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Abstract. Integration of computational thinking (CT) into numerous disciplines
across the K-12 curriculum is gaining increased attention. In this study, based on
the technology integration framework, we investigated how students’ understand-
ings, difficulties, and attitudes towards learning subject matter varied at different
levels of CT integration. We implemented six different case studies by integrat-
ing CT into six different subjects: science, traffic, language, biology, geography,
and physics. Two primary and four secondary school teachers, 38 primary school
students, and 113 secondary school students were involved in the study. We cat-
egorized these lessons according to the technology integration model: unplugged
activities are grouped as augmentation level; robotic and two modeling activities
are labeled as modification level; modeling and digital storytelling activities are
labeled as redefinition level. Our findings indicate that students reported a very
positive attitude toward redefinition level activities. Teachers stated that com-
pared to standard instructional activities, students can go deeper and understand
the subject content better in CT integrated lessons.

Keywords: Computational thinking - SAMR model - Integration - K-12 -
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1 Introduction

One of the increasing trends in the current educational systems is the call for the inte-
gration of digital literacy, and in particular its aspect Computational Thinking (CT), into
the curricula [6, 27]. CT provides students with a new set of skills for problem-solving
and thinking about the world. Computer Science courses are often considered as regular
lessons for teaching CT, however there is an increasing interest to see CS as “a truly
interdisciplinary undertaking” [26] for other disciplines [14]. Wing [28] defined the CT
term in this context as “... the thought processes involved in formulating problems and
their solutions so that the solutions are represented in a form that can be effectively car-
ried out by an information-processing agent [...]. These solutions can be carried out by
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any processing agent, whether human, computer, or a combination of both” [10]. While
there are many definitions of the CT problem solving process, they all share a common
view that it involves three steps: translating the problem under scrutiny into computa-
tional terms, constructing a computational solution, and finally, using that computational
solution in the domain where the problem originates [3]. Even individuals who will not
become programmers are expected to acquire some universal competencies such as the
ability to solve problems in daily life, break down complex problems into components,
and generalize solutions.

There are various approaches that guide the development of students’ computational
thinking and subject skills. We used the elements of active learning in all cases of our
study. Integrating CT concepts through digital storytelling is an effective approach that
is used particularly in language classrooms to promote subject-related skills and CT
skills [11, 18, 23]. Another approach for integrating CT into an interdisciplinary field is
through computational modeling which is used in different contexts such as science,
social sciences etc. [4, 15]. Computational modeling has been used in computer-based
learning environments to model learners’ subject related knowledge, cognitive skills, and
customize their experiences in the environment based on this information [4]. Robotics
construction kits have been designated as a promising way to introduce CT processes
to students in K-12 schools because it motivates students and scaffolds the learning of
programming—novices create programs by initially manipulating visual blocks on the
computer screen and can then be guided to create more complex programming [2, 13].
A meta-analysis of studies where robotics is used to promote STEM learning revealed
that, generally speaking, the use of educational robotics increased students’ learning of
specific STEM concepts [5]. Finally, unplugged activities can be a good approach to
introduce students, especially young learners, to CT [20]. Regarding the integration to
curriculum, teaching science concepts using CT unplugged approach may provide an
opportunity for the students to strengthen their foundation in CT skills [7] and improve
their understanding in science concepts [24] simultaneously.

The effectiveness of the CT integrated lessons was examined in educational inter-
vention studies with different aspects such as students’ comprehension level about CT
skills [8] or level of understanding about subject related objectives [25] or attitude and
satisfaction of students toward CT integrated lessons. With respect to the attitude of stu-
dents, for example, studies explore (increased) interest in and perception of STEM and
CS [8, 17] and interest to pursue a CS degree [16]. Further examples focus on affective
aspects such as enjoyment in the activity [12], learning experience [22], motivation [19],
ownership [21], and difficulties [1].

In this study, in line with the different levels of technology integration framework,
students’ progress from completing challenges posed by teachers or modifying existing
products to taking an active role as developers of their own designs that make use of
computational tools. Puentedura [25] proposes SAMR framework that classified tech-
nology integration into learning activities into four levels. The substitution degree is
the lowest step at the enhancement level, where CT concepts, models, or associated
technologies are directly substituted for more traditional ones. The next degree is the
augmentation degree where the technology acts as a direct technology substitute with
functional improvement. At the higher level, i.e., transformation level, the modification
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degree signifies that the technology use allows significant task redesign. Finally, at the
highest level in this framework—the redefinition degree—the use of technology allows
for the creation of new tasks that were previously inconceivable.

