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Abstract

A significant gender gap continues to exist within computer science (CS) education, despite nationwide emphasis
in the U.S. on improving CS education equity and access. To explore this issue, we conducted an ethnographic
case study within a classroom at Forest View High School (FVHS, pseudonym) where girls” participation in CS
was consistently higher than state averages over 12 years. We sought to understand teacher and student experiences
within this gender-inclusive program. Data were collected over three months through observations, interviews,
course documents, and reflections. Results indicate three strategies for supporting a more gender-inclusive
classroom: (1) Providing personalized and relevant learning experiences; (2) focusing on growth mindset
development; and (3) creating a welcoming environment. Implications for practice include providing assignment
choice and personalized one-on-one support for students, modeling a growth mindset and providing opportunities
to learn from failure, and building personal relationships with students and incorporating humor. Overall, teachers
can act as agents of social change within the CS classroom, and play an essential, central role in broadening
participation and equity initiatives. However, this work must also be supported by administrators, counselors, and
other school stakeholders to be effective for enacting change.

Keywords: Computer science education, K-12 education, broadening participation, equity, gender

1. Introduction

Across the U.S. there are significant and increasing efforts directed towards integrating computer science (CS)
content and skills into the K-12 curriculum (Code.org et al., 2020; 2021; 2022; The White House, 2016). One
reason is workforce related, another is the idea that regardless of a student’s future path, CS knowledge and skills
are beneficial (Blikstein & Moghadam, 2019; Nager & Atkinson, 2016). Additionally, justice and equity-related
reasons for the importance of CS have been consistently emphasized by researchers and stakeholders alike (Vakil
2018; Jones & Melo, 2020). As a result of these intersecting reasons, numerous district, state, and national
initiatives have emphasized the need for all students to receive hands-on CS experience. (Code.org et al., 2020;
2021; 2022).

Despite these reasons for prioritizing K-12 CS education, an enduring gender gap continues to be present at all
levels of the CS pipeline (e.g., National Science Foundation [NSF], 2018). On average, women comprise 20% of
CS graduates (National Center for Education Statistics [NCES], 2018) and 26% of CS and Mathematical Science
professionals (NSF, 2018). This gender gap is problematic not only from an equity and justice-oriented
perspective, but also from an innovation and workforce perspective (e.g., Blikstein & Moghadam, 2019; Stiles,
2017). In other words, when CS is more inclusive, we are able to expand the range and types of problems solved
and grow the creative capacity of the field. (Santo et al, 2019). In spite of this enduring gender gap, there are some
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schools in the U.S. where participation in CS has been more equitable. For example, in Indiana, some high schools
have seen women and girls’ CS participation consistently above the state average of 20% (Ottenbreit-Leftwich et
al., 2017). The question then becomes, what is unique about these specific contexts that has led to more inclusive
participation?

1.1 Research Purpose

Efforts to support underrepresented groups in CS are typically described as efforts to broaden participation in
computing, or “meaningful actions that address the longstanding underrepresentation of various populations” in
CS (NSF, 2019). Based on the above outlook and the significant, enduring gender gap in CS, it is important to
explore broadening participation efforts in K-12 schools and classrooms where girls’ participation is happening at
higher levels. By exploring these contexts, we may be able to understand which research-suggested strategies are
effective for broadening participation, as well as the specific, unique strategies being utilized in the field. In short,
the purpose of this study was to examine a CS classroom that had consistently seen more gender-inclusive
enrollment and better understand the experiences within their CS program.

1.2 Research Question

We conducted an ethnographic case study (Fusch et al., 2017; O Riain, 2009) to situate ourselves within a single
classroom at Forest View High School (FVHS, pseudonym) where the percentage of girls in CS was consistently
above state averages. The current study is part of a larger study focused more broadly on understanding the history,
development, and current experiences within the FVHS CS program (Karlin et al., 2022). This portion of the study
centered around one research question: What were the teacher and student experiences within the FVHS CS
program?

2. Theoretical Framework and Literature Review

Based on a review of the literature, there are various elements within CS classrooms that can support more gender-
inclusive experiences. These often include (but are not limited to): (1) Exposure to a relevant and/or personalized
curriculum; (2) developing a growth mindset; (3) creating a welcoming classroom space; and (4) leveraging
culturally-responsive and/or relevant pedagogies. The table below defines each of these elements and provides
evidentiary support from the literature. This table also represented our a priori coding scheme for this portion of
the larger study and was used as a starting point in data analysis.

Table 1. Theoretical framework and a priori coding scheme

Category

Definition

Evidentiary Support

Meaningful, Personalized, and/or
Relevant Learning Experiences

Growth Mindset

Creating a Welcoming Environment
(Including Physical Space

Curricular content and support is
connected to student, interests,
needs, goals, and/or experiences.

Students are given opportunities to
make mistakes and fail, focus is on
learning and growth over time. CS
is not seen as an innate ability, but
something everyone can learn.

The teacher and students are
familiar with each other's lives,
interests, experiences, and/or
connected by more than course
content. The physical space is
welcoming to all students and does
not reinforce gatekeeping CS
stereotypes.

Goode & Margolis, 2011; Lachney,
2017; Madkins et al., 2020;
Margolis & Goode, 2016; Scott et
al., 2017; Seneviratne, 2017

DuBow et al., 2016; Flannigan et
al., 2022; Kwak et al., 2022; Starr,
2018; Wagner, 2016

Cheryan, et al., 2015; Madkins et
al., 2020; Margolis et al., 2012;
Master, et al., 2016
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Culturally-Relevant and/or CS curriculum is tied to social Madkins et al., 2020; Lachney,
Responsive Content justice efforts, and explicitly 2017; Scott et al., 2015; Vakil, 2018
addresses and engages with
longstanding racial, gender, and
other inequities within the field.

2.1 Classroom CS Elements for Broadening Participation

2.1.1 Meaningful, Personalized, and/or Relevant Curriculum

Research suggests that meaningful, personalized, relevant curricula can impact women’s decisions to pursue a
career in CS (Goode & Margolis, 2011; Lachney, 2017; Madkins et al., 2020; Margolis & Goode, 2016; Scott et
al., 2017; Seneviratne, 2017). Definitions for meaningful, relevant, and/or personalized curriculum are expansive,
but in general, this type of learning experience connects with students’ culture, community, interests, and/or needs.
When CS lessons and curricula are aligned these items, it can be a beneficial approach for broadening participation
(Madkins et al., 2020).

For example, a 2011 case study from Goode and Margolis examined the impact of the Exploring Computer Science
(ECS) curriculum on students’ beliefs about CS. The ECS curriculum has a large focus on incorporating a
meaningful, relevant curriculum into the CS classroom and was designed to broaden CS participation for
traditionally underrepresented groups (Goode & Margolis, 2011). The case study examined the results after initial
pilot testing of the curriculum, which involved 300 students. Women students accounted for 42% of the enrollment
in the pilot study program. The authors found that exposure to the curriculum led to increases in students’
perceptions of CS usefulness, their beliefs about the appeal of CS, their perceptions of CS as enjoyable, their
motivation to persevere through difficult problems, and their likelihood to participate in CS courses in the future
(Goode & Margolis, 2011). Overall, creating and/or implementing CS curricula that are personalized and relevant
to students’ culture, community, interests, and needs can be a beneficial approach for broadening participation
efforts (Goode & Margolis, 2011; Lachney, 2017; Madkins et al., 2020; Margolis & Goode, 2016; Scott et al.,
2017; Seneviratne, 2017).

2.1.2 Focus on a Growth Mindset

In general, a growth mindset is defined as the idea that intelligence and understanding can grow and change over
time (Dweck, 2006). STEM and CS research has suggested that modeling and helping students develop a growth
mindset can be beneficial for broadening participation (DuBow et al., 2016; Kwak at el., 2022; Starr, 2018;
Wagner, 2016). Developing a growth mindset can help students shift their self-perceptions, so they see CS as
something that can be learned, not just something people are born being able to do. In CS specifically, previous
research and stakeholders have suggested that emphasizing the development of a growth mindset can increase
student performance (e.g., Cutts et al., 2010) and help with broadening participation (e.g., DuBow et al., 2016;
Starr, 2018; Wagner, 2016). When teachers, counselors, and other CS stakeholders hold a static view of
intelligence this tends to reinforce existing biases about the types of students who should and should not participate
in CS (Margolis et al., 2017). Shifting to a focus on a growth mindset can help encourage all students to participate
in CS, as well as increase interest and future desire to continue to explore CS (Flannigan et al., 2022).

For example, in a 2010 study from Cultts et al., researchers worked with university students in a programming
course. They designed three interventions: a mindset training intervention, which involved a tutor leading the
students through growth mindset reflection activities; a crib-sheet intervention, which provided students with a list
of strategies to try if they got stuck; and a rubric intervention, which was designed to remind students that
challenges could be overcome at the precise moment when they were stuck. All three of these interventions
included some element of helping students develop a growth mindset. Finally, there was a control group which
did not receive any intervention. The study found that those in the control group developed a more fixed mindset
over time, while those in the intervention groups developed more of a growth mindset. Most importantly, those
students in both the mindset intervention and the rubric intervention saw an overall shift in mindsets as well as
improved CS performance (Cutts et al., 2010).

2.1.3 Creating a Welcoming, Supportive Environment
In CS education, building personal connections and relationships with students can also help broaden participation
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(e.g., Madkins et al., 2020; Margolis et al., 2012). When students have positive relationships and connections with
their CS teacher, students may feel more connected to these fields of study and see themselves as good fits within
those fields (Madkins et al., 2020; Margolis et al., 2012). Building relationships with students is also a major
component of learner-centered and culturally-relevant CS pedagogical practices and frameworks, which are
intentionally designed for supporting broadening participation efforts (Madkins et al., 2020).

Finally, previous research on broadening participation in CS has also suggested that the design of classroom space
can be an important factor in addressing these stereotypes (Cheryan et al., 2015; Master et al., 2016). For example,
Master et al. (2016) tested whether CS gender stereotypes were communicated by the physical design of a CS
classroom such as tech magazines, computer parts, and Star Wars/Star Trek items. They found CS classrooms that
did not project common CS gender-based stereotypes, girls (but not boys) were more likely to express an interest
in CS when compared to a CS classroom that did project common gender-based stereotypes (Master et al., 2016).
Overall, relationships with the CS teacher and classroom CS space impacts students’ perceptions of the field and
of their own fit within the field.

2.1.4 Culturally-Relevant and/or Responsive Curricula

Current issues of inequity within CS are the result of longstanding, entrenched systems that prioritize certain ways
of knowing, being, and doing (e.g., Ensmenger, 2010; Jones & Melo, 2020). These existing systems and practices
have led to the current state of the field where students of color, urban and rural studies, low SES students, students
with disabilities, multilingual students, and others are significantly underrepresented and underserved (Code.org,
2021; National Academies of Science, Engineering, and Medicine [NASEM], 2021). Researchers and stakeholders
have continually emphasized that efforts to address these issues and broaden CS participation should also include
culturally-relevant and/or responsive pedagogical approaches (Madkins et al., 2020; Scott et al., 2015; Vakil,
2018). In general, these types of approaches include connections to students’ culture and communities in
meaningful ways, challenge existing systems of racism, sexism, and oppression, and provide support and
scaffolding for students to engage in these types of difficult and challenging topics (Madkins et al., 2020).

For CS courses and programs to address systemic equity issues, there needs to be intentional and explicit curricular
focus to ensure these topics are incorporated alongside other necessary content (Madkins et al., 2020; Scott et al.,
2015; Vakil, 2018). In short, broadening participation efforts in CS education must be connected with curricular
content and discussion around why these efforts to broaden participation are needed in the first place. Overall,
when students and educators leverage culturally-responsive pedagogies, students are better able to understand the
sociopolitical relevance and importance of CS across individual, community, and societal levels (Madkins et al.,
2020).

3. Methods
3.1 Context

The study took place over three-months, in a single CS classroom, at Forest View High School (FVHS,
pseudonym), and used an ethnographic case study design (Fusch et al., 2017; O Riain, 2009) to examine the
experiences of teachers and students within that classroom. FVHS is a large, suburban high school in southern
Indiana. Enrollment during the time of this study was 1,833 students with student demographics of 65.7% White,
14.8% Black, 9.7% Multiracial, 7.6% Hispanic, 1.9% Asian, 0.2% Native American. In addition, 56.3% of students
were on free/reduced meal plans and 43.7% were on paid meal plans, which is higher than the state average
(Indiana Department of Education [Indiana DOE], 2019a). FVVHS is one of two public high schools in their school
district, with the other school having less racial/ethnic diversity and higher average socioeconomic status (Indiana
DOE, 2019b). FVHS was selected for this study based on state-level enrollment data showing consistently high
numbers of girls in CS courses (see Table 2) when compared to the state average of approximately 20%
(Ottenbreit-Leftwich et al., 2017).
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Table 2. CS enrollment data at FVHS by gender

School Year Course Name Girls and Total Percent Girl Enrollment
Enrollment
2010 - 2011 AP Computer Science A 8/32 25%
Digital Applications and 7128 25%
Responsibility
Web Design 10/28 36%
2011 - 2012 Digital Applications and 24149 49%
Responsibility
Web Design 15/50 30%
2012 - 2013 AP Computer Science A 14 /43 33%
Digital Applications and 18/33 55%
Responsibility
Web Design 19/52 37%
2013 - 2014 Computer Science Il 81/24 33%
Digital Applications and 9/17 53%
Responsibility
IB Computer Science Standard 1/3 33%
Level
Web Design 20/ 47 43%
2014 - 2015 AP Computer Science A 16/ 46 35%
Digital Applications and 17/38 45%
Responsibility
Web Design 20/57 35%
2015 - 2016 Computer Science | 5/35 14%
Computer Science Il 14736 39%
Digital Applications and 11/19 58%
Responsibility
Introduction to Computer Science 1/28 4%
Web Design 12/35 34%
2016 - 2017 AP Computer Science A 25/61 41%
Computer Science | 2/21 10%
Computer Science Il: Special Topics 13/31 42%
Information Technology Support 13/31 42%
Introduction to Computer Science 58/143 41%
Web Design 50/101 50%
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2017 - 2018 AP Computer Science A 25/61 41%
Computer Science | 2/21 10%
Introduction to Computer Science 58/143 41%
Web Design 23/50 46%
2018 - 2019 Computer Science | 7128 25%
Computer Science Il 10/35 29%
Introduction to Computer Science 35/99 35%
Web Design 13/28 46%
2019 - 2020 AP Computer Science A 2112 17%
AP Computer Science Principles 2/2 100%
Computer Science | 6/16 38%
Introduction to Computer Science 40/110 36%
Web Design 27149 59%
2020 - 2021 AP Computer Science Principles 4/ 13 31%
Computer Science | 14149 29%
Computer Science Il 4/12 33%
Introduction to Computer Science 53/118 45%
Web Design 16/33 48%
2021 - 2022 AP Computer Science A 2120 10%
Computer Science | 141 47 30%
Introduction to Computer Science 24 /63 38%
Web Design 15/45 33%

More specific to CS enrollment at FVHS, at the time of this study all CS courses were electives. In other words,
there was no requirement for students at FVHS to take a CS course. All CS courses were optional, and students
could choose to enroll in CS courses similar to music, art, radio, and other elective courses. Often, positive
experiences in previous CS courses or the recommendation of school counselors and/or other students led to CS
enrollment (see Karlin et al., 2022 for additional context).

3.2 Participants

The unit of analysis for this study was the CS program, and the participants included those involved in the FVHS
CS classroom community, as well as those outside the classroom that still held connections to the course offerings,
course materials, etc. Specifically, the participants in this study included:

1. Katy, the current FVHS CS teacher (n=1),

2. Michelle, one of the former FVHS CS teachers (n=1),

3. Current FVHS students (n=55).
Of the current CS students (n=85), 55 (65%) participated in an optional anonymous, end-of-semester reflection.
Additionally, ten students (12%) provided assent and parental consent to participate in individual and/or focus
group interviews.
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3.3 Data Sources and Analysis
Data were collected and generated across seven sources:

1. 33 class observations (27 hours and 30 minutes). These class observations occurred over 11 site visits,
with three separate class observations per visit. Researcher field notes were generated during each
observation.

2. Two programming competition observations (6 hours). One programming competition occurred onsite
and was student-hosted and student-led, another occurred at a nearby university. Researcher field notes
were generated during both competitions.

3. 11 individual teacher and student interviews (4 hours and 43 minutes). These occurred before, during,
and after class as time allowed. Individual teacher interviews also occurred off-site to allow for deeper
conversation. Interviews were recorded and transcribed.

4. Six teacher and student focus group interviews (1 hour and 48 minutes). These occurred before, during,
and after class as time allowed. Interviews were recorded and transcribed.

5. 55 individual student reflections (65% of students in the FVHS CS program). These anonymous
reflections explored teacher practices that made students feel welcomed/unwelcomed in the CS classroom
and provided space for students to identify their gender if they wished.

6. 25 course assignments. These were collected as pictures of assignment handouts for each lesson observed.
Some assignments spanned multiple observation days.

We employed constant comparative analysis (CCA) to iteratively analyze data throughout data generation (Fram,
2013). Our theoretical framework (Table 1, above) represented our a priori coding scheme, which we challenged,
reduced, expanded upon, and finalized throughout the analysis process (Fram, 2013). More specifically, all
transcribed interview data and other data sources (i.e., student reflections, course assignments, observation notes)
were imported into NVivo for analysis. The aforementioned coding scheme was also entered into NVivo and used
to code all data sources. To increase trustworthiness, at the conclusion of data generation a second researcher
received all observation, interview, and reflection data and coded all data using the same procedures. We then met
to compare results and in cases of disagreement, we discussed until we reached agreement (Saldafia, 2015). We
engaged in member checking with all participants throughout data generation (e.g., LeCompte & Preissle, 1993)
and at the conclusion of analysis, findings were shared with the current teacher and several student participants for
a final member check.

4. Findings

This study initially set out to examine what was happening at FVHS that consistently led to more gender-inclusive
CS participation. The study found that while the FVHS CS program did not have a specific goal of broadening
participation for girls, it succeeded in doing so through the strategies explored below. In general, their goal had
been to expand CS participation for all students and in doing so, they also created a more gender-inclusive
program. Overall, supporting all students was done through: (1) Providing personalized, relevant learning
experiences; (2) focusing on growth mindset development; and (3) creating a welcoming environment. These
themes and their respective sub-themes are summarized below in Table 3.

Table 3. Summary of major themes

Primary Theme Sub-Themes Definition
Personalized, Relevant Assignment Choice  The teacher provided (and the students valued) choices on how
Learning Experiences to engage with assignments in a variety of ways that aligned

with interests and past experiences.

Personalized The teacher provided (and the students valued) support that
Support was aligned with unique, specific needs.
Focus on a Growth Modeling a Growth  The teacher modeled (and the students developed) a growth
Mindset Mindset mindset and articulated how learning and expertise were not

“fixed” but rather could be developed over time.

