implementation of the Use-Modify-Create progression
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Use: Predict - What is the following program doing?

Modify: Extend this program to go in all possible directions (i.e., North,
East, South, West) based on what buttons are pressed.

Create: Use the compass in the micro:bit to automate the direction
guidance following a line towards the North.

The unplugged activities and the use-modify-create progression help students manage the cognitive load by
developing early schemata about the problem and the algorithm. At the end of the second session, the lesson
plans include two additional elements: a reflection — connecting back to the learning outcomes — and a brief
biography of a woman who worked in computing (Liben & Coyle 2014). The reflection aims at promoting
student metacognitive processes such as monitoring and regulating. The goal of the brief biography was to
present role models for female students, aimed at encouraging more female students to pursue STEM degrees.
Sequencing activities within a learning design may contribute to student self-achievement and motivation, as
they can see their progress through the outputs from each activity (Katai, 2020). We hypothesize that this
sequence of activities in the lesson plan will result in student development of CT skills. Appendix A summarizes
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the learning outcomes for each of the lesson plans. Lesson plans five and nine represented assessment
instruments for the teachers to monitor student learning, so they do not have specific learning outcomes for
students to develop.

Besides the lesson plans, the program also included additional strategies to support the teaching and learning
process. In Colombia, preliminary studies have demonstrated that only 65% of the time in the classroom is
actually dedicated to teaching and learning, while the rest of the time is devoted to things like organizing
students, social or recreational activities, or repeating instructions (MEN & The World Bank, 2012). To address
this issue, the mentors modeled and made visible strategies such as setting norms and rules, promoting assertive
communication between teachers and students, and promoting a growth mindset. Other strategies included the
gallery walk, promoting collaborative learning, and the creation of anchor charts (e.g., Figure 5).

Figure 5. Sample anchor chart from lesson plan #1
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3.2. Participants

A total of n = 282 lower secondary (grades 6-9) and upper secondary (grades 10-11) school teachers from 30
different municipalities in Colombia participated in the program. As part of the training, participants were
required to implement the lesson plans in at least one group in lower secondary school or in upper secondary
school, but some of them decided to use the activities for several groups. This resulted in approximately n =
20,000 students being included as the ultimate beneficiaries of the program.

The mentors scheduled their last visit to apply a computational thinking test in one group at each school. If there
were multiple groups at different levels, the mentors chose an intermediate level (e.g., if the teachers
implemented the activities in 6th, 7th, and 8th grade, the mentors would apply it for 7th grade). In total, 4077
lower secondary and upper secondary school students comprised the treatment group that completed a
performance test measuring student CT skills.

The effect of the program on students” CT skills was assessed by means of a quasi-experimental posttest only
design with a comparison group. Given the variety of schools, contexts, grade levels, and local curricula,
students in the control group were chosen based on the following criteria: (1) the student’s grade level, (2) that
their teachers had not participated in the program, (3) that the control schools were located in the same
municipalities as the participating schools, and (4) that they were not using a use-modify-create progression
strategy in the classroom, though they were included if they were using a different computational thinking
strategy or no strategy at all. Because there are no standard computer science or computational thinking curricula
for Colombian public schools, the purpose of this quasi-experimental study is to determine whether our
pedagogical approach, on average, supports student learning better than existing approaches or no approach at
all. The final sample for the control group included n = 4898 seventh and eighth-graders. The demographic
characteristics of the control group are shown in Table 1.

Table 1. Characteristics of the participating students

Rural Urban Total

Treatment Female 281 1694 1975
Male 344 1758 2102

Control Female 1062 1329 2391
Male 1075 1432 2507

Total 2762 6213 8975
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3.3. Data collection