This study is part of a larger project aiming to examine the characteristics of a
successful continuous learning trajectory for the integration of computational thinking
into the K-12 curriculum across the disciplines of sciences, humanities, and languages. In
cooperation with participating teachers, we developed lesson series and carried them out
during the first phase of the project. In these lessons, students engage in active learning
with the different levels of integration of the SAMR framework. The aim of this study
was to characterize the perceived understanding, difficulties, and attitudes of the students
participating in CT integration studies at various degrees of technology integration. We
look at these issues from the students’ and the teachers’ perspectives.

2 Methods

2.1 Participants

In this study, the participants from both primary and all four secondary schools partic-
ipating in the larger project were involved: 38 primary school students, 113 secondary
school students and one teacher from each school. The teachers are male. Two primary
school teachers, (T2, T4 and T5) are project leaders for digital literacy projects. The
age range of students is between 9 and 14. There are 59 female students and 88 male
students, four students did not mention gender.

2.2 Lesson Design

In each school, a different lesson was implemented. The participating teachers followed
a workshop where they were presented with examples of lessons integrating CT with the
subject matter of disciplines across the breadth of the curriculum: science, humanities,
languages etc. Then each teacher individually worked with the researchers to develop a
lesson series about a topic they planned to teach. These lessons were then taught instead
of traditional lessons. We categorized these lessons according to the SAMR model. The
lessons start with the augmentation stage.

Augmentation Degree

Climate case. In the geography lessons, the 8 grade students were learning about the
Koppen climate classification!. During three lessons, they learned about the charac-
teristics of the main climate groups and how to determine the climate type from the
temperature and precipitation data. The teacher chose an unplugged approach and stu-
dents were asked to write down the climate determination process in the form of a
decision tree. Due to Covid measures, the lessons were carried out as online lessons.

Modification Degree
Self-driving cars case. In this primary school, the 5 grade students were learning about

1 http://koeppen-geiger.vu-wien.ac.at/koeppen.htm.
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self-driving cars and corresponding ethical questions. In the first lesson, the students
drew a car with sensors needed to participate in traffic safely, and were asked to write a
short algorithm for each sensor. Additionally, they were asked to program a proximity
sensor on a mBot car by putting the provided code blocks in the correct order. In the
second lesson, the students discussed the advantages of self-driving cars and a number of
ethical dilemmas arising from traffic situations. Additionally, they were asked to extend
their mBot program to have it follow a line and play a sound—again by putting the given
program blocks in the correct order.

Gas exchange case. The 8 grade students were learning about the human body, and in
particular, about gas exchange. The researchers provided a simple gas exchange model
in Scratch. During three lessons, the students were using it to learn about the oxygen
saturation of blood which depends on the type and quantity of the gas being inhaled and
the exertion rate. Additionally, the students were asked to adjust the model’s program
code.

Stopping distance case. The 8 grade students were learning about the stopping distance
of a moving vehicle which depends on the road conditions and the reaction speed of the
driver. The first lesson was dedicated to theory. In the subsequent two lessons, the students
used a simple model in Scratch provided by their teacher and researchers to explore the
influence of icy roads, drinking and distraction on the stopping distance. Additionally,
the students were asked to adjust the model’s program code.

Redefinition Degree

Cell division case. In this primary school case, the 5" grade students learned about
the cell division. During the two introductory lessons, they learned about the theory
of cell division, watched videos and observed cells under a digital microscope. In the
subsequent two lessons, students worked in pairs on a practical assignment: they wrote
down all they knew about cell division, they described the corresponding algorithm
and developed computational models—i.e. visualizations—of cell division in Scratch.
During programming, their class teacher and their programming teacher were helping
them when necessary. At the end of the last lesson, each pair of students presented their
program in front of the class.