Providing The teacher provided (and the students valued) the opportunity
Opportunities to to resubmit work and learn from past mistakes.
Learn from Failure
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Creating a Welcoming, Personal The teacher built (and the students valued) personal
Supportive Environment Relationships with  relationships and connections.
Students
Incorporation of The teacher incorporated (and the students valued) humor,
Humor into the jokes, and laughter in classroom lessons and activities.
Classroom
Creating a The teacher created (and the students valued) a space where
Welcoming everyone felt welcomed and supported, even outside of
Physical Space assigned class time.

4.1 Personalized, Relevant Learning Experiences

Overall, Katy (current FVHS CS teacher) provided personalized, relevant learning experiences for all students in
two ways: (1) Assignment choice; and (2) personalized support.

4.1.1 Assignment Choice

Based on observation field notes and course documents, Katy would regularly provide general expectations that a
program or assignment would need to meet but allowed students to choose the topic of the program. For example,
one of the programming assignments asked students to create a text-based game that involved a map the player
could navigate by moving north, south, east, and west (see Figure 1). While students had general expectations for
this program, the location and design of the map were left up to the students. For example, one student chose to
create a Pokémon-related map, while another made a map of their home.

Adventure

{iH
 E

-
Sirecticar

7.3 Creating Your Dungeon
Before you start, sketch out ll‘rdun‘r«\ that you want to create. It might look something like this

connect. For example, room 0 connects to room 3 to the north

]
Figure 1. Example personalized assignment for Computer Science 1 class

A second example of assignment choice came with the Web Design students’ final project (see Figure 2). For this
project, students had a list of basic requirements (e.g., links, images, text formatting, etc.) but the topic of the web
page was left up to the students, based on their individual interests. From observation field notes, some students
presented on different animals, others presented on favorite video games or television shows, and others presented
on various topics of interest. Overall, these elements of choice allowed assignments to be more personalized and
relevant to students and were consistently seen across course assignments. Of the 25 course assignments collected
for analysis, 21 contained some element of choice or personalization (84%).

10
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Name = Period

Name
T i ject — how n in vour code HTML Final project
Your website must contain at least three separate pages. It should be original Your website must contain at least three separate pages. It should be original work — no copying and pasting
work — no copying and pasting from previously created pages. from previously created pages.
Open all pages that are a part of your web site. Print the CODE for cach page. Staple them together (home page 1. Background A
g e 2. Links between all pages 6
Follow the instructions below to identify the parts of HTML code described. 3. Image link 3
4. Hyperlink 1o location in page 3
A. Meta Tag Circle the meta tag you created & put an A next to the circle 5. Origi 2 1 gif related to your topic that YOU have created 6
B. Image w/alt text Circle the alt text in your img tag & put a B next to it 6. 1 Rule 3
C. Wrapped Text Circle the code that causes text to wrap around a picture & label it witha C 7 3
D. Link to other site  Circle your code for an external hyperlink and label it with a D 8. Itali z
E. Email link Cirele your code for an email hyperlink and label it with an E 9, Underling -
F. Cellpadding/spacing Circle the table tag that shows celipadding and cellspacing & label it with an ¥ 3
G. Table Background change Cirele the code for  table background change and label it with a G 3
s 3
H. Embedded style sheet Circle your embedded style sheet and label it with an H ‘
b i

external style sheet to at least one page  circle the code where you linked the external
10 a web page and label it with an |

=t

PRINT your exteral style sheet & write your name on it

yur pages together in this order then turn in the packet.

3
3
3
3
3
3
3
3
3
3
3
3
7

Figure 2. Example personalized assignment for the FVHS Web Design class
4.1.2 Personalized Support

The support and troubleshooting Katy provided was personalized to meet the specific needs of individual students.
From fieldnotes, the majority of daily class time was spent providing personalized, one-on-one support for students
while they worked on programming projects. For example, in Katy’s Programming class, a student was having
difficulty getting her code to work when designing the aforementioned text-based game where students could

navigate using North, South, East, and West. The student called Katy to help, and Katy provided personalized
troubleshooting:

Katy: “So here you’ll have square brackets instead of the number, that number is going to change every
time they make a choice. You’ll get there! Just trust these instructions.”
Student: “I know but they just confuse me.”

Katy: “And that’s OK!” (Katy continues to walk her through the instructions)
Student: “And what is this supposed to do?”

Katy: “It’s the same thing as up here (points to an earlier section in the student’s code). | think [these
directions are] just taking it too slow for you, it’s really step by step.”

Student: “OK, well I will call you back soon then. It won’t be long!”
Katy: “Oh stop it, you’re fine!” (both laugh)

The troubleshooting Katy provided in this example was specific to what the student was struggling with while

getting her game to work. Another example occurred during a Web Design class, when a student was having
difficulty creating a target tag within a hyperlink on his website:

Student: “[Katy] how do you do a target tag again? And what is it?”
Katy walks over to him

Katy: “You know how when you do a hyperlink, you can add target to it, so that the link opens in a new
page?”

Student: “Ohhh.”

11
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Katy: “So you can add it into a hyperlink that you already have.”
Student: “So why do we do this?”

Katy: “So when someone clicks on the link, it opens it in a new tab, instead of in the same page they’re
already in.” (Katy shows him how to add the target tag).

Katy: (Leaving) “So yell at me if there’s anything else, but looks like you’ve got it!”

Here again, Katy provided personalized troubleshooting based on the specific problem. This type of personalized
support was observed consistently throughout every observation, for the majority of each class period, with the
exception of two testing days.

Additionally, anonymous student reflections also discussed the importance of the personalized support and
troubleshooting Katy provided. When asked “What does your teacher do to make you feel welcomed?” the most
common emergent theme was provide support with 60% of girls (n=14) and 53% of boys (n=18) responding this
way. For example, a boy in Programming wrote: “[Katy] is always ready to help or answer questions and seems
very interested in our thoughts and questions.” A girl in AP Java wrote a similar idea: “[Katy is] always available
if 1 have questions or am struggling to figure out an assignment. She offers help after and before school and never
makes me feel less-than for not understanding a concept as fast as my classmates.” Finally, a girl in Web Design
described how Katy provided personalized feedback and created a welcoming atmosphere: “[Katy] helps you
whenever you need it and she makes it easy to ask questions.”

This theme of personalized support was also reflected in student interview data. Diya, a sophomore in AP Java,
noted that the one-on-one help provided by Katy was helpful for her and her classmates: “I think [Katy’s] help
works really well because then everybody can go at their own pace and we don't have to all be doing the same
thing.” This was similar to what Patti and Hope (freshman girls in web design) spoke about during their focus
group interview as well:

Patti: [Katy] helps us a lot when we have questions.
Hope: Like her just answering our questions and working through things with us helps a lot.
Patti: She's good at explaining it too!

Overall, Katy provided personalized learning experiences through assignment choice as well as support and
troubleshooting. Katy consistently met students where they were at in terms of their interests, and designed course
learning experiences in differentiated ways to meet a variety of student needs.

4.2 Focus on a Growth Mindset

Overall, Katy supported the development of a growth mindset in two ways: (1) Modeling a growth mindset and;
(2) providing opportunities to learn from failure.

4.2.1 Modeling a Growth Mindset

Throughout Katy’s interviews and observation field notes, Katy described and provided consistent examples of
modeling a growth mindset, admitted gaps in her own knowledge, and emphasized the importance of learning and
growth over immediate success. In one interview, Katy described these practices as representing a “Growth
mindset” (e.g., Dweck, 2006) and went on to explain why she believed a growth mindset was important,
particularly for underrepresented students:

Especially with our underrepresented populations, | try to model this [growth] mindset. I feel like that it
is definitely beneficial, and once you get a little confidence and you have a basic understanding, then
maybe you think, "let me try this other [CS] class.”

Katy later expanded on this approach in a second interview by using herself and her own growth mindset as an
example:

I try to tell the students that it's about betterment. | don't like to puff myself up very much at all, | just like
to let them know "I just learned [CS] at this job two years ago, and when | learned it, | didn't get this part,
like with recursives, and I'm still really struggling with that. So, I try to tell them that, when I didn’t get
this either, | had to really work at it.

Throughout observations and researcher fieldnotes, Katy also regularly admitted to gaps in her own knowledge by
calling out mistakes she made or things she was uncertain of, thereby modeling a growth mindset to her students.
For example, during an AP Java observation, when a student was struggling with a particular topic, Katy shared
her own challenges with the content: “I struggle on these too, they’re definitely hard.” Katy would also let students
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know when she made a mistake, and that she was still learning as well. For example, in another AP Java
observation, Katy corrected a point she had made earlier in class when a student offered a different solution: “Oh
yeah, [ was wrong on that, you’re right.” This type of modeling occurred regularly, across all courses and multiple
observations.

In general, students also seemed to be developing a growth mindset and felt comfortable making mistakes and
admitting gaps in their own knowledge. For example, in anonymous student reflection data, a boy in the
Introduction to CS courses wrote about how he was not afraid to make mistakes or ask questions when he was
uncertain: “[Katy] actually takes the time to go around and help students. I'm also not afraid to ask questions
because I don’t feel judged when I don't understand something like I do in some of my other classes.”

As seen in observation data and researcher fieldnotes, students asked questions when they were uncertain. For
example, during a Programming observation Katy was filling in a student on an assignment she had missed while
she was absent, and the student seemed embarrassed by their question, but also seemed unafraid to ask:

Katy: | know you were gone for a little bit, just checking in, have you down your Pig Latin assignment
yet?

Student: This is probably a really dumb question, but... what is Pig Latin?

Katy: That’s OK, it’s not a dumb question at all! Have you spoken in Pig Latin before? Or heard that
phrase?

Student: I don’t think so?
Katy goes on to explain what Pig Latin is and what the assignment was.

A second example of this growth mindset development came from Amber, one of the senior students who was
taking an independent study in CS. During one interview, she discussed her personal philosophy of it being a good
thing to not know everything and to continue to learn from others:

I might not be one of those [students] places the highest [in competitions], but | want so much to be on
the team with people who are better than me. And one of my favorite quotes is, "If you're the smartest
person in the room, you're in the wrong room."

I’ve met some people who were in their first year [competing] and they get first place at a competition,
and I'm like, that is crazy. Show me what you did. Like, teach me, you know?

Overall Katy modeled a growth mindset throughout observations and student interactions. Students also seemed
to be developing growth mindsets within the CS program and appeared to be comfortable making mistakes and
admitting gaps in knowledge. In general, these growth practices were consistently and universally supported and
modeled by Katy throughout all interviews and observations.

4.2.2 Providing Opportunities to Learn from Failure

In addition to modeling a growth mindset, Katy also supported students when they made mistakes. For example,
the following exchange occurred during a Programming observation, where a student was struggling and making
mistakes in getting her program to work:

Student: [Katy]? Can | ask you a question again?
Katy walks over to student, looks at where the student is pointing.
Katy: Oh yeah, this part is definitely tricky.

Student: I think there are a lot of different ways I could do this, but I'm having trouble getting it working,
which way did you recommend?

Katy: This is really good. So now you’re going to need a variable to keep track of [this part]. And you
have this here [points to specific line of code], which is good. So now we need to set a variable to look
for [what you need].

Student: The only way | could be sure is if | could look at my older program, otherwise I’'m still a little
unsure on this.

Katy: That’s OK! You can always look at your old stuff! That helps me too.

In this exchange, the student had been making mistakes in her program and was unable to get it to work. Katy let
the student know it was fine to make mistakes, and that it was a good practice to reference her previous work when
facing challenges and problems.

13



International Journal of Computer Science Education in Schools, May 2024, Vol. 6, No. 3
ISSN 2513-8359

Katy’s grading policy also provided students multiple opportunities to learn from failures and reach success. From
observations and researcher field notes across all classes, students could make revisions to previous work and
exams, and resubmit that work for additional credit. When asked about this practice during an interview after a
Programming class, Katy described that this practice helped maintain students’ interest in CS:

I never want to squelch a student’s interest in CS, and I want them to know it isn’t always about getting
the grade, or getting it right the first time, | want them to know they can keep working and keep trying
until they’re happy with the result.

In other words, Katy wanted to make sure to integrate growth mindset practices in her grading policies as well.

Providing multiple learning opportunities was also seen in class observation data. For example, during a Web
Design observation, one student had completed their assignment, but had done so incorrectly. Katy went over to
help them, and gave them another opportunity to fix the mistake they had made:

Katy: Make sure you save your animation for web. You saved yours in a different format. That’s one of
the mistakes people always make though, it’s OK!

Student: Oh no. Oops. Is it OK?

Katy: You have to make sure to follow these instructions to save it for web so you can actually use it as
an animation on your site. It’s OK, you can do it again, just make sure to save it in the right format here
[Katy shows student how to save it correctly].

Overall, throughout interviews and class observations, Katy demonstrated a growth mindset and created numerous
opportunities for learning through failure.

4.3 Creating a Welcoming, Supportive Environment

Overall, Katy supported the creation and development of a welcoming, supportive environment in three ways: (1)
Personal relationships with students; (2) incorporation of humor; and (3) creating a welcoming physical space.

4.3.1 Personal Relationships with Students

Across interviews and observations, Katy reported and worked towards building and maintaining personal
relationships with her students. Both in formal interviews and in anecdotal conversations, Katy described
building relationships with her students, knowing about her students’ lives outside of the classroom, and caring
about their personal struggles and successes. For example, when asked about why she thought students felt
comfortable coming and talking with her about their lives outside of the classroom, Katy described trying to
create a welcoming environment:

I don't have an answer, other than | want them to feel like they can come here [to my classroom]. | have
kids that | had last year that aren't taking programming classes this year that come in and print stuff. |
want them to feel like this is a place that they can call home.

During one interview, Katy also mentioned that being students’ CS teacher over multiple years was important for
helping her better connect with students and to learn more about their lives outside of the classroom. Katy described
that having these longer relationships were unique in high school and not something most teachers were able to
have:

You don't have very many classes [where you have the same teacher multiple times], unless you take a
foreign language, like Latin where there's only one Latin teacher, one German teacher. Then you would
have that teacher for four years. Band or orchestra or choir, that sort of thing. But for most part, it’s those,
and radio, and us. For most classes you have somebody different every year. [Being able to have the same
student over multiple years is] good, especially for kids who maybe don't open up that much, who are
kind of shy. Then if you have them more than once, that part does help.

While the importance of having the same teacher over time for building relationships was not mentioned by all
students, it was explicitly discussed by Amber and Jessica (two seniors enrolled in a CS independent study course).
When discussing what Amber and Jessica like about CS, they described the importance of the relationship they
had built with both Michelle (former CS teacher) and Katy, and how that would not have necessarily been possible
if they had not had them over multiple years:

Amber: Because, with some of my other teachers, like English or Math that change year to year | got
close to them that year but after that the bond didn't stick as well. So yeah of course I talk to my freshman
year English teacher, he's great and everything but it's not the same bond that | have with [Katy] or
[Michelle], having had them for two, three years in a row. So that for sure helps [build a relationship with
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them]. So you're not coming into your second programming class with a new teacher and you have to
relearn how they teach and everything, you already have that experience.

Jessica: Yeah I think that definitely makes a difference because I've had [Katy] all four years I've been
here. Because | had her [my freshman year], and | had her again when she was doing those other classes,
and then when she was teaching with [Michelle] for AP and then the past two years. So | think that really
makes a difference [in building a relationship] for sure.

Students in general also reported feeling connected to Katy and having a personal relationship with her. For
example, in student reflection data, and in answer to the question “What does your teacher do to make you feel
welcomed?” The second most common emergent theme for all students related to the teacher building relationships
with them (girls n=7, 30%, boys n=14, 41%). For example, a girl in AP Java wrote that Katy was “very personable,
S0 it makes it easier to connect with and learn from someone you're comfortable around.”

Students also commented about Katy’s overall demeanor, and how she interacted with her students. For example,
in the anonymous student reflections, a boy in AP Java wrote that “[Katy] acts like a person and not just a teacher”
and another boy in the Introduction to CS course noted that Katy was “always smiling.” A different boy in the
Introduction to CS class felt welcomed by Katy’s regular greetings, saying “when I come in the door [Katy] tells
me ‘hi’.” A girl in Web Design noted a similar welcoming attitude saying, “[Katy] is extremely nice and
welcoming, and she always has a positive and upbeat personality.” Additionally, Isabella, a freshman girl in Web
Design said in her interview that “Katy’s just always there to help, so it's really nice. If you just ever need anything,
she's always there.” Overall, students in general reported that Katy seemed to care about creating a space where
students felt comfortable and welcome.

4.3.2 Incorporation of Humor into the Classroom

Across observations and researcher fieldnotes, Katy also worked towards building a welcoming environment with
her students through the incorporation of humor. Students would often joke with Katy and talk with her about her
own life. For example, the following exchange occurred in a Web Design observation, where students were asking
her about her sons, who were also students at FVHS and the local middle school:

Student: [Katy], have you ever given your sons a detention?

Katy: No, they just kind of sit here, they don’t get in trouble. But they do get in trouble at home.
Student: Then what if you gave them a detention at home, for school.

Katy: Oh, so if they don’t clean their room or something, I could just give them a detention for it?
Student: Yeah, exactly, and then they’d have the detention at school.

The class laughs together.

This example seemed to illustrate a level of comfort and familiarity that Katy had with her students, and that her
students had with her.

In another example, students in AP Java were joking with Katy about the curly bracket she had drawn on the board
when writing out code (“{*), and the following exchange occurred:

Student: What is that curly bracket? What happened to it?

Katy: This one? This is a GREAT curly bracket, I am proud of my work!
Student: I don’t know if you should be proud about that!

Class laughs together.

Finally, the students also recognized Katy’s attempts to incorporate humor into the classroom. For example, Amber
and Jessica discussed in a focus group interview how Katy incorporated humor and that they considered her to be
a funny teacher: “all her humor that comes with having a funny teacher, then you feel the connection with all the
other students [as well], and you're all just kind of building each other up.”

Overall, these types of short examples involving brief conversations where Katy and the students joked together
were common across all observations and all courses. Katy worked intentionally to build relationships with her
students by incorporating humor into the classroom, and this was reflected across both interview and observation
data.

15



International Journal of Computer Science Education in Schools, May 2024, Vol. 6, No. 3
ISSN 2513-8359

4.3.3 Creating a Welcoming Physical Space

Finally, Katy supported her students by creating a welcoming space in her CS classroom. For example, in one
interview, Katy described the effort she put in to helping students feel welcome and part of a classroom community:
“It's intentional that I want [my students] to feel like they belong. I want them to feel comfortable in [our] room.”
Katy followed this up later in the same interview discussing how she try to create a comfortable environment for
her students:

I want [my students] to feel comfortable in here. | try to make it as non-threatening as possible so even if
they're not getting something, I try to encourage [them]. So it's like, "Keep on doing it."...I want them
to feel comfortable with each other too. | encourage them to try to [help each other].