The students were assessed using a multiple-choice test with 12 items, measuring skills such as abstraction,
algorithmic thinking, automation, debugging, and solution validation. While there is recent work designing CT
assessment instruments (e.g., Roman-Gonzalez et al., 2017; Werner et al., 2012), many of them are specific for a
programming language, for an age group, or for a specific set of concepts, do not have a validated version for
Spanish-speaking students, or are not available for open use. For this project, it was important to have
programming language-independent questions in Spanish, well-aligned with the program goals, and be able to
validate them locally. Our recent work showed that students in this context struggled to transfer into text-based
programming languages, which mostly use English keywords (Espinal et al., 2022). The questions did not
include the programming language MakeCode from Micro:bit since only the students in the treatment group
were exposed to such language. Most of these questions were adapted from multiple sources (Bebras Computing
Challenge, 2019; Grover et al., 2015; Tan & Venables, 2010) and included tasks such as explaining the goal of a
program, tracking variables, suggesting a sequence of steps, and fixing bugs from simple flow-diagrams,
pseudocode, and block-based programs. Table 2 shows the format, goal, and concept that each question assessed.
This table also shows the CT skills for each item according to our operational definition, and the cognitive level
of the item based on the number of correct responses. Appendix B includes all the items from this instrument.

The instrument was piloted in a sample of n = 171 students from non-participating schools using a cognitive lab
approach (Willis et al., 1991). During a cognitive lab, participants are asked to complete a task and verbalize or
“think aloud” the mental processes and thoughts occurring while solving the task. Students in the pilot sample
did not participate in the intervention, but shared similar individual and educational characteristics of those
participating in the study, including school grade level, age, and school characteristics. The discrimination and
difficulty of each item were evaluated via item analysis (Wright, 2008). Six items with a probability of less than
20% being answered correctly and a low discrimination index were revised as a result of this analysis.

Table 2. Format, goal, and concept of the questions in the multiple-choice test

Item Format Goal Concept CT Skills Cognitive
Level
1 Blocks Debugging Loops Algorithm Design, Decomposition, Easy
Abstraction, and Solution Validation
2 PseudoCode Tracing Conditionals  Algorithm Design; Programming and Medium
Debugging; Solution Validation
3 Descriptive Debugging  Loops Computational Problem Solving; Medium
PseudoCode Algorithm Design; Solution Validation
4 Descriptive Debugging  Sequences Computational Problem Solving; Difficult
PseudoCode Algorithm Design
5 Flow Explaining  Conditionals  Algorithm Design Medium
Diagrams
6 PseudoCode Debugging Conditionals  Programming and Debugging; Solution Easy
Validation; Decomposition
7 PseudoCode Tracing Loops and Abstraction; Algorithm Design; Difficult
Variables Programming and Debugging; Solution
Validation
8 PseudoCode Explaining  Loops, Abstraction; Algorithm Design; Difficult
Conditionals Decomposition; ~ Programming  and
and Debugging; Solution Validation
Variables
9 Flow Explaining Loops and Computational Modeling; Abstraction; Medium
Diagrams Variables Algorithm Design
10 Flow Debugging  Loops Computational Problem Solving; Difficult
Diagrams- Algorithm Design; Solution Validation
11 PseudoCode Explaining  Loops, Abstraction; Programming and Debugging ~ Medium
Variables,
and
Input/Output
12 Flow Debugging Variables Computational Problem Solving; Difficult
Diagrams and Computational Modeling; Decomposition
Conditionals
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The content validity of the instrument was evaluated with the data from cognitive labs with students and with
face validity with two professional experts that contributed to the design of the lesson plans. This process
allowed the researchers to improve the instrument. Specifically, one of the items did not include a correct
answer, and there was an indentation problem with one of the pseudocode items. The researchers fixed these two
issues in the instrument, and used it to assess student CT skills in the treatment and control groups towards the
end of the academic year.

3.4. Data analysis

Students’ responses were used to create a computational thinking scale (CTS) with a mean of 500 and a standard
deviation of 100 (Streiner et al., 2015). For the construction of the scale, we first calculated the number of correct
answers for each student and normalized the total of correct answers. By standardizing the scores, it is possible
to compare the CT skills of the treatment group to the control group, since we can assess the position of each of
the students above or below the average.