Digital storytelling case. In the course of English as foreign language, the 7% grade
students studied to apply the acquired grammar and vocabulary in their digital stories. In
the introduction lessons they learned to ask and answer questions about themselves. In the
subsequent two lessons, they created their own digital stories to introduce themselves.
Students are given an explanation about the goals of the digital story and they made
planning. They worked in pairs to create storyboards, got feedback from the teacher
about the scripts, and created their digital stories in Scratch. They recorded their voices
and added them to their digital stories in order to vocalize the dialogues of the characters.
During the programming, their class teacher, researcher and their friends helped where
necessary.
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2.3 Data Collection

Before starting their work on the projects, the students filled in a profile survey where
they were asked about their technology ownership, programming background, and expe-
rience regarding their familiarity and experience with specific types of programming
languages. Furthermore, they were asked about their self-efficacy related to technology
and programming, and finally their age and gender. The practical assignment consists
of a series of questions that guide and document students’ activities during their work
on the project. The students answer the questions individually to express their problem
in computational terms and to construct the computational solution. Additionally, they
reflect on the project. Exit tickets are small questionnaires given to students at the end
of each lesson or at the end of a lesson series. There, the students indicate on a three-
point Likert scale whether they liked the lessons (series), whether they found the lessons
interesting, whether they understood what they had to do in the lessons, whether they
understood the teaching materials, and finally, whether they found the lessons difficult.
Additionally, students could write comments about the lessons. Interviews. At the end
of the project, we interviewed a number of students and all the participating teachers.
During the semi-structured interviews which lasted about ten minutes, we asked about
the programming practices they employed while working on their projects—which are
reported elsewhere—and about their attitude towards technology use, which we report
here. We conducted semi-structured interviews with each teacher individually. These
interviews lasted about twenty minutes. We asked the teachers to compare their experi-
ences teaching the lessons during the project—thus, making use of CT—to their standard
manner of teaching the same content, and about their attitude towards the integration of
CT in the lessons. In this report, we focus on their views on students’ conceptual under-
standing, their attitudes and difficulties. All the interviews were recorded and transcribed
verbatim.

2.4 Data Analysis

We performed quantitative and qualitative data analysis. The data from exit tickets and
some questions from the practical assignments were analyzed through descriptive statis-
tics. For other data, we used Atlas.ti software as a qualitative data analysis tool to code
our data. The data were first categorized deductively according to our research goal, in
line with the issues the research instruments were concerned with. Within these cate-
gories, we applied inductive coding to further characterize the data. In an axial coding
process [9], the codes were grouped and merged where necessary under new categories.

3 Results

3.1 Students

Student Profiles. The most commonly used programming languages are block-based
languages that 89 students (59%) indicated to use; in the second place are robotic tools
that 41 students (27%) stated that they used. The least popular programming languages
are text-based programming languages with 30 students (20%). The most commonly
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reported programming languages are Scratch, Microbit and Python. As a whole, 119
students (79%) had programming lessons in the past, 12 students (8%) have never had
programming lessons but they tried to learn programming by themselves and 20 students
(13%) have never had programming lessons before. They were asked how long they had
taken programming lessons. In overall, 48 students (32%) had programming lessons less
than one month; 43 students (28%) had programming lessons for one year; 32 students
(21%) had 2 years to 3 years, and only 3 students (2%) had programming lessons longer
than 3 years. Judging their programming experience on the 10-point Likert scale from
1 (no experience) to 10 (very experienced), they score a minimum of 1, a maximum of
9 and a mean of 5,9. Overall, about half of the students (42%) feel comfortable with
programming, the other (55%) of students would need at least some help, and 3% of
students see themselves as a professional regarding programming (Table 1).

Table 1. The programming experience of students according to different cases

Cases Programming Prog. lesson duration Prog.
(teachers) lesson experience
Yes |[No |Learn | <l month |1 mto |2to >3 years | 1 (No
by 1 year | 3 years exp.) to 10
myself (Very
exp.)
Aug | Climates 95 | 0 5 58 26 11 5 6,2
(TD)
Mod | Self-driving | 100 | 0 0 63 25 0 13 4,7
cars (T2)
Mod | Gas 63 |25 |13 65 35 0 0 53
exchange
(T3)
Mod | Stop 47 |47 6 67 11 11 11 4.8
distance
(T4)
Red |Cell 100 | O 0 8 0 92 0 6,7
division
(TS)
Red | Digital 80 | 9 |11 17 68 15 0 6,5
story (T6)