Katy explained that her philosophy on the importance of creating a welcoming space for her students centered
around the desire to have her students feel like someone at the school cared about them, and wanted them to be
there: “[I try to setup my classroom so that], it makes it a lot more fun to come to school and just feel like
somebody cares if [they’re] here or not” (see Figure 3). Additionally, during many observations, students not
currently taking a CS course would visit the class to talk with Katy before school, after school, and during lunch.

Figure 3. Examples of Katy’s classroom design

Another example where Katy attempted to help her students feel welcome was giving her upper-level students t-
shirts that they co-designed as a gift (see Figure 4). This was a practice that Michelle (former CS teacher) originally
began, and Katy expanded on. Katy described the T-shirt practice and why it was helpful in building relationships
with the students:

| got them [a t-shirt] last year that just has some nerdy [things on it]...That was their Christmas gift last
year. Those were kids who [were] in Programming Il who got them last year. Then | had some extras to
give to the other Programming [class, and] to the kids who weren't in that class but were still on the
[programming] team. Anyway, [I believe that] makes [the students] feel like they’re part of something.
Even if they're not on the [programming] team, they still got the shirts.

In other words, Katy had continued the practice that Michelle had started, but also expanded it to include students
who were outside of the programming club to help the students feel more connected to the CS classroom
community.

Figure 4. Examples of t-shirts that Katy and Michelle had co-designed with students.
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5. Discussion and Implications

As illustrated in Joanna Goode’s work (2007), CS teachers have the ability to “act as change agents to broaden the
participation in computing for historically underrepresented students” (p. 65). The results from this study suggest
that Katy helped broaden participation by creating a classroom culture where girls felt supported, represented, and
welcomed. While this work was not done in isolation (see Karlin et al., 2022 for larger historical context of FVHS’s
CS program), at the time of this study Katy was the primary driver of supporting equitable CS engagement. As
seen in the results, she did this through three primary methods: (1) Personalized and relevant learning experiences;
(2) focusing on a growth mindset; and (3) creating a welcoming, supportive environment. The importance of these
themes, and their connection to existing literature and future research possibilities are explored below.

Additionally, it is important to note that across all themes, while a more gender-inclusive CS space was created
for girls at FVHS, the majority of classes still had less participation than representative of the overall school
population (~50%, see table 2 above). This may relate to perceptions girls have around CS, specifically connected
to stereotypes of the field, which can often serve as gatekeepers (Karlin et al., 2024). When girls’ perceptions of
themselves do not align with their perception of a field, they may be less likely to engage in the field (Starr, 2018;
Starr & Leaper, 2019). This is common in STEM and CS fields (Karlin et al., 2024; Starr, 2018; Starr & Leaper,
2019), and more work is needed to explore how stereotypes and perceptions around CS impact broadening
participation efforts. While positive movement towards equity was seen in this study, and is explored further
below, additional time, work, and support are still needed to reach fully equitable participation levels.

5.1 Importance of Meaningful, Personalized, Relevant Learning Experiences

Overall, providing relevant and personalized learning experiences in CS classes and courses has been suggested
as one approach for supporting broadening participation efforts (Goode & Margolis, 2011; Lachney, 2017;
Madkins et al., 2020; Margolis & Goode, 2016; Scott et al., 2017; Seneviratne, 2017). By providing choice and
allowing students to bring in areas of interest and relevancy to assignments, students are more likely to feel
connected to CS as a discipline (Goode & Margolis, 2011; Lachney, 2017; Madkins et al., 2020; Margolis &
Goode, 2016; Scott et al., 2017; Seneviratne, 2017; Wilson, 2006). For this study, the teacher offered personalized
learning experiences through assignment choice and personalized support. Girls recognized these personalized
learning opportunities and reported they were beneficial for feeling supported within the CS program.

However, the goal of this study was not to investigate causality. In other words, we did not examine whether the
implementation of personalized learning experiences was the specific driver for building a more gender-inclusive
classroom. Rather, we found these practices were present, and that girls felt these practices were beneficial. Future
research could further explore causality to better elucidate the direct impact personalized learning experiences
have on broadening participation efforts.

Additionally, while students were given choice in their assignments, and the CS curricula and activities were
personalized to individual interests, needs, and goals, there was a lack of what is typically referred to as culturally
relevant or culturally responsive approaches (Madkins et al., 2020). In the Kapor’s Center’s Cultural Relevant
Framework Report (2021), they describe that culturally responsive-sustaining CS pedagogy should ensure that
“students’ interests, identities, and cultures are embraced and validated, students develop knowledge of computing
content and its utility in the world, strong CS identities are developed, and students engage in larger socio-political
critiques about technology’s purpose, potential and impact” (p. 5). Culturally relevant and culturally responsive
approaches often connect to larger cultural ways of knowing and doing, the development of critical consciousness,
and the importance of cross-cultural communities and connections (Madkins et al., 2020). At FVHS, these larger
cultural aspects were absent (more below), and the focus was more on individualized choice and personalization
of assignments based on interests (e.g., video games, television shows, etc.). Therefore, while some levels of
personalization, meaningfulness, and relevancy were addressed, it was primarily present at the individual level,
rather than the larger community, cultural, or societal level.

5.2 Importance of a Growth Mindset

In general, research has suggested that modeling and helping students develop a growth mindset can be beneficial
for broadening participation (e.g., DuBow et al., 2016; Margolis et al., 2015; Starr, 2018; Wagner, 2016).
Developing a growth mindset can help students shift their self-perceptions, so they see CS as something that can
be learned, not just something people are born being able to do (e.g., Margolis et al., 2015). Alternatively, when
teachers, counselors, and other stakeholders see CS as something people are born being able to do well, this
reinforces existing inequities around who does CS (Margolis et al., 2017; Margolis et al., 2015). Shifting to a focus
on a growth mindset can help encourage all students to participate in CS, not just those who see themselves as
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being naturally capable (Margolis et al., 2015). In this study, girls recognized when Katy admitted gaps in her
knowledge and provided opportunities for multiple learning attempts, and reported these practices as being
beneficial for feeling supported in the CS program.

In addition to implementing strategies like the ones used by Katy, schools looking to broaden participation by
focusing on a growth mindset might consider recommendations from the National Center for Women in
Technology (NCWIT, 2014). NCWIT has provided a list of eight strategies teachers can use to support growth
mindsets such as focusing on feedback and progress over tests and assignments that only assess skills at a single
point in time. However, as noted above, the goal of this study was not to investigate causality. While growth
mindset practices were present, and girls reported these as beneficial, future research could more specifically
explore the direct impact developing a growth mindset has on broadening participation efforts. Overall, research
suggests focusing on a growth mindset in CS can help broaden participation to all students, including those who
are historically underserved (DuBow et al., 2016; Margolis et al., 2015; Starr, 2018; Wagner, 2016).

5.3 Importance of a Welcoming, Supportive Environment

Previous research on building more gender-inclusive CS programs has suggested the design of classroom space
can be an important factor in creating more welcoming environments (Cheryan et al., 2011; 2015; Hoffman et al.,
2019; Master et al., 2016). In Katy’s FVHS CS classroom, intentional effort was put into designing a classroom
space which she believed would feel inclusive to all students. In addition to the physical design of the classroom,
this included her relationships and connections with her students. In terms of the classroom layout, Katy’s room
had an overall Harry Potter theme, as well as a corner that was meant to represent a relaxing forest (see Figure 3
above). Katy had also included pictures of famous computer scientists of different races and genders around the
room: “Yes [it was intentional], I tried to make sure it wasn’t just a bunch of white men.”

As discussed in the results, Katy’s emphasis on creating a welcome classroom space through building relationships
was recognized by students as being important for feeling supported. However, despite Katy’s emphasis on
physical classroom design, and the suggestions of its importance in the literature, this idea was never mentioned
by students during interviews or reflections. The lack of student discussion on this topic may have been due to this
being the only classroom design they had seen for a CS course. In the literature (e.g., Master et al., 2016), students
are often exposed to specific images of CS classrooms, to see if that impacts their perceptions of fit within CS.

While the specific design of the classroom space was not noted by the students, what was reported was that Katy
had created an environment where students felt comfortable and connected to their teacher. This aligns with
previous research suggesting that creating more welcoming spaces can help create more gender inclusive
classrooms (Ramsey et al., 2013). Therefore, while the actual design of the classroom was not discussed by
students, the results suggested that students felt comfortable and connected in the space due to their relationships
with Katy. For teachers who are able to redesign their physical classroom space, creating more inclusive,
representative spaces may be beneficial for broadening participation (e.g., Cheryan et al., 2011; Cheryan et al.,
2015; Master et al., 2016).

5.4 Absence of Critical, Culturally-Relevant and/or Responsive CS Content

While numerous strategies were in place at FVHS for supporting more gender-inclusive participation, justice-
oriented approaches, assignments, and conversations were absent within the results. Within the observed FVHS
curriculum, there was an interwoven focus on creativity, problem-solving, student agency, the creation of welcome
and accessible spaces, and a de-emphasis on CS for workforce related needs. However, despite these best practices
for broadening participation, there was an absence of focus on systemic issues and how CS is used to reinforce
and perpetuate systems of inequity and oppression (Vakil 2018; Jones & Melo, 2020). Research and stakeholders
suggest that when teachers are working to broaden participation and create more inclusive programs, an emphasis
on the historical, systemic, exclusionary issues at play within CS should be essential curricular components (Vakil
2018; Jones & Melo, 2020).

The Kapor Center (2021) created a seminal framework for culturally responsive-sustaining CS education which
presents six core components for teachers to implement culturally relevant practices: (1) acknowledge racism in
CS and enact anti-racist practices; (2) create inclusive and equitable classroom cultures; (3) pedagogy and
curriculum are rigorous, relevant, and encourage sociopolitical critiques; (4) student voice, agency, and self-
determination are prioritized in CS classrooms; (5) family and community cultural assets are incorporated into CS
classrooms; and (6) diverse professionals and role models provide exposure to a range of CS/tech careers. Although
Katy created an inclusive and equitable classroom culture (through her welcoming environment) and utilized
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student voice and agency through meaningful, personalized, and relevant experiences, there are still many other
strategies that could be employed to make the program more inclusive.

Indiana, as a state, is relatively homogeneous, with a predominantly white population. FVHS had a more unique
opportunity to engage more diverse family and community cultural assets, and incorporate these into the
curriculum. Katy allowed these to surface by having students select their own topics, but perhaps with additional
encouragement and scaffolding from Katy, this could have led to a more inclusive practices as described above.
In addition, in class observations, there were no sociopolitical critiques about how women voices are often left out
of CS innovations, and the importance of diverse voices. Shah and Yadav (2023) argue that to truly broaden
participation in computing, we need to start with teachers at the local level and support them to engage with local
communities in these types of conversations. Resources for CS teachers to gain competences around inclusive CS
practices such as UT Austin’s Strategies for Effective and Inclusive CS Teaching course or work from the
Computer Science Teachers Association’s Equity Fellows can be beneficial in supporting these efforts.

6. Conclusion

Literature on building more gender-inclusive CS programs is often focused on undergraduate students or
professionals, asking what factors motivated them to pursue a CS path (e.g., Wang et al., 2015). By situating
ourselves within a high school classroom environment, we were better able to gain a more holistic understanding
of the specific context of a more gender-inclusive program. In Katy’s classroom, no one single practice stood out
for the teacher or students as being the most influential in creating a more equitable space. Rather, the teacher and
students acknowledged and discussed a range of practices and experiences that led to a culture of inclusion within
the CS program. This range of practices included creating personalized and relevant learning experiences, focusing
on developing a growth mindset, and creating a welcoming, supportive environment for students. As Goode (2007)
argued, and as evidenced by Katy’s work at FVHS, CS teachers can act as change agents to support broadening
participation efforts.

Overall, our findings suggest that while the individual literature recommendations for best practices on broadening
participation are important, having a holistic understanding of a context where broader participation is occurring
can shed light on more subtle connections between these strategies and practices. However, more work is always
needed to explore the supports and resources teachers need to act as change agents, and more importantly, for
scholarship to learn from teachers so we can better understand the beneficial practices and approaches being
implemented in the field.
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Abstract

This study investigates the contribution of plugged and un-plugged activities to primary school students’
development of computational thinking skills. The plugged and unplugged activities were used together in this
study. In the implementation, in addition to the un-plugged activities prepared by the “Ministry of National
Education,” activities prepared by the researcher were also used. Plugged activities were also determined and
implemented on the code.org website according to the age of the students and subjects. A quasi-experimental
design was used with a single group to determine the changes before and after learning and to investigate the
research questions. The measurements were performed with the Bebras tasks both before and after the
implementation. Bebras consists of internationally valid tasks that measure computational thinking. The results
showed that the combination of plugged and unplugged activities helped improve students' computational thinking
skills. Our findings show that using a combination of unplugged and plugged activities is beneficial for primary
school students. Further research is needed to evaluate these activities separately and their role in providing gains.
Additionally, the effects of using different teaching methods in programming education can be examined.

Keywords: Primary School, Teaching Programming, Computational Thinking, Un-plugged activities, Plugged
activities

1. Introduction

When Wing (2006) first referred to computational thinking (CT), it was defined as analyzing problems, using
abstraction to make their structures understandable, and logically developing solutions to them. In later years,
Wing (2017) defined CT as the skill to find and pursue solutions to problems in a manner compatible with computer
operations; in other words, approaching problems as computer scientists would. Accordingly, Grover and Pea
(2013) defined CT as the process of formulating problems in a format that can be solved by computer
programming. The International Society for Technology in Education (ISTE) determined the concept of CT as a
combination of “algorithmic, creative, and logical thinking and problem-solving skills” (ISTE, 2015).
Correspondingly, in many studies, the concept of CT is construed as the ability to create solutions to problems
using algorithmic thinking to analyze, abstract, and transform information with computer applications, and to use
modeling skills in succession (Durak & Saritepeci, 2018; Tsarava et. al., 2022). Different definitions continue to
be established regarding the concept of CT (Shute et al., 2017).

Today, it is widely accepted that in addition to cognitive skills, learners should develop skills such as problem-
solving, critical thinking, communication, cooperation, and self-management, which are referred to as 21st-century
skills (Nouri et al., 2020). It is assumed that individuals who have these skills will become inquiring, analytical,
and productive citizens that our times require. In this context, the improvement of CT is directly related to
developing problem-solving and critical-thinking skills (Kong, 2016). Considering that computer science interacts
with multiple fields, it may be inferred that CT proficiency affects the skills of people in different science and
mathematics disciplines, including problem-solving, algorithmic thinking, creative thinking, analytical and logical
thinking skills (Popat & Starkey, 2019; Tsarava et. al., 2022). Acquiring these skills beginning in the early grades
will facilitate learners’ development of these skills throughout their schooling and prepare future generations for
the rapid change characteristic of a technology-driven society. For this reason, the importance of beginning training
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in coding and CT in primary school has been emphasized (Durak & Saritepeci, 2018), and important issues include
the kinds of activities that should be used for learning programming at primary school, which activities can develop
CT skills, and what planning should be done in the execution of the activities.

Within this context, programming training was provided to primary school students, and the development of both
programming sub-skills and CT were examined. Recently, many studies have been conducted on the development
of CT through programming teaching (Ching, Hsu, & Baldwin, 2018; Tikva & Tambouris, 2021). Studies on this
topic have either focused on plugged activities (Armoni, Meerbaum-Salant, & Ben-Ari, 2015; S'aez-L'opez et al.,
2016) or unplugged activities (Brackmann et al. 2017; Tsarava, Moeller, & Ninaus, 2018), as well as activities that
compare both approaches (del Olmo-Mufioz et al., 2020; Eriimit & Sahin, 2020; Sigayret, Tricot, & Blanc, 2022;
Kircali & Ozdener, 2022), or have applied both methods together (Jiang & Wong, 2019; Tsarava et al., 2017).
Studies generally focus on various purposes, such as activities, the effects of coding activities on learning and
motivation, the improvement of CT, and the practice of different methods, such as game-based activities. In this
study, unlike previous studies, a different perspective for primary school students is presented by investigating
what plugged and unplugged activities can be at primary school, especially how these activities can be used
together, and how these activities affect students' CT. In addition, measuring CT with internationally accepted
Bebras’ activities will contribute to evaluation studies in this field.

1.1. The Significance of Developing CT

Nowadays, it is considered necessary for K-12 students to develop 21st-century skills to be successful in their lives
(Partnership for 21st Century Skills, 2013). Acquiring such skills at a young age enables them to develop the
flexibility to entertain multiple perspectives and produce different solutions to open-ended problems, which will
support their success in professional and social lives (Chalkiadaki, 2018). Therefore, developing problem-solving
skills is directly related to programming training and accordingly, the acquisition of CT in children.

Learning coding, an important digital literacy skill in today's digital world, is also a means of developing CT
(Gretter & Yadav, 2016). Programming is not only about creating a computer program but also about structuring
problems and producing appropriate solutions (Shin et al., 2013), which calls for computational and CT, such as
reasoning, systematic thinking, and evaluation of evidence. Therefore, programming is interrelated with problem-
solving, creativity, and CT, which is now seen as essential throughout K-12 education (Wong & Cheung, 2020).
Many countries (Australia, the UK, Sweden, South Korea, the United States, and Macedonia) have included
computer science topics in their primary school curricula, and some (Estonia, Finland, and Norway) have included
programming education as a compulsory course in primary schools (Balanskat & Engelhardt, 2015; Hijon-Neira
etal., 2017). Because educators globally accept 21st-century skills as necessary for children, many other countries
have also started to provide programming education in the early grades (Wong et al., 2015; Manches & Plowman,
2017; Webb et al., 2017). Additionally, it has been stated that CT approaches will become the main topic in all
disciplines and that advances in informatics will allow students to design strategies for problem-solving and control
of solution steps in both the digital and real world. Weintrop et al. (2016) stated that activities that support critical
thinking have been used in mathematics and science courses. The study emphasizes the importance of including
CT in new-generation science standards as a basic scientific practice. It has been stated that there is a strong
connection between coding, CT, and problem analysis strategies in different content areas such as Science,
Technology, Engineering, and Mathematics (STEM) (Tsarava et al., 2017).

Providing programming activities, especially in primary schools, can greatly contribute to students' development
of creativity skills (Denner et al., 2012) and CT at different stages of coding (DeJarnette, 2012), and debugging
activities help students develop problem-solving strategies (Mishra & Yadav, 2013). Thus, primary school students
should be given training to improve CT in addition to basic lessons such as reading, writing, and mathematics (Hsu
et al., 2018), which can begin with teaching programming (Kong, 2016; Webb et al., 2017). However, there is a
need to support research on how to develop suitable activities, how to teach CT-related subjects, and which
activities should be used for K-12 (Tran, 2020; Rehmat et al., 2020).