Using the CTS scores, we conducted a Welch’s t-test to identify whether the differences in CT skills between the
treatment and the control groups were statistically significant. Because the treatment and control groups have
unequal sample sizes, Welch’s t-test is preferred over the two-sample t-test statistic since it is more robust to
violations of the assumption of variance homogeneity (Delacre et al., 2017). The Cohen’s d effect size was also
computed to identify how strong the effect of the program is. We used the scale suggested by Rubin (2012) to
interpret Cohen’s d effect size as follows: (1) Weak effect size: |d] < 0.2; (2) Weak to moderate: 0.2 < |d| < 0.4;
(3) Moderate: 0.40 < |d| < 0.65; (4) Moderate to strong: 0.65 < |d| < 0.8; (5) Strong: 0.8 < |d|. We also used a one-
way ANCOVA to see if the participants’ levels of computational thinking differed significantly based on their
school context (urban vs. rural) after controlling for gender. The data were examined to ensure that they met the
ANCOVA assumptions. Skewness, kurtosis, and normality tests, as well as inspections of the histogram and
normal Q-Q plot for computational thinking, all indicated that it was normally distributed.

4. Results

This section compared students’ CT skills between the treatment and the control groups. The results show an
average score for the treatment group of 525 (SD = 102), while the average score for the control group is 480
(SD = 93.9, see Figure 6). The Welch’s t-test showed that the difference was statistically significant (t(8389) =
21.4, p <.05), with a moderate Cohen’s d effect size of 0.45. The meaning of such effect size is that 67.4% of the
participants in the treatment group performed better than the control group, and there is a 62.5% chance that a
person randomly drawn from the treatment group would have a better performance than a person randomly
drawn from the control group (Cumming & Calin-Jageman, 2017).

Figure 4. Coding for kids (treatment) vs. control group performance on the computational thinking scale
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The one-way ANCOVA to control for gender (F(1, 8967) = 11.418; p < .05) and for school context (F(1, 8967)
=119.189; p < .05) are also statistically significant (see Figure 7 and Figure 8). Students in the treatment group
showed better performance compared to students in the control group, both in urban and rural schools, and both
male and female students. The mean difference between students enrolled in urban schools from the treatment
and control groups is 31 points, while the difference is 58 points for rural schools.

When we analyzed the CT skills by grade level, both lower and upper secondary students in the treatment group
scored considerably higher than their counterparts in the control group (F(1, 9125) = 5.451, p < .05). The mean
difference between the treatment and control groups for lower secondary students is 34 points, while the
difference for upper secondary students is 86 points (Figure 9).

Figure 5. Comparison of the distribution of student performance by context between coding for kids (treatment)
and control groups
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Figure 6. Comparison of the distribution of student performance by gender between Coding For Kids
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Figure 7. Comparison of student performance by grade levels between coding for kids (treatment) and control
groups
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5. Discussion

This study explored the effect of the Coding for Kids project on student computational thinking knowledge and
skills. The Coding for Kids project put into action a professional development program for K-12 teachers to
implement a set of lesson plans integrating computational thinking into Colombian public schools. The results
from this study showed that students participating in these activities developed basic computational thinking
knowledge and skills. This effect is evident when we compare participating students to a control group. Given
the large scale of this study, it would be unfeasible for a single person to implement all the learning activities.
While we recognize that there might be variability among teaching practices that may influence students’
learning differently, our study shows that, on average, the professional development program and the learning
activities have a positive effect on student learning. Although there are no pre-test data available for the
experimental group, both the experimental and control groups were drawn at random from the same population.
Given the large sample size, it is likely that both groups would have obtained similar results on a pre-test. On the
basis of this assumption, it is reasonable to infer that the intervention significantly contributed to the higher
posttest scores of the treatment group. The results were also supported by a Bayesian Mann-Whitney U test on
independent samples (van Doorn et al., 2020), which provided strong support for the impact of the intervention.
We observed a Bayes Factor (BFig) of 8.906e+16, indicating a strong likelihood (8.906e+16 times in favor) of
the alternative hypothesis relative to the null hypothesis. In other words, the alternative hypothesis that the
students in the Coding for Kids group have higher levels of CT skills than students in the control, is strongly
better at explaining the data than the null hypothesis of no difference between the two groups.