Exit Tickets. Students filled their exit tickets at the end of each lesson or at the end
of the lesson series. We analyzed the following categories: Enjoyment: I enjoyed the
lesson; Interesting: The lesson was interesting; Clarity: I knew what to do; Comprehen-
sion: I understood the subject matter; and Difficulty: The lesson was difficult (Table 2).
The answers were on a three-point Likert scale: Yes (Y), Maybe (M) and No (N). We
calculated the relative frequency of the answers for each case. According to the students’
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answers, the most enjoyable lessons are the case of cell division (92%) and digital story
(91%) and most of the students in these cases (88% and 77% respectively) also found
these lessons interesting. The answers of students about clarity are similar to each other
between groups (change between 83% and 66%); only in the case of gas exchange, 43%
of students declared that they didn’t know what to do. With respect to comprehension,
the most remarkable answer belongs to the case of climates. While most of the students
(91%) in this unplugged case state that they understand the subject (climates in geogra-
phy) well, even if the number of those who have fun and find the lesson interesting is
not very high compared to other cases. Regarding the difficulty of the lessons, students
in the case of climates found the lesson series easy (70%).

Practical Assignments. Students from three schools turned in their practical assign-
ments: those working on the stopping distance project, on the cell division projects, and
on the digital storytelling projects. We report on students’ reflecting on their projects.

Table 2. The mean percentages of exit tickets

Cases Enjoyment Interest Clarity Compr Difficulty
Y M [N ' Y MIN|Y MIN|Y M|N|Y M |N

Aug | Climates |55 |43 2 |51]40| 466 30 4 /91| 6| 2| 4 |26 |70

Mod | Self-dr. |85 |13 3 /72126 3|77 |18 | 5|69 |28 | 3 8 |38 54
cars

Mod | Gas 57 35 9 |46 |45 |10 |49 (28 |15 |45 |41 |14 |16 |43 |40
exchange

Mod | Stopping |50 |25 |25 |38 |44 19 |69 |19 |19 |69 |19 | 6 |19 |25 |44
dist

Red | Cell 92 8 0O |88 |13 | 0 83 13| 4/79(21| 0| O |63 |33
division

Red | Digital 91 9 0 |77 /16| 8 |75|21 | 3 /70|25 | 5 11 |25 o4
story

Regarding the satisfaction with their projects, the majority of the students reported
they were satisfied. One student is satisfied with some parts of the project but also men-
tions aspects they are not satisfied with. Some students offer suggestions to improve their
project, for example, by testing their program more thoroughly, and some comment they
had not finished their projects We asked students what they enjoyed most in the lessons.
The most frequently reported issue is programming or editing an existing program,
mentioned by more than half of the students. Only students working on the cell division
project mentioned subject matter, such as, for example, using the microscope to look at
cells. In each class, there were students reporting they enjoyed cooperating with each
other. Two students found nothing to be enjoyable in these lessons and found them to be
boring. When asked what they enjoyed least, 15 students reported they actually enjoyed
everything. Overall, about half of the students actually report they disliked something
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in the lessons, and about half of those refer to organizational aspects of the lessons such
as the quality of the instruction, but also having to wait for too long before they were
allowed to begin with programming. Furthermore, the students mention programming
issues: six students reported they disliked programming while another three reported
had too few opportunities to program Eleven students reported disliking subject-related
issues, such as working with a microscope or having to record their voices. Finally, one
student dislikes having to articulate and write down their thoughts.

Regarding what the students found to be the most difficult, one student reported
everything was difficult and ten students found nothing to be difficult. Out of 24 students
who found programming to be difficult, 11 consider it to be the most enjoyable aspect
of the project as well. A total of 10 students experienced difficulties related to subject
matter—for example, working with a microscope. Eleven students report difficulties
related to their creativity (for example, coming up with sentences for their stories) and
to thinking (for example, implementing an idea exactly as imagined in their mind).

We asked the students whether they think working on this type of a project (i.e., with
computational thinking embedded in the context of the subject matter) helped them to
learn subject matter better. Students told us that, for example, this work helped them
because learning this way is more fun and so they worked better; but also, that it did not
help, “because it was totally different than a school subject”. Finally, we asked whether
they would like to work on such a project in the future and if so, what subject matter
they consider suitable. The students mention math, languages, physical education, and
a few believe it would suit all subjects. The elementary school students show a more
positive attitude on both of these issues.