1.2. Use of Plugged and Unplugged Activities in Programming Teaching

Different types of tools, such as plugged activities, block-based tools, and online applications, are used to help
students acquire CT. Unplugged activities, such as block-based tools or online applications, include coding
activities with a computer, and unplugged activities include coding activities without the use of digital tools
(Brackmann et al., 2017). Currently, many block-based applications for children, such as Scratch, are used. These
applications provide easy-to-use teaching opportunities for children with simple syntax and drag-and-drop features
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(Fessakis et al., 2013). Lin and Weintrop (2021) examined 46 block-based programs and specified areas where
these programs were used separately. Game and simulation design, data science, physical computing, and
multimedia are the main applications. These block-based programs are the most suitable programs that can be used
to teach programming to children. In particular, block-based coding tools, which are widely used to teach children
programming, are easy to use (Papadakis et al., 2019). There are many block-based coding platforms for teaching
programming to children. Code.org, such as Alice, Blockly Games, and Kodu (Kalelioglu, 2015). Alice is a block-
based environment in which students can create animations, interactive stories, and simple games while learning
basic programming concepts (Costa & Miranda, 2017). Blockly Games are platforms that allow users to organize
and interlock graphical elements or blocks (Shih, 2017). Code.org, which is based on object-oriented
programming, is a coding platform that is widely used around the world and supported by many large companies
such as Apple, Microsoft, Facebook, and Google, which provide support in 63 languages. On this platform, users
carry out the assigned tasks gradually by dragging and dropping the code blocks to the workspace. After the
students completed the task, the next task appeared. If a student is unsuccessful, a hint screen will appear, providing
the help needed to solve the problem (Kale & Yuan, 2020).

Unplugged activities, in which students learn CT and computer science concepts without using computers, offer
an alternative method for easy teaching of difficult subjects and are used for teaching programming, especially for
children (Caeli & Yadav, 2020). In unplugged activities, role-playing to simulate programming processes can be
carried out in such ways as bodily actions with objects, such as papers and cards, that allow students to explore
fundamental ideas about programming (Aranda & Ferguson, 2018). Tsarava et al. (2018) found that third- and
fourth-grade students can comprehend CT processes by engaging in unplugged activities. Although many studies
on CT have been conducted for middle and high school students (Cheng, Wang, & Ritzhaupt, 2023), the current
focus on CT activities for primary school students is still at the beginning (del Olmo-Mufioz et al., 2020). It was
also stated that unplugged activities should be supported by plugged activities to develop students' CT. It seems
more appropriate to provide unplugged and plugged activities together, particularly to improve programming
skills. For students to understand the programming processes and what computers can do in this process, plugging
activities should be undertaken. Algorithms must be implemented using a machine to test problem solutions and
computational ideas (Denning, 2017; Caeli & Yadav, 2020). Unplugged activities should be prepared by relating
them to real life with concrete examples and increasing student motivation. For this reason, it is appropriate to
prepare activities that will attract the attention of primary school students and enable them to follow topics without
getting bored with teaching programming (Duncon, 2019). It is quite common to use unplugged activities in many
countries for teaching programming to children, both for this purpose and because of their cognitive level (Bell et
al., 2009; Tsarava et al., 2018). These activities provide the development of an appropriate CT at the beginning of
programming teaching. There are studies aiming to improve CT using only plugged activities (Yildiz Durak, 2018;
Kalelioglu & Giilbahar; 2014; Kale & Yuan, 2020), comparing plugged and unplugged activities (Polat & Yilmaz,
2022; Sigayret et al., 2022), and using both activities together (Lee et al., 2021; Saxena et al., 2020; Tsarava et al.,
2017). However, because unplugged and plugged activities were seen as more appropriate to be given together to
reinforce the topics, this study was planned in which both activity types were used together. At this point, it is
important to determine the kinds of activities that should be used for programming teaching in primary school,
which activities can develop CT skills, and what kind of planning should be done in the execution of the activities.
This study will guide the planning of the process and which activities can be used in programming training for
primary school students.

1.3. Purpose of the Study

As both “plugged” and “unplugged” activities can be used to develop programming and CT skills in primary
school children, there remains a need for more research on how programming should be taught to them and with
which activities. Accordingly, this study aims to find out the effect of applying both plugged and unplugged
activities for teaching programming to primary school students on students' CT skills. Therefore, the research
questions of this study are as follows.

RQ1. How does incorporating "plugged" and "unplugged" activities together in primary school students' learning
affect their CT skills?

RQ2. What are the effects of programming teaching using “plugged” and “unplugged” activities together on the
primary school development of students' programming skills?
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2. Method

2.1. Research Design

In this study, a one-group pre-test and post-test quasi-experimental design was used. The purpose of this method
is to determine the improvement of CT in students at the end of the training process, in which plugged and
unplugged activities are applied together. Thus, the suitability of the training program for CT development of CT
will be understood. The research process is illustrated in Fig. 1.

‘ Students ‘
Before
implementation ¢
[ Pre-test (Bebras) | { Prior Knowledge of CT }
8 weeks ‘
Implementation Unplugged and plugged
‘ (code.org) Activities.
‘ After
implementation ¢
[ Post-test (Bebras) } { Post Knowledge about CT }

Figure 1. Research Study

During implementation, the students were first unplugged and then plugged. At the end of the training, the
measurement tool at the beginning of the implementation was applied again to evaluate the progress of the group's
CT. In this quasi-experimental design, measurements were made using the same tool before and after training.
When the group's post-test and pre-test scores were compared, implementation was considered effective if the
post-test scores were significantly higher (Creswell, 2012). Accordingly, the Bebras tasks were administered to
the students before starting the implementation, and this process was repeated after the implementation was
completed.

2.2. Sample

The sample was determined by convenience sampling, which is a purposeful sampling method. Convenience
sampling is a type of non-random sampling that meets practical criteria such as easy access to the target group,
geographical proximity, and accessibility at a certain time (Etikan et al., 2016). In this study, a close and accessible
sample was chosen from the university where the researcher works. In addition, the researcher taught coding
education to children at the university and could easily access the sample. The research was conducted with 18
primary school students (11 girls and 7 boys) who participated in programming training at a university in Tlrkiye
(Table 1).
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Table 1. Information of sample
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The coding and robotics training in which the students participated for a fee was given at the research and
application center of a university as part of a program for primary “grade 1-4,” middle “grade 5-8,” and high school
“grade 9-12” students. There are no prerequisites for such training programs. Applications made at Code.org are
designed in such a way that each student can perform the activities in the education center using a computer. The
students participating in the study were from different primary schools and voluntarily sought programming and
robotics training. The students had not previously studied computer science or programming.

2.3. Procedure

Coding and robotics training consists of different skill modules, including visual and robotic programming skill
training. Before starting special skill modules, all primary school students first completed a module on general
topics related to programming, critical thinking, logic, and algorithms.

In this introductory module, children learn to develop strategies for solving different problems, create problem-
solving steps, create algorithms for the solution paths they determine, and write basic codes. The activities in this
module guide students in developing strategies and steps to solve problems they encounter in their daily lives and
mathematical and logical problems. In addition, students are prepared for subsequent modules, particularly visual
programming and robotics, so they can integrate problem-solving steps, writing algorithms, and basic
programming logic into their work in these modules. The current implementation was conducted in the first
training module (Figure 2).

Figure 2. Students' implementations of unplugged activities

Within the context of the implementation, the main concepts and approaches to problem-solving, suggestions for
solutions to problems in daily life, problem analysis, operators, using expressions and equations, creating
algorithms, and flowchart components were taught. At the end of the initial unplugged activities, the course content
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(Course D), prepared for primary school students aged 7-11, was selected on code.org, and an account was opened
for each student. The students completed applications of sequencing, events, loops, and conditional sections in this
course, and the completed applications were checked by the teacher (Figure 3).

Figure 3. Plugged activities on Code.org

In the first module, a total of 24 hours of training was given for eight weeks. The training activities were conducted
at the center where the training was held. The planning of the training contents and some of the activities were
prepared by the researcher who provided training at the center. In addition, some of the Kesf@ Teacher Portal
(www.kesfetprojesi.org) activities, implemented in collaboration with Google and the Ministry of National
Education of the Republic of Turkiye (MoNE) in 2014, were used to prepare the contents. Before implementation,
Bebras tasks were administered to the students to measure their CT (see 2.4). In the six-week part of the
implementation, 23 unplugged activities were provided.

The content of the 12 activities prepared by the researcher was checked by a team of four experts in coding and
programming education, all of whom had more than 15 years of experience in this field. Other activities were
chosen from those prepared by the MoNE. The purpose of the researcher's planning of unplugged activities in the
study is to support MoNE activities to improve programming and CT and to increase examples of unplugged
activities that can be applied. In addition, code.org activities were conducted to support programming gains with
computer applications and to convert an algorithm into program code and observe the results. The programming
subjects, activities related to these subjects, their relationship with CT, and learning outcomes are shown in Table
2.
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Table 2. Contents of programming training

Week Activity Content Activities Programming Gains Learning Outcomes
1 Identifying the Problem-Solving  “Cat-Dog-Mouse” Activity (MoNE) e  Abstraction e  Recognizes problem-solving steps.
Strategies Tower of Hanoi (MoNE) e Algorithmic Thinking e  Analyses a problem.
“Fishbone” Activity (MoNE) e Dealing with
“What Should I Do Now” Activity (MoNE) Uncertainty
2 Identifying the Problem-Solving  “Mixed situations” Activity (MoNE) e  Algorithmic Thinking
Strategies Tangram (MoNE) *  Algorithm Design e Recognizes problem-solving steps.
e  Decomposition e Analyses a problem.
Creating  Problem  Solving  Steps-1 e  Algorithmic Thinking e |t offers solutions to problems in daily life.
(Researcher) e Algorithm Design e Solves problems using appropriate solutions
Creating  Problem  Solving  Steps-2
(Researcher)
3 Algorithm and Strategy “Karobot” Activity (Researcher) e  Sequencing
Navigating with a map (Researcher)
Writing Algorithms (Researcher)
4 Flowchart Preparation Creating a Flowchart (Researcher) e Algorithmic Thinking e Writes an algorithm and creates a flowchart
Writing Algorithms and Creating Flowchart e Algorithm design for this algorithm
(Researcher)
“Flowcharts mixed up” Activity (MoNE)
5 Concepts Used in Programming  Mathematical and  logical  operators e  Gives examples of the use of operators in
“loops, conditionals, (Researcher) e Algorithmic Thinking problem-solving.
mathematical ~ and  logical Loops and conditionals (Researcher) e  Logical questioning e Uses operators to solve a problem.
operators” “Choosing Occupation” Activity e Understands Loops and Conditionals
(Researcher)
“Colors of Nature” Activity (MoNE)
“Winning a  Scholarship”  Activity
(Researcher)
6 Concepts Used in Programming  “Who Stays Here” Activity (MONE) e  Explains the “variables”, “constants”, and
(Variable-constant) “Breakfast Habits” ACtiVity (MONE) ° Decomposition “operations” used for problem-solving.
“Making a cake” Activity (MoNE) *  Data Analysis *  Explains data types.
“Variable-Constant in Our Lives” Activity
(Researcher)
7 Converting  Algorithm  to  Making applications on Code.org e Creating program e Implementing  applications  involving
Program Code code algorithms, conditionals, and loops on the
computer
8 Converting  Algorithm  to  Making applications on Code.org e  Creating program e Implementing  applications  involving
Program Code code algorithms, conditionals, and loops on the

computer
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First, problem-solving strategies were taught at the beginning of training. In teaching this subject, “Cat-Dog-
Mouse”, Tower of Hanoi, “Fishbone”, “Mixed situations”, Tangram, and “Creating Problem-Solving Steps”
activities were used. In the 3rd week, activities were conducted to write algorithms and determine strategies for
solving problems. In this context, writing algorithms for a problem given in daily life, "Karobot” and “Navigating
with a map” activities were used. In the 4th week of training, flow-chart preparation education was provided. In
this context, step-by-step algorithm writing for problem-solving in daily life and a flowchart of the algorithms
were created. In the 5th week, exercises related to the concepts of mathematical and logical operators, conditionals,
and loops, and their use were performed. In the 6th week, the concept of the variable constant was taught, and
practices related to the subject were implemented. In the 7th and 8th weeks, the plugged activities on the code.org
site were applied individually by each student. Examples of the applied activities are listed in Table 3.

Table 3. Relationship of activities with CT and implementation steps

Activities CT and Programming Implementation
Skills

Activity name: “Cat-Dog-Mouse”
Activity (MoNE)

e  Abstractions  This activity is a different version of the "wolf-

e Algorithmic lamb-grass" problem. The students are asked to

find the fewest solution steps that will enable

thinking
the farmer and the objects to cross by boat.
Activity name: Tower of Hanoi e  Algorithmic Students are given towers of Hanoi in the
(MoNE) thinking classroom and asked to move the rings from the
Decomposition 1st column to the 3rd column. Students are

e  Generalizatio  asked to move first 3 rings and then 4 rings to

n the 3rd column, respectively.
Activity name: Tangram (MoNE) The tangram pieces were handed out to the

students in the classroom. Students individually

* Algorithmic  created shapes that were projected on the
thinking screen.

Activity name: Creating an Students are asked to list the problem-solving

steps and write the algorithm by giving
PROBLEM OZUM ADIMLARI

problems from daily life. The given problems

A sesen o i 2 ot e Algorithm

LT i o i e s e s design are in the form of describing a day at school,
:: Sequencing describing the activities carried out on the
:: weekend, adding and subtracting 2 numbers,
aims and describing the formation of day and night.
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Activity name: Karobot

(Researcher)

v‘i ‘ |

@LGI — n e  Sequencing

et + Vil e Algorithmic
- thinking

Activity papers are distributed to the students.
On the paper, they are asked to move the robot
to the specified points in order. While writing
the steps, they are asked to use the "forward-

turn right-turn left" commands.

Activity name: Creating

Algorithms and Flowcharts

e  Sequencing

Students are given examples of flowchart
shapes with explanation of they do. Then they
are asked to write the algorithms of the given
problems and create a flowchart. Papers on
which they can write the algorithm and
flowchart for each problem separately are
distributed to the students. The problems given
are going to the market to buy the ingredients

to make a cake, cross the road, getting food in

(Researcher)
I e Algorithm
design
e Loops
I
Activity name: Career choice
(Researcher) e  Algorithmic
- thinking

e  Conditionals

e  Mathematical

G B g and logical
',‘\
A \k A operators
2 a 28 Decomposition
% 1

Activity sheets are distributed to the students,
on which different occupations are shown and
instructions are given. Using the "and," "or,"
and "not" operators, the students are asked to
find the occupation described in the given

statement.

Activity name: Winning a

Scholarship (Researcher)

Algorithmic
thinking

Mathematical
and logical
operators

Conditionals

The students are given an activity paper with a
table showing their age and scholarship status.
Students are asked use operators to write an
algorithm to identify 11-year-old recipients of
scholarships and then to write the names given

in the table that meet these criteria.

Activity name: Variable-Constant
L]

in Our Lives (Researcher)

Decompositio

Generalizatio

After receiving an explanation of “constant”
and “variable,” students, are given examples
from daily life (school, shopping mall, hide and
seek game) and asked to determine the

variables and constants. Finally, students are
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e  Variable- asked to compare two numbers and write the

constant algorithm necessary for finding the larger

number, by specifying the variables.

2.4. Computational Thinking Test (Bebras)

Although there are various opinions on how to measure CT in children, there is still no consensus regarding this
issue (del Olmo-Mufioz et al.,2020). Selby and Woollard (2013) state that CT development is determined by
measuring CT sub-skills. In this study, Bebras tasks for primary school students, which have international validity,
were used as data tools. Bebras is an international contest created in Lithuania to encourage K-12 students to learn
about information technologies and develop CT (Cartelli et al., 2012; Dagiene & Stupuriene, 2016). The
International Bebras Committee has many members, with 52 full members and 22 provisional members, and the
number of members increases every vyear. Tirkiye was also a full member of this community
(https://www.bebras.org/community.html). Three committees have been established to manage the Bebras events.
These committees include the National Bebras Organization, International Bebras Community, and Bebras Board.
The National Bebras Organization is responsible for an all-year Bebras contest in a country. This committee has
duties such as preparing and presenting new events, reviewing and evaluating events, selecting events from the
international pool, translating them into the native, and arranging the challenges of the events. The selection of the
activities to be held in Tirkiye, the translation of the activities into Turkish, and the organization of the activities
are done by the faculty members in charge of this committee. Determining and scoring the difficulties of the
activities were also performed by this board (Gilbahar et al., 2020). Bebras tasks are intended to measure the sub-

9 ¢ LE T3

skills of CT including “algorithmic thinking,” “abstraction,” “decomposition,” “generalization,” and “evaluation.”

For this study, the activities were selected from the Turkish version of the problem set for the second and third
grades. These activities can be solved by students who have no prior knowledge in the field of informatics, but
they must have high-level critical thinking skills, such as making calculations and decisions, analytical thinking,
and problem-solving. The tasks are related to CT, such as algorithms, condition and comparison, and pattern
recognition. The tasks selected for this program included low, medium, and high difficulty levels. Low-difficulty
tasks scored 6 points, medium tasks scored 9 points, and difficult questions scored 12 points. Two points were
deducted for incorrect solutions to low-difficulty activities, three points for incorrect solutions to medium-
difficulty activities, and four points for incorrect solutions to high-difficulty activities (Gllbahar et al., 2020). For
this study, 12 activities corresponding to specific lesson contents were selected from the three levels of difficulty
at the primary school level (Table 4).
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Table 4. Contents of Bebras tasks used for pre & post-test

Task Task Difficulty Description of the Problem Programming Skills
Number Name Level
Students are requested to find a solution by
comparing a defined pattern with other )
Easy o ) Abstractions and  pattern
1 Footsteps ) patterns. Similar processes are also used in the .
(6 points) » ) recognition
areas of pattern recognition and image
detection in Informatics.
Students are requested to find the order of the
Table Easy tableware. This problem involves )
2 . ) . . Sequencing
Preparation (6 points) decomposing and changing the order of
different elements through layers.
3 Choosing Easy Students are requested to establish a condition  Conditionals
Food (6 point) by finding similarities and differences in the  Algorithm design
. Vehicle Easy Students are given priority rules regarding Sequencing
Transfer (6 points) production priorities for vehicles and are Algorithm design
ranuactad tn 1iea thaca riilac tn nrdar \iohiclac ara nivan tn farilitata
; Geometric  Easy Students are requested to verify a solution  Abstractions and  pattern
Bracelet (6 points) ~ concerning the order of the shapes on a recognition
Students are requested to choose glasses Conditionals
Faces and Easy . ) ) ) )
6 ] suitable for their face shape according to the Mathematical and logical
Glasses (6 points) ) -
given condition. operators
Abstractions and  pattern
Easy Students are requested to rank the stars by .
7 Crazy Stars ] o recognition
(6 points)  finding a common feature. )
Sequencing
Easy Students are requested to find the ice cream )
8 Ice cream . . . i Sequencing
(6 points)  order in the cone by the given condition.
£ Students are requested to give directions for
asy
9 Directions ] the shortest route from one point to another  Algorithm design
(6 points) .
point
) Students are requested to interpret the data in ) )
Medium . ) o . Algorithm design
10 Honeypot ] the visual given and make predictions to find .
(9 points) Conditionals
the shortest way to reach the honeypot.
1 Clothes Medium  Students are requested to find the order of Sequencing
Similar Hard Students are requested to establish a condition  Conditionals
12
Foods (12 by finding similar and different materials used ~ Algorithm design

Before implementation, the Bebras tasks were applied to the students in writing, and no positive or negative
feedback was given to the students about their answers and solutions. The students were not informed that these
activities would be re-applied or that the Bebras tasks were applied. After the implementation process was
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completed, the same activities were applied again in writing, and the students’ overall scores on this activity and
their CT subskills were calculated.