Before this project implementation, there was no specific approach to integrating CS or CT into the curriculum
for Colombian public schools. Hence, the control group included any other possible approach that schools were
using, including text-based programming languages, educational robotics, etc. Our results suggest that the
Unplugged activities and the use-modify-create progression with a block-based programming language is, on
average, more effective than other existing approaches. The effect persists when we control for context (i.e.,
urban and rural) and by gender. This effect is important because a large percentage of rural schools did not have
access to computing devices or to an Internet connection to implement the plugged activities (i.e., approximately
70%). Thus, although the participating rural schools show greater performance variability than the urban ones,
the unplugged learning activities still showed a significant effect for these schools with limited technological
infrastructure. However, this effect does not mean that rural schools do not need access to the Internet or
technological devices. Students from urban schools in the experimental group still showed a better performance
than those from rural schools, suggesting that applying these concepts and skills using a computing device
further supports student learning. Together, these results suggest that the use of unplugged learning activities and
the use-modify-create progression (Lee et al., 2011; Lytle et al.,, 2019) may scaffold student learning of
computational thinking knowledge and skills using the Micro:bit. Unplugged learning activities have become
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popular in recent years to support student learning without distractors and extraneous loads from the device and
the programming language, promote collaborative learning, and attract more students to computer science (Bell
et al., 2009, Brackmann et al., 2017). These activities help develop student understanding of basic concepts and
have been suggested to be paired with plugged activities (Bell & Vahrenhold, 2018; Caeli & Yadav, 2020). We
used these activities to introduce the algorithmic concepts before students engaged in programming the Micro:bit
using MakeCode following the use-modify-create progression. Lee and colleagues (2011) proposed the use-
modify-create progression as an approach to support student development of CT skills while maintaining the
level of challenge for student development of schemata. A recent study showed promising results of the
implementation of this progression based on teachers’ reflections (Lytle et al., 2019) and student work (Franklin
et al., 2020). In this study, we expand the evidence of the benefits of this progression by demonstrating a positive
effect on student learning. While the results from the test show transfer to a certain degree (i.e., from the
MakeCode language into text-based pseudocode), additional work is needed to identify whether these students
are able to transfer their knowledge into text-based professional programming languages (Weintrop & Wilensky,
2017), and what challenges they face in this process. For example, a recent study showed that students are able to
transfer between block-based programming languages, but they may struggle to transfer into programming
languages such as Python (Espinal et al., 2022). The main difficulty seems to be that students do not understand
the keywords in English when they learn using blocks in Spanish.

This study also advances our understanding of the challenges to integrating computational thinking in developing
countries like Colombia. There are unique challenges in countries like Colombia for these activities, including
the limited school infrastructure as well as the classroom management issues identified by previous studies
(MEN & The World Bank, 2012). In a closing workshop at the end of the program, the participating mentors and
teachers discussed several challenges they faced in this process. First, the limited technological infrastructure in
the schools, particularly rural schools, made the program difficult to implement the plugged activities in such
contexts. These teachers discussed issues such as “the lack of an internet connection in the school” and “the
limited number of micro:bit devices” as challenges to the effective implementation of the lesson plans. Second,
the program started in the middle of the academic year. This means that teachers already had a plan for the
academic year, and they had to make adjustments, as they got involved in the professional development program.
One of the participating teachers explained that the main challenge was “the time, because everything went so
fast. Mostly, because we have several activities for this last part of the year.” Yet another teacher highlighted that
“the project is very good and it helps promote student interest, as well as developing student logical,
computational, and creative thinking, but it needs to be introduced from the beginning of the academic year, so
we can integrate it into the annual plan.” Third, some classroom management issues persist, making classroom
implementations inefficient. The participating teachers mentioned that even though they established norms,
students do not always follow them: “the norms and instructions were not followed by some of the students.”
These challenges reflect that most of the teachers (70%) could only complete lesson plans one through five but
did not have enough time to complete the rest of the lesson plans. The mentors, who conducted classroom
observations and provided feedback to the participating teachers, ensured that the lesson plans were implemented
following the design of the learning progression. Despite these challenges, this study showed how to
operationalize unplugged activities and the use-modify-create progression into a set of lesson plans for a national
professional development program, and identified a significant improvement on student CT skills when
compared to a control group.

6. Conclusions, limitations, and next steps

This study explored the effect of the Coding for Kids program on developing students’ CT skills. The program
trained 282 k-12 teachers to integrate a set of lesson plans, aimed at developing student computational thinking
in 30 different cities/areas in the country. Each lesson plan was designed for two sessions. The first session
included a set of unplugged learning activities to prepare students for the second session. During the second
session, students worked on the Micro:bit board following a use-modify-create progression designed to scaffold
their learning process.