Interviews. After the lesson series finished, we conducted 24 student interviews with
students from five schools: three from the self-driving cars project, nine from the gas
exchange project, three from the stopping distance project, two from the cell division
project, and seven from the digital storytelling project. In the data analysis, we focused
on their own perspective on the lesson activities and their learning. A common theme
many students mention is their appreciation of collaboration with other students. The
primary school students (those working on the self-driving cars and the cell division
projects) unanimously agreed they liked this type of lesson and believed they learned
subject matter better. One of the students explained that he liked working this way
and therefore was more motivated to learn about cell division. Another student said they
gained more insight into the inner workings of a self-driving car after having programmed
a sensor for such a car. The students working on the stopping distance project are divided
on the issue. While one student said, “Now I understand the stopping distance, because
you learn in a fun way and then you remember it better”, another one was critical about
using a Scratch model to help them learn: “Of course I know you shouldn’t look at your
phone while driving, but I haven’t learned much.”

The students working on the gas exchange project are divided on the issue as well and
place a number of thoughtful remarks. Several of them said it was nice to do something
new for a change; however, some warned that this sort of game-like activities could be a
distraction. Regarding their learning, one student commented that this way of learning
helps because they get to examine the issue at hand from various perspectives. Another
student adds that it was nice to be able to change the values of the parameters in the
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model and see the effect on the outcomes. Yet, as one of the students notices, while
the model helped them to learn about gas exchange, the visual representation of gas
molecules and blood cells in the model was not realistic.

Finally, the students working on the storytelling project reported that they liked
working this way, for example, because working from books only is boring. One of the
students said programming a conversation in Scratch helped them learn English better
because it made them speak in English; however, another student remarked their English
was already good and they did not learn much.

3.2 Teachers

After the lesson series finished, we interviewed all six teachers. We present the findings
regarding students’ conceptual understanding, their attitudes and difficulties. The results
regarding all of the teacher’s replies regarding all pedagogical content knowledge (PCK)
elements are reported in another extended study [29].

Students’ Conceptual Understanding. This refers to teachers’ knowledge and under-
standing of students’ conceptual knowledge and knowledge gaps. Four teachers [T1, T3,
T4, T5] reflect on their knowledge regarding the conceptual understanding of students.
Regarding the students’ understanding of the subject related concepts, the common view
of four teachers is that students understood the subject more deeply in CT integrated
lessons than in the traditional lessons.

For the augmentation level of the climate case, the teacher said, “The students gen-
erally have quite a lot of trouble with that [to understand climate related learning
objectives] The penny does not drop quickly, and that often takes a lot of time. The
learning objective was actually to do that in a special way [CT integration], and we
did to make it clear.” [T1] For the modification level of the “gas exchange” case, the
teacher commented, “I think most of them, 80 to 90% knew what they were doing [...] it
was not only Scratch but also biology.” [T3] In the case of stopping distance, “A whole
group actually got to work very fanatically to adapt it [model] [T4]. For the redefini-
tion level of the “cell division” case, the teacher remarked, “If you look at the grade 5
level [of the cell division], I think they have learned enough for this year [...] I thought
this [CT integration] might be a way to make this indeed more understandable for the
kids [Regarding the CT concepts] Everyone had programmed something in Scratch,
they could do that quite well. No matter how basic it was. Programming in Scratch and
making the connection between the steps you have to take in Scratch, well I thought that
went pretty quickly.” [T5].

Students’ Reaction and Perception. This refers to the teachers’ knowledge and aware-
ness of students’ reactions and perceptions toward CT integration lessons. The teachers
involved in the lesson of all integration levels stated that students’ perceptions were
encouraging and positive, and they said that with these terms: like, enjoy, enthusias-
tic, exciting, interesting, fun, educational, voluntary [T1, T2, T3, T4, T5, T6]. Only the
teacher of the climate case (the augmentation level) [T1] noticed that two girls who went
to the same primary school, and they indicated that they didn’t like it. The teachers said,
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“I think they [students] liked it. [...] I think what I saw was that they were working on
it with enthusiasm.” [T5] “Actually, in my experience, kids always like it. They enjoy
working with such a robot. It is often new to them too [...] They often get excited about
that anyway.” [T2] “A lot of them said that they liked it a lot. They thought it was hard
but they said that was interesting in their opinions [...] I think they did enjoy it.” [T6]
“You can really see that they have a lot of work on it but they also seemingly had a lot
of fun doing it” [T1] “A whole group actually got to work very fanatically to remix it.”
[T4] “I had the idea that they [students] liked it. [...] I do have the feeling that it has
been educational and fun.” [T3].