2.5. Data Analysis

Bebras tasks were used to measure the development of students’ programming and CT. For this reason, the
consistency of the scores obtained from the questions also expresses reliability (Golafshani, 2003). Cronbach’s
alpha coefficient for the scale was 0.782. Cronbach’s alpha coefficient was above 0.7, indicating that the reliability
of the measurement tool is high (George & Mallery, 2003).

The Wilcoxon signed-rank test was used to compare students' total scores on CT and their scores on programming
knowledge (abstractions and pattern recognition, sequencing, algorithm design, and conditionals). The Wilcoxon
signed-rank test was used to test the significance of the difference between the scores of the two related
measurement sets in non-parametric measurements (Buyikozturk, 2007). This test method was chosen because
the sample size was insufficient for parametric tests, and the scores of the two related measurement sets were
compared.

3. Findings

3.1. The Effect of Teaching Plugged and Unplugged Activities on Students' CT Skills

First, the change in the students' CT skills was evaluated by examining the pre- and post-test scores obtained from
the Bebras scores. When looking at the changes in the total scores of 18 students in the Bebras tasks, it was
observed that most students increased their scores (Figure 4).

@ -®--¢Pre-test Post-test

S: Student

Figure 4. Comparison of pre-and post-test scores
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Figure 4 graphically illustrates the comparison of the students’ pre-test and post-test scores, which shows that their
post-test scores are higher than their pre-test scores, with an average increase of 38.47. The lowest total score that
could be obtained from the questions was -30, and the highest score was 90. The lowest pre-test score was — -27
(S3), and the highest score was 46 (S13). The lowest post-test score was 2 (S4) and the highest score was 74 (S7,
S17). Table 4 provides a statistical comparison of students’ pre-test and post-test scores. The difference between
the pre-test and post-test scores of the group is shown in Table 5, and Figure 5 shows the change in pre-test post-
test averages.

Table 5. Descriptive statistical results of CT

Group Pre-test Post-test

N X S Min Max X S Min Max
Experimental Group 18 522 2081 -27 46 4355 18.26 2 74
(Unplugged

Activities- Code.org)

50.00

43.55
40.00

30.00
20.00

10.00
5.22
0.00
Pre-test Post-test

Figure 5. Improvement in Bebras pre- and post-test score averages

Table 5 shows the min (-27) and max (46) scores obtained by the students from the pre-test and the min (2) and
max (74) scores from the post-test. The results prove that the scores increased in favor of the post-test. The
Wilcoxon signed-rank test was applied to determine whether the increase in the minimum and maximum scores
was significant. By comparing the pre-and post-test scores, the effect of the activities on the CT skills of the
students was determined due to the difference in the CT scores determined by the Bebras. The results of a Wilcoxon
signed-rank test comparing the Bebras pre- and post-test scores are shown in Table 6.

Table 6. Results of Wilcoxon Signed-Rank Test regarding the CT skills

Pre-test - Post-test N Mean Sum of z p Effect
Rank Rank size (r)
Bebras Score  Negative ranks 1 2.00 2.00 -3.637" 0.000 0.857
Positive ranks 17 9.94 169.00
Ties o¢
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*Based on negative ranks.

The results of the analysis show that the post-test score (M = 43.55, SD = 18.26) was significantly higher than the
pre-test score (M = 5.22, SD = 20.81), indicating that the implementation had a significantly positive effect on
students' CT skills (z=-3,637, p<.05). It is seen that there is one student whose score decreased after the training
and 17 students whose score increased. The average rank value of the scores of the students whose scores increased
was determined as 169. A statistically significant difference was detected between the average success scores of
the students before and after the training (p <.05).

In this study, the effect size of the comparison results of Bebras pre- and post-test scores was calculated. Effect
size is useful because it provides an objective measure of the importance of the effect (Field, 2009). Calculating
and interpreting effect size values in hypothesis tests increases the comprehensibility of the results (Blyukoztirk,
2010). Pearson's correlation coefficient r is an effect value coefficient. The r value takes a value between 0 (no
effect) and 1 (perfect effect). The r value is evaluated independently of its sign. An r value of 0.1 is considered a
small effect, 0.3 is considered a medium effect, and 0.5 is considered a large effect (Field, 2009). The square of
the r coefficient (r?) expresses how much of the total variance it explains. The r? value shows how much of the
change the independent variable explains on the dependent variable. In this study, the effect size of the comparison
results of Bebras pre- and post-test scores was found to be r = 0.857 and the variance was r?> = 0.734. This finding
shows that the difference obtained has a large effect and 73% of the total variance is explained by the independent
factor (coding training).

3.2. The Effect of Teaching Plugged and Unplugged Activities on Students' Programming Skills.

It was determined that training in which plugged and unplugged activities were implemented together improved
the CT skills of the students. To determine which programming sub-skills the activities applied to the students
developed, the pre- and post-test scores for the programming sub-skills in Bebras were compared. The Wilcoxon
signed-rank Test was applied to compare the pre- and post-test scores for the programming sub-skills (Table 7).

Table 7. Results of Wilcoxon Signed-Rank Test regarding the plugged and unplugged activities on programming

skills
Comparisons Pre-test - Post-test N Mean Sum of z p Effect
Rank Rank size (r)
Abstractions and Negative ranks 3 5,83 17.50 -2.228" 0.026
Pattern Recognition ~ Positive ranks 11° 7,95 87.50 0.525
Scores Ties 4¢
Negative ranks 52 580 2900 -2 281* 0024
Sequencing Scores POSitiVe I’ank 12b 10.33 124.00 0.53
Ties 1°
. . Negative ranks 12 2.50 2.50 -3.616 0.000
Algorithm Design —
Positive rank 17° 9.91 168.50 0.85
Scores -
Ties 0°
Negative ranks 02 0.00 0.00 -3.523" 0.000
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Conditional Positive rank 16P 8.50 136.00 0.83
Structures Scores Ties 2°

* Based on negative ranks.
2 Pretest score > posttest score
b Pretest score < posttest score

¢ Pretest score = posttest score

In Table 7, the Wilcoxon signed-rank test results of the analysis show a significant increase in the students’ post-
test scores after the implementation. When the pre- and post-test scores of the students on abstraction and pattern
recognition (tasks 1, 5, and 7) were compared, a significant difference was found (z=-2.228, p<.05). Similarly,
when the pre- and post-test sequencing (tasks 2, 4, 7, 8, and 11) scores of the groups were compared, there was a
significant difference between the scores (z=-2.251, p<.05). Likewise, when students' algorithm design (tasks 3,
4,9, 10, 11, and 12) and pre- and post-test scores were compared, a significant difference was observed between
the scores (z=-3.616, p<.05). Finally, there was a significant difference in the students’ pre- and post-test scores
in the conditional structures (tasks 2, 6, 10, and 12) (z=-3.523, p<.05). When the effect size and variances of the
pre- and post-test scores in the programming sub-skills were examined in this study, r = 0.525 and variance was
found to be r? = 0.275 for abstractions and pattern recognition. This finding shows that the difference obtained has
a large effect and approximately 28% of the total variance is explained by the independent factor (coding training).
It was found that r=0.53 and variance was found to be r>=0.28 for sequencing. This finding shows that the
difference obtained has a large effect and approximately 28% of the total variance is explained by the independent
factor. For algorithm design, r = 0.85 and variance was found to be r? = 0.726. This finding shows that the
difference obtained has a large effect and approximately 73% of the total variance is explained by the independent
factor. For conditional structures, r=0.83 and variance was found to be r?=0.689. This finding shows that the
difference obtained has a large effect and approximately 69% of the total variance is explained by the independent
factor.

Accordingly, it is seen that education in which plugged and unplugged activities are implemented together
contributes to the development of students in all programming sub-skills. The increase in students' post-test scores
for all programming subskills is shown in Figure 6.

Abstractions and pattern Sequencing
recognition 15.00
10.00 9.11 10.00 11.11
5.00 5.00
3.33
000 67

0.00 Pre-test Post-test

Pre-test Post-test -5.00
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Algorithm design Conditionals
30.00 25.00
26.00 20.00 20.44
20.00 15.00
10.00 10.00
5.00
3.67
0.00 2.67 0.00
Pre-test Post-test Pre-test Post-test

Figure 5. Improvement in scores for programming sub-skills

These increases in students' post-test scores on abstractions and pattern recognition, sequencing, algorithm design,
and conditionals indicate that the students' programming knowledge levels in these areas increased after the
implementation. The highest score increase was in the algorithm design (23.33), and the lowest score increase was
in abstractions and pattern recognition (5.78).

4, Discussion and Conclusion

In this study, an eight-week training program for primary school students on programming and CT with “plugged”
and “unplugged” activities was implemented. Unplugged activities prepared by the MoNE and designed according
to these activities by the researcher were used. It has been stated in the literature that written, visual, and applied
activities include sequencing, creating algorithms, visual presentations, video demonstrations, game activities,
puzzles (Bell et al., 2009), finding solutions to daily life problems, map activity, drawing with instructions, and
finding a route between two nodes (Brackmann et al., 2017) have been used.

Regarding the RQ1, it was observed that childrens' CT significantly improved. Tsarava et al. (2018) stated that
performing plugged activities after unplugged activities not only improved CT skills but also increased students'
motivation to learn coding. Olmo-Munoz et al. (2020) compared only unplugged activities with both unplugged
and plugged activities among primary school students and concluded that the application of both will improve CT
better than the application of only unplugged activities. The current study also confirms that the collaboration
between plugged and unplugged activities helps improve primary school students' CT. It has also been stated that
applying plugged activities to students after unplugged activities is beneficial not only in terms of students' CT,
but also in increasing their motivation (del Olmo-Munoz et al., 2020; Tsarava et al., 2018). Due to their cognitive
abilities, it is more beneficial for primary school students to start programming processes with unplugged activities,
which are more fun and tangible, for the development of their CT. Because it is stated that the development of CT
depends on the development of cognitive skills, therefore the challenges experienced in cognitive processes will
negatively affect the development of CT (Ambrosio et al., 2014; Marinus et al., 2018; Tsarava et al., 2022). In this
study, students mostly carried out unplugged activities in which they experienced the processes concretely, and
after these activities, they had the chance to transfer what they learned to the digital environment with plugged
activities. The improvement in students' CT in all sub-skills was an indicator of this.
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Regarding the RQ2, the results of the comparison of the students’ pre- and post-test scores showed they became
better able to perform the applications of creating patterns, algorithms, loops, and conditionals correctly with fewer
errors. The activities prepared for the curriculum in this study were matched to the students’ cognitive levels to
support their understanding of concepts they were learning for the first time, such as algorithms, flowcharts, loops,
and conditional structures, and concrete examples from daily life were constantly provided. Hsu et al. (2018) stated
that the content, methods, and approaches used in CT teaching should be adapted to learners’ cognitive levels.
However, it is difficult for children to understand and apply certain concepts. Although the success of the group
increased in the post-tests, some individual students were unsuccessful. Concerning Piaget's cognitive theory
(1962) development, abstract thinking skills develop after the age of 11 (Babakr et al., 2019), suggesting that the
low or lack of increase in the scores of some students was due to their level of cognitive development. Although
plugged activities are concretely associated with daily life, when students' scores from the post-test are examined,
it is seen that they have difficulty interpreting advanced applications of the concepts of "sequencing, algorithm
design, abstractions, conditionals, mathematical and logical operators" and associating them with plugged
activities. It is possible that this is because students' abstract thinking skills are not fully developed.

Unplugged activities associated with daily life have drawn attention in the field of programming teaching. In this
study, the activities prepared were similarly related to daily life and included written, visual, and in-class
implementations. In the literature, it is stated that algorithms in unplugged activities can include comprehensive
activities that present the procedures in our daily life as a sequence of steps. However, while learning about
algorithms, it is also very important that they are designed in such a way that a machine can understand. Daily life
examples such as describing addresses, preparing meals, or making a cake can be useful to illustrate and teach the
algorithm. However, these agents should not be used alone. Unplugged activities gain meaning with plugged
activities used together (Caeli, & Yadav, 2020). Plugged activities were applied using code.org. in this study.
Although unplugged and plugged activities on code.org are powerful methods on their own, applying these
methods alone poses the risk of finding solutions to real problems and not solving original problems. Therefore,
unplugged activities and code.org activities were used together, and the equivalents of algorithms and solutions
on the machine were observed.

5. Limitations and Suggestions

The study was limited to a small number of primary school students attending a university's coding training. A
similar application can be applied to a larger group of students in primary school. In addition, plugged activities
were applied after unplugged activities in this study. The effects of these applications on CT can be compared by
conducting comparative studies in which only unplugged activities, only plugged activities, and both activities are
applied together.

Although the activities implemented in the study were included in the MoNE curriculum, the activities prepared
by the researcher were controlled by an expert team, and they were associated with increases in skills; thus, their
effects could not be definitively determined. Therefore, more research is needed to determine how each of the
unplugged activities used in the study contributes to the gains students achieve after implementation. Studies can
be conducted on the evaluation of these activities separately, their role in providing the gains, and students'
thoughts about these activities. No interviews were conducted regarding the practices and processes in which the
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students had difficulty or their thoughts. Through interviews, students' opinions were obtained about the questions
on which they increased their scores less, or about the positive or negative practices they experienced regarding
CT sub-skills and programming processes. Students’ opinions on activities can be obtained in different studies.

The study has become an example of how to provide programming training by using “unplugged” and “plugged”
activities together in primary school. The results also showed that this training improved the students' CT.
However, no analysis was conducted of the teaching methods used in the study. Future studies can examine the
effects of using different teaching methods in programming education. This study focused on the types of activities
but did not focus on the types of teaching methods and their effects on the process. The literature states that there
are many learning strategies for CT and programming teaching (Hsu et al., 2018). Studies can be conducted on the
effects and contributions of different learning strategies, such as game-based learning, collaborative learning, and
individual and group activities, on CT and programming teaching, especially for primary school children.

In addition to increasing educational activities and practices, measurement tools should also be developed to
determine the development of students' programming and CT (Roman-Gonzalez et al., 2017). Although
international Bebras tasks were used to measure programming and CT in the study, measurement tools associated
with the gains need to be developed or increased for students of all age groups. In this study, it was difficult to
identify questions related to the subject or gain. Therefore, it is necessary to conduct more studies on the
development of programming and CT measurement tools for primary school students.
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Abstract

Within the field of K-2 computer science (CS) education, unplugged computational thinking (CT) activities have
been suggested as beneficial for younger students and shown to impact young students’ skills and motivation to
learn about CS. This study sought to examine how children demonstrate CT competencies in unplugged
sequencing tasks and how children use manipulatives to solve unplugged sequencing tasks. This case study
approach examined two unplugged sequencing tasks for six children ranging from ages five to eight (pre-
kindergarten to 2nd grade). Children showed evidence of several CT competencies during the sequencing tasks:
(1) pattern recognition, (2) algorithms and procedures, (3) problem decomposition, and (4) debugging. The
strategies and use of manipulatives to showcase CT competencies seemed to evolve in complexity based on age
and developmental levels. Taking into account children’s abilities to demonstrate CT competencies, this study
suggests that sequencing is a developmentally appropriate entry point for young children to begin engaging in
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other CT competencies. In addition, these unplugged sequencing tasks can also be easily integrated into other
activities commonly experienced in early childhood classrooms.

Keywords:

Computational thinking, early childhood education, unplugged activities

1. Introduction

To empower all citizens to engage with a more digitally-focused society, K-12 students will need to understand
and apply basic computer science (CS) ideas and principles (Tissenbaum & Ottenbreit-Leftwich, 2020). With an
emphasis on increasing CS in K-12 classrooms, it is important to note that much of the work in computing
education has been focused on upper elementary and secondary students (Flannery et al., 2013; Bers & Sullivan,
2019). At the early elementary levels, research has found that early exposure to CS usually focuses on utilizing
computational thinking (CT) skills (ie. Bers et al., 2014; Relkin, 2018) and has been suggested as important for a
range of reasons: (1) CT itself is a foundational skill as an analytical ability (Wing, 2006), (2) CT empowers
creativity by allowing children to design their own project (Resnick, 2007), (3) Learning CS and developing CT
is ultimately expected to enable children to engage in this digital era actively (K-12 Computer Science
Framework Steering Committee, 2016). However, even though it has been recommended that students are
provided opportunities for early exposure to CT, few studies have investigated what K-2 students are capable of
with regards to learning CT/CS, and how K-2 students engage with and utilize CT skills in the classroom.

Within the literature on K-2 CT/CS education, unplugged activities have been suggested as beneficial for
younger students and shown to impact young students’ CT skills and motivation to learn about CS (Chen et al.,
2023; del Olmo-Mufioz et al., 2020; Rodriguez et al., 2017). Unplugged methods are based on the proposition
of exposing children to CT without the use of computers or digital devices by implementing activities with and
without tangible materials such as board games, cards, or physical movements that improve the understanding of
CT concepts (Bell et al., 2009; Brackmann et al., 2017; Chevalier et al., 2022) that help to make abstract
concepts more concrete (Vahrenhold et al., 2019; del Olmo-Mufioz et al., 2020). However, limited studies have
investigated how children approach unplugged activities and there is still a limited understanding of unplugged
activities and how those foster CT skills in K-2 CT/CS education (Chen et al., 2023; Kite et al., 2021). In order
to add to the literature on unplugged activities and K-2 CT, this study utilized a descriptive case study design
(Yin, 2018) to examine the engagement of children in grades K-2 and their use of manipulatives as they worked
through two unplugged CT tasks. The following research questions guided this work: (1) How did the children
demonstrate CT competencies in unplugged sequencing tasks? (2) How did the children use manipulatives to
solve unplugged sequencing tasks?

2. Literature Review

Research on young learners CT abilities and understandings is still emerging. There are good indications from
other related fields, such as mathematics and science education, that hands-on, concrete model-based learning is
helpful in students understanding the concepts (diSessa, 2004; Lesh & Doerr, 2003). The concrete nature of these
models allows students to physically interact with the concepts which is a good first step towards abstraction
(diSessa, 2004). The use of unplugged CT activities have been suggested as a good way to introduce CT to
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young children through the use of concrete models (Chen et al., 2023; Chevalier et al., 2022). Since all coding—
both simple and complex—requires the coder to be able to make ordering decisions, sequencing is foundational
in CT (Aho, 2012, Gerosa et al., 2021). As such, this research is aimed at considering the foundational
knowledge and abilities needed to understand the sequencing aspects of coding through unplugged activities. To
frame this, we will explore the literature around CT—particularly in the early grades, sequencing as a
foundational concept in CT, and how concrete model-based learning suggests using unplugged representations of
CT may help students build understanding of the underlying concepts of CT.