We created a computational thinking scale and compared participating students’ performance to students in a
control group (i.e., schools in similar contexts but that did not participate in the professional development
program). Participating students outperformed students in a control group, both in urban and rural contexts.
There are, however, some challenges involved in this process. We did not measure the effects of reducing the
students® cognitive load to support student learning. Moreover, even if participating students performed better
than non-participating students, the average number of correct responses in the test was low (i.e., 3.8 out of 12).
The most difficult questions were those where students needed to transfer their learning about loops, a difficult
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concept in computer programming. There are several reasons to explain this phenomenon, including the limited
infrastructure and project timing. Furthermore, the study only used a posttest to identify the possible effects of
the program on student learning. Hence, any analysis of the significant differences that we found should consider
these limitations. Future work will address these challenges by assessing cognitive loads and further controlling
our experimental design by collecting a baseline for both experimental and control groups.
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Appendix A — Learning outcomes of the lesson plans

Lesson plan  Learning goals
1 e Identify and write a set of steps and instructions to carry out a task. [Algorithm Design]
e Simulate the execution of this set of instructions and steps. [Decomposition; Solution
Validation]
e Use the MakeCode editor of the Micro:bit to write a program and simulate. [Programming
and Debugging]
e Use inputs and outputs of the Micro:bit [Programming and Debugging]
e Use Boolean variables. [Algorithm Design]
e Describe what is a program, a programmer and a processor, an input and an output.
[Programming and Debugging]
2 e Use loops to repeat a set of actions [Abstraction]
e Recognize that a loop can be repeated indefinitely, a number of times or as long as a
condition is met or not. [Abstraction; Algorithm Design]
e Interpret and create flow diagrams. [Algorithm Design]
e Load the code into the Micro: bit and verify the operation of the program [Programming and
Debugging]
e  Use continuous input variables. [Programming and Debugging]
e Show a variable like the temperature in the array of LEDs. [Programming and Debugging;
Solution Validation]
3 e Use boolean input variables [Programming and Debugging]
e Communicate instructions using the LED screen [Programming and Debugging]
e Interpret a sequence of instructions and a flow diagram to solve a problem such as a maze.
[Algorithm Design]
e Use logical operations [Algorithm Design; Decompositon]
e Use loops that are repeated until the task is finished. [Abstraction; Decomposition;
Programming and Debugging]
4 o Define an internal variable that stores a numeric value [Programming and Debugging]
e  Perform operations with the values in these variables [Programming and Debugging]
o TestN/A
e  Structure a problem situation. [Computational Problem Solving]
o Identify specifications. [Computational Problem Solving]
e Identify restrictions. [Computational Problem Solving]
e - Design, build and test a prototype to evaluate some principles of the solution. [Programming
and Debugging; Computational Problem Solving]
7 e Collect data from the environment (e.g., temperature) using the Micro:bit [Programming and
Debugging]
e Use conditionals to make decisions using the data collected from the environment [Algorithm
Design; Decomposition]
e Compute basic statistical measures such as the mean, and the min and max values
[Computational Problem Solving]
e Create a program that controls the functioning of the Micro:bit using the buttons
[Programming and Debugging]
8 e Simulate natural events to predict possible outcomes [Computational Modeling]
e Send and receive information between Micro:bit devices. [Programming and Debugging]
9 e Test N/A
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Appendix B - Computational Thinking Skills Assessment Test

1. Help the green robot to exit the maze using one of the set of instructins below. Note: The number of
times that the sequence repeats itself (3 or 4 times) will start counting after it executes the for the first time. For
instance, if it says “3 times”, it will be executed 4 times in total.

2. Consider the following program
if {(a>b) then
if{b=c) then

print c
else
print b
else 1f (a<c) then
print c
else
print a
If a= 3, b= 8, and c=10, ¢what will this program print?
a. 3
b. 8
C. 10
d. 10 and 3
3 A mouse is at the entrance of a tube system. It wants to reach the cheese at the end of tube 5.The mouse

always follows these command

(1) Go downwards until a crossing

(2) At the crossing, move through to the next vertical tube

(3) Go to command (1).