Students’ Difficulties. According to teachers, students experience various sorts of
problems during the lessons, including those related to: understanding the programming
concepts (conditions, design of algorithm, decision tree) [T1, T2, T5], requiring a lot of
skills/knowledge to accomplish task (such as subject-matter knowledge, programming
knowledge, collaboration skills, planning skills etc.) [T6], creating new things [T4], and
understanding instruction [T3].

For the augmentation level of the climate case, the teacher said, “They all found it
easy. That is unusual, you always have many questioners among students... Questions
were asked about the content, and that was quite unusual. They really had some difficulty
with the concept of the decision tree, because I had introduced it fairly quickly.” [T1].
For the modification level of the self-driving car case, the teacher commented, “They
found the assignment more difficult to design a short algorithm for the sensors. They just
had to write that down [... ] They had a lot of trouble with that.” [T1] For the redefinition
level of the digital storytelling project, the teacher said, “There are a lot of required
skills you need to know besides the English stuff. You also need to make a plan, to be
able to work together and also then the whole Scratch such as how you program those
things. I guess that was the hardest part for them” [T6]. For the cell division case,
the teacher remarked, “They [students] found it very difficult to get conditions for cell
division to actually get there [...] They did not progress beyond one condition to achieve
cell division.” [T5].

4 Conclusion and Discussion

In this study, we explored the perceived understanding, difficulties and attitude of the
students participating in CT integration studies at various degrees of technology integra-
tion, from the students’ and teachers’ perspective. Regarding students’ understanding
and difficulties related to the subject matter concepts, the teachers indicated that stu-
dents understood the subject more deeply in CT integrated lessons than in the traditional
lessons. The students themselves indicated that, for the most part, they did not find the
lessons difficult and very few of them indicated having had difficulties understanding
the subject matter. We conclude that in the lessons where CT was integrated with subject
matter, the students did not experience a lot of difficulties and that participating in this
type of lessons was beneficial for the deeper understanding and learning of the subject
matter.
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Regarding the students’ understanding and difficulties related to the CT, the teachers
reported about their students’ specific difficulties related to programming concepts. The
students themselves indicated having found programming to be difficult in less than half
of the cases. Furthermore, some students experience difficulties related to other issues
such as understanding instruction, planning their work and cooperation.

Regarding the students’ attitude and their perception of these types of lessons, the
teachers report a positive attitude of their students, and the students themselves corrob-
orate this finding. The students reported enjoying these lessons and being satisfied with
their work. Notably, a number of students realized that they were better at program-
ming than what they initially thought, or that they actually enjoyed programming. A
detailed analysis of all findings reveals that the students who actively engaged in pro-
gramming (i.e. those working on the projects involving self-driving cars, cell division
and storytelling) enjoyed the lessons more and found the lessons more interesting than
the students working on other projects. Yet, this outcome is not reflected in the students’
opinion on the issue of whether these types of lessons help them to learn the subject
matter better. While the primary school students (those working on the cell division
project) almost unanimously believe that it does, and would like to engage in similar
projects in the future, the students in secondary schools (those working on the stopping
distance and storytelling projects) are divided and a majority of those answering this
question disagrees.

Relating our findings to the integration levels of the SAMR framework [25] reveals
that student engaging in lessons at the transformation level—i.e., modification and redef-
inition degrees—taken as a whole, tend to have a positive attitude towards this type of
lessons. Again, in the projects where students actively engage in programming, they
tend to express a positive attitude more often, and these students are exactly the ones
who more frequently indicate that they have had programming lessons in the past. Their
teachers were aware of the students’ programming experience and prepared the lessons
accordingly. This finding confirms the importance for students to learn computational
thinking: the students who are adept at it have better chances to profit from the integration
of CT with the learning of subject matter and to gain deeper understanding of subject
matter. Indeed, such students engage in active learning and seem to experience multiple
benefits when studying subject matter: expressing the problem under scrutiny in com-
putational terms requires deep understanding of the problem, as does the construction of
a computational solution too. Finally, using that computational solution in the original
domains allows students to gain new insights [3].

In this study, we saw that integration of CT with subject matter benefits students’
learning. Future research within the larger project where this study is a part of is going to
expand the focus on measuring learning gains in learning of both subject-matter related
and CT-related learning objectives.
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