2.1 Computational Thinking & Young Learners

When researching CT with young learners, it is important to note that as a field, there are nuances and struggles
with clearly delineating the various CT constructs that cuts across K-12 (Dong et al., 2019). Experts have listed
divergent skills encompassing CT and may use the same term or different terms in defining a specified
skill/competency. For example, Brennan and Resnick (2012) presented sequences, loops, parallelism, events,
conditionals, operators, and data, while Dong et al. (2019) used PRADA, an acronym for Pattern Recognition,
Abstraction, Decomposition, and Algorithms, as a practical way of understanding CT skills for non-computing
teachers. In fact, Dong et al. (2019) produced a representation showcasing the overlap in CT between different
seminal CT publications, showing a wide range of concepts from automation to parallel thinking and conditional
logic. The International Society for Technology in Education (ISTE) and Computer Science Teachers
Association (CSTA), collaboratively produced a practical definition of CT for K-12 teachers: “a problem-solving
process that includes formulating problems, logically organizing data, representing data through abstraction,
automating solutions, reflecting on the efficiencies of possible solutions, and generalizing and transferring this
process to a variety of problems” (ISTE & CSTA, 2011, p. 1). In terms of this work, we succinctly view CT as
the process of identifying a problem and creating potential solutions so that a computer (whether that be a human
or machine) could potentially implement that solution. The above demonstrates the complexity of CT when
looking across K-12 which begs the question: what is known specifically about young learners’ CT knowledge
and abilities?

The research on CT for young learners is in very early stages. Early research on CT with young learners is
suggesting that they can learn and demonstrate fundamental CT skills and concepts such as pattern recognition,
sorting, sequencing, and algorithm design (e.g., Bers et al., 2014; Saxena et al., 2020). Furthermore, educating
young learners about CT allows them to gain knowledge, skills, and attitudes related to CT (Su & Yang, 2023)
while also promoting overlapping skills and abilities important not only for cognitive development (Gerosa et al.,
2021), but also for the development of disciplinary skills, such as those in mathematics or literacy (e.g., Barr &
Stephenson, 2011; Kazakoff et. al., 2013; Relkin et al., 2021; Wing, 2011). While these findings are promising,
there is much more we need to understand about how we should engage young learners with CT.

2.2 Sequencing as a Foundational Component of CT

Research has acknowledged that sequencing, the ability to order steps and understand their relationships, is
foundational and critical to CT (e.g., Aho, 2012, Gerosa et al., 2021; Kazakoff et. al., 2013; Su & Yang, 2023;
Yang et al., 2023). Sequencing within CT is grounded in the principles of logic (Wing, 2011) because logic
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underlies the ability to determine order to accomplish a goal. Furthermore, sequencing has been identified as a
key component of algorithm development (Angeli et al, 2016; Yadav et al., 2016) and algorithm development
has been highlighted as a fundamental concept within CT (i.e., Bers et al., 2014; Dong et al., 2019; Saxena et al.,
2020). From a developmental perspective, sequencing can be an effective way to formulate young learners’ basic
CT competencies because it can be meaningfully linked to their everyday lives (Kim, et al., 2024). Furthermore,
positive associations have been found between sequencing ability and later CT performance with young children
(Gerosa et al., 2021; Yang et al., 2023).

2.3 Unplugged Activities as a Starting Point for CT

As stated previously, work from other areas of STEM education suggest that beginning with concrete models is a
good way to help young learners develop understanding of a concept (diSessa, 2004). While various approaches
to teaching and integrating CT in curriculum or educational activities have been explored, two main approaches
used by educators and researchers to implement CT are plugged and unplugged activities—with plugged activities
including the use of a computer or digital device and unplugged tending to use tangible games or materials (Bati,
2022; Chen et al., 2023; Su & Yang, 2023). Unplugged methods are based on the proposition of exposing
children to CT without the use of computers by implementing activities such as logic games, cards, or physical
movements that improve the understanding of CT concepts (Bell et al., 2009; Brackmann et al., 2017) and help
to make abstract concepts more concrete (Vahrenhold et al., 2019; del Olmo-Mufioz et al., 2020). Specifically, it
has been suggested that during unplugged activities, tangible materials should be used by children in order to
cultivate their CT and problem solving skills (Chevalier et al., 2022). Researchers have examined the
effectiveness of unplugged activities in the primary grades and found positive impacts on CT learning both in
stand-alone cases as well as when conducted prior to plugged activities (Chen et al., 2023; del Olmo-Mufioz et
al., 2020; Saxena et al., 2020). While both plugged and unplugged approaches have shown positive implications
for CT ability with young children, unplugged approaches have more often been recommended due to their
concrete applications of CT, as well as their low-cost and ease of implementation (Bati, 2022; Chen et al., 2023).
In addition, using unplugged activities can also address other barriers commonly associated with learning CS in
the early grades such as cost of educational robots or coding software (Sung et al., 2016) and teacher
professional development (Rompapas, 2021). Despite the recommendations for using unplugged approaches,
few studies have been conducted to understand the benefits of implementing unplugged approaches with
children and more are sorely needed (Chen et al., 2023; Kite et al., 2021; Moreno-Leon et al., 2018). Therefore,
this work explores young learners” development of CT through unplugged sequencing activities.

3. Research Design and Methodology

To investigate the ways in which children approached unplugged sequencing tasks and how they used
manipulatives to solve problems, a descriptive multiple case study design (Yin, 2018) was employed. This type
of approach is well-suited when the goal is to describe a phenomena, how children approach unplugged
sequencing tasks, and when the real-life context in which the phenomena occurs is relevant and important to the
larger understanding of the phenomena. This descriptive multiple case study included six embedded units within
the larger case to allow for exploration of individual factors and characteristics that were situated within the
larger phenomena and bounded by the same time and activities (Yin, 2018). The multiple case study was ideal
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particularly in this research as researchers aimed to gain an in-depth understanding of the complexities involved
in unplugged approaches to computational thinking in early years. A detailed examination of multiple cases,
allows researchers to explore and consider various factors influencing outcomes.

In order to identify students' CT competencies in unplugged sequencing tasks, we used a task-based interview to
elicit childrens’ knowledge and representation of their ideas, structure, and ways of reasoning (Goldin, 2000;
Maher & Sigley, 2020). During task-based interviews, individuals or small groups talk aloud while they work on
carefully constructed, conceptually-rich tasks while a researcher prompts learners to get at specific issues of why
learners are doing what they are doing or what they are thinking about at a given moment.

3.1 Participants

Due to unforeseen limitations caused by the COVID-19 pandemic, the researchers were unable to conduct the
initial round of research in elementary schools. Therefore, in order to continue with initial work with the target
audience, early elementary learners in K-2, four girls and two boys (see Table 1), were recruited based on
established personal relationships with the researchers. Six participants, while limiting generalizability, allows
for a detailed investigation of the cognitive processes related to computational thinking in young children. With a
descriptive multiple case study design, researchers can closely examine individual responses and gain a deep
understanding of the specific dynamics within the context of the study. The purpose of this initial examination
was to serve as a foundation for future research, guiding the formulation of hypotheses and research questions
for future, larger-scale studies. Additionally, it is important to note that while the pre-existing personal
relationships between the children and the researchers provided a level of comfort and rapport during the study,
it also introduced a potential source of bias. The familiarity may influence the children's engagement with the
tasks, possibly leading to responses that align with perceived expectations. Within the current limitations and to
mitigate potential bias, researchers employed rigorous data analysis and interpretation, including independent
coding of the data by researchers with no relationship to the

3.2 Unplugged sequencing tasks

Participants engaged in a series of unplugged sequencing tasks to investigate how they approached unplugged
activities, used manipulatives, and the extent to which these unplugged activities foster CT skills. These
unplugged sequencing tasks are a series of activities without the use of computers or digital devices that use
manipulatives to understand the students’ reasoning regarding CT. There are multiple versions of each of the two
tasks with differing levels of complexity that allow for in-depth investigation of the ways in which K-2 students
engaged in these two unplugged sequencing tasks. For this particular study, two unplugged sequencing tasks
were developed and students engaged with two tasks that utilized the concept that simple conditional logic is
required to construct sequences and to understand how programs store and manipulate data by going from the
beginning to the end in an A > B, B - C order. Participation in these two unplugged sequencing tasks will
provide insight into what children know, how they approached the tasks, and how they used manipulatives to
solve these tasks. Note the images in these tasks have attributions in the Acknowledgements section of this

paper.

51



International Journal of Computer Science Education in Schools, October 2023, Vol. 6, No. 2 1ISSN 2513-8359

3.2.1 Task 1 - Sequencing Using Simple Conditional Logic

In Task 1, learners are presented with direction cards that display two images linked by a directional arrow, a
circular graphic organizer with directional arrows connecting empty boxes, and a set of picture cards that match
the images on the direction cards (Figure 1). Learners are asked to use the direction cards to help determine
where to place the picture cards onto the circular graphic organizer. The matching images on the direction cards
and picture cards are common, but not related objects, and the circle diagram serves as a graphic organizer for
arranging the picture cards into a sequential order. There are three different levels of this task that increase in the
number of cards and complexity starting with 5 cards in the first level and then 10 and 15 cards in level two and
three. Additionally, for this task, the beginning and endpoints do not matter as these logical ideas include
recursion and so participants were intentionally not told which card to start with or where to start on the
organizer.

Figure 1. Task 1 design (Level 1 - 5 cards).
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3.2.2. Task 2 - Sequencing Using Simple Conditional Logic + Literacy

Task 2 also focuses on utilizing simple conditional logic to place pictures sequentially onto a circular organizer,
but with the support of a story books with sequencing components - "If You Give a Mouse a Cookie," "If You
Give a Moose a Muffin," and "If You Give a Pig a Pancake" by Laura Numeroff. The picture cards in this task
include images from the story (Figure 2) and the circular organizer is a way to organize the picture cards based
on the sequential order derived from the story. Learners are asked to place the picture cards in the correct order
on the circular graphic organizer and can use the direction cards or the story to determine where and in what
order to place the pictures. Similar to Task 1 there are three levels that increase in number of cards and
complexity. The difference in this task is that there is a sequential story connected to the picture and direction
cards. In the first level of the task, the research reads "If You Give a Mouse a Cookie" out loud, while the learner
follows the story and identifies the direction cards that go with the reading of each part of the story. Following
the story, learners are asked to retell the story by putting the picture cards in the correct order on the circular
graphic organizer..
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Figure 2. Task 2 manipulatives design (Level 1, "If You Give a Mouse a Cookie").
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The second and third level activities ask the learners to identify the sequence of the story by using the direction

cards as the guide to determine the order of where to put the picture cards on the circular organizer. After

learners place all of the pictures, then the storybook aloud as a check to see if the sequence of picture cards

correctly follows the story.

3.3 Data Collection

Data collection included video-recorded task-based interviews for each participant and across the multiple levels

of the two tasks. The researcher set up the camera and microphone to record everything happening in the room

during the task interviews in order to capture the children’ behaviors, conversation during the task and with the

researcher, use of manipulatives, and approaches to solving the task. Researchers conducted multiple levels of

the two task-based interviews with each of the children (see Table 1).

Table 1. The CT Tasks completed by the children.

Task 1 Task 2

Pseudonym, Age, Level 1: 5 Level 2: 10 Level 3: 15 Level 1: Level 2: Level 3:
Gender: cards cards cards Mouse Moose Pig
Grace, 5 year old

. v v v
girl
Patrick, 5 year old

v v v v
boy
Hollywood, 7 year
¥W Y v v v v v v

old girl
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Aurora, 7 year old

. v v v v v v
girl
Taylor, 8 year old

. v v v v v
girl
Travis, 8 year old

v v v

boy

Note: ¢ indicates the completed tasks from the participants.

3.4 Data Analysis

For this descriptive multiple case study, the research team analyzed each video recordings for each child across
Tasks 1 & 2 to explore how the children approached each sequencing task, utilized the manipulatives, and solved
problems. Five research team members watched all of the recordings and thematically coded (Saldafia, 2015)
using the INSPIRE CT definitions and competencies (Dasgupta et al. 2017; Ehsan et al., 2021) as a starting point
and an initial lens through which to assess and evaluate the children’ CT competencies. Following the initial
round of coding, the team narrowed the lens to include those definitions that were identified as most relevant to
the tasks as well as those that were seen in the data for future rounds of coding (Figure 2). The team engaged in
group discussions following each round of coding to build consensus and agreement on the codes and coding
process as well as discuss the emergent patterns, categories and subcategories, themes, and concepts in the data
(Saldafia, 2015). Following multiple rounds of coding and discussion, analysis moved to in-depth examination of
the emerging patterns and themes within each of the embedded cases as well as looking across the multiple cases

for a more holistic view of how children approach unplugged sequencing tasks.

Table 2. INSPIRE Computational Thinking Definitions (Dasgupta et al., 2017).

CT Competency INSPIRE Definition Learning Objectives

Pattern Recognition | Observing patterns, trends | e Identify a given pattern-

and regularities in data e Complete a missing pattern with colors and letters
(pattern completion)-

e Show abstraction by representing a color pattern using
letters (pattern abstraction)-

e Create an original pattern-

Algorithms and Following, identifying, e Follow a series of ordered steps to solve a problem

procedures using, and creating a e Identify the sequence of steps to be taken in a specific
sequenced set of order to solve a problem or achieve some end goal.
instructions: e Apply an ordered series of instructions to solve a

similar problem the algorithm was designed for-

e Create an ordered series of instructions.
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Debugging Identifying and addressing | e Identify problems that inhibit progress toward task
problems that inhibit completion-
progress toward task e  Address problems using skills such as testing,
completion comparison, and logical thinking-
Problem Breaking down data, e Break down processes or problems into smaller and
decomposition processes or problems into more manageable components to understand the
smaller and more components or issues
manageable components
to solve a problem

4. Findings

In this descriptive multiple case study, we explored how children approached sequencing and how they used
manipulatives across multiple levels of the two different sequencing tasks to gain a better understanding of how
young children engage with CT. More specifically, we were looking at how and what CT competencies were
demonstrated during these unplugged sequencing tasks and how manipulatives were used while engaging in
unplugged sequencing tasks?

4.1 Children’s Demonstration of CT Competencies

During analysis of the data, we found examples of (1) pattern recognition, (2) algorithms and procedures, (3)
problem decomposition, and (4) debugging in each of the embedded cases across the tasks. Overall, pattern
recognition emerged as a foundational skill not only for successful completion of the sequencing tasks, but as an
overlapping skill for the other CT competencies. Each of the CT competencies that were seen in the data is
described with examples below.

4.1.1 Pattern Recognition

Pattern recognition was a CT competency that was seen multiple times within the data and across the tasks and
learners. Pattern recognition is observing patterns, trends, and regularities in data (Dasgupta et al. 2017). While
engaging with these tasks, children identified, described and matched patterns in the direction cards and with the
picture cards as well as noticing that to find the next direction card, they needed to look at the second image
from the previous direction card. An example of this can be seen with Aurora, a 7 year old girl, who identified
and matched up the same picture on two different direction cards, demonstrating her ability to recognize patterns
in the direction cards and then quickly pair up direction cards by connecting the matching images. Aurora
explained her thinking by pointing to the same image in different direction cards (top of Figure 3) and then
illustrated the pattern with another set of direction cards, pointing to the relevant pictures as she described the
pattern: “They are the same thing! Nap, nap... milk with milk!” (bottom of Figure 3).
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Figure 3. Aurora pointing to the picture matches in the direction cards.

In another example, Taylor, age 8, recognized and used the pattern of matching two similar images on direction
cards (see Figure 4). She explains how she used pattern recognition to complete the task quickly: “I am gonna
just try to find the picture [in the other direction cards]. That will be more easier because then we connect
easily, matching it up.” After searching for a while, she found the direction card with the same image from the
previous direction card, and added it to her sequence (Figure 4).

Figure 4. Taylor finding direction card patterns.

Overall, these observations showed that all of the children could effectively recognize patterns in the direction
cards and use those patterns to help with the solving of the sequencing tasks. Furthermore, the ability to
recognize and identify patterns was found to be an important step for successful completion of the tasks as the
students who struggled was due to their not or not correctly identifying the pattern. This supports previous work
suggesting that pattern recognition is an important core idea of CT (Dong et al. 2019).
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4.1.2 Algorithm and Procedures

Another CT competency that was demonstrated by the children during completion of the unplugged sequencing
tasks was algorithms and procedures, which is defined as following, identifying, using, and/or creating a
sequenced set of instructions (Dasgupta et al. 2017). This was most commonly seen once the children recognized
patterns in the direction cards, then they were able to use those patterns and direction cards to predict the next
item in the sequence and build simple logic or algorithms with the direction cards. Hollywood, a 7 year old girl,
described each picture card as steps based on the direction cards and how she lined them up: “First is the sun,
second is the cat, third is the apple, fourth is the house, fifth is the zebra.” Our youngest learner Grace, for
example, used conditional logic of A - B, B - C while also recognizing patterns to determine the order of
direction cards and corresponding order of the picture cards (see Figure 5; here, we are using the letters to

represent the pictures in the direction cards).

Figure 5. Grace used direction cards to sequence picture cards in order on the diagram chart.

e

T i i — L]
A>B B>C

Researcher: And what happens after she has
music?

Grace: She wants a picture!

Researcher: How do you know that?

Grace: Because [pointing to the direction card]
her, and then music, and then music, and then a
picture!

All children in this study were able to identify and use the direction cards as their sequenced set of instructions,
or algorithm, to determine the sequence for placing the picture cards on the organizer. This is important as a key
component of sequencing is the ability to order steps logically and understand the relationships between those
items or steps (Aho, 2012). We also found that the demonstration of algorithms by the children in this study was
connected to the ability to recognize the patterns in the direction cards and then use those identified patterns to
build a logical sequence or algorithm. This aligns with the suggestions from Aho (2012) that understanding the
relationships between events is important not only for being able to construct and order sequences, but also as a
foundational skill within CT.

4.1.3 Problem Decomposition

A third CT competency that was seen across all six children was problem decomposition as they were breaking
down a complex problem into smaller manageable parts in order to solve the bigger problem (Dasgupta et al.
2017). Within problem decomposition, there were two overarching approaches that the children utilized: (1) a
bigger picture approach of breaking it down into two steps with first organizing all direction cards and then
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placing all of the picture cards (see Figure 6a) or (2) a smaller, step-by step, iterative process of finding one
direction card and placing the corresponding picture card before finding the next direction and corresponding
picture card (see Figure 6b).

Figure 6a and 6b. Hollywood'’s two-step decomposition and Aurora’s multiple, iterative decomposition
approach.