In which tube should the mouse start so that it reaches the cheese?

&

© O 0T
O wN -
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4. In a warehouse, three robots always work as a team. When the team gets a direction instruction (N, S, E,
W), all robots in the grid will move one square in that direction at the same time. After following a list of
instructions, the robots all pick up the object found in their final square.

For example, if we give the list N, N, S, S, E to the team, then robot A will pick up a cone, robot B will pick up a
ring, and robot C will pick up a cone

¢ ¢

o &L
¢
L L S

Which list of instructions can be sent to the robots so that the team picks up exactly a sphere, a cone, and a ring?

oE oo

zzzz
I'I'I_Zl'l'll'l'l
mawm mm

oo ow
»mem
zzm

5. Consider the following flow diagram:
Start

v

Define variables
Var1, Var2

!

Assign to variable
Var1i=Random number (1-100)
Var2=Random number (1-100)

!

Vari>Var2?

Yes

Show Show
variable variable
Var1 Var2

~ ...

What is the goal of this algorithm?
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a. Show two random numbers

b. Show the largest between two random numbers

c. Show the smallest between two random numbers

d. None of the above

6. Consider the following pseudocode, where a and b are variables:
a=3

if{a>2 and k<<) then
print a

end
¢Will the print a instruction be executed?

7. Consider the following pseudocode. What will the program print at the end?
mam="_
cont=1

while (cont<I) do
num = num + cont

cont = cont + 1

print num

a. 15

b. 0

C. 1

d. 10

8. What is the purpose of the following program?

while (cont<lO} do
if cont ewven? then
num = num + cont
cont = cont + 1

print num

a. Creates a list including the even numbers between 1 and 10

b. Sums up all numbers from 1 to 10

c. Counts up to 10 if the numbers are even

d. Sums up all the even numbers between 1 and 9

9. What is the purpose of the following algorithm represented in a flow diagram?
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Start

'

Define variable
Av, X

'

Assign value
Av=0
X=0

l

Assign value
X =X+1
Av = Av+X No

v

X=10?

Yes l

Assign value

Av = Av/X
End
a Finds the number 10 to store it into the X variable.
b. Sums up all numbers between 1 and 10
c Computes the average for the numbers from 1 to 10
d Divides the Av value by all numbers from 1 to 10
10. Andrea created a flow diagram to design an algorithm that will allow her to automatically turn on the
fan when her room is too hot. However, she is not sure this will work. What would you recommend?
Start

'

Assign value
Fan = off

|

Capture value
Temperature

'

Temperatura>25?

l Yes

Assign value
Fan = off

a. The program does not work; the End (Fin) instruction is missing

b. The program does not work; she should not be turning the fan off

C. The program works correctly and she may implement it now to run in a processor

d. The program does not work; it should collect the temperature once more after turning the fan on
11. What is the purpose of the following program?

name = inpuot('what iz vyvour name?'})

cont=0

while cont<3:
print("Hi, "}
print (name)
cont=cont+l
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a. Asks for a name three times

b. Says hi, and print the name three times

c Asks for a name, and says hi and prints the name twice

d Asks for a name, and says hi and prints the name three times

12. Air pollution in the main cities is an important issue for the governors. Air pollution can be measured
using the Air Quality Index (ICA, in Spanish).
The following table shows the ranges for a Good, Moderate, Bad, and Very Bad ICA

CALIDAD DEL AIRE

. De 0 a 50 Buena
De 51 a 100
‘ De 101 a 150 Mala
. De 151 a 200 Muy mala
” . Extremadamente
. Mas de 200 1

Nick is in charge of creating a monitoring system to represent these values, and created the following flow
diagram. However, he does not know how to finish it yet. What should he include in the dotted box?
Start

.

Capture value
Value_ICA

L Yes

Value_ICA<51? —»

l No
Yes

Value_ICA<101? —»

l No
Yes

Value_ICA<151? —>

|

Yes
Value ICA<201? —» _ Show
Very bad

Show
“Good”

Show

Show
“Bad”

a. Ask whether valorICA is smaller than 251, show “Extremadamente mala” and go back to Capturar
b. Show “Extremadamente mala” and go back to Capturar

c Go back to Capturar
d End
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