The three children (Hollywood, Travis, and Taylor) who used the big-picture approach for the tasks were seen
using a similar approach of first organizing all of the direction cards by lining up the matching pictures and then
turned their attention to using the direction cards to help them place all of the picture cards into the circle
diagram. The other three children (Aurora, Grace, Patrick) applied a smaller and more iterative decomposition
approach where they placed one direction card then one picture card over and over again. There was some
variation in what the children did with the direction cards and whether or not they organized the cards after using
them in the step by step process. For example, Aurora kept them in a stack and used them more like a deck of
cards, thumbing through the stack until she found the direction card that had the matching picture. Whereas
Grace and Patrick looked for the direction card that was randomly laid out on the table and then placed the
matching picture card onto the circular diagram before searching for the next direction card.

The same two decomposition strategies utilized in Task 1 were also seen when adding a literacy component in
Task 2. The three children who had used this big picture strategy of laying out all direction cards first then
placing the picture cards did a similar thing with Task 2. Two children (Grace and Patrick) once again utilized
the simultaneous approach of finding the direction card and then the picture card as they listened to the story and
they later retold the story in small chunks using one direction card then picture card at a time to create their
retelling. The last child, Hollywood who was familiar with the books, demonstrated a third decomposition
strategy by creating the sequence on her own with only the use of the picture cards and not the direction cards or
story. At the beginning of the task, Hollywood remarks that she knows the story and the researcher responds by
asking if she can complete the sequence using her knowledge of the book. She started by placing three picture
cards: the first, the second, and the last cards (Figure 7). When asked why she put them in that order, she
responded that she knew because she had done it before (in the previous versions of the task). However, when
she was unable to finish the task with this strategy, she went back to the previous strategy of finding one
direction and picture card as the story was being read to her.

While some of the children’ decomposition approaches varied slightly as the children moved into the higher
levels of the tasks with more complexity, their overall approach to breaking down the problem stayed consistent.
For example, Hollywood, who used the big picture approach initially, modified her strategy slightly as she
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moved into more complex tasks. In the first level with five cards, she laid all of the direction cards out first. Then
when she went to 10 and 15 cards, she chunked the direction cards into smaller groups and then within the
groups laid out all direction cards and then used those to place the picture cards before moving to the next group
of a few direction cards. Overall, she was still seeing the pieces as all direction cards and then all picture cards.
The overall use of these two different decomposition strategies suggested that the children were seeing and
decomposing the problem into different sized parts. With some of the children decomposing the task down to a
smaller level of each individual direction card as a step while others saw it at a bigger level of a connected
sequence of direction cards as a step and then moving all of the picture cards as the next step.

4.1.4 Debugging

The final CT competency that was seen within the unplugged sequencing tasks was debugging or addressing
problems that inhibit progress toward task completion (Dagupta et al., 2017). This was commonly seen at two
times during engagement in the task. The first common instance was when a child would often be in the middle
of working on the task and notice that either the image or the directional arrow on the direction card did not
match the picture cards that were being placed into the circular organizer. They would then often go back to the
beginning and start matching up direction and picture card images. For example, Aurora had made an initial
error in reading the direction of the arrow on the direction card. When placing the next picture card, she found
that the sequence of picture cards did not align with the direction card. She reviewed the directions cards again
and found that the zebra should follow the house, not the kitty: “The kitty was not with the house, but it was
actually the zebra with the house.” She then replaced the kitty with the zebra by matching the direction card with
the correct picture card.

The second common instance of debugging occurred when the children were asked to double check the order by
tracing the sequence of the direction cards and picture cards at the end of the task(see Figure 9). As they were
moving their fingers along and tracing the sequence, the children were able to identify and correct errors in logic
by aligning the corresponding picture cards with the direction cards. For example, Travis identified and corrected
a logical error when he was tracing the sequence of picture cards on the circular diagram, and cross-referencing
them with the direction cards (Figure 9a): "Kite-fish, Tree-pig? Oh, no. Tree-Orange, Orange-Umbrella ...Pig!".
He discovered that the placement of the Orange and Pig cards needed to be switched after pointing to each
picture card and reviewing the sequence of direction cards he had arranged. Using that same strategy, Hollywood
discovered that she had overlooked the napkin picture card, so she retraced the sequence of direction cards she
had laid out below to determine the correct logical placement by pointing to each picture card.
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Figure 9a and 9b. Children debug errors through retracing

Interestingly, these instances of debugging paralleled the two overarching themes within problem decomposition
where the CT competency occurred either as a larger, big picture approach and more often at the end, or on a
smaller and more step-by-step scale while working on the task. This further supports the idea that the children
were decomposing the problem into different sized parts as they attended to the tasks.

4.2 Children’s Use of Manipulatives

In the second part of our findings, we detail our results of how children used manipulatives as they engaged with
unplugged sequencing tasks. The manipulatives in these tasks were designed by teachers and researchers to help
scaffold children during the CT tasks and included the diagram chart, the picture cards, and the direction cards.
We found children had different approaches to using the manipulatives that varied not only across children, but
also by the same children across tasks. One of the most evident differences was in how they used the direction
cards to support their placement of the picture cards. Some of the learners randomly laid out the direction cards,
while others had a specific order and pattern to the manner in which they laid out the direction cards. For
example, three out of the six children organized their direction cards in a linear manner across both tasks, but
organized them slightly differently: Taylor organized the direction cards in two long horizontal linear sequences
(Figure 10a), Hollywood organized the direction cards in a circular sequence, mimicking the diagram (Figure
10b), and Patrick organized the direction cards in two vertical lines (Figure 10c).

Figure 10. Children lining up direction cards in specific order in Task 1 ((10a) Taylor, (10b) Hollywood, (10c)
Patrick))
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The three other children did not organize their direction cards in task 1. All three children used the direction
cards more as a checklist where they pointed or glanced at them while they put down the picture cards in order
on the diagram chart. As shown in Figure 11a (Travis) and Figure 11b (Aurora), the two children put the
direction cards into a linear fashion, but not in an order that matched the images, and they did not move them
once they were spread out. In Task 2, which incorporated a story (If you give a mouse a cookie / If you give a
moose a muffin), these two children altered this strategy and instead laid out the direction cards in a specific and
organized fashion (Figure 11c, Travis; Figure 11d, Aurora). The third child used the checklist approach for both
tasks.

Figure 11a, b, ¢, & d. Travis and Aurora laid out cards in a random order first, and then organized by images and
order in the second task

Overall, we found that in the cases where the children explicitly used and organized the direction cards
according to the patterns and relationships on the cards were more intentional with their sequences and more
successful with completion of the tasks. The children who did not explicitly organize and use the relationships
between direction cards to help them took more time and made more errors during completion of the tasks. This
suggests that their approaches were more seemingly random placements, involved little planning and were not
necessarily based on patterns or a pre-determined sequence of steps or actions. This aligns with
recommendations by Chevalier et al. (2022) suggesting that the use of tangible materials is important for
cultivating CT skills and competencies.

5. Discussion and Conclusion

This study provides a starting point for thinking about how young children understand about CT and which
concepts can be used to develop CT competencies within sequencing activities. Within and across these tasks,
we saw a range and overlap of CT competencies, including pattern recognition, algorithms and procedures,
problem decomposition and debugging from multiple children supporting the claim that young children can learn
and demonstrate CT skills and competencies. Pattern recognition was found to be an important and overlapping
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skill across tasks, supporting the idea that it is foundational for young children’s engagement with other CT
competencies (Dong et al., 2019, Saxena et al., 2020). We also found that the scale in which the children thought
about and decomposed the problems in these tasks, either big picture or a series of smaller pieces, impacted other
aspects of CT within these tasks. This suggests that problem decomposition is also an important and foundational
skill for CT with young children. The demonstration of multiple CT competencies within sequencing tasks
supports suggestions that sequencing is a developmentally appropriate entry point for young children to begin
engaging in other CT competencies ((ie. Gerosa et al., 2021, Kazakoff, Sullivan & Bers, 2013; Yang et al.,
2023). When looking more specifically at the sequencing within these unplugged CT sequencing tasks, the
children demonstrated fundamental aspects of sequencing as they were able to order steps logically and
understand the relationships between the pattern, direction cards and placement of the picture cards into the
organizer (Aho, 2012; Gerosa et al., 2021). Additionally, we found evidence and examples of students engaging
in aspects of algorithm development as they identified and created a series of intentionally ordered steps. This
supports the claim that sequencing is an important component of algorithm development (Yadav et al., 2016) and
therefore could serve as an entry point into algorithm development.

The other aspect that was being explored as part of this work, was the use of unplugged approaches with young
children for CT learning and to further understanding of how young children approach unplugged activities.
Similar to above, we found examples of multiple CT competencies during engagement in these unplugged CT
sequencing tasks suggesting that the unplugged approaches did promote CT. This work supports previous
findings that recommended the use of unplugged approaches and activities are a developmentally appropriate
approach for teaching CT to young children(eg. Bati, 2022; Bell et al., 2009, Chen et al., 2023). Additionally,
those students who intentionally used the physical manipulatives while solving the CT sequencing tasks were
able to solve the tasks quicker and with less errors and less frustration, which aligns with recommendations that
the use of tangible materials is an important for cultivating CT within unplugged activities (Chevalier et al,
2022). However, these unplugged sequencing tasks also provided insight as we integrate CT through the use of
computational toys, embodied activities, and plugged simulations. We need to be intentional in the design if the
goal is to observe a wider range of CT competencies. We also caution that not all sequencing activities will
involve all or any CT competencies, so the design of these tasks is important. For example, asking students to
retell a story involves knowledge and ability in sequencing, but if they are only verbally describing to a friend
what happened in the story then the task does not necessarily elicit CT competencies from the children.

It is important to note that there were limitations to this study caused by the COVID-19 pandemic, which made it
difficult to make bigger conclusions about the learning trajectories and developmental appropriateness of the
sequencing tasks as originally planned. However, we purposefully designed the tasks with K-2nd grade teachers
to address developmentally appropriate practices and skill sets when thinking about what young children
understand and demonstrate about CT within unplugged sequencing tasks.
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Abstract

In today's conditions, the needs of the labor market are changing in parallel with technological developments and
the need for individuals trained in STEM is increasing. For this reason, it is a priority to increase the skills and
awareness of teachers who will guide individuals trained in the field of STEM. In this study, a STEM training
with educational robotics applications was designed for classroom teachers. The education included theoretical
and practical STEM instruction conducted by expert academicians, utilizing next-generation educational robotic
kits to facilitate sample STEM activities. The primary aim was to equip teachers with skills aligned with the
elementary school curriculum, emphasizing a focus on STEM learning outcomes. As a result of the training,
teachers were able to develop their own STEM activities. The study, which was modeled with a one-group
pretest-posttest research design, examined the changes in the attitudes towards STEM and STEM awareness of
the participants as a result of the STEM education they received. In conclusion, it is observed that the
participants' attitudes towards STEM education and their awareness of STEM have increased by the end of the
education. Additionally, the participants believe that STEM educational activities should be included in the
curriculum

Keywords: STEM, classroom teachers, educational robotics, STEM awareness, STEM attitude

1. Introduction

In today's conditions, where technological innovations largely determine the economic development of countries,
it is more important than ever to educate the engineers and science experts of the future and to promote science
and technology literacy (Miaoulis, 2009). For many years, preschool and primary education curricula have
focused on basic literacy and numeracy literacy (Zigler & Bishop-Josef, 2006). However, changing living
conditions due to technology requires different skills for today's individuals and these skills are expected to be
acquired through an interdisciplinary approach. The STEM education movement, which has been popular all
over the world in recent years, is thought to meet this expectation. STEM is based on the idea of teaching
students in four disciplines; Science, Technology, Engineering and Mathematics, with an interdisciplinary and
applied approach. Instead of teaching these four disciplines separately, STEM refers to a coherent learning
approach based on real-world applications and into curriculum. The National Science Foundation of the United
States has used the acronym STEM, which stands for science, technology, engineering and mathematics, to
describe this approach, and many educators working in this field have not gone further than using this acronym
when defining the STEM education movement, and have defined STEM education only with the subjects
belonging to the disciplines that are the basis of this education. While these definitions are well-known usual
and/or established descriptive terms for STEM fields, STEM is more than that (White, 2014). STEM education
defines teaching and curriculum in a holistic approach, where the boundaries between the disciplines that make
up STEM are removed and STEM is taught as a course (Morrison & Bartlett, 2009; as cited in Roberts, 2012).

Looking at the history of STEM education, it is stated that the purpose of its emergence is to provide critical
thinking skills to all learners, make them creative problem solvers, and make them more valuable for today's
business world (White, 2014). STEM education and research in this field are increasingly accepted globally as
the foundation for national development, productivity, economic competitiveness and social well-being
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(Marginson, Tytler, Freeman & Roberts, 2013). Many countries think that their place in the global economy in
the coming years depends on a generation that will be raised with STEM education. Countries are making
national decisions, developing policies and realizing educational reforms in this direction.

Many countries around the world, including global economic powers such as the United States and the European
Union (EU), are transforming their education systems with a focus on being competitive in the current era
(Fensham, 2008). In many countries, education reforms focus on STEM education. The primary and most
immediate goals of STEM initiatives in these countries are to increase the number and quality of STEM teachers
and to help more students develop 21st century skills and the capacity to innovate with well-trained teachers in
STEM (Corlu, Capraro & Capraro, 2014).

1.1 Studies on STEM Education in Turkey

The STEM movement, which has influenced the world, has started to manifest itself in our country in recent
years. The Turkish Industrialists' and Businessmen's Association (TUSIAD) has been working to draw attention
to STEM education and raise awareness on STEM since 2014. In 2014, TUSIAD published its first STEM report
as a result of a survey on the demand and expectations for a STEM-educated workforce. In this report, it drew
attention to the need for individuals trained in STEM in the business world of the future and the need to train
these individuals (Turkish Industrialists' and Businessmen's Association [TUSIAD], 2014). Since 2017, a series
of activities such as STEM teacher training, STEM awareness campaign and report studies have been carried out
under the title of "TUSIAD STEM Project" in addition to TUSIAD STEM Days. In the aforementioned report,
TUSIAD states that improvements in curricula, educational methods and teacher training will be beneficial for
raising creative, innovative, analytical and critical thinkers with high problem-solving skills to meet the needs
and expectations of the future business world (TUSIAD, 2017). In addition, TUSIAD conducts a STEM Project,
which it introduced in 2017, and as a component of this project, it has implemented the "STEM Kit and Teacher
Training Project" for teacher training prepared by Bahcesehir University STEM Center (BAUSTEM).

The STEM education trend soon began to attract the attention of educators in Turkey. In 2016, a STEM
education report was published by the General Directorate of Innovation and Educational Technologies of the
Ministry of National Education. This report emphasizes the importance of STEM education and states that
Turkey does not have a direct action plan prepared by the Ministry of National Education for STEM education
(General Directorate of Innovation and Educational Technologies [YEGITEK], 2016). In the same report, it is
stated that STEM teacher trainings should be planned and realized according to the results of STEM education
researches for the integration of STEM education into the education system of our country. Within the scope of
this report, a questionnaire was prepared to obtain teachers' opinions on the integration of STEM education into
our education system and was applied to teachers within the scope of the Scientix project, which is related to
STEM education.

The Scientix project is a project carried out by the "European School Network", which the Ministry of National
Education joined in 2014. Within the scope of this project, it is aimed to be informed about STEM education
taking place all over Europe, to create a platform where teachers and academicians can share their experiences
and exchange ideas about STEM education, and to contribute to the training of teachers in the field of STEM
education through online and face-to-face trainings (Scientix Project, 2017). %91.08 of the participants who
participated in this project and were surveyed agreed with the view that it is necessary for universities' faculties
of education to initiate STEM teacher training programs in order to train STEM course teachers. %91.96 of the
participants, which corresponds to the majority of the participants, agree that in-service training programs should
be prepared for science and mathematics course teachers to become STEM teachers (YEGITEK, 2016).

Although there is no direct reference to STEM education in the 2023 education vision of the Ministry of
National Education, it is seen that most of the goals set in the vision document are parallel to the goals of STEM
education and STEM education activities can be integrated into the curricula to be organized. In the vision
document, it is stated that the most fundamental element regarding the opportunities that curricula will offer to
children is that all kinds of knowledge, skills and attitudes learned should be established as a competence that
can directly serve themselves and society, beyond emerging as a behavior (Ministry of National Education
[MoNE], 2018a). To this end, it is stated that curricula will be improved to be flexible, modular and applied in
line with children's interests, abilities and temperaments. Starting from primary school, "Design-Skills
Workshops" have started to be established in schools at all levels of education in order to provide children with
skills associated with their skill sets at the practical level. These workshops, which will emphasize designing,

68



International Journal of Computer Science Education in Schools, October 2023, Vol. 6, No. 2 1ISSN 2513-8359

making and producing rather than knowing, will help children to recognize themselves, their professions and
their environment. In addition, these workshops will be organized as concrete spaces for the acquisition of
problem solving, critical thinking, productivity, teamwork and multiple literacy skills required by the new age
(MoNE, 2018a). In addition, the curriculum changes announced in the vision document have started to be
updated to include the STEM approach and, for example, the Science Course Curriculum published in 2018 was
named 'Science, Engineering and Entrepreneurship Practices' (MoNE, 2018b). Various institutions affiliated to
the Ministry of National Education carry out studies on STEM within their own organizations. The report
prepared by YEGITEK and the "Acquisition-Centered STEM Practices" document prepared by the Ministry of
National Education General Directorate of Private Education Institutions, which includes sample STEM
activities at preschool and primary school level, can be given as examples.

In addition to the studies carried out by the Ministry of National Education, STEM teacher training are carried
out in our country through various private organizations, universities and in-service training. Istanbul Aydin
University conducts STEM teacher training certificate programs. In addition, STEM teacher trainings are
organized in many universities such as Bahgesehir University, Yeditepe University, Hacettepe University,
Middle East Technical University, Mus Alpaslan University (Kizilay, 2018). STEM teacher trainings at these
universities are provided through a STEM center established within the university or through a project. In
particular, academics at the university carry out project-based STEM trainings through various calls opened by
TUBITAK.

The Scientific and Technological Research Council of Turkey (TUBITAK) Science and Society Support
Programs "4005 Innovative Education Practices Support Program™ aims to provide teachers and academics with
innovative approaches, strategies, methods and techniques specific to their own branches and the teaching
profession in general. Of the 51 projects supported by TUBITAK in the 2017-2018 call period, 14 of them are
directly aimed at providing teacher training in the field of STEM. This study focuses on the results of a project
supported by TUBITAK within the scope of "Innovative Education Practices Support Program".

As stated by Corlu (2014), it is necessary to develop research-based STEM instructional designs that will
increase cooperation among mathematics, science and technology-design teachers in our schools and support
students' critical and creative thinking skills, and to prepare, test and share the results of professional
development materials adapted to the conditions of our country on STEM education. As mentioned in the
previous paragraphs, many universities and special education courses offer trainings and certificate programs on
this subject. Teachers, who are suddenly faced with a new educational trend, want to be informed about STEM
education and need guidance on integrating it into their lessons. Within the scope of this research, a training
process was designed and implemented to close this gap in STEM education in our country.

1.2 STEM Education and Educational Robotics Applications

In recent years, awareness of the prevalence and impact of technology has increased as the impact of artificial
intelligence, automation and big data on business has been imagined and increasingly recognized (Freeman,
Marginson & Tytler, 2019). In particular, changes have started to occur in the definitions of the workforce
needed in the industry. Less human factor is needed in technology-related automation systems, and technologies
such as artificial intelligence, big data analysis, mobile technologies, cloud technology, robots are used in most
of the tasks from production to management. Aware of this change in the world order, Sara¢ (2019), the
president of the Council of Higher Education (CoHE), stated that CoHE is in the process of determining the road
map for the professions of the future. He states that the expectation that new competencies in education should
be acquired as soon as possible and new skill trainings should be implemented rapidly is justified; he points out
that we do not have time to postpone and spread it over time. However, when we consider that today's children
are born into a world equipped with technology, it is thought that certain skills develop until they reach the
Higher Education stage and that it would be appropriate to start orienting them to the professions of the future at
earlier education stages. As a matter of fact, it can be said that the studies carried out in the field of STEM
around the world serve this purpose.
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In addition to easily accessible and recyclable materials, technological materials are also used in STEM
education. Educational robotic kits, which are frequently used in STEM education, attract the attention of today's
students. Some of the studies on the use of robots for educational purposes show that robots increase students'
motivation towards mathematics and science lessons (Robinson, 2005; Rogers & Portsmore, 2004), provide an
application ground for the theoretical principles of STEM (Rogers & Portsmore, 2004), and improve students'
problem solving skills (Beer et al., 1999; Nourbakhsh et al. 2004; Robinson, 2005; Rogers & Portsmore, 2004;
as cited in Uggl, 2017).

Many universities, schools and private courses organize technology and robotics-themed camps for students,
attracting students' interest and encouraging parents to send their children to such courses. Teachers who are
responsible for educating 21st century learners working on science, technology, and engineering and
mathematics applications with robots cannot be expected to be uninformed about this subject. In this context, the
main purpose of the trainings planned in this study is to inform classroom teachers, who guide 21st century
learners in the first years of their education lives, about educational robotic kits, which are an integral part of
contemporary STEM education, to gain the ability to produce their own robotic materials for their lessons, to
provide them with theoretical and practical knowledge about STEM education, and to develop their positive
attitudes and awareness towards STEM. In this direction, the questions to be answered in the research are as
follows:

o Before the training, what are teachers' attitude levels towards STEM education, STEM awareness levels and
attitude levels towards scientific research?

e s there a significant relationship between teachers' attitudes towards scientific research and their attitudes
towards STEM education?

o s there a difference between pre-test and post-test scores of teachers' attitudes towards STEM education?
e Is there a difference between teachers' STEM awareness pre-test and post-test scores?

2. Method

This study was conducted with 19 classroom teachers working in Kirsehir province and participating in the
project voluntarily during the summer semester of the 2017-2018 academic year. The study, which was modeled
with a one-group pretest-posttest research design, examined the changes in the attitudes towards STEM and
STEM awareness of the participants as a result of the STEM education they received. In this one-group pretest-
posttest study, the effects of STEM applications designed with robotic activities on teachers' STEM attitudes and
STEM awareness were examined. The independent variable of the study was STEM practices designed with
robotic activities, while the dependent variables were STEM attitudes and STEM awareness.

2.1 Participant Characteristics

The research covers the results of a project supported within the scope of TUBITAK Innovative Educational
Practices during the summer semester of the 2017-2018 academic year. The research steps were planned
according to the project schedule proposed to TUBITAK. In this plan, a one-month process was planned for the
selection of teachers to be included in the research. The application process for the project was carried out with
an online form. The target group of the project consisted of primary school classroom teachers. Among the
volunteer teachers who applied, the participant selection process was carried out by paying attention to ensuring
homogeneous distribution in terms of gender, professional experience and grade level taught. The study group
consisted of 19 classroom teachers. Six of the participants were female and thirteen were male. Figure 1 and
Figure 2 show the ratios of the professional experience of the participant and the grade level at which they teach.
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years years above

Figure 1. Participants’ Professional Experience

Of the participants’, % 25 have 0-15 years of professional experience, % 35 have 16-25 years of professional
experience, and % 40 have 26 years or more of professional experience.

m It g 2nd 3rd 4th
grade grade grade

Figure 2. Participants' Grade Level

As can be seen in Figure 2, care was taken to select participants who teach at different grade levels. In the
voluntary participation, there are mainly primary school 2nd grade teachers.

2.2 Data Collection Tool

In order to determine the participants’ attitudes towards scientific research, the "Attitude Scale towards Scientific
Research (ASTCR)" developed by Ozgen, Sahin & Yesil (2011) was used. The ASTCR is a five-point Likert-
type scale and consists of 30 items that can be grouped under four factors. Each of the items in the factors is
graded as: Strongly Disagree (1), Disagree (2), Undecided (3), Agree (4), Strongly Agree (5). "Attitudes towards
Scientific Research Scale" consists of 30 items with 4 factors, 8 of which are Reluctance to Help Researchers, 9
of which are Negative Attitudes towards Research, 7 of which are Positive Attitudes towards Research and 6 of
which are Positive Attitudes towards Researchers. The KMO value of the scale was 0.874 and Barlett's test
values were x2 = 6773.126; sd =435; p<0.000. The Cronbach alpha reliability coefficient of the scale varies
between 0.765 and 0.851.

The "STEM Education Attitude Scale" developed by Berlin & White (2010) and adapted into Turkish by Derin,
Aydm & Kirkig (2017) was used to determine the attitudes of the participants’ towards STEM education. The
validity and reliability studies of the STEM Education Attitude Scale were conducted by Derin, Aydin & Kirkic
(2017) and it was seen that a two-dimensional structure emerged as in the original scale. In order to determine
the reliability of the dimensions in the scale and the scale as a whole, the Cronbach alpha coefficients of the
dimensions separately and the total Cronbach alpha coefficients of the scale were calculated.

The alpha value of the meaningfulness dimension of the Turkish scale (0.92) was quite close to the alpha value
of the original scale (0.94). In addition, the alpha value (0.84) measured for the second dimension
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(Constructability), which was found to be weak and strengthened by the addition of items, was much higher than
the alpha value (0.63) in the original scale. This showed that the added items strengthened this dimension.

In order to determine the STEM awareness levels of the participants, the "STEM Awareness Scale" developed
by Cevik (2017) was used. The original name of the scale is "STEM Awareness Scale". However, in order to
avoid confusion in the research, the abbreviation STEM used in the original definition was used. As a result of
the exploratory factor analysis conducted within the scope of validity studies, a 15-item scale consisting of 3
sub-dimensions ("Impact on Students", "Impact on Lesson™ and "Impact on Teacher") was obtained.
Confirmatory factor analysis confirmed that the scale had 3 sub-dimensions. The reliability coefficient for the
whole scale is .82; for the sub-dimensions, it is .81, .71 and .70 respectively. STEM Teacher Awareness Scale is
a five-point Likert-type scale. There are options such as Strongly Disagree (1), Disagree (2), Undecided (3),
Agree (4), Strongly Agree (5). The first dimension of the scale consists of items measuring the awareness of
STEM's impact on students, the second sub-dimension consists of items measuring the awareness of STEM's
impact on the lesson, and the third sub-dimension consists of questions measuring the awareness of STEM's
impact on the teacher.

2.3 Data Collection Process

On the first day of the project training, the participants’ were informed about the purpose of the project, the kind
of training they would receive, the planning and content of the training, and the STEM education attitude scale,
the attitude towards scientific research scale and the STEM awareness scale were administered as a pre-test
before the training started. After the introductory meeting, the trainings started on the same day. Theoretical and
practical trainings on STEM education were given to teachers by academicians who are experts in their fields. In
the trainings where new generation educational robotic Kits were used as materials, sample activities and lessons
for STEM were carried out with these materials.

The design of the activities and the robotic materials developed were developed within the scope of a scientific
research project previously conducted by the researcher. The activities were also tested in a primary school
within the scope of this research project. While planning the activities, it was aimed to provide teachers with
skills that they can use in the real classroom environment, especially by associating them with the acquisitions in
the primary education program. In the market, especially in courses offered under the name of private "STEM
and robotics education”; it is not possible to go further than teaching the construction and programming of the
sets, and even if teachers know how to use these sets, they need guidance on how to integrate them into their
lessons. For this reason, each workshop and activity within the scope of this project was related to one or more
learning outcomes in different courses in the curriculum. Teachers can clearly see what the STEM education
they receive within the scope of this training will do and what learning outcomes they will gain in which lesson.
In the trainings lasting 56 hours in total, teachers first received theoretical information about STEM. Teachers
who had theoretical knowledge about STEM education took an active role by participating in outcome-supported
STEM activities in electricity, coding, algorithm and robotics workshops accompanied by field experts.
Participants’ were introduced to many different materials and robotic sets used in STEM education and
developed applications with these materials themselves. At the end of all training activities, teachers were asked
to develop a STEM activity for a subject that they had difficulty in teaching in the primary education program
with the materials they used.

In this activity, teachers had the opportunity to apply the knowledge and skills they acquired during the training
to a problem scenario that they encountered or were likely to encounter in the real teaching process. The groups
were asked to make a presentation about the problem they identified, the stages of producing a solution, its
relationship with STEM and how they would apply it in the classroom. The presentations were watched by all
participants’ and trainers working in different workshops in the project, and the presenting groups received
feedback from the teachers and trainers and made arrangements to make the activities they prepared more
effective. After the project presentations, the trainings ended with post-tests.

3. Results

The findings related to the sub-problems addressed within the scope of the research are presented below under
headings. Descriptive statistics of teachers' attitudes towards STEM education, STEM awareness levels and
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attitudes towards scientific research related to the problem "What are teachers' attitudes towards STEM
education, STEM awareness levels and attitudes towards scientific research?" are presented in Table 1.

Table 1. Descriptive Statistics of STEM Education Attitude, STEM Awareness and Attitude towards Scientific
Research Levels

Scales N X S
STEM Education Attitude 19 133,21 13,16
STEM Awareness 19 56,52 5,92
Attitude towards Scientific Research 19 90,84 8,80

Teachers' attitudes towards STEM education (X= 133,21) at a high level, STEM awareness (X= 56,52) at high
level and attitudes towards scientific research (X= 90,84) is at a medium level. The spearman brown rank
differences correlation coefficient values found to examine the relationships between the scale scores of the
teachers regarding the problem "Is there a significant relationship between teachers' attitudes towards scientific
research and their attitudes towards STEM education?" are presented in Table 2.

Table 2. Spearman Brown Rank Difference Correlation Coefficients of Teachers' Attitudes towards Scientific
Research and STEM Education Attitude Levels

Attitude towards STEM Education

Scientific Research Attitude
Attitude towards Scientific Research 1 -,165
STEM Education Attitude -,165 1

When Table 2 is examined, no statistically significant relationship was found between the attitude levels of the
teachers included in the study towards scientific research and STEM education attitude levels (r=-,165; p>.05).
While examining the data related to the problem "Is there a difference between the pre-test and post-test scores
of teachers' attitudes towards STEM education?", since the sample size was less than 50, the normal distribution
of the data was examined with "Shapiro-Wilks". Shapiro-Wilks is one of the methods used to determine whether
the scores obtained from the data used in the research are normally distributed (Blyiikoztirk, 2011). The results
of the Shapiro-Wilks test for the Attitude Toward STEM Education Scale of the study group are given in Table
3.

Table 3. STEM Education Attitude Scale Shapiro-Wilks Normality Test Results
Statistics df P

STEM Education Attitude 0,964 19 0,662

According to the results of the STEM Education Attitude Scale Shapiro-Wilks Normality Test obtained from
Table 3, it is seen that the relevant data set is normally distributed (p>0.05). For this reason, Paired-Samples T-
Test was used to determine whether there was a significant difference between the STEM Education Attitude
Scale pre-test and post-test scores of the study group.

Table 4. STEM Education Attitude Scale Dependent Samples T-test Pre-test and Post-test Results

N X S. Deviation t df p

STEM Education 19 130,473 12,271
Attitude Pre-Test

-4,418 18 0,000
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STEM Education 19 143,000 10,408
Attitude Post-Test

Table 4 shows the results of the Dependent Samples T-Test for the participants' STEM Education Attitude Scale
pre-test and post-test scores. According to the results obtained from the table (p<0.05), there is a significant
difference in the pre-test and post-test scores of the data obtained from the sample. At the same time, when the
average score obtained from the pre-test (X= 130,473) and the average score obtained from the post-test (X=
143,000) are examined, it is seen that there is a significant increase in favor of the post-test. Accordingly, it is
seen that the participants' attitudes towards STEM education increased positively at the end of the training.
"Shapiro-Wilks test was used to examine the data related to the problem "Is there a difference between the
STEM awareness pre-test and post-test scores of teachers?" in terms of normality. The results of the Shapiro-
Wilks test for the STEM Awareness Scale of the study group are given in Table 5.

Table 5. STEM Awareness Scale Shapiro-Wilks Normality Test Results

Statistics df p

STEM Awareness 0,157 19 0,141

According to the results of the STEM Awareness Scale Shapiro-Wilks Normality Test obtained from Table 5,
it is seen that the relevant data set is normally distributed (p>0.05). For this reason, Paired-Samples T-Test was
used to determine whether there was a significant difference between the STEM Awareness Scale pre-test and
post-test scores of the study group.

Table 6. STEM Awareness Scale Dependent Samples T-test Pre-test and Post-test results

N X S. Deviation t df p
STEM Awareness 19 56,526 5,928
Pre-Test
-3,435 18 0,013
STEM Awareness 19 60,947 3,566
Post-Test

Table 6 shows the results of the Dependent Samples T-Test for the participants' STEM Awareness Scale pre-test
and post-test scores. According to the results obtained from the table (p<0.05), there is a significant difference in
the pre-test and post-test scores of the data obtained from the sample. At the same time, when the average score
obtained from the pre- test (X= 56,526) and the average score obtained from the post-test (X=60,947) are
examined, it is seen that there is a significant increase in favour of the post-test. Accordingly, it is seen that the
STEM awareness of the participants increased at the end of the training.

The STEM awareness scale consists of the sub-dimensions of impact on students, impact on the lesson, and
impact on the teacher. Specific to these sub-dimensions, it is seen that the participants’ scored above the average
in the STEM awareness scale STEM education practices increase students' self-confidence, STEM education
motivates students to the lesson, STEM education increases students' problem solving skills. When the post-test
results of the student impact category were compared with the pre-test results, there was an increase in favor of
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the post-test. Based on this, it was observed that there was a positive increase in the attitudes of the participants’
in the category of the effect of STEM education on students after the activity.

The STEM awareness scale pre-test results of the category of impact on the lesson showed that the mean of the
results was high. According to this result, it can be stated that teachers think that STEM education activities
should be included in the curriculum and that it is inevitable for STEM education to be reflected from the lesson
to daily life. It is seen that there is a very low difference between the mean scores of the pre-test and post-test Mi
the STEM awareness scale in the category of impact on the lesson, and the activity did not have a significant
effect on STEM awareness.

When examining the pre-test and post-test results in the teacher impact category of STEM awareness scale for
participants’, it is observed that there is no significant difference in the mean scores. The high pre-test scores
may have contributed to this situation. It can be concluded that the participants believe that the training they
attended has no impact on their views regarding the necessity for teachers to take an active role in STEM
education, the use of technology in the classroom, the opportunity for teacher self-improvement, and the ease of
planning STEM education in in-class and out-of-class activities in this category.

4. Discussion and Conclusion

STEM education is a topic that is the centre of attention in Turkey as well as all over the world. Especially
academics and teachers did not have difficulty in adopting this interdisciplinary approach and volunteered to
adapt it to the education system in a short time. In order to sustain STEM education, it needs to be supported
with teaching materials; these materials should be up-to-date, renewable and technologically intertwined (Timur
& Inangli, 2018). Within the scope of this research, an education was planned with educational robotics Kkits,
which are frequently used in today's educational environments, especially in STEM activities, and are
technologically up-to-date and popular. It was investigated what kind of changes the STEM education designed
with educational robotics kits could lead to in participants' STEM attitudes and awareness.

STEM education is useful in developing problem solving skills, developing creativity in the field of engineering
by using knowledge and skills, developing self-confidence, and contributing to logical thinking (Y1ldirm &
Altun, 2015). It is important to reveal the extent to which teachers have all these skills, which are the
requirements of scientific research, and their attitudes towards these skills. If necessary, teachers should be
supported with various trainings in this regard. In many studies, it is emphasized that the attitudes of many
teachers and prospective teachers towards scientific research are not at the expected level (Akinoglu 2008;
Ayvaci & Devecioglu 2009; Crawford 2007; Duncan et al. 2010; Lee et al. 2006; Macaroglu & Ozdemir 2003;
Schwarz & Gwekwerere Tagar 2007; Varma 2007; as cited in Baykara, 2019). In this study, similarly to what is
mentioned above, it is observed that participants do not have a high level of attitudes towards scientific research.
At the same time, although there was no significant relationship between teachers' attitudes towards scientific
research and STEM education, it is thought that it is important to contribute to the development of positive
attitudes in both areas.

In many studies, it is mentioned that it is necessary to carry out projects that will improve the STEM skills of
teachers and pre-service teachers, to plan in-service trainings and make various collaborations (Tezel & Yaman,
2017). Colakoglu & Gokben (2017) emphasize that it is important to educate prospective teachers studying in
faculties of education about STEM education during their undergraduate education and to develop positive
attitudes towards STEM fields in terms of the development of the country, achieving economic competitiveness
in the global arena and producing solutions to the problems encountered in daily life in the light of science and
technology. In our country, only 30 out of 61 Faculties of Education (49%) provide STEM education for students
in their faculties. This rate, which is low considering today's conditions, includes teachers who will take office in
the next few years. Currently, teachers who have been working for many years continue their duties without
receiving this education from faculties of education. For this reason, in-service trainings and projects such as the
one conducted in this study are important in providing teachers with STEM skills. As a matter of fact, as can be
understood from the results of this study, it can be said that the training had a positive effect on the attitudes of
the participants towards STEM education and their STEM awareness.
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As a result of the research, it was observed that there was a positive effect on the participants' attitudes about the
effect of STEM education on students. At the same time, it was observed that there was a positive effect on their
attitudes about the effect of STEM awareness on the lesson, but it did not make any difference in their attitudes
about the effect on the teacher. STEM activities within the scope of this research were designed for students and
teachers gained experience on how to implement these activities in their classrooms. For this reason, teachers
easily perceived how STEM education can make a difference in terms of impact on students. However, what
kind of impact it would have on the teacher was not fully realized. The reason for this is that teachers may not
have been able to predict what kind of effects STEM education would have on them without applying STEM
education in their own teaching experiences. For this reason, in future studies, the effects of STEM education on
teachers' professions and individual development will give more meaningful results on teachers who implement
STEM education.
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